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Abstract

Background: Depression that occurs during the perinatal period has substantial costs for both the mother and her baby. Since
in-person care often falls short of meeting the global need of perinatal women, Internet interventions may function as an alternate
to help women who currently lack adequate access to face-to-face psychological resources. However, at present there are insufficient
empirically supported Internet-based resources for perinatal women.

Objective: The aim of this study is to compare the relative efficacy of Internet-based cognitive behavioral therapy (CBT) to a
novel Internet-based compassionate mind training approach (CMT) across measures of affect, self-reassurance, self-criticizing,
self-attacking, self-compassion, depression, and anxiety. While CBT has been tested and has some support as an Internet tool for
perinatal women, this is the first trial to look at CMT for perinatal women over the Internet.

Methods: Participants were recruited through Amazon Mechanical Turk (MTurk) and professional networks. Following
completion of demographic items, participants were randomly assigned to either the CBT or CMT condition. Each condition
consisted of 45-minute interactive didactic and follow-up exercises to be completed over the course of two weeks.

Results: Post course data was gathered at two weeks. A 2x2 repeated measures analysis of variance will be conducted to analyze
differences between conditions at post course.

Conclusions: The implications of the trial will be discussed as well as the strengths and limitations of MTurk as a tool for
recruitment. We will also briefly introduce the future directions along this same line of research.

Trial Registration: ClinicalTrials.gov NCT02469324; https://clinicaltrials.gov/ct2/show/NCT02469324 (Archived by WebCite
at http://www.webcitation.org/6fkSG3yuW)

(JMIR Res Protoc 2016;5(2):e65)   doi:10.2196/resprot.5332
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Introduction

Mood changes during and after pregnancy are common although
they do not always result in clinically significant depressive
episodes. However, both severe and the moderate/milder forms
of depression during the perinatal period and postnatal can be
a source of major problems to mothers, their babies, and even
other family members. Symptoms of postpartum depression
(PPD) include, but are not limited to, concentration difficulties,
poor sleep, heightened anxiety, feelings of inadequacy,
ruminative fears and compulsive thoughts, loss of attachment
sentiments, and guilt feelings [1]. The physiological effects of
prenatal depression such as elevated cortisol can adversely affect
the baby’s development and result in negative consequences
that remain undetected into adulthood [2].

The costs of PPD, both for the mother and her child, are
concerning, especially since the incidence of PPD reaches 7.1%
in the United States (US) and is as high as 19.2% when minor
depressive episodes are included [3]. It is estimated that the
global incidence of PPD is even higher than within the United
States [4], suggesting a pressing global health concern for
women and their children. Additionally, there is research that
demonstrates a relationship between lower income areas and
higher PPD prevalence [5], demonstrating that communities
who already lack access to adequate health and mental health
resources are further affected by untreated PPD in their
communities.

Even though the human and financial costs of untreated PPD
are well-established, adequate resources to address the global
need of women suffering from PPD or who are at risk of
developing PPD do not yet exist. Presently, the first line of
psychological treatment for PPD is cognitive behavioral therapy
(CBT). However, in a review of five randomized controlled
trials (RCTs) comparing CBT with standard postpartum care,
only two trials demonstrated better outcomes in the CBT group
[6]. While preliminary Interpersonal Therapy (IPT), with a focus
on handling the interpersonal disputes that occur during
childbirth and childcare, has shown some promise in addressing
this pressing need [7]. The first line of treatment for PPD
continues to be medication [8], particularly selective serotonin
reuptake inhibitors (SSRIs), which show some level of efficacy
and perform equal to psychotherapy in randomized trials [8,9].
However, there are concerns regarding the safety of
antidepressants for pregnant and nursing women [10].

There are many practical limitations to treatment seeking, not
least being the availability of appropriately qualified therapists.
In addition, issues such as stigma, childcare difficulties, lack
of knowledge, and financial constraints can inhibit help seeking
[11]. As such, psychological resources that do not require
women to leave their homes may allow for more women to
participate in psychological interventions. In general, Internet
interventions can be private and used anonymously, accessed
repeatedly at any time, and from any location, and Internet
interventions may provide a much-needed service to users who
feel marginalized or stigmatized [12]. Clatworthy’s [13]
meta-analysis did not find a relationship between the length of
an in-person preventative intervention and its effectiveness,

suggesting that increasing the length of psychological
interventions is not an important factor in enhancing benefit.
However, there is research to show that interventions based on
psychological models tend to be more effective than
interventions that are not based on these models [13], meaning
that researchers seeking to create new resources for women
should maintain fidelity to empirically supported psychological
models.

As a result of the limitations that preclude many women from
seeking in-person resources, Internet interventions offer promise
in providing care with less financial and practical barriers.
Additionally, Internet interventions can be used as adjuncts to
in-person treatments or replacements in other cases [14], and
perhaps offer even more promise for reducing health disparities.
Nonconsumable interventions, or those that can be reused with
minimal cost for each additional participant, can help to close
the gap in services through offering assistance without needing
the support of a clinician or operator on the other end [15].
Currently, there is a dearth of research on Internet interventions
for perinatal women or to address PPD [16].

Importantly, over the last 20 years different psychotherapies
have been developed that are increasingly rooted in the scientific
understanding of psychological processes, including those
associated with attachment. For example, compassion focused
therapy (CFT) is based on evolutionary insights of brain
function, particularly the importance of building and developing
affiliative and prosocial relationships with self and other [17,18].
This model in particular articulates the role of affiliative emotion
and motivation in threat regulation and how these can be
cultivated through (1) addressing issues of self-criticism and
shame and (2) with affiliation building exercises (compassion
cultivation). This is important because at the heart of many
depression difficulties is a harshly self-critical relationship with
the self and at times nonaffiliative relations with self and with
others. In addition, helping to build affiliative relationships
between mothers and their babies is obviously important. There
is now considerable evidence that compassion cultivation has
an impact on a range of physiological systems including the
immune system, frontal cortex, and cardiovascular systems [19].
It also promotes prosocial and empathic behavior [20]. This
makes compassion cultivation an especially important focus for
intervention for this population.

The present study therefore seeks to assess the efficacy of an
Internet-based Compassionate Mind Training (CMT) program,
the intervention component of CFT, compared to a standard
CBT program in a sample of childbearing and perinatal women.
As there is currently a lack of Internet interventions for maternal
mental health, the research team intends to assess the relative
efficacy of CMT as a resource for women during this period.

It is expected that participants randomized to both Internet-based
CMT and CBT will demonstrate improved affect as well as
reduced depression and anxiety at similar, if not better, levels
which are the secondary outcome measures of this trial.
However, in terms of the primary outcome measures, we expect
that Internet-based CMT will provide unique benefit above and
beyond CBT in the constructs of self-reassurance,

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e65 | p.10http://www.researchprotocols.org/2016/2/e65/
(page number not for citation purposes)

Kelman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


self-criticizing, self-attacking, and self-compassion, as CMT is
specifically targeted towards these constructs.

Methods

Participants and Procedures
Participants were recruited through two primary sources: online
through Amazon Mechanical Turk (MTurk) and through
professional networks. Recruitment for the present study
occurred between April 2015 to September 2015.

Upon navigating to the landing page, participants were asked
to review and agree to informed consent (IC) before beginning
the study. For a copy of the IC for the present study, see
Multimedia Appendix 1. Participants who met criteria for
inclusion were then randomized to either the CBT (n=60) or
CMT (n=60) condition. As the trial was designed to assess the
efficacy among perinatal women of an Internet-based CMT
relative to an Internet-based CBT intervention, a control group
was not employed. To ensure equivalent numbers of participants
were randomized to both conditions, an embedded algorithm
was used.

Each condition was divided into equal parts (a) and (b) with
condition-specific content reflective of the theoretical orientation
of the intervention. In part (a), participants completed a didactic,
which included written materials and brief experiential exercises.
The didactic portion of the course provided an introduction to
the approach and was created to take approximately 45 minutes
to complete. Following completion of part (a), participants
received an automatically generated email based on their
assigned condition. The email included follow-up exercises for
the CBT condition and audio meditations for the CMT condition.
At this point, participants were informed that they would receive
additional emails at Day 4, Day 7, and Day 14 of the course.

Based on a power analysis to detect an effect of .4 at alpha .05
with 80% power, this study needed to include a minimum of
23 participants for each condition who complete the post course
assessment at two weeks. The standardized effect size was
estimated using [21] and the meaning of this size is .25 for small,
.5 for medium and 1.00 for large. The designated medium effect
size is consistent with what is universally agreed upon in
published mindfulness research [22]. However, the research
team tried to recruit 60 participants for each condition in order
to account for attrition that is inherent in clinical trial, especially
ones conducted over the Internet.

Inclusion Criteria
In order to be included in the present study, participants needed
to be proficient in English, over the age of 18 years, currently
pregnant, pregnant within the last year, or intending to become
pregnant in the future. Interested women who met eligibility
criteria were included in the present study regardless of
depression status at study entry.

Exclusion Criteria
Participants were excluded from participation in the present
study if they were male, under the age of 18 years, not intending
to become pregnant in the future, not pregnant, and not pregnant
within the last year.

Treatment Conditions
For the present trial, participants were randomly assigned to
either the Internet-based CBT or CMT condition. The CBT
condition, which did not have pregnancy-specific information
within the course, included lessons on (1) thoughts, (2) activities,
(3) assertiveness, and (4) sleep. Ricardo Muñoz and the Institute
for International Internet Interventions (i4health) team developed
the materials for this condition, which is based on standard CBT
constructs [23]. The CMT condition, which had a limited amount
of pregnancy-specific content only in module three, included
(1) finding ourselves here in the flow of life, (2) old brain, new
brain, (3) the three circles of affect regulation and pregnancy,
and (4) cultivating the compassionate self.

Outcome Measures
Self-criticizing, self-attacking, and self-reassurance were
assessed through the Forms of Self-Criticizing/Attacking and
Self-Reassurance Scale (FSCRS; [24]). This measure identifies
levels of self-criticizing and attacking and capacity for one to
engage in self-reassurance [24]. In a sample of female college
students, Cronbach alpha for inadequate self was at .90 and .86,
for hated self and reassured self-subscales, respectively [24].
The FSCRS was administered to participants before and after
the didactic portion of the course.

A Likert-scale affect item (“how would you rate your mood
currently?” from 0-very bad to 7-very good) was employed to
assess current affective state of participants at two time points
during the course. The affect item was presented to participants
at baseline and following the didactic portion of the course.

Depression and anxiety were assessed through the Patient Health
Questionnaire-4 (PHQ-4; [25]. The PHQ-4 is a self-report
measure that has two items to assess depression through the
PHQ-2 and two items to assess anxiety through the Generalized
Anxiety Disorder scale-2 (GAD-2) [26]. Based on a sample
from the general population, Cronbach alpha was .78 for PHQ-2
and .75 for GAD-2 [25]. When compared to the Structured
Clinical Interview for DSM-IV Disorders (SCID-4), a scaled
score of 3 on the PHQ-2 scale demonstrated sensitivity of 87%
and specificity of 78% for Major Depressive Disorder (MDD),
and it demonstrated comparable diagnostic performance relative
to longer measures [27]. The PHQ-4 was administered before
the didactic portion of the course and following completion of
post course measures at two weeks.

Self-compassion shifts were measured through the short form
of the Self-Compassion Scale (SCS-SF; [28]). The SCS-SF
measures how individuals respond to themselves during times
of stress in order to assess level of self-compassion [28]. The
SCS-SF has a near perfect correlation with the longer version
of the measure at .97. It has a Cronbach alpha of .86 in the
general population in the United States [28]. The SCS-SF was
given to participants before the didactic portion of the course
and after completion of post course measures at two weeks.

Participant feedback items were asked at post course to elicit
information on use (ie, the number of times materials were
practiced during each week, overall perceived helpfulness of
the materials). While no formalized measure was given to elicit
feedback, the information on perceived helpfulness and
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utilization was gathered in order to provide participant-directed
guidance for updating the CMT condition materials.

For a visual representation of the study design, refer to Figure
1.

Figure 1. Design of the study.

Ethics
The present study received approval by the Palo Alto University
Institutional Review Board and is being conducted under the
supervision of Alinne Barrera, PhD.

Analysis
The present study seeks to compare the efficacy of two
theoretical approaches using a randomized conditional approach
with outcome comparisons at baseline, throughout the course

period, and at the post course two weeks following
randomization. Pre course equivalence between participants in
each condition will follow analytical procedures recommended
by the CONSORT 2010 Statement [29]. A 2x2 mixed analysis
of variance (ANOVA) will be run for each measure at baseline
and follow-up. The between subjects factor in the ANOVA will
be condition and the within subjects factor will be the outcome
measure. A main effect of time and a main effect of condition
will be analyzed to determine if there is a difference between
CBT and CMT on each of the outcome measures.
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Results

The present study has the aim to assess relative efficacy of
Internet-based CMT compared to CBT for perinatal women
through conducting a randomized controlled trial. While there
is currently some research to support Internet-based CBT for
perinatal women [30-32], there is still a clear need for additional
Internet-based psychological resources for this vulnerable
population. As such, research into additional Internet-based
psychological programs for perinatal women is important to
meet this need.

Trial status: as of April 2015, participants were being enrolled
in the study. Participants were recruited continuously throughout
the enrollment period. Recruitment ended in September 2015.

Discussion

The current study is a two condition randomized controlled trial
comparing brief Internet-based CBT and CMT in enhancing
the well-being of perinatal women and women with future
intentions of pregnancy. As far as the research team is aware,
this is the first trial to assess the relative efficacy of an
automated compassion meditation program to a CBT program
for working with current and future perinatal women over the
Internet. The results are expected to impact the future direction
of Internet interventions for perinatal women. It is important to
note that the trial is not recruiting women based on depression
status, but rather a sample of general population perinatal
women. As such, the research team will be unable to make
decisive conclusions about the treatment effectiveness of the
CMT course based on results from this trial. However, upon
completion of this preliminary study, future studies will employ
a prevention model approach in order to assess the preventative
effectiveness of CMT with respect to PPD development among
women in their second and third trimesters. Participant feedback
from the current study will allow the research team to update
the CMT course material in order to better meet the needs of
the target population in phase two of the trial. Finally, and with
the intention to make the resources widely available to a global
population of women, the research team hopes to translate the
study materials into additional languages in order to better serve
a more diverse group of perinatal women.

The more that is known about differential effects of Internet
interventions, the more researchers can start to tailor certain
Internet interventions towards the population that is likely to
show benefit from that particular content. To this end, in
addition to examining the primary and secondary outcomes of
this current pilot study, the research team aims to explore several
additional questions. For example, perhaps some groups within

the included sample of this study will benefit more from utilizing
one condition relative to the other. Alternatively, perhaps the
data may indicate that women from certain parts of the world
respond better to one condition of the intervention relative to
the other. Finally, perhaps the effectiveness of each condition
of the intervention will be moderated by the levels of depression
the woman are currently experiencing at study entry or the
demographics of those women. These are all possible avenues
for exploration that the research team will aim to examine once
all data have been collected for this pilot trial. The long-term
goal for this line of research will be to contribute to the
psychological community’s understanding of how best to create
and disseminate Internet interventions that are targeted towards
women who may benefit from them the most.

In addition to the important implications that exist, there are
also several limitations to the current study. First, since the
majority of recruitment is being conducted using the MTurk
system, we lack the capacity to verify the demographics of the
individuals who take part in the study. While this is a known
issue for MTurk [33], there is evidence to support that running
research with an MTurk sample tends to produce near equivalent
results as trials conducted in a laboratory setting [34].
Additionally, MTurk workers tend to be more demographically
diverse than standard Internet samples and college students that
comprise samples of many trials [34], which is a strength to
using MTurk as a recruitment tool.

MTurk workers received compensation when they completed
post course data at two weeks. There is an inherent limitation
with a highly motivated sample of women who will receive
compensation for completing post course data in order to receive
payment for their participation. Internet-based research has a
high level of attrition [35], and thus the completion rates
witnessed with an MTurk sample are unlikely to be generalizable
to a broader group of international perinatal women. As such,
it is impossible to know what actual attrition rates would be in
a non-MTurk group of women if the majority of recruitments
comes from this source.

Perhaps the most important and glaring limitation of the current
trial is the lack of a more distal time point for measurement of
outcome variables. The limited follow-up with participants,
only occurring at two weeks post course, does not allow the
team to make inferences about the longer-term maintenance of
improvements in either condition. As the ultimate goal of
psychological Internet interventions is to decrease suffering on
a global scale, knowledge of longer-term utility of these
resources is crucial. In order to account for this limitation during
future research along this same line, we will add another
follow-up after pregnancy, which can be up to six months after
providing baseline data.
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Abstract

Background: While Internet-based weight management programs can facilitate access to and engagement in evidence-based
lifestyle weight loss programs, the results have generally not been as effective as in-person programs. Furthermore, motivational
interviewing (MI) has shown promise as a technique for enhancing weight loss outcomes within face-to-face programs.

Objective: This paper describes the design, intervention development, and analysis of a therapist-delivered online MI intervention
for weight loss in the context of an online weight loss program.

Methods: The MI intervention is delivered within the context of a randomized controlled trial examining the efficacy of an
18-month, group-based, online behavioral weight control program plus individually administered, synchronous online MI sessions
relative to the group-based program alone. Six individual 30-minute MI sessions are conducted in private chat rooms over 18
months by doctoral-level psychologists. Sessions use a semistructured interview format for content and session flow and incorporate
core MI components (eg, collaborative agenda setting, open-ended questions, reflective listening and summary statements,
objective data, and a focus on evoking and amplifying change talk).

Results: The project was funded in 2010 and enrollment was completed in 2012. Data analysis is currently under way and the
first results are expected in 2016.

Conclusions: This is the first trial to test the efficacy of a synchronous online, one-on-one MI intervention designed to augment
an online group behavioral weight loss program. If the addition of MI sessions proves to be successful, this intervention could
be disseminated to enhance other distance-based weight loss interventions.

Trial Registration: Clinicaltrials.gov NCT01232699; https://clinicaltrials.gov/ct2/show/NCT01232699

(JMIR Res Protoc 2016;5(2):e69)   doi:10.2196/resprot.5382
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Introduction

Obesity is one of the most pressing public health problems
currently facing the United States, with about two-thirds of the
adult population categorized as overweight or obese [1].
Fortunately, evidence-based lifestyle weight control programs
have been shown to produce clinically significant weight losses,
with studies reporting average weight losses of 7%-9% [2,3],
a magnitude of weight reduction that confers substantial health
benefits [4]. However, access to and engagement in these
beneficial programs may be challenging for some individuals
because they lack geographic proximity to evidence-based
weight management programs and/or they have time constraints
associated with travel to the treatment center. Internet-based
weight management programs have emerged as a method that
may reduce some of these barriers [5-11]. Indeed, the superior
incremental cost-effectiveness of one Internet-delivered
behavioral weight control program reflected savings in
participant travel time [12].

However, while the weight losses achieved in synchronous
online interventions are quite promising (approximately 5% of
baseline weight), they are not as substantial as those achieved
with the identical program delivered in-person (approximately
8% of baseline weight) [11]. Motivational interviewing (MI)
has recently been shown to offer significant increases in weight
losses achieved by standard face-to-face behavioral weight
management programs [13-17] and thus represents a potent
technique for exploration to enhance online behavioral weight
management programs.

MI is a client-centered counseling approach to promoting
behavior change by exploring personal reasons for engaging in
change in a nonjudgmental, supportive yet directive fashion
[18]. Key elements of MI are reflective listening, objective
feedback, eliciting and amplifying expressions of willingness
to change, affirming confidence in one’s ability to make
changes, and supporting perceived importance for making
changes. This paper offers a detailed description of an MI
intervention implemented online within the context of a
group-based behavioral weight loss program delivered totally
online. To our knowledge, this is the first description of a
therapist-delivered individual online MI treatment for weight
management.

Methods

Study Overview
The MI intervention described here is delivered within the
context of a randomized controlled trial (NCT01232699)

examining the efficacy of an 18-month long, group-based online
behavioral weight control program plus individually
administered online MI chat (ie, text-based) sessions relative
to the group-based program alone. In total, 398 participants
(89.7% (357/398) female, 24.1% (96/398) African American,
mean age: 48.4±10.1 years, mean BMI 36.6±6.0 kg/m2) were
randomized to the 2 conditions. Participants indicated
availability for predetermined meeting times; these intact groups
were stratified by their baseline BMI percentile value and then
were randomized using a biased coin approach.

The online group program utilizes an evidence-based program
that achieved an average of 5.5% weight loss in previous
research [11] and extends this earlier study to determine whether
the addition of MI enhances weight losses over and above the
evidence-based group program alone. Briefly, the group program
is a manualized comprehensive behavioral weight loss program
that features 1-hour-long synchronous group chats weekly for
6 months and then monthly for 12 months. The group chat room
can be seen in Figure 1 where, in order to illustrate the format
of the chat room while preserving participant confidentiality,
stick figures and pseudonyms (eg, participant 1) are used instead
of participant/facilitator photos and names. The group program
focuses on the modification of eating and exercise habits by
using behavioral strategies (eg, dietary, weight, and physical
activity self-monitoring, stimulus control, problem solving, goal
setting, relapse prevention, and assertiveness training) and
self-management skills (eg, calorie and fat goals, graded exercise
goals). The password-protected website includes written lesson
materials for each session topic; the lessons include
opportunities for the participants to apply the topic of the lesson
as “homework.” The website also includes an online
self-monitoring tool, a bulletin board for participants to post
comments or questions for one another, and helpful hints (eg,
recipes, weight loss tips, and updates on local physical activity
opportunities). This online group program has been previously
described in detail [11,19]; therefore, this paper focuses on the
novel online MI intervention, rather than the full study protocol.

The current report is intended to offer an overview of the MI
intervention protocol and of the empirical foundation that guided
its development. The MI intervention methods described are
based on evidence, where available, and on clinical judgment,
in the absence of such data. The study is approved by the
Committee on Human Research in the Behavioral Sciences at
the University of Vermont and the Institutional Review Board
at the University of Arkansas for Medical Sciences.
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Figure 1. A screenshot of the group chat room utilized in the program.

Measures
The primary outcomes are change in body weight at 6 and 18
months post randomization, measured in-person by a digital
scale. Demographic data are obtained by online questionnaire,
and process data (eg, self-monitoring of dietary intake and
physical activity, group session attendance, emoticon utilization,
program evaluation) are collected throughout intervention
delivery. The treatment self-regulation questionnaire [20] is
used to measure autonomous and controlled motivation.

We will use the Motivational Interviewing Skills Code version
2.1 (MISC) [21] both to establish treatment fidelity [22] and to
examine whether participant language mediates weight loss
outcomes [23]. The MISC software was developed to rate
counselor adherence to MI within a session by coding global
dimensions and specific therapist behaviors. It has been widely
used in a range of research settings [24] and offers the advantage
of allowing examination of client language as a predictor of
treatment outcome [23]. This will be crucial because of the
modality of the MI sessions; counselors and participants are not
able to gauge one another’s nonverbal and auditory cues, such
as inflection, tone, or facial expression. In addition, it could be
difficult for a participant to determine whether a counselor’s
comment is a reflective statement or a question, absent inflection
and tone. Similarly, it is unclear whether a participant’s reading
of a counselor’s reflective statement or summary will evoke the
same response as hearing a counselor’s reflection. It is possible
that without nonverbal cues, the written version of a reflection

may lack the impact and empathy that a spoken MI reflection
or affirmation can provide. For this reason, the intervention
emphasizes amplified reflections, double-sided reflections, and
summaries, while avoiding simple reflections that could be
perceived as very redundant. Although there are several potential
disadvantages to a text-based MI interaction, we have the
advantage that all MI sessions will have a transcript generated
from the chat, which will facilitate these analyses.

Analysis Plan
First, we will examine the impact of the addition of individual
MI counseling to the group-based online weight control program
on weight loss (ie, the main outcome), dietary and physical
activity self-monitoring, and group session attendance. We
hypothesize that the participants who receive MI sessions will
self-monitor their diet and physical activity more frequently
and attend more group chat sessions, which will lead to greater
weight loss among these participants. Second, we will examine
the uptake of MI sessions, autonomous and controlled
motivation, and qualitative and quantitative evaluation of the
MI sessions by participants to inform future delivery of MI
online. Previous research [25-27] has reported favorable
responses of participants to online motivational interventions
for increasing physical activity, although MI in these settings
was delivered in a largely automated intervention. The current
study will also allow us to explore participant characteristics
that may be associated with engagement in the MI sessions. For
example, some preliminary evidence suggests that African
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Americans may find MI less helpful than Caucasian Americans
[17,28]. Finally, we will examine utilization of particular
features of these MI chat sessions (eg, emoticons,
importance/confidence ruler).

Motivational Interviewing Intervention
Participants randomized to the MI condition receive 6 MI
sessions at regularly scheduled intervals throughout the
18-month program. Participants are assigned to an MI counselor
separate from their group weight loss facilitator; the assignment
is made when participants select a convenient appointment time
for their first MI session. Prior to this, the MI counselors post
available appointment times on the online scheduler and then
send an email inviting those randomized to the MI condition to
schedule their first MI chat. The MI counselor posting the time
slot that the participant selects then becomes her MI counselor
for the duration of the program, in order to foster rapport and
permit continuity. (Note: We decided to use feminine pronouns
throughout this article to refer to our participants, as the majority
of participants in this study are female, as is the case in most
weight loss programs [29].) To facilitate trust, all conversations
between the participant and the MI counselor are kept private,
with no information shared with the group facilitator, and
participants are aware of this separation from the onset of the
MI chats.

The MI sessions are conducted using an interactive, synchronous
format of a private chat, integrated within the same website as
the weight loss program website. We decided to use text-based
chat because many of our study participants live in rural areas
without consistent access to high speed Internet, which is
required for other types of chat sessions (eg, video chat).
Individual MI sessions are conducted, as there is greater
evidence supporting 1-on-1 MI compared to group MI sessions
for behavior change [18]. The MI chat sessions are designed to
last approximately 30 minutes and follow a semistructured
interview format that allows tailoring of the session to
participant concerns and issues, as well as flexibility in the
sequencing of topics within the session, while standardizing the
range of topics and issues covered across participants. MI chat

sessions do not introduce new information about weight loss
methods or dietary/physical activity strategies, and specific
questions raised by participants related to behavioral strategies
or diet or exercise are directed back to the group facilitator. The
goal of the MI sessions is to clarify and amplify personal reasons
to make behavior changes that promote weight loss and
sustained weight maintenance.

Timing of the Motivational Interviewing Sessions
There are no empirical data examining different patterns of MI
delivery within weight management to guide selection of the
timeframe for the individual MI sessions. Specifically, there
are no data to inform the question of whether it is most effective
to front-load the MI sessions and capitalize on the motivational
forces that compelled an individual to seek treatment, increasing
and extending their personal reasons to engage in weight loss
efforts to strengthen their motivation and resolve. Alternatively,
one can consider more of a “rescue” approach, which seeks not
so much to build on the strength of initial motivation but offer
augmentation later in the program when motivation can be
flagging. A “middle ground” approach that offers some MI
sessions up-front and some as the weight control program
unfolds was selected to provide intervention at both of these
important phases of the treatment experience. Further, this
approach to distribute MI sessions across the treatment program
is consistent with the approach successfully used in a previous
study that offered individual MI sessions as an adjunct to group
weight management but delivered the MI sessions face-to-face
[14]. The choice of 6 sessions for the current study replicates
the number of sessions offered in this previous study.

The first MI session is scheduled after randomization and group
assignment (Table 1), but before beginning the group sessions.
Initiation of MI prior to starting the group program allows
assessment of the primary motivators for enrolling in the weight
loss program and expectations surrounding behavior changes
to promote weight loss before any contact with the program
psychoeducational materials or the group leader, and thus allows
focus on the personal motivators that brought the participants
into the treatment program.
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Table 1. Motivational interviewing session timing, content, and motivational focus.

Motivational FocusContentTimingSession

Evoke change talk focused on selected self-
monitoring strategy

Elicit primary motivators for seeking weight loss treatment,
expected outcomes from weight loss, and behavior changes
the participant is considering

After randomization
and before group ses-
sions start

1

Evoke change talk focused on weight control
strategies that have been helpful in making
progress toward goals and strategies that the
participant would like to add to improve weight
loss

Review objective data on the program engagement (ie, atten-
dance at group chat sessions, submission of self-monitoring
records) and perceptions about progress toward goals

Week 5 of group pro-
gram (after 5th group
session)

2

Evoke change talk surrounding behavioral goals
to maximize desired progress prior to transition
to monthly group sessions

Take stock of progress while considering the good and not-
so-good aspects of moving to less frequent meetings; explore
whether/how motivators for weight loss have shifted and any
plans for maximizing remaining weekly group sessions

Week 18 of group pro-
gram (6 weeks before
transition to monthly
group sessions)

3

Evoke change talk about weight control strate-
gies using and/or considering to get back on
track toward personal goals

Reflect on the impact of transition on weight management
behaviors, by identifying self-management successes and
challenges during this phase and refocusing, if necessary

Week 31 of group pro-
gram (6 weeks after the
transition to monthly
sessions)

4

Evoke change talk regarding strategies for sus-
taining weight loss, re-engaging in weight loss
efforts, and/or to reverse weight regain

Address weight maintenance by focusing on strategies used
or considering to maintain commitment to goals and/or to
lifestyle behaviors, with focus on the long term after program
structure ends

Week 44 of group pro-
gram

5

Evoke change talk regarding strategies for
weight maintenance

Review accomplishments of which the participant is most
proud and identify goals for the final months of program

Week 57 of group pro-
gram

6

The second MI session is scheduled after the fifth weekly group
session. This point in the treatment program was selected
because emerging evidence from our research group indicates
that engagement in the initial 4 weeks of a behavioral weight
control intervention is predictive of longer-term success [19].
Those who self-monitor relevant weight loss behaviors during
this first month of treatment achieve greater weight losses than
those who are less engaged. Work of others echoes and extends
this emphasis on early engagement [30,31], with weight losses
in the first or second month significantly associated with
long-term weight losses. Collectively, this research dramatically
reinforces the importance of getting involved and engaged in
the treatment process during the first few weeks of the weight
control program and served as the impetus to include an MI
session at this influential juncture.

The transition to a less frequent intervention contact schedule
is another point that may be critical in the treatment process.
Typically, behavioral weight management programs start with
weekly group contact and shift to biweekly or monthly groups
after 4 to 6 months, and studies suggest that weight loss can be
attenuated when group meetings become less frequent, although
this is an understudied area [32]. Further, clinically, participants
can express anxiety or apprehension about leaving the structure
of the weekly accountability provided by the group sessions;
therefore, in hopes of buffering the impact of the transition from
weekly to monthly group meetings at 6 months, the third MI
session is scheduled approximately 6 weeks before that change
in hopes of offering a motivational boost entering into the
transition. The fourth MI session is scheduled approximately 6
weeks after the transition (ie, week 31) to allow the participant
to reflect on the experiences associated with the transition and
the impact that it has had on their engagement in weight
management behaviors and outcomes, offering an opportunity

for refocusing if necessary. The fifth and sixth MI sessions are
offered at weeks 44 and 57, respectively, when there is time to
make some changes before the end of the program, to re-engage
in weight loss efforts, and/or to reverse weight regain that might
have occurred, should the participant elect to focus on behavior
change. These MI sessions are designed to prompt self-reflection
on current goals and motivations in contrast with those expressed
when starting the program. The goal of these 2 final MI sessions
is to facilitate increased self-efficacy and autonomous motivation
[33] for behavior change and/or to revitalize motivation and
purpose, if that is necessary and desired.

Content of Motivational Interviewing Chat Sessions
All of the sessions use a semistructured interview format that
guides the content and suggests the session flow. The content
and motivational focus for each session is detailed in Table 1.
Each session also provides an opportunity for the participant to
add items to the agenda for discussion. In this way,
standardization across participants can be balanced with
personalization of the sessions based on individual needs and
issues.

The first MI session focuses on the participant’s primary
motivators for seeking weight loss treatment, expected outcomes
from weight loss, and the behavior changes the participant
considers most efficacious for her personal weight loss efforts.
Specifically, the counselor queries the participant about the
reasons that led her to enroll in a weight control program at this
point in her life and the behaviors that she is considering
changing to achieve weight loss. The counselor also explores
with the participant how she thinks her life will be different if
she is as successful as possible with her planned behavior
changes. With permission from the participant, the counselor
provides information on the strong associations between
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self-monitoring of dietary intake and physical activity early in
the program (ie, in the first 4 weeks) and weight loss success.
A collaborative discussion about how self-monitoring might
figure in the participant’s thoughts about her own personal
engagement in the program follows. Among those participants
who express interest in using self-monitoring to maximize her
personal success, a discussion about the self-monitoring
approach (eg, logging foods before consuming them, logging
foods at the end of the day) she thinks would be most effective
for her is then initiated. The MI counselor utilizes the
importance/confidence rulers (with amplification) to evoke
change talk regarding the self-monitoring strategy identified.
Change talk is at the heart of MI counseling and refers to a
participant’s stated desire, ability, reason, and/or need to change
behavior, as well as her commitment to changing [18]. As in
all subsequent MI sessions, the initial session ends with a
summary of what has been discussed during the chat followed
by a query about the completeness of the summary and a request
for the participant to provide annotations of any missing critical
elements.

The second MI session includes objective data on the
participant’s engagement thus far in the program (ie, her
attendance at group chat sessions, her submission of
self-monitoring records—not the content of the records or her
reported calorie levels but the act of completing the records).
In addition, the counselor asks about the participant’s
perceptions of her progress toward her goals and the role, if
any, that thinking about her primary motivators for weight loss
has played in her behavior change efforts thus far. Because the
nature of the queries in this MI session can be quite different
depending on how the participant is feeling about her progress
thus far (ie, is she pleased/excited vs disappointed/frustrated?),
the counselors have 2 versions of the semistructured interview
to allow tailoring to participant’s self-evaluation; the counselor
selects the semistructured interview with the more positive or
the more negative self-evaluation based on the participant’s
response to the initial question querying about progress thus
far. Notably, the initial question does not specify progress about
what (ie, progress with weight loss, performance of behavior
changes, or any other concrete outcome) but instead offers an
open-ended question that allows the participant to focus on
whatever dimension she finds most relevant in her
self-evaluation.

The third MI session allows the participant a chance to take
stock of her progress once again and make plans for how she
wants to proceed as she moves into the transition period and
has fewer group sessions each month. The format of the session
offers deliberation of the good things about transitioning to less
frequent meetings and the less-good things to allow participants
to explore both aspects of the upcoming change. The content
of this session is focused on exploring whether/how the
motivators for weight loss have shifted, her perspective on her
engagement and progress thus far, and eliciting emotional
reactions to the prospect of transitioning to monthly sessions
(eg, concerned, excited). Exploration of the steps that she is
considering taking to maximize her satisfaction with her
progress is also part of this chat. The counselor then utilizes the
importance/confidence rulers (with amplification) to evoke

change talk regarding the steps that the participant identifies as
likely to maximize her satisfaction, with an ultimate goal of
negotiating a plan of action to make the most of the next few
weeks before transitioning to monthly group sessions.

The fourth MI session highlights current status after transitioning
to monthly sessions, identifying any successes in
self-management during this phase of the program and exploring
any challenges or obstacles encountered. Such discussions foster
autonomous motivation, build self-efficacy [34], and allow these
strengths to be balanced with identification of the changes (if
any) that the participant would like to see in her performance
and/or her goals for this next phase of the program. Again, the
emphasis is on eliciting change talk about weight maintenance
related behaviors or about weight loss promoting behaviors.
With permission, the counselor provides information from the
National Weight Control Registry [35] about strategies that
other individuals have used to successfully maintain their
weight. After providing this information, the counselor elicits
participant self-report about strategies she might already be
using and which, if any, she might be considering implementing
in the near future. The counselor then utilizes the
importance/confidence rulers (with amplification) to evoke
change talk regarding these strategies.

The fifth MI session centers on strategies that the participant
has used or would like to use to maintain her commitment to
her goals and to lifestyle behaviors over the long-term, as she
will not have the structure of the group chats and other
components of the weight control program to support her in
these efforts after the end of the program. With permission, the
counselor also uses a menu of options to provide information
about strategies that others have found helpful in sustaining
weight loss [36,37] and elicits reactions to which strategies
appeal to the participant.

The final MI session emphasizes the accomplishments the
participant is most proud of over the course of her participation
in the program, prompting her to review her experiences over
the full program to facilitate a balanced perspective of successes
and challenges. This conversation also aims to elicit envisioning
about the long-term goals, then moves on to discuss how the
final 3 months in the program can support this longer-range
vision.

The semistructured interview formats provide a template that
will be useful in replicating and disseminating the approach
taken to deliver the counseling, should the MI sessions prove
effective in enhancing weight loss outcomes. Furthermore, the
chat format generates a transcript that is used for constructing
clinical notes for the counselor and for supervision.

Motivational Interviewing Techniques and Strategies
Employed in Chat Sessions
In addition to the specific content areas described above, there
are session components that speak to how the MI spirit is
embodied in this intervention by the counselor. Present in each
chat is an emphasis on collaborative agenda setting and
participant-driven goal setting, which is facilitated by counselors
who provide a menu of options if participants do not
immediately identify their own goals. In addition, open-ended
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questions are used, with the counselor attempting to maintain
a 2-to-1 ratio of reflective statements to questions. The
underlying goal for each chat is to foster a strong collaborative
relationship in an environment of empathy and respect with an
emphasis on evoking the participant’s personal reasons for
change and seeking to elaborate and strengthen these reasons.
Counselor summaries at the end of the session followed by an
invitation to the participant to amend and/or correct as needed
are also incorporated into each MI session. Furthermore,
counselors use importance and confidence rulers as tools to
elicit change talk and fortify self-efficacy, respectively. To
facilitate the use of the rulers, a visual representation of a
yardstick is graphically displayed in the chat room, and the
participant clicks on the location on the ruler which corresponds
to where she sees herself. This value is immediately displayed
in the chat log (eg, importance=10) to allow the counselor to
comment and to guide continued conversation. Finally, in
recognition of the lack of nonverbal communication with the

online chat format, and the concern that it might be difficult to
place text-only comments in an emotional context without voice
inflection, we created 6 emoticons that are displayed in the chat
room. The 6 emoticons are intended to convey facial expressions
or body language that could be seen if the session were
face-to-face. Upon selecting an emoticon, the participant’s
selection is transformed into text for her counselor to see in the
chat log (eg, when she selects the smiley face, the counselor
sees the text “I’m smiling” in the chat log). The 6 emoticons
(and the text equivalent in parentheses) are: (1) a smiley face
(“I’m smiling.”); (2) a smiling person shrugging (“That’s in the
ball park but not quite what I mean.”); (3) a smiley face with a
question mark (“I’m not certain what you’re saying. Can you
tell me more?”); (4) a bull’s-eye with an arrow (“You’re on the
right track. Keep going.”); (5) a question mark (“I have a
question.”); and (6) a man with bubbles over his head (“I’m
giving this some thought.”) (Figure 2). The behavioral change
techniques [38] used in the MI sessions are detailed in Table 2.

Table 2. Behavior change techniques included in motivational interviewing sessions.

TechniqueCategory

Goal setting (behavior)Goals and planning

Goal setting (outcome)

Review behavior goal(s)

Discrepancy between current behavior(s) and goal(s)

Review outcome goal(s)

Feedback on behaviorFeedback and monitoring

Self-monitoring of behavior

Credible sourceComparison of outcomes

Comparative imagining of future outcomes

Focus on past successSelf-belief

Figure 2. The emoticons used in the motivational interviewing weight loss intervention.

Scheduling Motivational Interviewing Sessions
Participants are prompted by email to schedule their MI chat
session at the protocol-specified time in the program. An online
scheduling system allows participants to schedule the individual
chat with her MI counselor at a time that is convenient for her.
There is a 2-week window around the protocol-specified week
in which the MI session is to occur and during which participants
can schedule. An additional week or “grace period” can be
added to accommodate rescheduling due to illness, schedule
conflicts, etc. If the window closes without an MI session being
completed, the participant must wait to chat with her MI
counselor until the next window opens. Within each MI chat
window, a series of 3 reminder emails are sent (later emails are

not sent if the MI session is completed). The first email is sent
at the beginning of the 2-week window, the second email is sent
5 business days after the first email, and the third email is sent
7 business days after the first email. We chose to send 3 emails
to schedule the MI sessions because we felt that this approach
provides an appropriate number of reminders to schedule the
session without alienating participants who are not interested
in scheduling a session at that point in time.

The Motivational Interviewing Chat Room
All MI chats are conducted in a private chat room with only the
participant and the MI counselor able to access this chat room.
This ensures that the conversations between MI counselor and
a particular participant remain private and confidential. When
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the MI counselor or the participant “enters” the chat room, her
photograph and her name (or a profile substitute if the
participant prefers that over a photograph) appears at the top of
the screen. These photographs allow the participant and
counselor to “see” each other and to establish that no one else
entered the chat room. When someone logs off, or experiences
technical difficulties, the photograph and name disappears,
which alerts the remaining person of a departure from the chat
room. If someone is currently typing text, an asterisk appears
next to their name. A screenshot of the MI chat room is shown
in Figure 3. Multiple MI chats conducted by separate counselors

can occur simultaneously on the study website, but they all
occur in separate, private chat rooms. Participants are very
familiar with the mechanics of this chatting process as it is the
same process we use for the group chats during which the
behavioral weight control group program is delivered.

The website was created in Adobe ColdFusion and is run using
ColdFusion Server software. The chat room was created using
Adobe Flash. The website and the chat room were intentionally
created using technologies with minimal participant
requirements to facilitate program implementation and eventual
dissemination.

Figure 3. Screenshot of the chat room utilized in the motivational interviewing sessions.

Motivational Interviewing Counselors
The counselors are 5 PhD-level clinical psychologists with
previous training and experience with motivational interviewing
in face-to-face counseling. Initial training for this study included
20 hours of didactic review of the core tenets of MI and the
approach to MI within weight control, and counselors had
required readings focused on distinguishing MI from cognitive
behavioral treatment within the context of weight management
[39] as well as the most recent thinking on delivery of MI [18].
The senior author (DSW) attended a Motivational Interviewing
Network-sponsored training conducted by Dr. William Miller
and Dr. Theresa Moyer that focused on training-the-trainer using

strategies from the third edition of Motivational Interviewing
[40]. DSW implemented these exercises with the study’s MI
counselors. Counselors were required to “test chat” to criterion
before being certified to conduct chats with study participants,
ensuring that they were comfortable with the features of the
chat room and with implementing the semistructured interview
format. Online delivery of the MI intervention allows counselors
to be geographically distributed, and, indeed, the counselors
are located across the country.

Ongoing training and supervision to monitor treatment fidelity
and to resolve clinical challenges by consensus is used to
enhance standardization. The counselors participate in biweekly
supervision-focused conference calls, which identify difficulties
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in implementing the protocol that may need to be resolved and
provide opportunities to problem solve challenging situations.
In this ongoing training, we “role-play” by way of reviewing
chat scripts to offer opportunities for modeling and for refining
protocol scripts about how to handle specific clinical situations
that arise. Supervision calls also focus on strategies for
increasing attendance at the MI sessions.

Results

The project was funded in 2010 and enrollment was completed
in 2012. Data analysis is currently under way and the first results
are expected in 2016.

Discussion

This paper describes the design of a synchronous, online, 1-on-1
MI intervention currently being tested as an adjunct to an online,
group behavioral weight control program to determine whether
the addition of the MI chats augment weight loss outcomes
compared with the group program alone. MI counseling has
typically been delivered face-to-face or by telephone, but there
is a growing body of literature examining online strategies to
deliver MI-based interventions that target a range of behaviors,
including smoking [41], substance abuse [42-46], physical
activity [25,26], and disordered eating [47].

These online interventions are most often delivered via an
automated Web-based platform in which elements of a
standardized motivational intervention are tailored to a particular
participant based on individual characteristics or responses to
questions [25,26,42,43,45]. It is clear to participants in these
interventions that they are interacting with a computer rather
than an actual counselor. In contrast, a few interventions,
including the current intervention, provide a synchronous
interaction with an actual counselor [41,48]. Intervention with
a counselor should allow for greater responsiveness, more
accurate but not reiterating reflections, and more nuanced
summaries than possible with an automated approach, however
sophisticated it might be. This, in turn, might be hypothesized
to have greater influence on behavior change. The earlier studies
that delivered MI by online counselor personified as an avatar
in a virtual chat room [41] and in a group format [48] have not
demonstrated markedly greater effect than the
automated-algorithm driven approaches, but this may not be
surprising. Group MI has not been shown as robust as individual

MI counseling [18] and the use of an avatar may have obscured
attributions to the actual counselor.

The current study is the first of which we are aware to provide
online, synchronous MI counseling delivered by a clinician
(without an avatar) to individuals. We had considered
conducting the MI sessions by video chat (eg, using video
cameras) to emphasize the presence of the counselor and to
more closely mirror the face-to-face MI counseling, which has
been shown to be effective. However, many of our study
participants live in rural areas without consistent access to high
speed Internet and have other technical limitations that might
preclude their participation in this format of chatting. Therefore,
the substantive limits to generalizability that the lack of
consistent high-tech access would impose caused us to elect not
to use this approach in this study. Use of Internet-delivered
weight management treatment is particularly attractive for rural
settings that have high rates of obesity and face geographic
challenges in access to care [36]. However, one of the challenges
of text-only chatting is that it is difficult to determine how
focused the participant is on the MI session during the
counseling time. Many people have the habit of multitasking
while on the computer, and when attention is divided by
multitasking or interruptions, participants may be less immersed
in the MI counseling experience and find it less compelling.
This is not so problematic with face-to-face or phone-based
sessions, during which divided attention may be more apparent.
With the increasing proliferation of FaceTime and other visual
chatting platforms that may be more broadly accessible, it may
be beneficial in the future to examine the efficacy of
video-enhanced MI sessions as this would enable counselors
and participants to interpret and respond to subtle changes in
inflection, tone, and meaning.

Conclusions
The current study will add to the body of evidence regarding
the efficacy of MI for weight management [13-17], as well as
the growing literature on the use of MI in eHealth and mHealth
environments [25-27,41-45,47,48]. Should synchronous online
individual MI counseling confer benefits to overall weight loss,
there are a range of potential applied benefits that could be
readily realized. Many commercial weight loss programs have
an online presence for which real-time online MI sessions could
augment weight loss outcomes. Further, other group-based
lifestyle interventions, whether delivered face-to-face or online,
might similarly find it useful to consider an online MI element
to enhance their behavior change outcomes.
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Abstract

Background: Clinical decision support (CDS), including computerized reminders for providers and patients, can improve health
outcomes. CDS promoting influenza vaccination, delivered directly to patients via an electronic health record (EHR) patient
portal and interactive voice recognition (IVR) calls, offers an innovative approach to improving patient care.

Objective: To test the effectiveness of an EHR patient portal and IVR outreach to improve rates of influenza vaccination in a
large multispecialty group practice in central Massachusetts.

Methods: We describe a nonblinded, randomized controlled trial of EHR patient portal messages and IVR calls designed to
promote influenza vaccination. In our preparatory phase, we conducted qualitative interviews with patients, providers, and staff
to inform development of EHR portal messages with embedded questionnaires and IVR call scripts. We also provided practice-wide
education on influenza vaccines to all physicians and staff members, including information on existing vaccine-specific EHR
CDS. Outreach will target adult patients who remain unvaccinated for more than 2 months after the start of the influenza season.
Using computer-generated randomization and a factorial design, we will assign 20,000 patients who are active users of electronic
patient portals to one of the 4 study arms: (1) receipt of a portal message promoting influenza vaccines and offering online
appointment scheduling; (2) receipt of an IVR call with similar content but without appointment facilitation; (3) both (1) and (2);
or (4) neither (1) nor (2) (usual care). We will randomize patients without electronic portals (10,000 patients) to (1) receipt of
IVR call or (2) usual care. Both portal messages and IVR calls promote influenza vaccine completion. Our primary outcome is
percentage of eligible patients with influenza vaccines administered at our group practice during the 2014-15 influenza season.
Both outreach methods also solicit patient self-report on influenza vaccinations completed outside the clinic or on barriers to
influenza vaccination. Self-reported data from both outreach modes will be uploaded into the EHR to increase accuracy of existing
provider-directed EHR CDS (vaccine alerts).
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Results: With our proposed sample size and using a factorial design, power calculations using baseline vaccination rate estimates
indicated that 4286 participants per arm would give 80% power to detect a 3% improvement in influenza vaccination rates between
groups (α=.05; 2-sided). Intention-to-treat unadjusted chi-square analyses will be performed to assess the impact of portal
messages, either alone or in combination with the IVR call, on influenza vaccination rates. The project was funded in January
2014. Patient enrollment for the project described here completed in December 2014. Data analysis is currently under way and
first results are expected to be submitted for publication in 2016.

Conclusions: If successful, this study’s intervention may be adapted by other large health care organizations to increase
vaccination rates among their eligible patients.

ClinicalTrial: ClinicalTrials.gov NCT02266277; https://clinicaltrials.gov/ct2/show/NCT02266277 (Archived by WebCite at
http://www.webcitation.org/6fbLviHLH).

(JMIR Res Protoc 2016;5(2):e56)   doi:10.2196/resprot.5478
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electronic health records; influenza vaccines; clinical decision support; Internet; Telephone; Electronic Mail; Health Records,
Personal; Medical Informatics Applications

Introduction

Clinical decision support (CDS), including computerized
reminders for providers and patients, can improve health
outcomes by supporting the delivery of evidence-based and
guideline-concordant medical care [1,2]. Many health systems
effectively use provider-directed CDS. These provider-directed
prompts frequently take the form of noninterruptive or
interruptive “pop-up” alerts, reminding providers of
recommended prevention or screening measures. While effective
in many situations, provider-directed CDS is subject to important
limitations. Instructions contained in alerts are often ignored or
overridden due to alert fatigue [3-6]. Providers may also start
to mistrust alerts if these are frequently triggered by erroneous
or incomplete electronic health record (EHR) data. In light of
these challenges, and in the setting of nationwide adoption of
electronic patient portals, patient-directed CDS delivered via
portal offers an innovative approach to improving patient care.

Electronic patient portals are secure websites that provide
patients with 24-hour online access to limited EHR information.
A portal provides patients with a personal health record
“tethered” to their EHR [7]. Accessible information within a
tethered portal varies by health system but may include
vaccinations, laboratory results, and information from recent
doctor visits or hospitalizations. Patients also use portals in
numerous interactive ways including requesting prescription
refills, scheduling nonurgent appointments, and seeking
educational materials; portals can also provide a valuable link
to Internet-based local and public health resources [8,9]. A core
function of portals is secure messaging—electronic
communication with the physician or health care team. A recent
review found portals to have facilitated improved
patient-provider communication with 10 of 27 articles reporting
a positive association with portal’s secure messaging [10,11].
Advantages of tethered portals include enhancement of
patient-provider communication, patient empowerment, support
for care between visits, and improved patient outcomes [10].
Patient portals have been shown to improve medication
adherence, decrease office visits, increase self-management of
disease and disease awareness, increase use of preventative
medicine, and increase inclusion of patients in medical decision

making [12,13]. While studies of portal use show promising
results, to date few randomized trials have tested the impact of
patient-directed CDS via portal on receiving
guideline-concordant care.

Vaccinations are a preventive measure well suited for
incorporation into a patient-directed CDS intervention via patient
portals. Previous patient outreach interventions have been shown
to improve rates of vaccine completion and have been tested
using multiple options including mailed letters, post cards,
person-to-person phone calls, automated phone messages, and
post card and phone combination [14,15]. Few studies have
tested the use of patient-directed vaccine reminders sent via
patient portals; those that have done so have focused exclusively
on untethered (ie, personally controlled) patient health records
[16]. Influenza vaccines are a logical target for patient-directed
CDS because they are familiar to the general population and
are recommended widely but completed at suboptimal rates.

Influenza infections contribute to increased health care costs
and loss of productivity, and can lead to serious medical
complications and even death [17]. The effect is felt most in
high-risk groups such as adults aged 65 years or older and those
diagnosed with cancer or diabetes [18]; however, low-risk
groups also suffer the consequences. In 2007, it was estimated
that influenza infections were responsible for 31.4 million
outpatient visits, with reports indicating direct medical expenses
amounting up to US $10.4 billion (including inpatient, outpatient
and pharmaceutical claims) and lost earnings due to death and
illness costing about US $16.3 billion [19,20]. According to
CDC estimates, during the 2013-14 influenza season, influenza
vaccination resulted in approximately 7.2 million fewer illnesses
and 90,068 fewer hospitalizations. Despite numerous reasons
to protect against influenza, only 45% of the US population
received influenza vaccinations during the 2012-13 influenza
season [21].

Our intervention, which will be implemented in a large
multispecialty group practice in central Massachusetts, aims to
improve rates of influenza vaccination among eligible adult
patients by using a patient-directed CDS. We also aim to
improve the accuracy of existing provider-directed CDS
(influenza vaccine alerts) by capturing information on vaccines
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completed outside the clinic and using this self-reported patient
information to update EHRs. We herein describe the protocol
for a randomized controlled trial using EHR patient portal
messages and interactive voice recognition (IVR) calls to (1)
deliver messages promoting influenza vaccine completion and
(2) solicit patient self-report on vaccines completed outside the
clinic and on barriers to vaccination.

Methods

Study Objectives
Our overarching goal is to improve rates of influenza vaccination
among eligible adults at Reliant Medical Group (RMG). We
are conducting this randomized outreach intervention with the
following main objectives that support this goal: (1) to determine
whether our outreach increases likelihood of influenza
vaccination (and if so, whether one mode of outreach is most
effective); (2) to improve documentation of influenza
vaccinations administered outside the practice by inviting patient
self-report (improving accuracy of existing decision support
tools); and (3) to deliver to patients targeted factual vaccine
information related to that patient’s concerns.

Study Outcomes
The primary study outcome is the percentage of eligible patients
receiving influenza vaccines administered at our group practice
during the 2014-15 influenza season. We will also study process
measures including percentage of message recipients reached
(ie, percentage of those who answer the IVR call and percentage
of those who open the portal message) and number of
intervention patients who self-report influenza vaccines
administered in the community.

Study Design
We will conduct a nonblinded, randomized controlled trial
directed at patients who, by November 2014, do not have
influenza vaccinations for the 2014-15 influenza season recorded
in the EHR. Among these patients, those also overdue for
pneumococcal vaccination(s) will receive outreach messages
with additional language encouraging them to speak with their
health care provider as well as a link to access more information
about pneumococcal vaccination. Description of the
pneumococcal vaccine intervention and analysis will not be a
focus of this paper.

Authors designed and will implement the study, and will have
full oversight and responsibility for data collection, analysis,
and manuscript preparation.

Theoretical Model
The Communication Human Information Processing model
[22,23] (Figure 1) provides the overarching framework for the
design and implementation of the intervention components.
Growing out of extensive research on effective communication
of safety information, this model includes the core concepts of
communication theory (ie, message source, channel, and
receiver) while highlighting the need to enhance effective
information processing. Effective information processing
requires attention to and comprehension of the message (eg,
that a vaccine is needed); these processes are influenced by
attitudes and beliefs, and motivation. In the context of
vaccination, beliefs about susceptibility, severity, disease
likelihood, and vaccine effectiveness are likely to be important
[24]. All of these processes in turn influence behavior (ie,
vaccination). Our interventions are designed to garner attention,
be easily understood, address critical beliefs, and motivate
vaccination.

Study Procedures
This study consists of two phases, namely, (1) preintervention
study components and (2) IVR and portal randomized outreach
intervention.

Phase 1: Preintervention
To develop provider, staff, and patient outreach content, we
conducted 30 in-depth interviews with patients, providers, and
staff. Patient interviews elicited reasons for getting vaccinated,
barriers to vaccination, and feedback to inform development of
patient outreach materials used for the intervention. Provider
and staff perceptions of patient barriers to vaccination helped
to further shape patient outreach materials.

Information from interviews also informed our educational
outreach; 10-minute in-person presentations were given by
physician researchers who were also well-respected members
of the group practice. Presentations were incorporated into
routine clinical practice meetings attended by both physicians
and staff. Based on results from provider and staff interviews,
the in-person presentation provided an overview of this study
and also provided information on pneumococcal vaccine
guidelines. Follow-up emails sent bimonthly to all physicians
in the group practice reviewed guidelines for both influenza and
pneumococcal vaccines.
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Figure 1. The Communication Human Information Processing model [22,23].

Phase 2: Interactive Voice Recognition and Portal
Randomized Outreach Intervention

Clinical Setting

This study will be conducted at RMG, a large multispecialty
group that employs 217 outpatient physicians at more than 13
clinical locations throughout Central Massachusetts. RMG
providers care for approximately 140,000 adults aged 18 years
and older. Approximately 113,000 of these adults receive their
primary care through RMG via either the internal
medicine/geriatric or family medicine departments.
Approximately 89.5% of RMG patients are white, 4.3% are
African American, and 4.6% Asian.

Electronic Health Record

All RMG providers and staff use an EHR developed by Epic
Systems Corporation. Consistent with evidence showing that
CDS can improve rates of indicated vaccines [25-27], the RMG
EHR is configured to flag a patient’s record when they are due
or overdue for an immunization based on the patient’s age,
immunization history, medical, surgical, and social history.
When patients call or are seen at RMG, physicians and staff
accessing the patient’s record are alerted to immunizations that
are due or overdue. Using a Microsoft SQL Server database,
which is updated nightly with all of the clinical data from the
EHR, it is possible to identify patients aged 18 years and older
who are eligible and in need of immunizations.

Electronic Patient Portal

All RMG patients are given the option to sign up for MyChart,
an electronic patient portal within Epic that is free of cost to
patients and provides them with personalized and secure online
access to portions of their medical record. Over 30% of RMG
patients use MyChart. Patients can view their immunization
history as well as alerts for immunizations that are due or
overdue. They can securely send messages to and receive
messages from RMG providers. The Epic MyChart system has
the capacity to survey selected populations of patients.

Current Use of Interactive Voice Recognition Technology

RMG has an ongoing relationship with a company that uses
IVR calls to alert patients about upcoming appointments and
allows patients to respond to a limited number of scripted
questions. Standard operating procedures and methods for
transferring patient data existed prior to the intervention and
helped guide our protocols.

Participants

Eligibility Criteria
Patients are eligible for the study if they (1) have had an RMG
primary care provider during the 1 year prior to randomization;
(2) are aged 18 years or older on the date of randomization; (3)
have had a recent office visit or telephone encounter with an
internal medicine practitioner or family practitioner. The
requirement for a recent office visit or telephone encounter was
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intended to minimize inclusion of patients who had moved to
another practice but whose names were retained in RMG
records. Our definition of “recent” depended on patient’s age.
We defined “recent office visit” based on the age group of the
patients; because older RMG patients (aged ≥ 65 years) visit
their providers more frequently, we required an office visit or
phone encounter within the 18 months prior to randomization
for this population. For adults aged 18-64, we required an office
visit or phone encounter within the 3 years prior to the
intervention. To ensure capture of patients transitioning from
pediatric to adult care, the visit or phone call could also be with
a pediatrician.

Exclusion Criteria
Patients will be excluded if there is EHR documentation of an
allergy to influenza vaccine, or if they were one of 20 patients
who participated in preliminary qualitative interviews conducted
to inform development of outreach materials. Exclusion criteria
also included the presence of any of the following on the date
of randomization: (1) EHR documentation of influenza
vaccination completion in the 2014-15 influenza season (or
documented influenza vaccination after the end of the 2013-14
influenza season but before the start of the 2014-15 season); (2)
name listed on the do-not-call list or no listed phone number.
A patient is eligible for inclusion in the electronic patient portal

(referred to as “portal” herein) portion of the randomized
controlled trial if he or she is an active user, which is defined
as having an activated portal with a login at least once in the
year preceding randomization.

Randomization Approach
Using computer-generated random number assignments, we
will randomly select from the eligible population 20,000 portal
users and 10,000 nonportal users (total of 30,000 patients).
Using a factorial design (Figure 2), we will then use a
computerized randomization method to assign 5000 patients to
each of the 4 arms (portal users) and, separately, to each of the
2 arms (nonportal users). Thus, we will have a total of 6 arms,
each with 5000 patients.

Recruitment and Informed Consent
The study was reviewed and approved in 2014 by the RMG
Institutional Review Board (IRB) and subsequently (in 2015)
oversight was transferred to the University of Massachusetts
IRB. A waiver for informed consent for patient outreach was
approved by the IRB.

Intervention
We designed the IVR calls and portal messages to include
similar content (Textbox 1)

Figure 2. Outreach design.

Textbox 1. IVR call and portal message content

IVR calls and portal messages included...

• Personalized greeting

• Message seeking to establish influenza vaccines as social norm (“people your age get vaccinated against the flu...”) and informing patients what
age group vaccines are recommended for

• Information intended to optimize access to vaccines (dates/locations for upcoming Reliant Medical Group (RMG) influenza clinic and list of
additional ways to schedule a vaccine appointment)

• Information on accessing the CDC website for vaccine information

IVR calls and portal messages sought to elicit patient responses

• Patients were asked whether they had received influenza vaccines outside of RMG and were offered an opportunity to report date and location
of influenza vaccinations received at external sites

• For patients who responded that they had not received any influenza shot for the 2014-15 season, several questions addressing vaccine barriers
were presented

• Targeted educational information dispelling myths and misconceptions about the influenza vaccine based on patient responses to barrier questions
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Electronic Patient Portal Intervention
We designed an outgoing secure portal message to be sent via
MyChart to patients randomized to the portal message arms
(see Multimedia Appendix 1). Portal message content will
appear in letter format with the signature line reflecting the
name of the patient’s primary care provider. Portal messages
will be delivered through standard channels used for
portal-based correspondence between RMG health care
providers and patients (ie, generic message that contains no
personal health information nor any reference to vaccines is
delivered to patient’s email account. Message prompts patients
to log into secure portal account via hyperlink). Once logged
into portal accounts, patients must click on a message labeled
“Brief Flu Questionnaire” to view the outreach message.

Characteristics unique to the portal message compared with
IVR messages include the ability to offer direct online
scheduling of appointments for influenza vaccines. Information
about accessing CDC vaccine website(s) appears within the
body of the portal message as a hyperlink (and is conveyed
verbally in the IVR script). Opportunities to report external
influenza vaccinations, vaccine barrier questions, targeted
information dispelling misconceptions, and branching logic
matched the IVR call content.

Portal Message Delivery
To reach unvaccinated patients, we will intervene 2 months into
the influenza season, a practice supported by prior research [28].
Messages will be sent out to 500-1500 patients daily over 9-10
days, beginning 1-week postrandomization.

Interactive Voice Recognition Call Intervention
We designed a script to be delivered via IVR call to patients
randomized to the IVR arms. Combining voice recognition with
branching logic, calls will elicit patient self-report of influenza
vaccinations completed outside of RMG. For patients reporting
no influenza vaccine completion, IVR calls will deliver a series
of questions on vaccine barriers, providing brief information
intended to address the barriers which the patient identifies.

IVR calls will appear on telephone caller ID as “RELIANT
MED.” This is consistent with current identification of IVR
calls used for appointment reminders and is a detail that we
consider critical to the success of call answering.

Interactive Voice Recognition Call Delivery
Intervention IVR calls will be placed using standard procedures
suggested by the IVR design team, which include identification
of optimal times to call based on the patient’s age and
suggestions for keeping patients engaged to achieve study goals.
IVR calls will begin by confirming the patient’s identity. If
voicemail is encountered or if the person reached identifies
himself or herself as someone other than the patient, the IVR
system will leave a message asking patients to call back and
providing an inbound call line number. An inbound call line
will be maintained throughout the duration of outgoing calls
and for 2 weeks after the final outgoing call is placed, and
patients calling this number from the phone number of record
will hear the IVR call script in its entirety, beginning with
questions confirming the identity of the caller.

Data Upload Into Epic Electronic Health Record
Patient reports of prior immunization dates and location will be
loaded through Epic’s Inbound Immunization interface and will
be incorporated into the patient’s medical record. Data derived
from portal questionnaires, including information on patient
barriers, will be stored and available to the project team for
analysis.

Patient-reported immunization type, mapped to “Codes for
Vaccine Administered” (CVX code), date of vaccination,
location of vaccination, and reasons for not being immunized
will be sent to the study team by the company providing IVR
calls. The patient’s immunization history will be updated via
Epic’s Inbound Immunization interface, and transcriptions of
all IVR responses will be stored for analysis by the project team.

Measures
We will draw on data from EHR records, brought into the EHR
via several pathways. Information on influenza vaccines will
be gathered by capturing data entered into the EHR via two
routes: (1) direct documentation by RMG staff of influenza
vaccines administered at RMG or reported in-person by the
patient and entered manually into Epic EHR by staff or provider;
(2) patient self-report of vaccines administered outside of RMG
(self-report received via MyChart questionnaire or IVR).

Primary Outcome

Influenza Vaccine Outcomes

Our primary outcome will be percentage of eligible patients
with influenza vaccines directly administered and documented
in an RMG facility as of the end of the 2014-15 influenza
season. Because the control groups will not be given the
opportunity to self-report, immunizations captured solely
through the MyChart questionnaire or the IVR will be excluded
from the primary analysis. Our exclusion of self-reported
vaccines from our outcome analysis avoids introducing bias
through differential capture (intervention vs control) of
self-reported outcomes.

Secondary Outcome

Influenza Vaccine Outcomes

We will perform a descriptive analysis, calculating the
percentage of patients for whom self-report through our
intervention was the sole method for documentation of influenza
vaccination completion. We will assess this at the end of the
2014-15 influenza season. This analysis is intended to provide
preliminary insights into the percentage of patients who are
vaccinated outside of the RMG clinics and who choose to
self-report these vaccines.

Process Measures
We will examine patients who receive portal messages and
calculate (1) percentage of recipients who open messages and
(2) percentage of recipients who complete questionnaires. We
will examine patients who receive IVR calls and calculate (1)
percentage of recipients who answer the call and (2) percentage
of recipients who complete the calls by responding to questions.
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Proposed Analyses
To determine the impact of our interventions on RMG
vaccination rates for the 2014-15 influenza season, we will
perform unadjusted and adjusted analyses of randomized patients
(30,000 patients). Because of differential rates of vaccination
at baseline between portal users and nonusers, analyses in these
groups will be conducted separately. Intention-to-treat
unadjusted chi-square analyses will include the analyses
presented in Table 1.

We will examine the adequacy of randomization in the overall
group and separately among e-portal users and non e-portal
users by assessing whether there was differential representation
in the intervention versus control groups by 5 patient
characteristics readily available in the EHR. These will include
(1) age group; (2) race/ethnicity; (3) sex; (4) influenza
vaccination in previous year; and (5) completion of an office
visit in the previous year; if differences are found we will carry
out adjusted analyses using logistic regression to control for
significant differences, modeling odds of receiving influenza
vaccine.

Multivariate logistic regression analyses will also be performed.
As in our unadjusted analyses, due to differential rates of
vaccination at baseline between portal users and nonusers,
adjusted analyses in these groups will be conducted separately.
We will create dummy variables for assignment to the portal
message arm (among portal users) and for assignment to the
IVR call arm (among both portal users and, separately, among
nonportal users). Including these dummy variables and adjusting
for demographic and practice-level covariates, we will model
odds of receiving an influenza vaccine in the 2014-15 influenza
season. We will also examine the heterogeneity of treatment
effects within each subgroup using logistic analysis.

Power and Sample Size
With our proposed sample size and using a factorial design,
power calculations using baseline vaccination rate estimates
indicated that 4286 participants per arm would give 80% power
to detect a 3% improvement in influenza vaccination rates
between groups (α=.05; 2-sided). Based on previous studies
[29,30], we expect a 10-20% improvement in vaccination rates
for either intervention compared with control.

Table 1. Analyses by arm.

ComparisonStudy question

Compare percentage of vaccine completion among those randomized to
receipt of portal messages versus those randomized to neither portal mes-
sages nor IVR calls (usual care).

(Arm 2 vs 4)

Among portal users, did portal message receipt alone increase the likeli-
hood of influenza vaccine completion compared with control?

Compare percentage of vaccine completion among those randomized to
receipt of both portal messages and IVR calls versus those randomized to
only portal messages.

(Arm 1 vs 2)

Among portal users, did portal message receipt plus IVR call increase the
likelihood of influenza vaccine completion compared with portal message
alone?

Compare percentage of vaccine completion among those randomized to
receipt of IVR calls versus those randomized to neither portal messages
nor IVR calls (usual care).

(Arm 3 vs 4)

Among portal users, did IVR call alone increase the likelihood of influenza
vaccine completion compared with control?

Compare percentage of vaccine completion among those randomized to
receipt of IVR calls versus those randomized to neither portal messages
nor IVR calls (usual care).

(Arm 5 vs 6)

Among those who do not use portals, did IVR call alone increase the
likelihood of influenza vaccine completion compared with control?

Results

Intention-to-treat unadjusted chi-square analyses will be
performed to assess the impact of portal messages, either alone
or in combination with the IVR call, on influenza vaccination
rates.

Discussion

This study will test the effectiveness of a patient-directed CDS
intervention, aimed at improving rates of influenza vaccination
within a primary care adult population. The approach described
has important implications for future patient-directed CDS
initiatives seeking to use tethered patient portals. As a low-cost
and rapid means of communicating with patients who have
activated their electronic accounts, patient portals are a
promising channel through which CDS may be delivered.

Targeting patients through portals aligns well with the “CDS
Five Rights,” which stipulate that effective CDS delivers the
right information to the right people, via the right channels, in
the right intervention formats and at the right points of workflow
[31]. Our approach studies the possibility that the patient is the
person best positioned to receive and act on information related
to influenza vaccination.

Influenza vaccination has several characteristics that made it
ideally suited for this study design. Influenza vaccinations are
a single-dose annual vaccine, for which standing orders were
already in place in our medical group. They are recommended
almost universally across age groups, and therefore, we did not
require that physicians review the list of patients to whom
promotional messages were directed prior to sending, thereby
reducing physician burden. There is widespread familiarity with
influenza vaccination among the lay public, and numerous
community sites and workplaces offer these vaccinations, thus
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they are commonly administered outside of the medical group.
Seeking to collect data on vaccinations given in the community
was therefore a reasonable component of our outreach. This
factor might be less appropriate for other preventive health
behaviors. Guidelines calling for annual vaccination create a
short recall period (2-3 months in our study design) for
individuals reporting vaccination in a given season. The short
recall period and widespread familiarity was our rationale for
accepting patient self-report. With inputs from the physicians
on our research team, we further reasoned that providers would
be willing to update the EHR based on patient self-report of
influenza completion during an in-person visit (without
accompanying printed documentation) and that our collection
of self-reported data via outreach was an acceptable alternative
to in-person patient report. Our outreach may have the additional
benefit of identifying patients with influenza vaccine allergy
that has not previously been documented.

This protocol has some limitations. Although we collected
self-report of influenza vaccinations completed in the
community, our primary analysis focuses on RMG-documented
vaccines, thus avoiding the bias that would be introduced
through differential capture (intervention versus control) of
self-reported data.

For our secondary outcome measurement, we will report
percentage of patients self-reporting influenza vaccines
completed in the community. Although self-report introduces
the possibility for inaccuracies, self-reported vaccination status
is a measure commonly used to assess vaccination status and
is the standard used by the Behavioral Risk Surveillance System
and the National Health Interview Survey [32-34]. Previous
validation efforts for self-reported influenza vaccines
documented high sensitivity (0.98 to 1.0) and moderate
specificity (0.71-0.79) [32]. In addition to reviewing commonly
accepted measures and published validation reports, we also

considered the levels of ascertainment consistent with routine
clinical care. Many clinicians accept a patient’s verbal self-report
of completed influenza vaccination and update the EHR
accordingly (without requiring paper documentation). For all
of these reasons, we chose to allow patient self-reported
influenza vaccinations to be entered into the EHR.

An additional limitation of our study stems from the timing of
outreach. After eligibility determination but prior to
disseminating the outreach, we will have a 1-week gap built in
for quality checks and data transfers to the company handling
IVR calls. It is possible that during this 1-week gap, patients
randomized to receipt of the intervention will obtain their
influenza vaccines. Patients with vaccinations completed during
this period should be evenly distributed across all arms,
minimizing any associated bias. Once the intervention starts,
IVR calls and patient portal messages will be disseminated in
batches. While this is a standard protocol for delivering IVR
appointment reminders and prevents outgoing portal messages
from being labeled as spam by email servers, it also introduces
the possibility that additional patients may get vaccinated prior
to receiving the intervention. Again, patients vaccinated prior
to receipt of messages should be evenly distributed across all
arms.

While our single-site study is limited insofar as it cannot be
considered representative on a national scale, a future study
could address this by sampling from our population in proportion
to national demographics. In addition, we have designed our
intervention to be easily tested across diverse settings. This
intervention will be implemented using Epic, one of the top
EHR vendors in the country [35]. If successful, this study’s
intervention may be adapted by other large health care
organizations using Epic and tested as a means of increasing
vaccination rates among diverse populations.
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Abstract

Background: Vitamin D deficiency is highly prevalent and associated with increased risk of a number of chronic health
conditions including cardiovascular disease, poor bone and muscle health, poor mental health, infection, and diabetes. Vitamin
D deficiency affects millions of Australians, potentially causing considerable suffering, economic loss, and mortality.

Objective: To measure the effectiveness of a (1) mobile-based app (behavioral) and (2) pharmacological intervention to increase
circulating 25-hydroxyvitamin D (serum 25 OHD) levels and health outcomes over 4 months of intervention compared with usual
care in a cohort of young women with suboptimal serum 25 OHD levels (25-75 nmol/L).

Methods: Participants with 25 OHD levels 25 to 75 nmol/L are invited to participate in this study. Participants are randomized
to one of three groups in 1:1:1 ratio: a mobile phone–based application, vitamin D supplementation (1000 IU/day), and a control
group. Data collection points are at baseline, 4, and 12 months post baseline with the major endpoints being at 4 months. A
wide-range of information is collected from participants throughout the course of this study. General health, behavioral and
demographic information, medications, smoking, alcohol and other substance use, health risk factors, nutrition, eating patterns
and disorders, and mental health data are sourced from self-administered, Web-based surveys. Clinical data include anthropometric
measurements, a silicone skin cast of the hand, cutaneous melanin density, bone mineral density, and body composition scans
obtained through site visits. Main analyses will be conducted in two ways on an intention-to-treat (ITT) basis using the last
observation carried forward approach as an imputation for missing data, and on a per protocol basis to compare the intervention
arms against the control group at 4 and 12 months.

Results: Publication of trial results is anticipated in 2017.

Conclusions: The study will allow assessment of the effects of a mobile-based app behavioral intervention and vitamin D
supplementation on vitamin D status and will evaluate the effects of improving vitamin D levels on several health outcomes.

(JMIR Res Protoc 2016;5(2):e80)   doi:10.2196/resprot.5465
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Introduction

Background
Low vitamin D status is an issue of concern in today’s society
and its prevalence has been reported to be high, with
approximately 50% of the world population thought to be
affected [1]. Low vitamin D levels have been shown to be
associated with an increased risk of numerous chronic health
conditions, including poor musculoskeletal health and
cardiovascular disease [2]. Vitamin D deficiency also impacts
on young women’s ability to achieve optimal peak bone mass
increasing the risks of osteoporosis and osteoporotic fractures,
which are major public health problems in the aging population
[3,4]. Twenty-seven percent of women across Australia achieve
optimal vitamin D levels (defined as serum 25-hydroxyvitamin
D (25 OHD) greater than 75 nmol/L) [5]. Individual factors
such as habitual sun exposure and skin color are likely to play
major roles in determining vitamin D status [5,6]. Vitamin D
deficiency is an important health risk factor for young women,
particularly during their childbearing years, when deficiency
can harm both the mother and the unborn child [7]. Despite the
potentially serious effects of vitamin D insufficiency (serum 25
OHD between 26 and 49 nmol/L) and deficiency (serum 25
OHD <25 nmol/L), very few vitamin D studies have focused
on young women; the majority of studies in the literature have
studied general population cohorts or have exclusively focussed
on elderly participants [8]. This study is of particular importance
as many risks factor for certain cancers, autoimmune diseases,
infections, neurological diseases, diabetes, and poor mental
health are established during youth [1]. Vitamin D status is one
of the factors that may impact on these disease risks.

The Safe-D study aims to (1) examine the links between vitamin
D and various health indicators in a young female cohort (part
A) [9], and (2) evaluate the effectiveness of a smartphone app
compared with vitamin D supplementation in improving both
serum 25 OHD levels and several health measures that have
been associated with vitamin D deficiency (part B). By focusing
on a younger cohort and using a successful recruitment strategy
via social media [10], the study aims to achieve a much larger
sample size of this population than previous research [11,12].
In addition, the relationship between vitamin D status and health
will be comprehensively studied using state-of-the-art
information technology-based data collection methods that have
not been used in any similar studies, which have based results
largely on self-reported data [13].

While vitamin D deficiency is associated with many poor health
outcomes, its potential impact on young Australian women’s
health has yet to be established. Moreover, there are evidence
gaps about the safest and most effective interventions to improve
vitamin D status. Of importance, much of the previous research
has been limited by imprecise 25 OHD measurements [2].

Addressing factors that can lead to vitamin D deficiency earlier
in life might be beneficial for long-term health, productivity,

and quality-of-life of young women. Part A of the Safe-D study
is described elsewhere [9]. Part B, a randomized controlled trial
involving the use of a digital Web-based smartphone app, is
described here.

Study Rationale
This study focuses on 16- to 25-year-old women, because of:
(1) the high prevalence of vitamin D deficiency in young people
[1,2,14,15], (2) the importance of this life stage, as individuals
become more autonomous and independent, and individual
environmental as well as behavioral factors play an increasing
role in shaping health patterns that have long-term consequences
[16], (3) the popularity in this demographic of communication
using mobile and social media technologies with which we have
previous experience, and harness in this study [10], (4) vitamin
D deficiency impacting young women’s bone mass increasing
the risks of osteoporosis and osteoporotic fractures later in life
[17], and (5) women’s smaller skeletons make them more likely
to develop osteoporosis due to biological sex differences in the
skeleton with ageing [18].

While there have been many studies examining the associations
between vitamin D and health, only small, restricted studies
have been conducted with young women. Therefore, this study
aims to ensure that comprehensive health data are collated for
this population subgroup.

Methods

Study Design
The Safe-D study comprises two distinct, but overlapping and
interrelated components. Part A is a cross-sectional study of
healthy women aged 16 to 25 years, aimed at investigating
associations between 25 OHD levels and musculoskeletal health
(bone density, bone turnover markers, muscle function),
mood/mental health, body composition and weight, and
atopic/allergic symptoms [9]. Part B is an open-label,
blinded-endpoint, randomized controlled trial with three arms;
a behavioral intervention, a pharmacological intervention, and
control group [19,20]. Study participants are monitored for a
period of 12 months. A comprehensive, Web-based
questionnaire is completed by all participants at 0 and 12
months; an abbreviated version of this survey is completed at
4 months. The survey links are sent through Limesurvey (an
open-source, password-protected, secure software survey tool)
to each participants [21]. The questionnaires comprise five
modules, which the participants are able to complete either
altogether or on separate occasions over a 2-week period before
their site visit. The modules cover health areas including
demographics, medical history, use of health care professionals,
use of medications and allergy data to establish current and/or
past health conditions [14]. Nutrition, dietary behaviors, and
weight management data are collected to identify change in
body composition and weight and investigate the relationship
between obesity and vitamin D. Body image, alcohol use,
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tobacco use, and illicit drug use information is collected because
it has been suggested that vitamin D has a neuroprotective effect
on dopaminergic pathways in the adult brain and may have a
role in the management of drug dependence, and also smoking
and alcohol use can affect vitamin D status [22]. Diet, physical
activity, pain and injuries, sun exposure, and mental health data
are collected to assess dietary intake of vitamin D, to control
for physical activity as a contributor to weight and to investigate
a relationship between vitamin D and musculoskeletal health.
Sun exposure is collected to investigate a relationship between
change in vitamin D and ultraviolet (UV) exposure.

Dietary intake is a confounder for the relationship between
vitamin D and obesity [23]. The Cancer Council Victoria
Questionnaire (comprehensive dietary questionnaire) is used to
evaluate the diet type and portion sizes [23].

In addition, site visits take place at our study center at each time
point to collect a range of clinical health information, including
blood tests, bone density (baseline and 12 months), and tests of
muscle health (Figure 1).

Figure 1. Study flowchart of participants.

Subject Selection
Participants in this study are female, aged between 16 to 25
years upon inclusion in the study, and residing in Victoria,
Australia, for the duration of the study. Inclusion criteria are
completion of all components of part A of the Safe-D study,
serum 25 OHD levels between 25 and 75 nmol/L, plus
ownership and regular use of a smartphone with Apple or
Android operating systems.

Exclusion criteria include a history of skin melanoma (or having
a first-degree relative (parent or sibling) who has had a
melanoma), current pregnancy, breastfeeding, an intention to
conceive in the next 12 months, current supplementation with
≥800 IU vitamin D daily, an intention to move out of Australia
during the course of the study, any chronic health condition or
medication that may disturb vitamin D metabolism or action or
cause safety concerns, any medical condition, or using any
medication that increases sensitivity to sun light or UV radiation.

The inclusion and exclusion criteria were designed so that any
harm to study participants is minimized as far as practically

possible, while selecting as broad a sample as possible to
maximize the generalizability of the findings. The exclusion
and inclusion criteria also assist to reduce confounding of
results. If participants meet any of the exclusion criteria, at any
time in the study they are withdrawn from intervention as
appropriate for good clinical care. Where possible, these
participants complete all data collection including study visits
for the purpose of an intention-to-treat (ITT) analysis.

Proposed Sample Size
A meta-analysis of 16 studies found an increased serum 25
OHD concentration of approximately 1 to 2 nmol/L for each
100 IU per day of supplemental vitamin D [24]. Assuming
average supplementation of 1000 IU vitamin D/day, we expect
changes in serum 25 OHD concentration of approximately 10
to 20 nmol/L in the pharmacological intervention group. By
using ITT analysis, a sample size of 62 per arm at 4 months
(corresponding to 78 per arm at baseline) will 85% power to
detect a difference of 15 nmol/L in 25 OHD levels between
groups (assuming a standard deviation of 25 nmol/L and total
level of significance of 0.05). This gives an 80% power to detect
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a 15 nmol/L difference in per protocol analysis, assuming 85%
adherence to the protocol, and making the assumptions of at
least 50% of participants fall in the range of 25 to 75 nmol/L at
entry, 20% attrition at 4 months, and 30% total attrition at 12
months [25].

We expect to be able to include 48 participants per arm (n=56
for ITT analysis) in the 12-month per protocol analyses
(accounting for attrition and noncompliance), giving us 80%
power (85% in ITT) at a 5% significance level to detect a 9 to
10 nmol/L difference in change from baseline between the two
intervention arms (assuming a lower standard deviation of 20
nmol/L due to seasonal matching).

Based of the above, the study team aim to recruit 468 young
women into part A of the study, which should lead to
approximately 234 participants in part B assuming at least 50%
of participants fall in the serum 25 OHD range of 25 to 75
nmol/L, meet other eligibility criteria for part B and agree to
participate.

Recruitment
Participants who complete part A of the Safe-D study (including
completion of a comprehensive questionnaire, wearing of an
UV dosimeter for a period of 14 consecutive days and
participation in the study site visit) and meet the eligibility
criteria for Part B are invited to participate in the study. Upon
receipt of the serum 25 OHD and other pathology results from
the laboratory, eligible participants are contacted by a member
of the study team to inform them that they are eligible to
participate. A verbal consent process takes place during the
telephone call. Each volunteer is given sufficient time to review
the detailed participant information and consent form (PICF),
and is given the opportunity to ask questions about the study.
Subjects are then asked to provide written informed consent in
order to participate. All participants under 18 years are assessed
as a mature minor and those deemed unable to provide informed
consent require the consent of their parent or guardian to
participate in the study [26].

All participants are offered compensation for their time in the
form of an AU$30 gift voucher at each assessment. Participants
identified as having high depressive and/or anxiety symptoms
in study survey responses at any time point are sent information
booklets (beyondblue booklet; “What works for anxiety
disorders?” [27] and “What works for depression in young
people”) [28]. Participants who answer positively to suicidal
ideation are contacted by a study team member with Applied
Suicide Intervention Skills Training, to ensure the participant’s
safety and well-being [29].

Participants whose serum 25 OHD levels show moderate to
severe deficiency (<25 nmol/L) are contacted by the study team
and strongly advised to review the results with their primary
care physician. This group is expected to be <8% of the target
population and are not randomized into part B. Subjects whose
levels drop below 25 nmol/L at 4 months are also immediately
referred for appropriate treatment; however, they are encouraged
to remain in the trial to reduce attrition.

Verbal, Written, and Electronic Consent
Verbal consent is obtained from all participants in this study by
telephone communication. Participants then are sent email links,
so that they can complete the Web-based surveys. Each of the
surveys includes the PICF and this is being used as a means of
obtaining electronic consent.

Prior to the site visit, all participants are sent a hard copy of the
PICF with a welcome letter. The PICF is reviewed at the
commencement of the study visit prior to the collection of any
biological data.

An electronic consent (econsent) form is offered to participants,
which is obtained through a secure link sent by the study team
via LimeSurvey. Information contained in the PICF is displayed
on screen and requires participants to click “I agree” to a
statement that they have read and understood the information
and freely agree to participate in the research project.
Participants giving electronic consent are asked to provide
written consent at the first subsequent opportunity to do so. The
econsent form allows recruitment and allocates the participants
to the intervention groups to allow for a more streamlined
process. Eligible participants were randomized into one of three
groups.

Trial Interventions

Behavioral Intervention Group
All participants randomized to the behavioral intervention group
receive instructions on how to download the Safe-D study
mobile-based app (Safe-D app) to use for 12 months following
randomization [20]. The Safe-D app is designed for both Apple
and Android operating systems.

The Safe-D app delivers advice about how to obtain safe and
effective sun exposure daily, as per guidelines developed by
the Safe-D team in conjunction with the SunSmart guidelines
[20]. An algorithm was incorporated into the app to estimate
the time required with direct exposure to sunlight to achieve
adequate vitamin D levels [30]. The mechanics of algorithm
are not apparent to users. It is the messages themselves that
convey the complex information simply, and the use of game
elements to further simplify understanding. In Safe-D app
UV-exposure is shown as different shape of sunflower to users
to convey message simply and effectively. Advice is tailored
according to the individual’s characteristics and reported
behaviors, including Fitzpatrick skin type [31], clothing,
sunscreen use, and local UV forecast (location determined using
the smartphone’s global positioning system or by manually
entering location details) sourced from the Australia Bureau of
Meteorology and the Australian Radiation Protection and
Nuclear Safety Agency. As there is a need for improved
education in the community about SunSmart behaviors and safe
methods to achieve the best possible vitamin D production,
general advice is also delivered.

The Safe-D app enables tracking of UV-exposure, records
missed exposure, and monitors participant progress regarding
time spent in the sun. Participants start the app timer when they
are in direct sunlight and stop when they are no longer exposed.
The app sends tailored messages to participants depending on
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their sun exposure records. The messages are sent as push
notification, rather than requiring participants to check the app
daily [32-34]. Educational messages are also sent to maintain
participant motivation and interest in the study. Messages
encourage appropriate and safe levels of UV-exposure and
explain the importance of vitamin D, especially in women,
health consequences of vitamin D deficiency, and tips to
improve vitamin D status. Three types of messages are sent to
participants through the app: automatic push notifications,
automatic in-app messages, and tailored and personalized mail
messages [35]. Participants are able to turn off the automatic
push notification, though they are encouraged by the study team
during their randomization call not to do so. Safety is monitored
within the app and any participant who exceeds the
recommended time in the sun receives an autogenerated safety
warning and the application reports any consequences of
overexposure to study staff. Use of the application is also
measured by the number of times participants open it [20].

Pharmacological Intervention Group
All participants in this group receive a 1-year supply of 1000
IU vitamin D supplements. Participants are informed of the
prescribed dose and route of administration of the supplements
(oral), and the recommended storage conditions. Participants
are sent weekly regular SMS text messaging with (short message
service, SMS) reminders to take the equivalent dose of 1 capsule
per day, and reminded that if they miss any doses throughout
the week, that they may take the missed tablets all at once that
day, without any risk of toxicity. Messages are sent weekly for
the first month of participation, taper to fortnight, then monthly.
Standard protocols for the receipt, dispensing, return, and
disposal of these supplements have been developed with the
assistance of a research pharmacist.

Control group
All participants in this group receive general advice in the form
of the “How much sun is enough?” pamphlet produced by
Cancer Council Victoria [36]. This pamphlet is sent to
participants via email. It provides information about achieving
adequate vitamin D status using safe levels of UV exposure and
diet, and a contact number to obtain further advice, with links
to SunSmart Victoria’s Web-based vitamin D resources.

Randomization
Participants are randomized into one of the three intervention
groups using stratified block randomization with
computer-generated varying block sizes (3, 6, and 9), based on
baseline serum 25 OHD levels 25 to 49 nmol/L and 50 to 74
nmol/L. The study statistician (AG) is responsible for the
generation of the randomization schedule and preparing the
codes. An electronic process is used to generate the codes. As
each eligible participant is identified from part A of the Safe-D
study and consented, the statistician is emailed by an unblinded
researcher, and a randomly generated allocation group is
assigned, details of which are kept in the participant’s notes and
entered into the unblinded database. All other study team
members who collect outcome data are blinded to intervention
group allocation.

Blinding
As far as practically possible, procedures are in place to maintain
blinding of team members who collect outcome data. They are
blinded to the participant’s treatment allocated Two databases
are used to avoid inadvertent unblinding, one for blinded
members and one for unblinded members. Participants are
blinded to their vitamin D stratification, and only receive the
details of their vitamin D results during the trial if clinically
necessary. All vitamin D results will be provided to participants
upon conclusion of the study.

Data Collection
A wide-range of information is collected from participants
throughout the course of this study [9]. These data are sourced
from self-administered Web-based surveys and clinical data are
obtained through site visits. Data are collected from all
participants at baseline (0 month) and at the end of the study
(after 12 months of study participation). All data except the
bone density scans are collected at 4 months, which is the
approximate duration predicted for vitamin D levels to reach a
steady state with intervention [37]. A modified version of the
questionnaires is used at 4 months. Bone density testing is not
performed at 4 months because significant changes are unlikely
to be detected at that time-point.

Questionnaires Content
The Cancer Council Victoria Questionnaire was comprised of
dietary intake and portion sizes data. The other questionnaires
comprise four modules, which the participants are able to
complete either altogether or on separate occasions over a
2-week period before the site visit. The modules cover groups
of health areas as described as follows:

1. Module A: demography, medical history, use of health care
professionals, use of medications and allergy data.

2. Module B: nutrition, dietary behaviors, and weight
management data.

3. Module C: body image, alcohol use, tobacco use, and illicit
drug use information.

4. Module D: diet, physical activity, pain and injuries, sun
exposure, and mental health data.

Site Visit Assessment and Rationale
Participants are asked to attend Royal Melbourne Hospital for
a 2-hour study site visit baseline and 12 months for a health
check including a physical examination, blood collection,
silicone skin cast of the hand, skin reflectance, bone density
and body composition scans, and Leonardo mechanography
testing [38]. They are also asked to attend for a 1-hour visit at
the 4-month follow-up for the above tests except that bone
density tests are not performed at this time point.

Physical Examination
Blood pressure, resting heart rate, waist circumference, hip
circumference, height, and weight are measured for general
health assessment. Blood pressure is measured twice with two
different machines and recorded as systolic and diastolic blood
pressure. Height is measured to the closest of 0.1 cm by using
a wall-mounted stadiometer. Weight is measured to the closest
of 0.01 kg.
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Blood Collection
A fasting, morning blood sample is collected to test for analytes
by standard methods including 25 OHD, thyroid stimulating
hormone, prolactin, insulin, HbA1c, glucose, lipids (total
cholesterol, high-density lipoprotein, low-density lipoprotein,
and triglyceride), calcium, parathyroid hormone, albumin,
creatinine and C-reactive protein [9]. VivoPharm Laboratories
employ a highly-sensitive, accurate, and precise liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
method using Applied Biosystems 4000 Q Trap and Agilent
LC-MS/MS instruments, which is used to measure serum 25
OHD3 and serum 25 OHD2 concentrations for this study. Serum
25 OHD concentration is the best indicator of vitamin D status.
Ligand-binding assays are the standard method for measuring
serum 25 OHD but have some limitations including poor
agreement between assays and laboratories [39], inability to
distinguish between serum 25 OHD2 and 25 OHD3, and
systematic under- or overestimation of 25 OHD levels [40]. The
current “gold standard” method for determining vitamin D levels
is LC-MS/MS, which is more accurate and precise, uses
standards of defined concentrations, needs smaller sample
volume and shorter turnaround time than alternative methods,
and distinguishes between D2 and D3 metabolites. For these
reasons, we chose the LC-MS/MS method to measure vitamin
D levels.

Skin Cast of Hand
Actinic skin damage is measured at baseline, after 4 and 12
months of intervention by taking a silicone rubber cast of the
dorsum of the hand to assess skin damage [41]. The Beagley
and Gibson grading system is used to score the skin casts [42].
This visual system of grading is not time-consuming and it is
well suited for use in studies with large sample size. Skin casts
are graded on a scale of 1 to 6, with 1 indicating undamaged
skin that is evenly spaced with fine lines of equal depth. Grade
6 is indicative of maximum photo-damage, specifically with a
more flattened appearance to the skin surface [43].

Skin Reflectance
Cutaneous melanin density is measured at each visit using a
spectrophotometer as skin color is a covariate to be controlled
for in assessing vitamin D response. Melanin density is
measured at both a UV-unexposed region (inner side of upper
arm) and exposed regions (back of hand and facial cheek).

Bone Density and Body Composition Scans
Participants attend the Bone Densitometry Unit at the Royal
Melbourne Hospital for dual energy x-ray absorptiometry (DXA)
and peripheral quantitative computed tomography (pQCT)
scanning. DXA is used to measure areal bone mineral density
and bone mineral content as well as soft tissue composition.
The parts of the body to be scanned are lumbar spine, total hip,
femoral neck, and total body [44]. Peripheral QCT of the tibia
is used to assess volumetric bone density, bone geometry, and
muscle cross-sectional area to investigate the relationship
between 25 OHD and these measures [45].

Leonardo Mechanography
Muscle measurements are taken using a Leonardo jumping
mechanography ground reaction force platform for muscle
strength and muscle performance, to examine the relationship
between these measurements and 25 OHD [38]. Single two leg
jump, multiple one leg hop, and balance testing are performed
to estimate muscle strength, efficiency of movement, maximum
voluntary force, maximum acceleration, stiffness, energy storage
capacity, and Esslinger Fitness Index.

Sun Exposure/SunSmart Behavior
Real-time UVB exposure is measured objectively in all
participants at baseline, at 4 and after 12 months of intervention
using a small, discreet, wearable UV dosimeter, with a sampling
interval of 30 seconds to provide real-time profiles of
UV-exposure during 14 consecutive days before the visit. The
dosimeter is worn on the wrist like a watch. Participants also
complete a log and standard questionnaire about sunlight
exposure and SunSmart behavior [46], for comparison with the
objective data. Logs are to report clothing worn, sunscreen use,
sunburn, and when they took the watch off/put on.

Statistical Analysis
The primary outcome in this study is the change in serum 25
OHD concentration at 4 months. Secondary outcomes include:
objectively measured sunlight exposure, SunSmart behavior,
compliance rates for the two interventions, and musculoskeletal
health measures at 12 months. Exploratory outcomes include
metabolic profiles, body composition and weight, atopic/allergic
symptoms, mood and mental health, knowledge about sun-safe
behavior, as well as defining the determinants of vitamin D
status in young women using baseline data and investigating
the effects of vitamin D improvement on metabolic profiles,
body composition and weight, atopic/allergic symptoms, mood,
and mental health after 4 months. Main analyses will be
conducted on an ITT basis to compare the intervention arms
against the control group at 4 months, using various imputation
strategies to account for missing data arising from sample
attrition.

Due to possible protocol violations (eg, noncompliance with
the prescribed treatment and unblinding occurrences), a
secondary per protocol analysis designed to adjust for
noncompliance will be undertaken at 4 and 12 months and
results compared with the ITT analysis. Subjects in the control
and behavioral intervention arms who start taking vitamin D
supplements during the trial and noncompliers with the
interventions will be excluded from the per protocol analysis.

Kolmogrov-Smirnov test and histogram chart will be used to
assess the normality of continuous variables. Baseline general
characteristics will be examined using one-way analysis of
variance (ANOVA) for continuous variables and chi-square for
categorical variables. Two-way ANOVA will be used to
determine the effects of supplementation and behavioral
intervention. Tukey's post-hoc comparisons will be used to
identify pair wise differences when we reach a significant
finding in multivariate regression. P values <0.05 will be
considered as significant. All statistical analyses will be
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performed using the Statistical Package for Social Science
version 22.

Compliance and Withdrawal
The measurement of study compliance may vary between the
three groups. The app contains built-in timers and data that
allow the study team to determine how often the participants in
the behavioral intervention group access the app.

Unblinded study staff undertake a manual count of the
supplements at the 4 and 12 months visits, on return of the
container of supplements. These data are recorded and a
compliance percentage is determined. Unblinded study staff
call participants in the control group to ask if they have read
and understood the information brochure 2 weeks after
randomization and then each month.

Any participants who have commenced vitamin D
supplementation throughout the course of the study, and are not
in the pharmacological intervention arm, remain in the study,
and their data are analysed using the ITT analysis. Subsequently,
per protocol analyses are performed, excluding the results of
these participants.

Any participant who fails to meet the eligibility criteria for the
duration of the study is invited to complete their remaining
study visits for ITT analyses. In addition, any participant who
commences participation in the study but, at any stage of the
study, withdraws their consent, is withdrawn from the study.
Any data that they have contributed to the study continues to
be used, unless the participant states specifically that they would
like their data to be deleted. This process is formally stated to
the participant before they commence the study.

The study team make reasonable attempts to contact a participant
before withdrawing them from the study. This includes sending
emails, text messages, making telephone calls, and sending
written letters to the participant’s home address. If no contact
can be made with the participant using all mentioned methods
three times, the participant is withdrawn from the study and a
letter is sent to them to explain this decision.

Ethical and Legal Considerations
This study has received approval from the Melbourne Health
Human Research and Ethics Committee (HREC) and is
conducted according to the principles and rules laid down in
the Declaration of Helsinki and its subsequent amendments. It
is carried out according to the revised National Statement on
Ethical Conduct in Research Involving Humans (2007) produced
by the National Health and Medical Research Council of
Australia [38]. This national statement was developed to protect
the interests of people who participate in research studies.

Mandatory reporting requirements pertaining to physical or
sexual abuse of minors are adhered to by the study team and
incorporated into the PICF so that participants are aware of the
obligations of the study team. Data are kept confidential except
if required by law. Information regarding illegal drug use may
be disclosed to relevant authorities if required by law.

Clinically-Significant Results
All participants who have an abnormal pathology result, which
is considered to be clinically significant after review by the
principal investigator are contacted and/or receive the results
by mail or telephone, depending on the urgency of the matter.
Specifically, any participant who records a serum 25 OHD result
lower than 25 nmol/L is withdrawn and is referred to their
treating general practitioner (GP) for advice and follow-up.

Adverse Events
An adverse event is defined as any occurrence that has
unfavorable and/or unintended effects on research subjects,
regardless of severity or study-relatedness. Adverse events may
manifest as new findings (signs, symptoms, diagnoses,
laboratory results) or alterations in pre-existing conditions. All
adverse events occurring during the study are recorded whether
or not they are considered to be serious and/or related to the
study. Any major adverse events are reported in writing to the
Melbourne Heath HREC. Based on the self-reported and UV
dosimeter data, any subjects receiving UV-B exposure at levels
deemed to place them at risk are advised that they are at high
risk and provided with further information about SunSmart
behaviour and safe sun exposure.

Results

Recruitment is currently underway. Publication of trial results
is anticipated in 2017.

Discussion

Trial Implications
Causes of vitamin D deficiency include decreased sun exposure,
use of UV-B blocking sunscreens, low dietary intake of vitamin
D, obesity, and possibly smoking. Sunlight exposure is the major
source of vitamin D (through the internal synthesis of vitamin
D3), accounting for 80% to 90% of circulating vitamin D
metabolites, few foods other than fatty fish contain vitamin D
[47].

To the investigators’ knowledge, this study is the first
randomized trial to assess the effectiveness of an eHealth
lifestyle intervention to safely improve vitamin D status in young
women, and addresses the limitations of previous studies that
have been small, limited by the imprecision of traditional assays
for measuring 25 OHD levels, and/or lacking data on adolescents
and younger women. In addition, recruitment via Facebook and
subsequent enrolment into an intervention trial is novel in this
study. Recruitment via Facebook can be effective at reaching
a large number of potential participants, as well as improving
affiliated costs. Also it is affordable and reach a wide diverse
population, thus increasing generalizability [48]. If successful,
the smartphone eHealth intervention developed for this study
would be readily deployable throughout Australia and
internationally, translatable to different demographics, and has
the potential to be incorporated into health promotion initiatives
and clinical care. The extensive data collection being undertaken
by this study allows for the identification of possible
relationships between vitamin D status and a range of other
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health conditions. As there are seasonal differences in 25 OHD
levels, all measurements are repeated after 1 year of intervention.

Limitations

This study has a number of limitations. First, blinding is a
difficult issue to address. As far as practically possible, study
staff are blinded to the group to which participants are allocated
throughout the study. However, we are not able to blind

participants to their intervention group allocation. Another
limitation of our study is using Facebook advertising for
recruitment, which can cause selection bias. However, in the
pilot study on feasibility for the same age group reasonable
representativeness with the general population was achieved
apart from selecting those with a higher level of education [10].
This is common to most methods used for recruitment of
subjects from general populations.
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Abstract

Background: Physical inactivity is one of the leading risk factors contributing to the rising rates of chronic diseases and has
been associated with deleterious health outcomes in patients with chronic disease conditions. We developed a mobile phone app,
FeatForward, to increase the level of physical activity in patients with cardiometabolic risk (CMR) factors. This intervention is
expected to result in an overall improvement in patient health outcomes.

Objective: The objective of this study is to evaluate the effect of a mobile phone–based app, FeatForward, on physical activity
levels and other CMR factors in patients with chronic conditions.

Methods: The study will be implemented as a 2-arm randomized controlled trial with 300 adult patients with chronic conditions
over a 6-month follow-up period. Participants will be assigned to either the intervention group receiving the FeatForward app
and standard care versus a control group who will receive only usual care. The difference in physical activity levels between the
control group and intervention group will be measured as the primary outcome. We will also evaluate the effect of this intervention
on secondary measures including clinical outcome changes in global CMR factors (glycated hemoglobin, fasting blood glucose,
blood pressure, waist circumference, Serum lipids, C-reactive protein), health-related quality of life, health care usage, including
attendance of scheduled clinic visits and hospitalizations, usability, and satisfaction, participant engagement with the FeatForward
app, physician engagement with physician portal, and willingness to engage in physical activity. Instruments that will be used in
evaluating secondary outcomes include the Short-Form (SF)-12, app usability and satisfaction questionnaires, physician satisfaction
questionnaire. The intention-to-treat approach will be used to evaluate outcomes. All outcomes will be measured longitudinally
at baseline, midpoint (3 months), and 6 months. Our primary outcome, physical activity, will be assessed by mixed-model analysis
of variance with intervention assignment as between-group factor and time as within-subject factor. A similar approach will be
used to analyze continuous secondary outcomes while categorical outcomes will be analyzed by chi-square test.

Results: The study is still in progress and we hope to have the results by the end of 2016.

Conclusions: The mobile phone–based app, FeatForward, could lead to significant improvements in physical activity and other
CMR factors in patients.

(JMIR Res Protoc 2016;5(2):e84)   doi:10.2196/resprot.5489
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Introduction

Background and Significance
Physical inactivity has been identified as one of the leading risk
factors contributing to the rising rates of chronic diseases [1].
Current estimates suggest that over half (52%) of adults in the
United States do not meet the recommended physical activity
levels [2]. Physical inactivity is an important and
well-established cardiometabolic risk (CMR) factor and it has
been reported that individuals with chronic diseases such as
diabetes are less likely to meet current physical activity
guidelines compared with the general population [3]. A number
of studies to date have also confirmed the dose-response
protective effect of increasing physical activity on the
development of diabetes and cardiovascular disease [4,5].

The majority of the worldwide population fails to reach the
recommended ≥150 minutes per week of moderate intensity
exercise with “lack of time” being the most highly cited barrier
to participation in sufficient physical activity in addition to a
lack of motivation [5]. There is evidence that encouraging
people with recently diagnosed chronic diseases such as diabetes
to increase their physical activity and decrease their sedentary
time may have beneficial effects on several CMR factors [6].
Therefore, it would be beneficial to develop strategies that
maximize exercise adaptation, support patient goals, and offer
education on health benefits of regular exercise to such patient
populations.

In 2013, a dynamic text messaging intervention, TextToMove
(TTM), was designed with the goals of increasing physical
activity in patients with type 2 diabetes mellitus (T2DM),
improving self-management of the disease, and lowering
glycated hemoglobin (HbA1c) concentrations [7]. The text
message (short message service, SMS) intervention program
comprised of three content categories: education, feedback, and
motivation. As a text messaging program, TTM was successful.
However, keeping in mind, the increasing adoption of

smartphones and the capability for enhanced function, we
developed a more dynamic and robust mobile app, FeatForward.
Additionally, there is increasing evidence that the smartphone
phenomenon is reducing, as opposed to exacerbating, disparities
and that smartphones are helping to bridge the digital divide
among socioeconomic groups [8,9]. Therefore, FeatForward
affords us the opportunity to enhance the function of the
previous intervention and also extend the reach to a wider pool
of patients

Our primary goal is to help users increase their level of physical
activity and improve their overall health outcomes. Therefore,
we hypothesize those participants using FeatForward will be
more physically active and will achieve greater improvements
in their CMR factors than a usual care control group that will
not use the app.

Specific Aims
Our primary aim is to evaluate the effect of FeatForward on
physical activity levels. Secondary outcomes to be assessed
include evaluating the effects of FeatForward on: (1) clinical
outcomes by measuring changes in global CMR factors (HbA1c,
fasting blood glucose, blood pressure (BP), waist circumference
(WC), serum lipids, C-reactive protein (CRP)), (2) health-related
quality of life, (3) health care usage, including attendance of
scheduled clinic visits and hospitalizations, (4) usability and
satisfaction with FeatForward, (5) participant engagement with
FeatForward, and (6) physician engagement with the
FeatForward physician portal, (7) continuum of behavioral
regulation in exercise.

Methods

Trial Design
The study will be implemented as a 2-arm randomized controlled
trial (RCT) with repeated assessments at baseline, midpoint (3
months), and at the end of study (6 months). Figure 1 shows
the research design.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e84 | p.50http://www.researchprotocols.org/2016/2/e84/
(page number not for citation purposes)

Agboola et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Schematic summary of the trial design.

Participant Inclusion/ Exclusion Criteria
Patients must meet all eligibility requirements to be enrolled
into the study. Eligible patients are aged 18 years or older with
diagnosis of any of the following: prediabetes (HbA1c > 5.7%

and body mass index (BMI) ≥ 25 kg/m2), T2DM (HbA1c
>7.0%), prehypertension (BP of 130/90 mm Hg and family
history of high BP), hypertension (BP > 140/90), and/or obesity

(BMI ≥ 30 kg/m2). They must also be willing to attend all three
study visits, able to read and speak fluent English, physically
independent (ie, ability to walk without assistance), able to
consent for oneself, willing to switch to a provided study
smartphone and appropriate phone plan to use as their primary
phone for the 6-month study duration, and willing to wear a
study smartwatch during all hours excluding sleep for the
duration of the study.

Ineligible patients will be defined as those who (1) have severe
depression assessed by scoring ≥20 on the patient health
questionnaire 8 (PHQ-8) screening questionnaire for depression,
(2) have a self-reported eating disorder and/or other psychiatric
disorders, (3) are currently or previously (within 3 months of
enrollment) in a weight loss program, (4) had a prior or planned
bariatric surgery procedure, (5) medications known to cause
significant (≥5%) long-term changes in body weight or BP, (6)
are pregnant or planning to get pregnant within 6 months of
enrollment, (7) have a disability, dementia, or neurological
deficits, and other medical or surgical conditions preventing
them from engaging in self-care, (8) have serious comorbid
conditions (eg, terminal cancers, end-stage renal disease) that
preclude safe participation in moderate levels of physical
activity, under discretion of the participants’ primary care
provider.

Recruitment Procedure
All male and female outpatients meeting the inclusion criteria
will be recruited from a network of 20 primary care practices
and community health centers associated with a large academic
medical center in the greater Boston area. Study investigators
will solicit the participation of primary care providers at these
clinics and ask them to refer potentially eligible patients for the
study. Potential participants undergo telephone prescreening
by the study staff to ensure eligibility. This is done before any
study procedure is conducted. The participants are enrolled
formally only after signing the informed consent form at the
enrollment visit. The participants are then asked to complete
all enrollment surveys and undergo randomization procedures.
All participants are typically advised to continue receiving
routine medical care from physicians. Subjects in the
intervention group will receive a smartphone with the
FeatForward app to track physical activity and other biometric
parameters, and a smartwatch. Participants in the control group
will also receive a Smartphone with the sHealth app to track
physical activity, and a smartwatch. All the subjects randomized
to the intervention arm are taught how to use the functions of
the application.

Intervention
In collaboration with industry partner (Samsung), Partners
Connected Health Innovation designed a smartphone app,
FeatForward, with input from clinicians, researchers, and
dieticians to help users increase their physical activity levels
and lead to improvements in CMR factors. The FeatForward
intervention is designed to be hyperpersonalized to respond
specifically to individual users’ behavior patterns so that the
app simulates an intelligent health coach partnering with users
to achieve better health outcomes. The intervention also includes
machine learning components for the messaging algorithm,
tailoring of message frequency based on users’ activity levels,
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integrating patient data into the electronic medical record (EMR)
through the remote monitoring data repository (our data storage
infrastructure), inputs to improve the generalizability of
feedback regarding health metrics (eg, weight, blood glucose),
as well as a community feature to enable interactions with other
similar participants and a comprehensive educational library.

Messaging
This features stage-specific messaging tailored to meet
participants where they are in terms of their motivation level
(as assessed by stage of change). While the content of the
messages is tailored to a user’s stage of change, the messaging
frequency and timing is uniform; all users receive two messages
per day and can customize timing of these messages. There are
two types of messages: motivational messages encourage
physical activity, and educational messages offering information
about the users’specific medical conditions. A machine-learning
algorithm will be used to select the best-fit message from a bank
of messages stored in our database instead of sending random
text messages that may or may not impact the participant’s
behavior. These messages were developed by a team of
psychologists, clinicians, and behavioral therapists. The
algorithm will use the baseline data collected from participants’
at enrollment, phone usage information, and data input into app
to deliver messages that are relevant to each participant. For
example, if a user is meeting his/her goals on a daily basis, the
program first encourages the user to set a more challenging
goal. If the user then goes on to meet these new activity goals
on a consistent basis, messaging responds by tailoring the
content. In addition, the app algorithm is also designed to
provide feedback that reflects the perceived barriers that are
experienced by the user. In this way, the app mimics the role
of an engaged health coach by actively monitoring and
responding to the users’ progress. For example, a motivational
message sent to our participants could be “A journey of a
thousand miles begins with a single step. All you need to do is
take that first step.”

Motivational messages are tailored to users based on their
readiness to commit to behavior change. At registration, users
complete a questionnaire based off of the Prochaska’s
(Transtheoretical) Stage of Change theory. Users are categorized
into one of the five stages of change: precontemplation,
contemplation, preparation, action, or maintenance depending
on their response to this questionnaire. Users then only receive
motivational messages corresponding to their specific stage of
change. This helps to “meet users where they are” and maximize
engagement. Every 2 weeks the app’s algorithm reassesses the
user’s stage of change, based off of their weekly step totals. As
users move throughout the stages (both forward and backward),
their messages adapt appropriately. Motivational messages also
feature questions and answers to maximize engagement.

Coaching
The types of messages received are also tailored to the user.
Educational messages only cover the medical conditions the
user reports at registration (including diabetes, prediabetes,
hypertension, prehypertension, and obesity). Messages are
divided into modules. For example, the diabetes-related message
bank includes modules on the glycemic index, blood glucose,

how exercise affects blood glucose levels, diabetes-related
complications, and so on. Modules include ‘quiz’ messages
where users are asked to answer questions on the information
they’ve received. These quiz messages help to keep the user
engaged.

Tracking
Users are able to track their physical activity levels. They can
also monitor body weight, BP, blood glucose, and heart rate
using a smartwatch.

Community
The Community feature was designed with the aim of further
educating and motivating users. Through groups, users can
encourage one another and share strategies and tips that will
activate or motivate health behavior change. Additionally, users
in the later stages of change (preparation, action, and
maintenance) can view their progress compared with users like
them (based off of age, gender, etc.). This friendly competition
is designed to help encourage users.

Educational Library
All the participants need to have easy access to accurate
disease-specific information to enable them to effectively
self-manage their condition. Moreover, newly diagnosed patients
can feel very emotional and overwhelmed as a result of being
inundated with information regarding their new health condition.
Many patients simply can’t process or digest new information
given their emotional state, and they often don’t have the chance
to review important information regarding their diagnosis with
their physicians. Through the FeatForward app, users have
unrestricted access to a comprehensive library with information
regarding a wide array of topics that are relevant to their health
condition.

Provider Engagement
The app syncs with a physician-facing portal that is accessible
through the EMRs and includes the following additional
functionalities: (1) physician access to details regarding patient
activity levels and trends with optional activity reports (see
Appendix 1), (2) physician ability to send self-created messages
to patients through the provider portal, and (3) physician access
to patient responses to messages. Not only can physicians be
view patient step counts, they can also be able to send messages
to individuals if they choose to do so. We believe that engaging
physicians in FeatForward will also effectively engage
participants and lead to improve health outcomes.

Depression Assessments
Because depression can impede behavior change, the app
prompts users to complete the PHQ-8 on a monthly basis.
Completing this survey is voluntary. If a participant chooses to
complete the survey, the score will be updated in the EMR for
their physician to review.

Screenshots of the FeatForward mobile intervention are shown
in Figures 2 and 3. Figure 2 shows the homepage of the app and
a sample of the educational messages. In Figure 3 , the additional
features of the intervention are shown. These include push
notifications, physical activity, and blood glucose tracking.
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Figure 2. Overview of FeatForward homepage and sample message based on activity trends.

Figure 3. Intervention features (left to right): push notifications (reminders), physical activity tracking, and blood glucose tracking.
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Outcomes Measurement
The difference in physical activity levels between the control
group (smartphone with sHealth app, smartwatch, and routine
medical care) and intervention group (smartphone with
FeatForward app, smartwatch, routine medical care) will be
measured as the primary outcome of interest for this study. The
participants will track physical activity using the activity trackers
provided.

All secondary outcomes will be assessed at enrollment,
midpoint, and at the end of the study. Body weight is measured
with participants dressed in light clothing and without shoes to
the nearest 0.1 kg with a validated digital scale. Changes in
global CMR factors are assessed in the following ways:
measurement of fasting glucose level, HbA1c, and serum lipids
will occur in a standard laboratory by fasting venous blood
samples collected by at baseline, the midstudy visit, and at the
final study visit. Phlebotomy is performed by research nurses
who will adhere to standard institutional guidelines.
Additionally, high sensitivity CRP is measured at the initial
visit and final study visit. BP is measured by validated
automated digital BP monitors and is performed by nurses who
will adhere to standard BP measurement guidelines based on
American Heart Association guidelines. At each visit, the
participant’s BP will be established by a minimum of two BP
measurements taken at least 5 minutes apart, and the average
of these readings will represent the participant’s BP. If there is
greater than 5 mm Hg difference between the first and second
readings, an additional reading will be obtained, and then the
average of these three readings will be used to represent the
participant’s BP. WC is measured at the midpoint between the
iliac crest and the lowest rib. Two measurements are taken
following expiration and the average of these readings will
represent the participant’s WC. If there is greater than 1-cm
difference between the first and second measurements, an
additional measurement will be obtained, and then the average
of these three measurements is used to represent the participant’s
WC.

A clustered cardiometabolic risk (CCMR) score will be
constructed by summing z scores (units of standard deviation
(SD) from the population mean) of baseline values for WC,
systolic blood pressure (SBP), fasting blood glucose, serum
lipids, weight, HbA1c, using sex-specific baseline means and
SDs (CCMR = (value − mean)/SD), from which z scores of the
follow-up variables will be computed. We will divide both the
mean and SD by 6, separately, to account for the number of
variables included. Change in the CCMR will be calculated by
subtracting the follow-up CCMR from the baseline CCMR [10].
In addition, all the CMR factors will be evaluated individually
to assess the effect of the app on each of the risk factors.

The health-related quality of life will be assessed using a
validated questionnaire (short form (SF)-12). Health care usage
will be assessed by emergency department visits, attendance of
scheduled visits and inpatient hospitalizations. These usage data
will be collected from the Partners Healthcare’s Research Patient
Data Registry (RPDR) at the end of the study. The RPDR is the
centralized clinical data warehouse that operates under Partners
Research Information Services. It securely stores all data from
across Partners hospital systems in one place, and ensures
security and confidentiality of patient information [11].

Usability and satisfaction will be assessed at close-out via
questionnaires specifically designed for this project. Participant
engagement will be measured via app usage data including
overall frequency of use, frequently visited pages, time spent
on these pages, responses to messages and user entries (weight,
BP, glucose, heart rate). Lastly, physician engagement will be
measured via time logged in the physician portal and
questionnaire designed to measure portal satisfaction .

Data Collection
Users can able to track their physical activity levels, body
weight, BP, blood glucose, and heart rate every day. In addition,
data will be collected at various time-points (baseline, months
3 and 6) as described in Table 1. All anthropometric
measurements, venous blood samples, and survey data are
obtained in a standardized fashion by nurses/trained research
assistants. This study uses several validated and study-specific
instruments for data collection in person at enrollment, midpoint
(month 3) and close-out (month 6): (1) the SF-12 instrument
assesses the health-related quality of life [12], (2) the usability
and satisfaction questionnaires designed specifically for this
study (see Appendix 2) assess usability and satisfaction, (3) the
PHQ 8 screens for depression that may impede behavioral
change, (4) the app usage data will be used to measure
participant engagement, (5) physician portal and questionnaire
designed to measure portal satisfaction will be used to measure
physician engagement with FeatForward: this via time logged
in the questionnaire (Appendix 3), and (6) the Behavioral
Regulation in Exercise Questionnaire to measure the continuum
of behavioral regulation in exercise among users [13] . The
PHQ-8 is administered via the FeatForward app on a monthly
basis and all other questionnaires along with PHQ-8 will be
administered at the three study visits (see Table 1). All data
collected is stored in a secure electronic database (REDCap).
REDCap is secure Web application for building and managing
Web-based surveys and databases. While REDCap is
specifically geared to support data capture for participant
enrollment and study progress it can be used to collect other
types of data during the course of this study. All paper
documentation including the signed consent forms will be stored
in a secure cabinet, and access will be available only to
institutional review board (IRB) approved study staff.
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Table 1. Data collection schedule: the table depicts the schedule for data collection.

Every day6 months (close-out)3 monthsMonthlyAt entryIntervention/control group data collection

XPhysical activity

XXXHbA1c

XXXSerum lipids

XXXWaist circumference

XXXBlood pressure

XXXC-reactive protein

XXXXPatient health questionnaire 8

XXXShort form-12

XXUsability and satisfaction questionnaire

XXPhysician engagement questionnaire

XXXBehavioral regulation in exercise questionnaire

Statistical Analysis Plan

Sample Size Estimation
A total of 300 patients (150 participants per group) will be
recruited for this study. There is an 80% probability that the
study will detect a treatment difference at a two-sided 0.05
significance level, if the true difference in mean step counts
between the control arm and the intervention arms is 1000
steps/day. This is based on the assumption that the SD of the
response variable is 2750 and accounting for an attrition rate of
20%. Participants will be followed up for a total of 6 months.

Randomization
Following enrollment, participants will be randomized (via a
computer program) to one of two groups (intervention or
control) in a ratio of 1:1 (150 participants per group), using
random permutated blocks to optimize balance in each treatment
group at any given point in time during the study. Treatment
assignment is concealed in sealed envelopes prepared by third
party staff not directly involved in the study. Due to the nature
of the intervention, it would be challenging to blind subjects as
well as research assistants to treatment assignment but we will
ensure that the data analyst(s) and study investigators will be
blinded until the conclusion of the study by de-identifying all
the participant data.

Analysis
Analysis will be done using the Data Analysis and Statistical
Software: STATA, version 14 with an alpha of 0.05 set a priori.
We will summarize the baseline data by group assignment using
descriptive statistics: means and SD will be used for continuous
data with normal distribution, medians, and interquartile range
for skewed data, and percentages for categorical data. Our
primary outcome, physical activity, measured longitudinally
over 6 months, will be assessed by mixed-model analysis of
variance with intervention assignment as between-group factor
and time as within-subject factor. Continuous data will be
compared between control and intervention groups using the t
-test or the Wilcoxon Mann-Whitney test and the categorical
variables will be compared using the chi-square test. All

analyses will be based on intention-to-treat in all randomized
patients.

Ethics and Informed Consent
Procedures of our methods have been reviewed and approved
by the IRB and the study is registered at clinicaltrials.gov
[NCT02551640]. The app is secure and complies with all Health
Insurance Portability and Accountability Act Regulations
requirements. Subjects will require a secure pass code to be able
to access the app. However, if any data breach or adverse event
occurs, the investigator will ensure that they are
well-documented and reported according to the IRB’s
requirements, regardless of causality.

For those who attend the enrollment visit, a member of the
research staff will review the informed consent form with them.
Details of the study, including the purpose, procedures, and
expected duration will be explained to the candidate participant.
Study staff will clearly communicate that the participant’s
participation or nonparticipation will not affect their medical
care, and that they have the right to withdraw from the study at
any time. Candidate participants will be given an opportunity
to ask questions about the study, and they will be informed of
their right to withdraw from the study at any time. The candidate
participant may then voluntarily sign and date the informed
consent form, thereby providing study staff permission to enroll
them in the study if they meet all inclusion criteria. If for any
reason the candidate participant desires more time to consider
the decision, they will be provided a copy of the unsigned
consent form for reference and instructed to call the study phone
number if they decide to participate in the study. All participants
who sign the consent form and are screened will be documented
on a screening log. All enrolled participants will be assigned a
unique study identification number, and a note will be made in
the source documentation verifying that the participant has
willingly signed the consent form prior to participation in any
study procedures in the enrollment log.

Results

The study is still in progress and we hope to have the results by
the end of 2016.
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Discussion

Trial Implications
The study examines how to creatively apply a mHealth
technology to increase and maintain physical activity in patients
with chronic diseases. Our expectation is that engaging patients
to take charge of their health and empowering them with
essential information will lead to improved health outcomes
and quality of life. The FeatForward mobile app mimics a health
coach to help engage users and increase their physical activity
through education, tracking, feedback, and social network. The
mobile app also features a physician-facing portal, which will
serve as a channel of communication between the physicians
and patients to improve the overall health outcomes.

Sedentary behavior and physical inactivity have been associated
with increased risk for chronic diseases [1]. In addition to being
the most common CMR, physical inactivity also happens to be
the easiest to target [1]. A study by Lamb and colleagues [3]
found that increasing the amount of time spent being physically
active and decreasing the time spent sedentary may be an
important strategy for self-management of chronic diseases such
as diabetes early in the course of the disease. In recent times,
several patient-centered interventions have been used to engage
users and help them increase their level of physical activity,
thereby improving the health outcomes over time. Such
interventions use mobile apps and employ a range of features
including providing feedback based on physical activity
tracking, providing motivational messages, demonstrating the
right way to exercise, setting and monitoring personalized goals,
incorporating social media, and helping users schedule their
exercise regimes [7].

A trial evaluating a mobile phone app, MyBehavior, designed
to track physical activity and eating behavior data with
personalized feedback demonstrated that the app was associated
with increased physical activity [10]. Furthermore, a recent
study by Block [14] used a fully automated, algorithm-driven
behavioral intervention, Alive-PD, delivered via the Web,
mobile phone, and automated phone calls for diabetes
prevention. The intervention was associated with improved
glycemic control, and decreased body weight, BMI, WC,
triglycerides/high-density lippoproteins ratio, and diabetes risk
[14].

While data demonstrating the positive impact of mobile health
on clinical outcomes is growing, there is however mixed
evidence of the impact of digital health technologies on health
care costs. Results from a recent study by Bloss et al [15]
concluded that there are no differences in health care costs or
usage outcomes in patients using mHealth technologies for
management of chronic diseases compared with a control group
that received a standard disease management program [15].
Another study, a systematic literature review of the cost-utility
and cost-effectiveness of telemedicine and mHealth systems,
 reported mixed effect that s ome studies demonstrated that
telemedicine can reduce the costs while some others showed
no impact on the health care cost reduction [16]. On the other
hand, a meta-analysis of 11 randomized controlled trials

including 5702 patients with heart failure showed that remote
monitoring facilitated by electronic devices was associated with
significant decreases in health care usage and costs [17]. With
capabilities such as real-time remote monitoring of patients and
data sharing with care providers, digital health technologies
allow early intervention for high-risk patients in need of
attention and thereby prevent unforeseen health care expenses
[17]. Literature on cost effectivess of mHealth technologies is
sparse and further research is warranted to demonstrate the
impact of mHealth applications on cost and usage outcomes in
the management ofchronic diseases.

The FeatForward app features a care provider portal integrated
with the EMRs that allows physicians to monitor the patients’
progress and intervene when appropriate. We believe that early
intervention by care providers will lead to a decrease in the
number of emergency department and unscheduled clinic visits,
thereby decreasing health care costs in the long run.
Furthermore, mHealth technologies foster patient engagement
for self-care and enhance their knowledge about their conditions
to help them make informed health care decisions. Thus, these
informed patients have better outcomes than uninformed patients
[16,18]. The FeatForward app provides participants with an
unrestricted access to a comprehensive library with information
regarding a wide range of topics that are relevant to their health.
We believe that increasing participants’ awareness of their
conditions will help them better manage their illnesses and lead
to improved outcomes.

Limitations
An important limitation is that the FeatForward app is designed
to support only android devices for this trial. This is important
because a sizeable proportion of the US population own Apple
operating system (iOS) devices and this can potentially affect
the study’s accrual rates. While there is no robust data about
the differences in demographics or the dynamics of user
preferences of iOS versus Android users, early reports suggest
that loyalty rates are usually high among users of either platform.
Therefore, we speculate that some eligible iOS users may be
reluctant to switch to Android for the duration of the study.
Additionally, the impact of this limitation on the study’s
generalizability is yet to be determined but we do not envisage
any significant differences in the demographics of people using
either of the platforms. Despite these limitations, this study
demonstrates the potential of using personalized messages and
activity tracking to deliver a theory-driven intervention to users.
As we move into a time where increasingly more people are
employing technology to monitor their health, we believe that
FeatForward holds great promise in increasing disease
knowledge and improving health outcomes.

Conclusions
Given the high prevalence of physical inactivity and chronic
diseases in today’s society, findings from this study, may
potentially help participants engage in healthier lifestyles and
lead to decreased health care costs and improved patient health
outcomes. Additionally, we hope that the research from our trial
will generate data for large, multicenter trials on similar
evidence-based approaches.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e84 | p.56http://www.researchprotocols.org/2016/2/e84/
(page number not for citation purposes)

Agboola et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


 

Acknowledgments
This trial is funded by Samsung Electronics, Co. Ltd.

Conflicts of Interest
The authors of this article designed FeatForward but are not responsible for the day-to-day running of the trial.

Multimedia Appendix 1
Physican Portal Sample Views.

[PDF File (Adobe PDF File), 126KB - resprot_v5i2e84_app1.pdf ]

Multimedia Appendix 2
Usability Questionnaire.

[PDF File (Adobe PDF File), 30KB - resprot_v5i2e84_app2.pdf ]

Multimedia Appendix 3
Physician Engagement Questionnaire.

[PDF File (Adobe PDF File), 30KB - resprot_v5i2e84_app3.pdf ]

References
1. Centers for Disease ControlPrevention. Chronic Diseases and Health Promotion. 2015. URL: http://www.cdc.gov/

chronicdisease/overview/index.htm [accessed 2015-12-30] [WebCite Cache ID 6eAUrdshv]
2. Centers for Disease ControlPrevention. Facts about Physical Activity. 2015. URL: http://www.cdc.gov/physicalactivity/

data/facts.html [accessed 2015-12-30] [WebCite Cache ID 6eAVKROgY]
3. Lamb MJE, Westgate K, Brage S, Ekelund U, Long GH, Griffin SJ, et al. Prospective associations between sedentary time,

physical activity, fitness and cardiometabolic risk factors in people with type 2 diabetes. Diabetologia 2016;59:110-120
[FREE Full text] [doi: 10.1007/s00125-015-3756-8] [Medline: 26518682]

4. Kelley D, Goodpaster BH. Effects of exercise on glucose homeostasis in Type 2 diabetes mellitus. Med Sci Sports Exerc
2001;33(6 Suppl):S495-S501; discussion S528. [Medline: 11427776]

5. Kohl HW. Physical activity and cardiovascular disease: evidence for a dose response. Med Sci Sports Exerc 2001;33(6
Suppl):S472-S483; discussion S493. [Medline: 11427773]

6. Shepherd SO, Wilson OJ, Taylor AS, Thøgersen-Ntoumani C, Adlan AM, Wagenmakers AJM, et al. Low-volume
high-intensity interval training in a gym setting improves cardio-metabolic and psychological health. PLoS One
2015;10:e0139056. [doi: 10.1371/journal.pone.0139056]

7. Agboola S, Lopez L, O’Keefe S, Kvedar J, Jethwani K. TEXT TO MOVE – randomized controlled trial of personalized
text messaging to improve physical activity in a diverse patient population with type 2 diabetes mellitus. J Mob Tech ed
2013;2:8. [doi: 10.7309/jmtm.2.4S.6]

8. Zonderman AB, Ejiogu N, Norbeck J, Evans MK. The influence of health disparities on targeting cancer prevention efforts.
Am J Prev Med 2014;46(3 Suppl 1):S87-S97 [FREE Full text] [doi: 10.1016/j.amepre.2013.10.026] [Medline: 24512936]

9. Bert F, Giacometti M, Gualano MR, Siliquini R. Smartphones and health promotion: a review of the evidence. J Med Syst
2014;38:9995. [doi: 10.1007/s10916-013-9995-7] [Medline: 24346929]

10. Bailey DP, Boddy LM, Savory LA, Denton SJ, Kerr CJ. Associations between cardiorespiratory fitness, physical activity
and clustered cardiometabolic risk in children and adolescents: the HAPPY study. Eur J Pediatr 2012;171:1317-1323. [doi:
10.1007/s00431-012-1719-3]

11. Nalichowski R, Keogh D, Chueh HC, Murphy SN. Calculating the Benefits of a Research Patient Data Repository. 2006
Presented at: AMIA Annu Symp Proc; 2006; Washington D.C p. 1044.

12. Ware JE, Kosinski M, Turner-Bowker DM, Gandek B. How to score version 2 of the SF-12 health survey (with a supplement
documenting version 1). QualityMetric Incorporated 2002.

13. Gunnell KE. Validity theory and validity evidence for scores derived from the behavioural regulation in exercise questionnaire.
In: Wilson PM, Zumbo BD, Crocker PR, MaCK DE, Schellenberg BJ, editors. Validity and Validation in Social, Behavioral,
and Health SciencesSpringer International Publishing. Switzerland: Springer International Publishing; 2014:175-191.

14. Block G, Azar KM, Romanelli RJ, Block TJ, Hopkins D, Carpenter HA, et al. Diabetes Prevention and Weight Loss with
a Fully Automated Behavioral Intervention by Email, Web, and Mobile Phone: A Randomized Controlled Trial Among
Persons with Prediabetes. J Med Internet Res 2015;17:e240 [FREE Full text] [doi: 10.2196/jmir.4897] [Medline: 26499966]

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e84 | p.57http://www.researchprotocols.org/2016/2/e84/
(page number not for citation purposes)

Agboola et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

resprot_v5i2e84_app1.pdf
resprot_v5i2e84_app1.pdf
resprot_v5i2e84_app2.pdf
resprot_v5i2e84_app2.pdf
resprot_v5i2e84_app3.pdf
resprot_v5i2e84_app3.pdf
http://www.cdc.gov/chronicdisease/overview/index.htm
http://www.cdc.gov/chronicdisease/overview/index.htm
http://www.webcitation.org/6eAUrdshv
http://www.cdc.gov/physicalactivity/data/facts.html
http://www.cdc.gov/physicalactivity/data/facts.html
http://www.webcitation.org/6eAVKROgY
http://europepmc.org/abstract/MED/26518682
http://dx.doi.org/10.1007/s00125-015-3756-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26518682&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11427776&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11427773&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0139056
http://dx.doi.org/10.7309/jmtm.2.4S.6
http://linkinghub.elsevier.com/retrieve/pii/S0749-3797(13)00639-9
http://dx.doi.org/10.1016/j.amepre.2013.10.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24512936&dopt=Abstract
http://dx.doi.org/10.1007/s10916-013-9995-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24346929&dopt=Abstract
http://dx.doi.org/10.1007/s00431-012-1719-3
http://www.jmir.org/2015/10/e240/
http://dx.doi.org/10.2196/jmir.4897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26499966&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


15. Bloss CS, Wineinger NE, Peters M, Boeldt DL, Ariniello L, Kim JY, et al. A prospective randomized trial examining health
care utilization in individuals using multiple smartphone-enabled biosensors. URL: https://peerj.com/articles/1554/ [accessed
2016-04-19] [WebCite Cache ID 6gtEQiQJc]

16. de la Torre-Díez I, López-Coronado M, Vaca C, Aguado JS, de Castro V. Cost-utility and cost-effectiveness studies of
telemedicine, electronic, and mobile health systems in the literature: a systematic review. Telemed J E Health 2015;21:81-85
[FREE Full text] [doi: 10.1089/tmj.2014.0053] [Medline: 25474190]

17. Popescu GH. The economic implications of ehealth and mhealth technologies. Am J Med Research Oct 2014;1:31.
18. Steinhubl SR, Muse ED, Topol EJ. Can mobile health technologies transform health care? JAMA 2013;310:2395-2396.

[doi: 10.1001/jama.2013.281078] [Medline: 24158428]

Abbreviations
BMI: body mass index
BP: blood pressure
CCMR: clustered cardiometabolic risk score
CMR: cardiometabolic risk factor
CRP: C-reactive protein
EMR: electronic medical record
HbA1c: glycated hemoglobin
iOS: Apple operating system
IRB: institutional review board
RCT: randomized controlled trial
RPDR: research patient data registry
LMR: longitudinal medical record
PHQ-8: patient health questionnaire 8
SBP: systolic blood pressure
SD: standard deviation
SF-12: short form 12
SMS: short message service
T2DM: type 2 diabetes mellitus
TTM: TextToMove
WC: waist circumference

Edited by G Eysenbach; submitted 04.01.16; peer-reviewed by J Long; comments to author 30.01.16; revised version received 19.02.16;
accepted 20.02.16; published 12.05.16.

Please cite as:
Agboola S, Palacholla RS, Centi A, Kvedar J, Jethwani K
A Multimodal mHealth Intervention (FeatForward) to Improve Physical Activity Behavior in Patients with High Cardiometabolic
Risk Factors: Rationale and Protocol for a Randomized Controlled Trial
JMIR Res Protoc 2016;5(2):e84
URL: http://www.researchprotocols.org/2016/2/e84/ 
doi:10.2196/resprot.5489
PMID:27174783

©Stephen Agboola, Ramya Sita Palacholla, Amanda Centi, Joseph Kvedar, Kamal Jethwani. Originally published in JMIR
Research Protocols (http://www.researchprotocols.org), 12.05.2016. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly
cited. The complete bibliographic information, a link to the original publication on http://www.researchprotocols.org, as well as
this copyright and license information must be included.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e84 | p.58http://www.researchprotocols.org/2016/2/e84/
(page number not for citation purposes)

Agboola et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://peerj.com/articles/1554/
http://www.webcitation.org/6gtEQiQJc
http://europepmc.org/abstract/MED/25474190
http://dx.doi.org/10.1089/tmj.2014.0053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25474190&dopt=Abstract
http://dx.doi.org/10.1001/jama.2013.281078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24158428&dopt=Abstract
http://www.researchprotocols.org/2016/2/e84/
http://dx.doi.org/10.2196/resprot.5489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27174783&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Organizational-Level Strategies With or Without an Activity Tracker
to Reduce Office Workers’ Sitting Time: Rationale and Study
Design of a Pilot Cluster-Randomized Trial

Charlotte L Brakenridge1, BPsySc (hons); Brianna S Fjeldsoe1, PhD; Duncan C Young2, BBuild; Elisabeth A H

Winkler1, PhD; David W Dunstan1,3,4,5,6,7,8, PhD; Leon M Straker9, PhD; Christian J Brakenridge1, BClinExPhys

(hons); Genevieve N Healy1,3,9, PhD
1The University of Queensland, School of Public Health, Brisbane, Australia
2Lendlease, Sydney, Australia
3Baker IDI Heart and Diabetes Institute, Melbourne, Australia
4School of Public Health and Preventive Medicine, Monash University, Melbourne, Australia
5School of Exercise and Nutrition Sciences, Deakin University, Melbourne, Australia
6Department of Medicine, Monash University, Melbourne, Australia
7School of Sport Science, Exercise and Health, The University of Western Australia, Perth, Australia
8Mary MacKillop Institute for Health Research, Australian Catholic University, Melbourne, Australia
9School of Physiotherapy and Exercise Science, Curtin University, Perth, Australia

Corresponding Author:
Charlotte L Brakenridge, BPsySc (hons)
The University of Queensland
School of Public Health
Level 4, Public Health Building, Herston Rd
Brisbane, 4006
Australia
Phone: 61 0733655163
Fax: 61 0733655540
Email: c.brakenridge@uq.edu.au

Abstract

Background: The office workplace is a key setting in which to address excessive sitting time and inadequate physical activity.
One major influence on workplace sitting is the organizational environment. However, the impact of organizational-level strategies
on individual level activity change is unknown. Further, the emergence of sophisticated, consumer-targeted wearable activity
trackers that facilitate real-time self-monitoring of activity, may be a useful adjunct to support organizational-level strategies, but
to date have received little evaluation in this workplace setting.

Objective: The aim of this study is to evaluate the feasibility, acceptability, and effectiveness of organizational-level strategies
with or without an activity tracker on sitting, standing, and stepping in office workers in the short (3 months, primary aim) and
long-term (12 months, secondary aim).

Methods: This study is a pilot, cluster-randomized trial (with work teams as the unit of clustering) of two interventions in office
workers: organizational-level support strategies (eg, visible management support, emails) or organizational-level strategies plus
the use of a waist-worn activity tracker (the LUMOback) that enables self-monitoring of sitting, standing, and stepping time and
enables users to set sitting and posture alerts. The key intervention message is to ‘Stand Up, Sit Less, and Move More.’ Intervention
elements will be implemented from within the organization by the Head of Workplace Wellbeing. Participants will be recruited
via email and enrolled face-to-face. Assessments will occur at baseline, 3, and 12 months. Time spent sitting, sitting in prolonged
(≥30 minute) bouts, standing, and stepping during work hours and across the day will be measured with activPAL3 activity
monitors (7 days, 24 hours/day protocol), with total sitting time and sitting time during work hours the primary outcomes.
Web-based questionnaires, LUMOback recorded data, telephone interviews, and focus groups will measure the feasibility and
acceptability of both interventions and potential predictors of behavior change.

Results: Baseline and follow-up data collection has finished. Results are expected in 2016.
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Conclusions: This pilot, cluster-randomized trial will evaluate the feasibility, acceptability, and effectiveness of two interventions
targeting reductions in sitting and increases in standing and stepping in office workers. Few studies have evaluated these intervention
strategies and this study has the potential to contribute both short and long-term findings.

(JMIR Res Protoc 2016;5(2):e73)   doi:10.2196/resprot.5438

KEYWORDS

wearable device; self-monitoring; sedentary lifestyle; office workers; light intensity activity; ecological model; workplace; trial;
objective; activity monitor

Introduction

Background
The workplace is a key health promotion setting [1,2], with now
extensive evidence demonstrating the effectiveness of
interventions targeting physical activity in this environment [3].
Generally, physical activity programs in workplaces have had
a beneficial impact on health risk biomarkers, work attendance,
and job stress [3]. However, a common criticism has been that
workplace physical activity interventions typically only reach
those who are already fit and motivated to be active [4], and
have had negligible impact on reductions in sitting [5,6]. These
two issues may be addressed through a shift in focus to
organization-wide interventions that have the potential to reach
a greater proportion of employees than conventional individually
centered approaches, and to interventions that target change
across the activity spectrum including: sedentary time (sitting
or lying with low energy expenditure, ≤1.5 metabolic equivalents
(METS) [7]); light intensity activities (such as standing or
incidental movement, >1.5 to <3 METS [8]); as well as
moderate- and vigorous-intensity physical activities (MVPA,
≥3 to <9 METS [8]).

Sedentary and light intensity behaviors occupy much of the
waking day [8], more than 95% on average in adults. The
distribution of time spent between these two behaviors is
increasingly being recognized as having potentially important
implications for health and well-being [9,10]. Higher levels of
light intensity activity are associated with improved blood
glucose levels [11], physical health and well-being [12], and
decreased depression [13]. Although several behaviors fall
within the light intensity spectrum, there is preliminary evidence
to suggest that even just postural shifts to standing could have
some metabolic benefit [14,15]. In contrast, high levels of daily
sitting time have been detrimentally associated with outcomes
such as all-cause mortality, cardiovascular disease incidence
and mortality, type 2 diabetes incidence [16,17], and cancer
incidence and mortality [17], as well as risk indicators for these
[18]. In addition, there is growing evidence suggesting that the
manner in which sitting is accumulated may be important, with
more breaks (or interruptions: either with activity or standing)
in sedentary time showing beneficial associations with
cardiometabolic indicators including waist circumference
[15,19,20], blood glucose [15,19-22], insulin [21,22], and
triglycerides [15,18-20].

Sitting in the Workplace
For office workers, workplace sedentary time is a large
contributor to overall sedentary time [23,24], with studies

showing that office workers spend, on average, three-quarters
of their work hours sitting [23-27]. Given this pervasive nature
of sitting in the office, and that office workers are the largest
individual occupational sector [28], the office workplace has
been identified as a key setting to target reductions in sitting
time [29].

Office workers generally have the advantage of being colocated,
which means a wide range of influences can be targeted within
intervention approaches. Based on workplace health promotion
frameworks [1,30] and behavioral models for understanding
sitting and activity [31,32], common influences are
organizational, environmental, and individual factors, with the
notion that individual-level strategies alone are unlikely to be
sufficient for sustained behavior change [32].
Organizational-level strategies are seen as particularly important
for program implementation [33], to change the culture of an
organization [30,34], and for programs to be institutionalized
into the organization and sustained [30]. Key
organizational-level strategies include having management
support for programs [33,34] and implementing the program
from within the organization via dedicated onsite staff or
workplace ‘champions’ [35].

Despite these frameworks, workplace interventions targeting
MVPA have typically targeted the individual and not the
organizational- or environmental-level influences [36,37].
Similarly, there have been very few studies that have
implemented organizational-level strategies in workplace sitting
interventions. The studies that have addressed the organizational
level have done so in combination with individual-level
strategies (eg, health coaching) and/or physical environment
(eg, sit-stand workstation) strategies [27,38-41]. Findings from
these multicomponent interventions have shown significant and
large reductions in sitting both at the workplace (eg, −125
minutes/8-hour workday [38], −89 minutes/8-hour workday
[39]) and across the whole day (eg, −66 minutes/day [40]).
While organizational elements were reported as important in
these studies [38,39], and a lack of management support reported
as a key issue for those studies that have reported less success
[27,41], no study to date has identified how much change results
from the organizational-level component alone. If found to be
effective, an added benefit of this organizational-level approach
is that the intervention elements are minimal both in terms of
cost and employee burden, which may be beneficial for
organizations that have limited employee time or funds.

Activity Trackers as Intervention Tools
While organizational-level strategies may be sufficient on their
own, it is also important to consider individualized elements to
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possibly enhance the success of the intervention. Evidence
suggests that individual, self-monitoring devices such as
pedometers are a common element of successful workplace
physical activity interventions [36,42] that can increase activity
[43-48] and decrease sedentary time [43,44]. Recent advances
in technology have seen the emergence of more sophisticated
wearable activity trackers that go beyond just simple step
counting to incorporate many of the strategies known to support
behavior change [49]. Such strategies, including the provision
of detailed, real-time feedback, long-term tracking, prompts,
and goal setting, as well as the measurement of multiple
behaviors, give activity trackers the potential to be effective
behavior intervention tools [49,50]. Indeed, their potential as
low-cost behavior change support tools has been recognized by
several workplace wellness programs in the United States, where
activity trackers are distributed to encourage employees to get
healthy and reduce their insurance premiums [51,52].

There has been minimal research on the feasibility, acceptability,
and effectiveness of activity trackers as intervention tools. A
recent review highlighted the large heterogeneity in the small
field of research studies and the mixed quality of the research
[53]. However, there was some indication that activity trackers
may lead to pre-post physical activity increases and are feasible
to wear [53]. There was, however, very limited evidence for
long-term physical activity increases [53]. In fact, only four
studies out of the 11 in the review evaluated long-term outcomes
(≥6 months), with only one study resulting in a significant
change in physical activity [53]. There is even less evidence
supporting the use of activity trackers to target sitting and
standing: the activities that are most common in the office
workplace setting [38,39]. As recently highlighted in a review
[6], interventions that focus on increasing only physical activity
do not necessarily result in changes in sitting; likewise, activity
trackers that focus on steps and activity may not necessarily
elicit changes in sitting time.

As such, the current study will pilot a waist-worn activity tracker
(the LUMOback) that measures and notifies wearers of their
sitting time, and also measures activities across the spectrum

including number of steps and time spent standing, walking,
and running [54]. Given the importance of organizational-level
strategies [1,30], and the evidence suggesting self-monitoring
tools are effective with additional strategies [42,53,55], the
activity tracker will be implemented in conjunction with
organizational-level support strategies. To evaluate whether the
intervention strategies can also be sustained long-term,
assessments will occur in the short (3 months) and long-term
(12 months).

Aims
The primary aims of this pilot study are to assess two
interventions (organizational-level strategies only;
organizational-level strategies plus an activity tracker) in office
workers regarding their feasibility, acceptability, and short-term
(3 month) effectiveness for sitting reduction. The primary
effectiveness outcomes are sitting time at work and overall.
Secondary aims are to examine the short-term effectiveness of
the interventions for other activities, and health- and
work-related outcomes; the relative effectiveness of the two
interventions for changes in sitting time and other activities;
predictors of changes in sitting and activity; and the long-term
(12 month) feasibility, acceptability, and effectiveness of the
interventions.

Methods

Design
A cluster-randomized design will be used, with data collection
occurring at baseline, 3, and 12 months (see Figure 1). The
cluster-randomized design (with work teams as the unit of
clustering) was chosen to minimize contamination among
participants from the two intervention groups. The trial has been
approved by the University of Queensland Behavioural and
Social Sciences Ethical Review Committee (approval number:
2014000089) and is prospectively registered with the Australian
New Zealand Clinical Trials Registry [registration number:
ACTRN12614000252617].
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Figure 1. Overview of study design, consent processes, intervention, and assessment elements.

Participants
Participants will be office workers, recruited from work teams
from two Australian capital cities (~1000-km apart) within the
one organization, Lendlease, an international property and
infrastructure group. Inclusion criteria are office-based workers,
working at least 0.6 full-time equivalent (ie, at least 60% of
full-time work hours) and ambulatory (able to walk at least 10
meters). Exclusion criteria are pregnancy at baseline, allergies
to adhesive tape (Opsite and Hypafix required for assessments),
and a planned absence from work for longer than 2 weeks during
the first 3-month study period. Employees who have their own
activity-permissive workstation at the baseline assessment will
also be ineligible.

Recruitment

Recruitment of Organization
The study liaison and workplace champion for the trial will be
the Lendlease Head of Workplace Wellbeing (DCY). The
workplace champion, located in Sydney (site A), will work in
partnership with the research team to tailor the intervention to

Lendlease and to create strong buy-in from senior management.
Project staff will be based in Brisbane (site B).

Recruitment of Managers and Teams
Workplace teams (typically with 10-15 individuals in each team)
will be selected from site A and site B by the workplace
champion. Teams will be defined as having a line manager,
being physically colocated, and having regular group meetings.
Eligible teams will need to be desk-based and have a sufficient
number of team members with access to a Bluetooth-enabled
mobile phone required for the activity tracker to function. Team
managers will be approached by the workplace champion for
their consent.

Recruitment of Participants
Once the team manager has consented, the workplace champion
will email individual team members the information sheet
detailing the study and the required level of commitment, along
with the consent form. Teams randomized to receive the activity
tracker will receive additional details regarding the LUMOback.
Interested team members will be invited to attend a face-to-face
information session where they will have their eligibility
assessed by project staff, and then be invited to sign the consent
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form and proceed to the baseline assessment. Initial consent
will only be for baseline and 3-month assessments; participants
will be invited to reconsent for the 12-month assessment (see
Figure 1).

Randomization
Following manager consent, and prior to the information session,
each team will be numbered randomly, using a random number
generator, and then listed in numeric order. Teams will then be
randomized to either Group 1 (organizational-level strategies
only) or Group 2 (organizational-level strategies plus activity
tracker), across location strata (site A and B) and team size strata
within site A (small/large) using a randomization website [56].
The randomization schedule will be created by a university staff
member not involved in the study. A project staff member will
then apply the randomization schedule to the list of teams.
Neither project staff nor participants will be blinded to
participants’ randomization condition.

Organizational-Level Intervention
All participants will receive the organizational-support
intervention elements, which are based on the Stand Up
Australia intervention [57]. The key intervention message is
‘Stand Up, Sit Less, Move More’ [57], which encourages staff
to interrupt sitting at least every 30 minutes with a change in
posture; replace sitting with standing or moving (working toward
having equal amounts of sitting and upright activities in the
day); increase physical activity of any intensity level; and to
make these changes across the whole day, both during and
outside of work hours.

Information Booklet and Participant Feedback
All participants will receive a booklet from the workplace
champion, developed by the research team and customized to
Lendlease’s branding and corporate style requirements. The
booklet will cover the study rationale (ie, evidence on prolonged
sitting and detrimental health outcomes) and purpose; general
guidelines on optimal workplace activity; behavior change
strategies related to the key intervention messages; and general
information about the study procedure and timeline. All
participants will also receive a summary email from the
workplace champion of the aggregate results from the baseline
assessment regarding sitting, standing and stepping, as well as
individual feedback on sitting, standing and stepping time after
each of the assessment points (to be emailed individually by
project staff; adapted from a previous study [39]).

Stand Up, Sit Less, Move More Emails
The workplace champion will create five emails in consultation
with project staff (adapted from a previous study [58]). One
email will be sent every 2 weeks during the initial 3-month
intervention period. The emails will consist of a ‘tip of the
week,’ a study update from the workplace champion, a quote
from a participant and/or manager, and an infographic or a
picture of Lendlease staff engaging in the ‘Stand Up, Sit Less,
Move More’ message. Project staff will be included on the
emails to enable tracking of email content for process evaluation.
While the emails will cease after week 10, it is expected that
team managers will continue to implement the strategies

promoted in the emails with their team throughout the rest of
the 12-month intervention period.

Executive Management Support
In addition to the staff, managers and senior managers
participating in the trial, senior global executives (eg, Chief
Executive Officer) will also take part in the baseline assessment
and will receive the information booklet and ‘Stand Up, Sit
Less, Move More’ emails. The participation of the global
executives, which demonstrates visible support for the
intervention, will be communicated to staff by the workplace
champion.

Activity Tracker
Participants in Group 2 will be given the LUMOback activity
tracker in addition to the organizational-level strategies. The
LUMOback is worn around the waist as a belt, collecting
information, and providing real-time feedback on sitting,
standing, stepping, breaks from sitting, posture, and sleep. The
LUMOback assesses activity by inertial sensors, which collect
data at a constant 25 Hz [59], and is controlled through a mobile
app via a Bluetooth connection that can be used by both iPhone
operating system and Android platforms. Up to 3 weeks of data
can be collected by the LUMOback before it must be synced
with the app, with data transferred between the LUMOback and
the app at 600 bytes/second. In the app, participants can view
graphs, averages, and goals related to their sitting, standing,
stepping, sitting breaks, posture (represented by an avatar, see
Figure 2), and sleep. The device can monitor behavior, track
attainment of the wearer’s goals, and provide real-time feedback.
Participants can use the app to select the LUMOback to vibrate
when they are sitting or standing in a ‘poor’ lumbar posture as
identified by pelvic tilt angle [59], and to send a push
notification to their mobile phone when they have been sitting
too long. Vibrations can be chosen to be more or less intense,
more or less exact about posture, or turned off; sitting
notifications can be selected to range in time between 15 minutes
and 2 hours of sitting, or turned off. The app also contains many
learning videos about maintaining a good posture.

The LUMOback shows strong correlations and good agreement,
in free-living conditions, with measures from the activPAL

activity monitor in total time spent sitting (R2=0.89 [60]; mean

absolute percent error (MAPE)=9.5% [61]), standing (R2=0.86
[60]), and number of steps (MAPE=0.4%, intraclass correlation
coefficient (ICC)=0.99 [62]). In laboratory conditions, the
LUMOback shows excellent agreement in step counts when
tested against the Optogait treadmill test (MAPE=0.2%,
ICC=0.99 [62]).

A LUMOback and a four-page instruction booklet that covers
an introduction to the device, set-up instructions, and frequently
asked questions will be distributed to Group 2 participants by
the workplace champion following baseline assessments. On
receipt of the device, participants will be asked to download
the free app and sync the LUMOback with their phone.
Participants will be asked to use their work email to set up their
device as this will later be used to request the data from the
company LUMO Bodytech. Participants can wear the device
as much or as little as they like and their self-directed usage
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will be tracked. However, participants will be instructed by
project staff to wear their LUMOback during the 3-month
assessment period both to gather validity data and to estimate

the intervention effectiveness while wearing the LUMOback.
Participants will be allowed to keep the LUMOback.

Figure 2. Representation of the LUMOback avatar while seated in a good posture.

Data Collection
Data collection will occur at baseline, 3, and 12 months, and
has been approved by the organization to occur during work
hours. At each assessment, participants will be asked to wear
an activPAL3 activity monitor continuously (24 hours/day) for
7 days, and to complete a concurrent electronic work and sleep
diary. They will also be emailed a link to a Web-based
questionnaire, using LimeService [63] covering demographic
information (baseline assessment only), health- and work-related
information (all assessments), and feasibility and acceptability
(3- and 12-month assessments). Height and weight will be
measured by a trained Lendlease staff member (site A) or project
staff member (site B) during a face-to-face baseline assessment
session that is expected to take approximately 15 minutes.

Individual qualitative interviews on the feasibility and
acceptability of both of the interventions will occur following
the 3-month assessment via telephone. Focus groups covering
the long-term feasibility and acceptability of the interventions
will be conducted as part of the 12-month assessment. Project
staff will request LUMOback usage data from Lumo Bodytech
every 2 weeks during the initial 3-month intervention period
and then periodically throughout the rest of the study.

Measures
An overview of the study feasibility, acceptability, and
effectiveness outcome measures is provided in Table 1. In
addition, a range of measures covering demographics, job, and
health characteristics, psychosocial variables and technology
confidence will also be collected.

Feasibility
Feasibility information will be examined in terms of
participation, retention rates, and intervention delivery
indicators, including the number of emails received (for the
organizational intervention) and the degree of usage of the
LUMOback activity tracker and app (assessed from the device
and self-report). Ease of LUMOback data download and amount
of lost or missing LUMOback data will also be evaluated. Table
1 displays an overview of the feasibility indicators and
Multimedia Appendix 1 contains the questionnaire items created
for the study.

The LUMOback data will be used to determine number of days,
hours, and peak levels of usage. The data is expressed as a
percentage of a 5-minute window spent in each activity type
(sitting and standing in a good or bad posture, lying, sitting in
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a car, walking, and running), and step counts, calorie counts,
and not worn/charging. No data is recorded over periods the
device self-registers as off.

Telephone interviews and focus groups will be used to further
evaluate both organizational support and LUMOback
intervention strategies. Telephone interviews will identify:
strategies implemented by the managers and organization; key
facilitators and barriers of the intervention (including those
specific to the LUMOback); and, any organizational culture
changes that occurred (see Multimedia Appendix 2 for
questions). Focus groups will discuss the impact of the
interventions on the workplace culture and environment,
long-term barriers and facilitators of the intervention strategies,
and will identify any other key themes (see Multimedia
Appendix 3).

Acceptability
Participants will be asked via questionnaire to rate how useful
the emails and tips were, their satisfaction with the emails and
information, and if they had experienced any discomfort or
injury as a result of their study participation. Participants who
indicate they have used a LUMOback device will also be asked
to rate their comfort, ease of use, and perceived usefulness of
the LUMOback (see Multimedia Appendix 1 for full list of
questionnaire items). Participants who indicate they were given
a LUMOback (whether they wore it or not) will also be asked
would they recommend the LUMOback to a friend, how likely
they were to use the LUMOback in the next 6 months, did they
have any adverse experiences from using the LUMOback, and
if they had any comments about the LUMOback or app. A
shorter questionnaire at 12-month follow-up (to reduce
participant burden and maintain compliance) will collect
information relating to long-term LUMOback usage, adverse
experiences, and comments. Telephone interviews and focus
groups will also assess the acceptability of both interventions
over the short and long-term (see Multimedia Appendices 2 and
for questions).

Effectiveness

Activity Outcomes

The activPAL3 activity monitor will be used to measure the
primary and secondary activity outcomes. The activPAL is a

small device worn on the thigh (53×35×7 mm; 15 g). It has
excellent interdevice reliability (ICC=0.79-0.99 [64]). It shows
excellent validity relative to direct observation in measuring
sitting/lying, hereafter termed ‘sitting,’ standing, and stepping,
and for alterations between sitting and upright posture [64-66].
The activPAL has also shown responsiveness to change in sitting
[66]. Correlations with direct observation of total time spent
sitting, standing, and stepping, and total number of postural
transitions are close to 1, mean differences reported are small
and nonsignificant (eg, sitting and breaks measures all <2%
bias) [65]. The agreement with direct observation of activity
classification (sitting, standing, or stepping) moment by moment
is also excellent (eg, 98.5% correct in a controlled setting, 93.6%
correct during activities of daily living) [64]. Also, participants
cannot extract activity data (real-time or otherwise) from the
activPAL3, limiting reactivity.

The primary activity outcomes are time spent sitting at work
and time spent sitting overall (ie, across all waking hours on
work and nonwork days). The other activity outcomes relating
to the ‘Stand Up, Sit Less, Move More’ message are listed in
Table 1. In line with the exploratory nature of the pilot study,
a range of other sedentary and physical activity measures (eg,
usual sitting bout duration, number of steps) will be assessed
and reported in addition to the study outcomes.

Health Outcomes

Physical and mental health-related quality of life [67] will be
measured by the Short Form (SF)-12 version 1 at each
assessment. The SF-12 correlates highly with the SF-36 (r=0.95
and 0.97) and has good test-retest scores (r=0.89 and 0.76) for
the physical and mental components respectively [67]. Overall
stress will be measured at each assessment by one item from
the Health and Work Questionnaire [68].

Work Outcomes

Work-related outcomes will be measured via questionnaire at
all assessments. These are work performance [69] and two
measures from the Health and Work Questionnaire [68]: work
satisfaction (four items, with α for internal consistency=0.84),
and job control (one item).
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Table 1. Overview of study outcomes.

OutcomesMeasurement tools

Feasibility

Number of emails received    Organizational support questionnaire items

What participants did with email (eg, read then delete)

Perceived level of support to ‘Stand Up, Sit Less and Move More’ from (1) organization, (2)
main manager, and (3) colleagues

Ever used (eg, yes, given but never used, no)    LUMOback questionnaire items

Date of first use

Setting of use (eg, workplace)

Frequency of recalibration, app checking, goal checking, vibration and sitting alerts

Days of usage    LUMOback data

Hours of usage/day

Peak levels of usage

Ease of data download

Amount of missing data

Strategies implemented by manager and organization, organizational culture change, key elements
of intervention, barriers of wearing the LUMOback at work and at home

    Telephone interviews

Long term sustainability of changes, barriers and facilitators, key themes    Focus groups

Acceptability

Usefulness of emails and tips    Organizational support questionnaire items

Satisfaction with emails and information received

Adverse experiences from program in general

Comfort of LUMOback    LUMOback questionnaire items

Ease of set up of LUMOback and app, navigating app, calibrating LUMOback

Usefulness of LUMOback and app

Likelihood of using LUMOback in next 6 months, adverse experiences from LUMOback, com-
ments about the LUMOback

Acceptability of program, acceptability of the LUMOback    Telephone interviews

Acceptability of program, acceptability of long-term LUMOback wear    Focus groups

Effectiveness

Activity

Stand up: standing time at work and overall    activPAL

Sit less: sitting time at work and overall (primary effectiveness outcomes); prolonged (>=30
mins) sitting time at work and overall

Move more: stepping time at work and overall

Health

Physical and Mental health-related quality of life   SF-12 v1

Overall stress   Health and Work Questionnaire

Work

Work performance   Work performance rating scale

Work satisfaction, job control   Health and Work Questionnaire

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e73 | p.66http://www.researchprotocols.org/2016/2/e73/
(page number not for citation purposes)

Brakenridge et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Demographics and Job Characteristics
Height and weight will be measured with shoes removed using
a stadiometer (to the nearest 0.1 cm) and calibrated electronic
scales (to the nearest 0.1 kg) at baseline only. Similarly,
participants will be asked at baseline only their age, gender,
Aboriginal or Torres Strait Islander status, highest level of
education completed, and length of time at the workplace.
Pregnancy status will be measured at 3- and 12-month
follow-ups only, while current smoking status and smoking
while at work will be measured at each assessment.

Full-time equivalence, job category, and percent of work time
spent at desk, away from desk, and outside the workplace [58]
will be measured at all assessments. Frequency and duration of
working with colleagues [58] will be assessed at baseline and
3-month follow-up only. At 3- and 12-month follow-ups,
workplace location will be assessed to account for any office
relocations. Data on team location and team size will be
collected by project staff at baseline.

Other Measures
Several additional individual, work, health, and intervention
factors will be assessed to explore whether they predict changes
in sitting and activity, and for consideration as potential
confounders for relative effectiveness. The additional individual
factors to be assessed include: confidence with technology and
use of any other apps or wearable devices to help increase
activity (see Multimedia Appendix 1), as well as psychosocial
measures such as preference for sitting and standing at work,
and knowledge of the health impacts of sitting [58]. These
psychosocial variables have been derived from previous Stand
Up Australia research [58], have moderate to good test-retest
reliability (Spearman’s ρ=0.67-0.78) [38,58], and will be
assessed at baseline and 3-month follow-up only. The additional
health-related factors include perceived stress and
musculoskeletal health. Specifically, at baseline and 3-month
assessments only, perceived stress will be measured using the
4-item version of the Perceived Stress Scale [70]. The 4-item
Perceived Stress Scale has good internal consistency (α=0.82)
and correlates moderately with the Impact of Event Scale
(r=0.58), 12-item Posttraumatic Stress-Arousal Scale (r=0.70),
and the mental health component of the Medical outcomes
Scale-SF 36 (r=0.70) [71]. Musculoskeletal health will be
measured at each assessment using a modified 36-item version
of the Nordic Musculoskeletal Questionnaire [72]. Modifications
are that items will refer to the last 1 month (instead of 12
months) [73] and items will be added to assess how intense the
pain was in the body part in the last 1 month (on a 0-9 scale,
where 0 means no complaints and 9 means pain as bad as it can
be) for those who indicated that they experienced a problem
[74] (questions can be found in Multimedia Appendix 1). Work
factors such as perception of supervisor relations (two items
from the Health and Work Questionnaire [68], with α for
internal consistency=0.85) will be measured at each assessment.
Use of workplace strategies to sit less and move more (adapted
from Stand Up Australia [58], full list of questions Multimedia
Appendix 1) will be measured at all three assessments.
Self-report activity will also be collected via the Occupational
Sitting and Physical Activity Questionnaire (OSPAQ) [75].

Assessment of sitting using the OSPAQ correlates moderately
with accelerometer (Actigraph GT1M) measured sedentary time
(Spearman ρ=0.65) [75].

Assessment Procedures

activPAL Procedure
At baseline, the activPAL monitors and required adhesive
materials (several Hypafix patches and alcohol swabs) will be
provided to participants during a face-to-face assessment
session. An in-person demonstration will be given at this session
on how to wear the device (ie, on the dominant thigh on the
midline, approximately one-third of the way down between the
hip and the knee, attached using hypoallergenic adhesive
material (Hypafix)). Participants will be asked to wear the
monitor for seven consecutive days, 24 hours per day, removing
only in circumstances during which the monitor is likely to be
lost or damaged, but not for routine showering/bathing or
swimming, as monitors will be waterproofed (with latex finger
cots and hypoallergenic Opsite). Instructions will also be sent
by email. Participants not able to attend the face-to-face baseline
assessment session will receive an activPAL from the workplace
champion after the session. At follow-up assessments, the
activPALs will be distributed to participants by the workplace
champion (site A) and either the workplace champion or by
project staff to participants at site B. Site A participants will be
instructed to return their monitor in sealed packs to the
workplace champion, who will post these packs to project staff
for download and processing. Site B assessment packs will be
collected in person by project staff.

Concurrent diaries, covering waking hours, periods
wearing/removing the activPAL, work days and times that are
similar to previous paper-based versions [39,58] will be piloted
in electronic forms (via LimeService and via a macroenabled
excel-based file), with paper versions provided as an alternative
option for those experiencing any difficulties with the electronic
versions. The diary for Group 2 participants at 3-month
follow-up will also cover LUMOback wear/removals, frequency
of checking the LUMOback app, usage, and setting type of the
vibrations and sitting time alerts, and usage of goal setting over
the 7-day assessment period. Participants who do not complete
all aspects of their diary will be recontacted to provide further
details.

activPAL Data Processing
The measures for activity overall and activity during work hours
will be extracted from the events-based activPAL data using
procedures similar to a previous study [58] via a customized
SAS program (version ≥9.3). Activity recorded by the activPAL
during relevant periods (eg, working, awake, and wearing the
monitor) will be ascertained from a combination of the diary
information and the participant’s movement as recorded by the
activPAL. When wear/waking hours are not reported, these will
be inferred from the movement data. Bouts of activity will be
assigned the classification (eg, awake/not, working/not) that
applies to most (≥50%) of the bout. Sleeping periods will be
adjusted to exclude any short bouts (<20 minutes duration) at
the beginning or end of the sleeping period. Studies use a variety
of definitions for ‘valid’ days of activPAL data [76]. Days will
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be considered valid for activity at work if the activPAL was
worn for ≥80% of the time at work; entire waking days will be
considered valid for activity if the activPAL is worn for ≥80%
of waking hours and for ≥10 hours if waking hours are inferred
from the activPAL rather than reported by the participant. Time
spent in each activity will be calculated for each day then
averaged over the valid days. Information about duration of
bouts of activity (eg, usual sitting bout duration) will be
calculated across all of the relevant time periods on valid days.

Quality control checks will be performed both prior to
processing for the diary (missing information, nonconsecutive
dates, activities finishing prior to starting, short waking days
<10 hours), and postprocessing. The processed data will be
checked visually (heatmaps) to verify the activity patterns were
consistent with the classifications of the data as included
(waking wear on valid days) or excluded (removal, sleep, or
invalid days) and data will be reprocessed when errors are
identified.

Questionnaire Procedure
At baseline, 3-, and 12-month assessments participants will be
emailed a link to a Web-based questionnaire (LimeService) by
project staff after they have finished wearing the activPAL. At
baseline, questionnaires are to be completed before the
intervention begins. At all stages, participants will be provided
with the opportunity to opt out of the questionnaire.

Qualitative Interview and Focus Group Procedures
Semistructured telephone interviews will be conducted at the
3-month assessment. Attempts will be made to contact all
participants in Group 2, with a similar number of participants
recruited from Group 1, sampling purposively for diversity,
starting with the two most disparate team members per team on
age, gender, job category, and sitting time change. All team
managers will also be approached for a telephone interview.
All interviews will include questions to evaluate the
organizational support intervention; Group 2 interviews will

also assess the LUMOback. Interviews will be recorded using
Audacity (version 2.0.6) and transcribed verbatim with
idiosyncratic elements of speech removed. All participants who
remain in the study at 12-month follow-up will be invited to
take part in focus group interviews, which will be capped at 10
participants each. Participants will be offered a chance to win
an activity tracker (single prize; randomized prize draw; value
~AU$500) for participating in the focus groups. Focus group
interviews will be audio-recorded and transcribed.

Sample Size
For this pilot study, the sample size was selected based on what
the workplace deemed feasible (18 teams). With a usual team
size of 10 to 15, and two-thirds expected to be eligible and
participate (just over eight per team), we anticipate
approximately 150 participants in total, with 75 randomized to
each group. This sample size will provide adequate power
(≥80% power) with 5% two-tailed significance, to detect short
term (3 month) changes within groups (primary effectiveness
aim) of our minimum difference of interest (MDI) in our primary
outcomes of work and overall sitting time (see Table 2). All
calculations are based on no multiple comparison adjustment
to significance (in line with the exploratory nature of the study),
an anticipated 30% attrition, and strong clustering (ICC=0.1)
[58] with an anticipated design effect of 1.48 (ie, 1+0.1×4.83,
with an average 5.83 participants per team). Under these same
assumptions, power to detect changes equal to the MDIs for the
secondary activity outcomes with 5% two-tailed significance
are presented in Table 2 , along with the minimum detectable
differences (MDDs) between groups for relative effectiveness
(secondary aim). This pilot did not power a priori on other
research questions, such as health outcomes and long-term
changes (12 months). The MDIs and MDDs all reflected modest
effects for activity. The assumptions regarding standard
deviations (SD), pre-post correlations and clustering were
informed by published and unpublished data from previous
workplace interventions [38,58] and Australian population data
from the AusDiab study.
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Table 2. Power to detect changes within groups (effectiveness) and minimum detectable differences between groups (relative effectiveness) with 5%
significance, two-tailed.

Relative effective-
ness

EffectivenessAssumed valuesMDIaOutcome

MDDdPowerPre-post rcSDb,c

Primary outcomes

50 minutes90%0.69045 minutes  Work sitting time

50 minutes90%0.69045 minutes  Overall sitting time

Secondary outcomes

65 minutes67%0.612045 minutes   Work prolonged sitting time

65 minutes67%0.612045 minutes   Overall prolonged sitting time

35 minutes79%0.67030 minutes   Work standing time

35 minutes79%0.67030 minutes   Overall standing time

10 minutes>99%0.72015 minutes   Work stepping time

15 minutes96%0.73015 minutes   Overall stepping time

aminimum difference of interest.
bstandard deviation.
cassumed values based on unpublished data from the Stand Up Victoria trial
dminimum detectable difference with 80% power

Statistical Analyses
Statistical analyses will be conducted in SPSS Statistics version
≥22 and Stata version ≥13 with statistical significance set at P
<.05, two-tailed. Within-group changes in activity, work and
health outcomes (continuous) will be assessed, using linear
mixed-models that account for repeated measures and clustering,
to determine the effectiveness of each intervention for these
outcomes in the short- and long-term. To compare the relative
effectiveness of the combined organizational-level and activity
tracker intervention to organizational support alone,
mixed-models will be used, adjusting for baseline values and
potential confounders; these address both repeated measures
and clustering. Confounders will initially be chosen a priori
from the literature and retained in models if they are associated
with the outcome at P <.2. Models will be checked for linearity,
normality, and heteroscedasticity. Analyses will follow
intention-to-treat principles. Per-protocol analyses will also be
conducted to evaluate what the efficacy of the intervention is
specifically for those who use the activity tracker, because
activity tracker usage is self-directed. Assumptions regarding
missing data will be checked and sensitivity analyses will be
conducted to evaluate the impact of missing data on findings.
Predictors of changes in activity will be evaluated by linear
regression, adjusting for baseline values, and correcting for
clustering. Predictors will be considered separately and also
mutually adjusted. Characteristics of individuals will be
considered as potential predictors including demographics (eg,
age), psychosocial (eg, preference for sitting at work), health
(eg, musculoskeletal problems) and work-related characteristics
(eg, perception of relationship with supervisor), and engagement
with the intervention (eg, LUMOback usage).

Feasibility and Acceptability
Feasibility and acceptability data acquired by questionnaire,
LUMOback data, and participation and retention rates will be
reported using descriptive statistics. Content analyses in NVivo
(version 10) will be conducted with the telephone interviews
to derive reception toward both interventions, barriers and
facilitators, and any other themes. Data from the focus groups
will be thematically analyzed by two independent authors and
discussed with a third author. Any discrepancies in themes will
be discussed until consensus is reached.

Results

Baseline and follow up data collection has finished. Results are
expected in 2016.

Discussion

This paper describes the background, design, and methods of
a pilot, cluster-randomized trial that will compare two
interventions, one that targets organizational-level strategies
and another that targets organizational-level strategies plus the
use of a wearable activity tracker, the LUMOback, in office
workers. The study will determine if either intervention can
produce changes in sitting (during all waking hours and work
hours), as well as prolonged sitting, standing, and stepping in
the short (3 month) and long-term (12 month), as well as the
feasibility and acceptability of each intervention. The impact
of each intervention on health- and work-related outcomes, and
the predictors of sitting and activity change will also be
examined. In addition, the study will provide preliminary
evidence regarding the additional impact of the LUMOback on
sitting and activity compared with organizational-level strategies
alone.
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The interventions in this study are designed to be easily
disseminated on a large scale. Specifically, the intervention
elements will come from the Head of Workplace Wellbeing,
making the implementation of the intervention similar to that
which may realistically occur in office workplaces. The
intervention messages are delivered via a low cost, feasible
mechanism (emails), with the LUMOback device also being
relatively low cost, and comparable in price with other popular
fitness trackers on the market (~US$150). Another strength of
the intervention is that support and participation will come from
multiple levels of the organization (ie, general staff, managers,
senior global executives). In addition, sitting, standing and
stepping will be measured at and away from the workplace,
with a validated and objective measure. Many workplace studies
have only measured workplace activity, and have often not used
objective, posture-based measures.

Methodological Considerations
Because we will work in partnership with the organization, it
will not be possible to recruit a control group who will not
receive the organizational intervention. As such, the
effectiveness of each intervention can only be evaluated as per
a single-group pre–post design. Accordingly, effectiveness
findings will be considered in light of the usual findings within
other studies’ control groups. For example, in prior Stand Up
Australia research [38,39], there were no significant changes
in sitting, standing, and stepping within control groups. Another
consideration is contamination. Despite randomization occurring
at the team level to reduce contamination, we will not know in
advance the degree of interaction between the teams, and

therefore the extent to which the participants randomized to
Group 1 may receive visual cues to stand up by witnessing
LUMOback wearers (Group 2) arise in response to device
prompting. Focus groups will attempt to evaluate if any potential
contamination occurred. In addition, another consideration is
that the Head of Workplace Wellbeing will select the teams for
participation. While this is not inconsistent with what might
realistically occur in office wellness programs, it may introduce
some selection bias, which may limit the generalizability of the
results.

Conclusions
The interventions evaluated in this study have the potential to
decrease sitting and increase standing and stepping in the office
workplace. There has been minimal evaluation of
organizational-level strategies alone, and whether these
strategies can impact on sitting and activity behaviors when
delivered as part of a worksite driven, ‘real-world’ intervention.
Furthermore, there is minimal evidence on the feasibility,
acceptability, and effectiveness of activity trackers for use in
office workers and their effectiveness for reducing sitting and
increasing standing and stepping. Despite the detrimental effects
of sitting, very few activity trackers measure or target this
behavior. If effective, the findings from this research may
prompt developers to include sitting measures and prompts in
their activity trackers. While only a pilot, this study aims to
address these gaps and will provide information to guide future
physical activity and sedentary behavior interventions and
workplace health promotion programs.
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Multimedia Appendix 2
Telephone interview questions.

[PDF File (Adobe PDF File), 50KB - resprot_v5i2e73_app2.pdf ]

Multimedia Appendix 3
Focus group questions.
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Abstract

Background: Chronic fatigue syndrome, also known as myalgic encephalomyelitis (CFS/ME), is characterized by chronic
disabling fatigue and other symptoms, which are not explained by an alternative diagnosis. Previous trials have suggested that
graded exercise therapy (GET) is an effective and safe treatment. GET itself is therapist-intensive with limited availability.

Objective: While guided self-help based on cognitive behavior therapy appears helpful to patients, Guided graded Exercise
Self-help (GES) is yet to be tested.

Methods: This pragmatic randomized controlled trial is set within 2 specialist CFS/ME services in the South of England. Adults
attending secondary care clinics with National Institute for Health and Clinical Excellence (NICE)-defined CFS/ME (N=218)
will be randomly allocated to specialist medical care (SMC) or SMC plus GES while on a waiting list for therapist-delivered
rehabilitation. GES will consist of a structured booklet describing a 6-step graded exercise program, supported by up to 4
face-to-face/telephone/Skype™ consultations with a GES-trained physiotherapist (no more than 90 minutes in total) over 8 weeks.
The primary outcomes at 12-weeks after randomization will be physical function (SF-36 physical functioning subscale) and
fatigue (Chalder Fatigue Questionnaire). Secondary outcomes will include healthcare costs, adverse outcomes, and self-rated
global impression change scores. We will follow up all participants until 1 year after randomization. We will also undertake
qualitative interviews of a sample of participants who received GES, looking at perceptions and experiences of those who improved
and worsened.

Results: The project was funded in 2011 and enrolment was completed in December 2014, with follow-up completed in March
2016. Data analysis is currently underway and the first results are expected to be submitted soon.

Conclusions: This study will indicate whether adding GES to SMC will benefit patients who often spend many months waiting
for rehabilitative therapy with little or no improvement being made during that time. The study will indicate whether this type of
guided self-management is cost-effective and safe. If this trial shows GES to be acceptable, safe, and comparatively effective,
the GES booklet could be made available on the Internet as a practitioner and therapist resource for clinics to recommend, with
the caveat that patients also be supported with guidance from a trained physiotherapist. The pragmatic approach in this trial means
that GES findings will be generalizable to usual National Health Service (NHS) practice.
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Trial Registration: International Standard Randomized Controlled Trial Number (ISRTCTN): 22975026;
http://www.isrctn.com/ISRCTN22975026 (Archived by WebCite at http://www.webcitation.org/6gBK00CUX)

(JMIR Res Protoc 2016;5(2):e70)   doi:10.2196/resprot.5395
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Introduction

Background
Chronic fatigue syndrome, also known as myalgic
encephalomyelitis (CFS/ME), is a condition characterized by
chronic disabling fatigue, which is not better explained by an
alternative diagnosis [1-3]. The prevalence of CFS/ME in the
population is between 0.4 and 2.5% [3-5]. A working group,
reporting to the Chief Medical Officer for England, concluded
the following: "CFS/ME is a relatively common clinical
condition, which can cause profound, often prolonged, illness
and disability, and can have a substantial impact on the
individual and the family" [4]. The prognosis is poor with a
median of 7% recovering without treatment [6].

The National Institute for Health and Clinical Excellence (NICE)
guidelines recommend that patients with CFS/ME are offered
GET (or cognitive behavior therapy [CBT]) [7]. In support of
this guidance, two systematic reviews showed no harm to
patients from GET [8,9]; however, it was concluded that larger
trials should be completed to confirm the recommendations.
The PACE trial (pacing, graded activity, and cognitive behavior
therapy: a randomized evaluation) is the largest ever trial testing
GET and CBT for CFS with 641 secondary care patients
recruited [10]. Specialist medical care (SMC) alone was
compared with SMC plus one of three therapies (adaptive pacing
therapy, CBT, or GET). GET was found to be an effective and
safe treatment, with 82% being satisfied with GET [11]. In
contrast to this research, surveys of ME charity members have
suggested that GET is perceived as a harmful and unacceptable
treatment. In a recent survey, 56% of those who had received
GET reported feeling “worse” afterwards, with 53% reporting
GET to be unacceptable [12]. Specialist therapist-delivered GET
is also intensive and expensive, with up to 15 sessions required
over a 3 to 6-month period [9,11], and United Kingdom (UK)
National Health Service (NHS) access is often poor and with
long waiting lists [13]. An effective and safe guided self-help
GET approach would be helpful to all involved.

Self-help approaches can benefit patients with chronic fatigue
in the community [14]. In one study, fatigued patients attending
their GP were given an educational CBT self-help booklet [15],
complemented by 15 minutes of advice from a research nurse.
After 3 months, patients who received the booklet were
significantly less fatigued than the usual care group. This booklet
has since been used in another primary care trial in which
fatigued patients were offered 6 sessions of therapy with a
trained GET or CBT therapist at their GP surgery or given the
booklet without guidance as an alternative to usual care [16].
A third of patients receiving the booklet significantly improved
compared to half receiving the face-to-face therapies.

However, these two studies recruited patients from primary
care, and thus included those with less disabling fatigue than
that found in secondary care patients. In another study, a guided
CBT self-help treatment was tested in secondary care patients
with CFS/ME [17]. In this trial, significant decreases in both
fatigue and disability were observed in the guided self-help
group compared to the waiting list control. A clinically
significant improvement in fatigue (27% versus 7% of waiting
list patients) and 6-point difference in mean SF-36 physical
functioning subscale scores between groups at follow-up
resulted. However, problems with respect to engagement and
acceptability of psychotherapeutic approaches such as CBT for
patients with CFS/ME have been reported [4].

Self-management techniques have consistently been shown to
result in substantial improvements in patients with a range of
mental illnesses [18-21] and physical illnesses [22,23]. A US
study showed that patients with CFS/ME seemed to prefer
self-management approaches, particularly social support services
[24]. However, no study has investigated guided GET self-help
for CFS/ME. In the UK, patients report difficulties accessing
specialist services either because there is no local service,
because of long waits for referral and/or subsequent treatment,
or because they are too ill to travel to the clinic [25].
Approximately 40% reported waiting 6 months to see a
specialist. Thus, effective guided self-help could open up a more
accessible treatment option for many CFS patients and might
make face-to-face therapy either unnecessary, or reduce the
need for a full course of therapy.

Rationale and Piloting
Physiotherapists trained to deliver GET within the PACE trial
developed and tested the GES guide. It was developed so that
diagnosed patients attending clinics could help themselves using
such an approach with advice from their specialist clinician and
therapist. The booklet was extensively piloted by secondary
care CFS/ME patients and reviewed by several specialists in
CFS/ME and a professor of physiotherapy. This led to
significant revisions, and review, before “translation” of the
guide into lay language by a professional editor.

Hypotheses
First, we will test the null hypothesis that GES plus specialist
medical care (SMC) will be no more effective at improving
either physical disability or fatigue than usual SMC alone, as
shown by no statistically significant difference between the two
arms of the trial 12 weeks after randomization. Second, we will
test the hypothesis that GES will be acceptable to patients
diagnosed as having CFS/ME in specialist secondary care
clinics, as demonstrated by less than 25% of eligible patients
declining participation in the trial, and more than 75% of those
participating being satisfied with the approach. Third, we will
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assess the difference in the number of participants suffering
serious adverse effects, serious adverse reactions, or a serious
deterioration across the study arms.

We will also assess whether there is a statistically significant
difference in cost-effectiveness between the two interventions,
although this is not a hypothesis.

Methods

Study Design
This is a pragmatic [26] randomized controlled trial of
outpatients attending two specialist CFS/ME secondary clinics
who have been diagnosed by a specialist doctor as having
CFS/ME and referred for practitioner-delivered therapy. All
participants will be on a waiting list for therapist-delivered
treatment. Standard medical care (SMC) will be compared with
SMC plus GES.

Participants
Adults aged 18 and over will be recruited after assessment at
two CFS/ME specialist clinics in the United Kingdom (UK):
one at St Bartholomew’s Hospital (East London Foundation
NHS Trust) and the other in Kent (Kent and Medway NHS and
Social Care Partnership Trust). These services each provide
assessment and/or treatment for approximately 125 new adults
each year, referred mainly from general practitioners. Adults
are given a diagnosis after a clinical assessment, with a physical
and mental state examination, and screening blood tests
according to the guidelines produced by the National Institute
for Health and Care Excellence [7]. Approximately 57% of
adults referred to specialist CFS services have CFS/ME [27]
based on one of three possible criteria [1,2,7]; however, they
must meet NICE criteria to be entered into this trial. We chose
the NICE criteria to maximize generalizability of the trial to a
more representative sample of UK secondary care attendees, as
they are more inclusive (requiring a shorter duration and fewer
symptoms).

Inclusion/Exclusion Criteria
Patients will be included if they meet NICE criteria for CFS/ME
[7]. To meet these criteria, patients must have clinically
evaluated, unexplained, persistent or relapsing chronic fatigue
of more than 4 months with a definite onset. Their fatigue needs
to have resulted in a substantial reduction in activity, be
characterized by postexertional fatigue or malaise and be
accompanied by at least 1 of 10 possible symptoms (eg,
headaches, muscle and/or joint pain, difficulty sleeping, and
concentration problems). Patients meeting these criteria will be
referred for treatment in the service as usual and will be asked
if they would be willing to be contacted about possible
participation in the trial. Patients will not be offered trial
participation if they do not speak and read English adequately,
have current suicidal thoughts or comorbid psychiatric
conditions requiring exclusion, have read the GES guide
previously, have had previous GET therapy at one of the trial
clinics, or have physical contraindications to exercise.

Recruitment
Potentially eligible patients identified by the clinician in the
initial assessment will be informed about the study and given
an information sheet. The clinician will obtain consent from the
patient to be contacted by a researcher. If the patient is willing,
the researcher will contact the patient and arrange to meet at
the clinic or via a Skype™ telephone appointment to provide
and discuss further information about the study.

The recruiting researcher will explain the rationale for the study
and its design, uncertainties about the effectiveness of the
intervention, options available outside of the trial, and the right
not to take part in the study or to withdraw at any time up to
the analysis. Those willing to take part in the study will be asked
to consent to randomization and sign the consent form. If
informed consent is subsequently provided, the patient will
partake in an assessment. Consent to have guidance sessions
recorded will not be required to be included in the trial.

Randomization
The recruiting researcher will log in to the Web-based automated
randomization service/system operated by the UK Clinical
Research Collaboration (UKCRC) registered King’s Clinical
Trials Unit at the Institute of Psychiatry, King’s College London
for the intervention allocation, which will be conveyed to the
participant by the recruiting researcher. Allocation will be at
the level of the individual, using block randomization with
randomly varying block sizes, to preserve allocation
concealment. Randomization will be stratified by (1) depression
(Hospital Anxiety and Depression Scale; cut-off = 11); (2)
severity of disability (SF-36 physical functioning subscale ≤40
and ≥45, which was close to the mean score from all participants
in the PACE trial [11]; and (3) by center. This will help to ensure
equal proportions of depressed and more severely disabled
participants in each treatment arm. Automatic emails will
confirm the intervention allocation. If for any reason the
randomization service is unobtainable, randomization will be
completed during the next working day and the participant will
be told of the result by telephone.

Interventions

Standard Medical Care (SMC)
Participants will be informed at the end of their assessment
appointment that they have been allocated to SMC and that they
should follow the advice of their GP and specialist doctor as
usual. They will not have access to the self-help booklet used
in the trial. As per usual, specialist doctors will prescribe or
advise regarding medication as indicated for symptomatic
treatment of associated symptoms (eg, insomnia and pain) and
comorbid conditions (eg, depressive illness). These patients
will start the therapy to which they have been referred after the
endpoint of the trial at 12 weeks or more after randomization,
when it becomes available. After completion of trial
participation, these patients will also receive a copy of the GES
booklet.

SMC Plus GES
In addition to receiving SMC, participants in the GES arm will
be given a copy of a self-help booklet describing a 6-step
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program of graded exercise that should take approximately 12
weeks to complete. A physiotherapist will then join the
participant for a 30-minute appointment either face-to-face in
the clinic or via telephone/Skype™ within 5 working days of
randomization. The physiotherapist will explain how the booklet
should be used, explain steps 1 to 4 of the booklet, and answer
any questions/concerns of participants. The physiotherapist will
provide up to 3 further 20-minute telephone or Skype™ support
appointments over the next 8 weeks. These 3 follow-up
appointments will take place approximately 1 to 2, 4 to 5, and
7 to 8 weeks after the participant’s initial appointment. The
physiotherapists will be trained and experienced in delivering
GET as a treatment for CFS/ME, and in how to guide and
support participants in their use of the booklet without providing
additional therapy. The emphasis of guidance/support will be
on solutions provided by the booklet and how to apply what is
learned, and will follow a support guidance checklist. Contacts
with the physiotherapist will be audio-recorded, with informed
consent, for training and supervision purposes to ensure that
therapists adhere to the guided self-help manual. The GES
supervisor will listen to a random sample of the recordings
throughout to ensure therapists are maintaining a consistent
approach.

The Guided graded Exercise Self-help (GES) booklet is based
on the approach of GET developed for the PACE trial [11],
which was itself based on effective approaches tested in previous
trials [9]. GES is also based upon the recommendations made
by NICE in 2007 [7]. Patients with CFS/ME attending clinics
at St Bartholomew’s and King’s College hospitals in London
piloted the booklet. Engaging and encouraging participants to
undertake their exercise plans using the GES booklet are
cornerstones of the guidance and will be its main focus.

The physiotherapist will use established techniques [28] to
maximize engagement and adherence throughout. Participants
will be encouraged to approach their graded exercise program
using the 6 steps described in the booklet: stabilizing a routine,
starting regular stretching, deciding on a goal and choosing a
type of physical activity (PA), setting their PA baseline,
increasing the duration of PA, and finally increasing the intensity
of PA. During each session, the therapist will inquire about
progress and answer any questions, with a focus on moving
forward to the next step. They will recognize achievements and
provide feedback to participants on their efforts, with the aim
of increasing motivation and self-efficacy. Near the end of the
guidance intervention, the physiotherapist will discuss setbacks.
If a participant cannot be contacted by telephone or Skype™,
an email will be sent in an attempt to reengage them. After the
last guidance session, the physiotherapist will rate the
participant’s CGI (health), their adherence to the GES guided
support, and their acceptance of the therapy model.

Departure from Intended Treatment
To measure departure from intended treatment, participants will
be asked at follow-up whether they adhered to the booklet and
guidance, and how much PA they undertook in the past week.
The number of participants who actively withdraw from either
intervention will be recorded. The GES booklet is currently
only available from specialist doctors and physiotherapists at

specific CFS/ME clinics. For the duration of the trial, the GES
booklet will not be available on our websites or patient libraries.
Participants who are offered face-to-face therapy before
completion of their 12 weeks in the trial, due to an appointment
becoming available earlier than expected in the service, will
complete their follow-up measures prior to that appointment.
This will be considered a “protocol deviation.”

Assessments and Procedures

Criteria for CFS
The research assessment will include evaluation of the
operational criteria for the Oxford and Centers for Disease
Control and Prevention (CDC) criteria for CFS. Although not
eligibility criteria, these will be used in subgroup analyses [1,2].
To determine both excluding and allowable comorbid psychiatric
diagnoses, a standardized psychiatric interview (Structured
Clinical Interview for DSM-IV Axis I Disorders; SCID) [29]
will be conducted by a trained and supervised research assessor.

Baseline
The following self-rated inventories will be collected at the first
assessment (baseline): 11-item Chalder fatigue questionnaire
(CFQ), using Likert scoring [30]; SF-36 physical function short
form subscale (SF-36 PF) [31]; Hospital Anxiety and Depression
Scale (HADS) [32]; Euroqol Questionnaire (EQ-5D) [33]; Work
and Social Adjustment Scale (WSAS) [34]; International
Physical Activity Questionnaire (IPAQ) [35]; Tampa Scale of
Kinesiophobia-Fatigue (TSK-F) [36]; Client Service Receipt
Inventory (CSRI) [37]; and Patient Health Questionnaire
(PHQ-15) [38]. Participants will be asked when their CFS/ME
started; whether they have ever received GET, CBT, or pacing
from a therapist; whether they have ever used any listed self-help
resources; and whether they are members of a CFS/ME self-help
group. Participants will also be asked about their ethnicity,
highest education level, current employment status, whether
they have had to reduce/stop work due to their CFS/ME, other
health problems, and whether they are taking antidepressant
medication for any reason.

12-Weeks Post-randomization
The main outcome end-point will be 12 weeks after
randomization, before patients begin their service therapy. We
chose 12 weeks as this was about the length of the waiting list
for therapy at the St Bartholomew’s CFS service at the time of
application for funding. At the end-point, the following
information will be collected via questionnaires sent by mail
with a stamped addressed envelope: SF-36 PF, CFQ, self-rated
Clinical Global Impression of Change (CGI) [39] (this will be
done once for overall health and then a second time specifically
for CFS), HADS, EQ-5D, WSAS, IPAQ, CSRI, and PHQ-15.
Participants will be asked to describe the following: whether
they have used any of 4 listed self-help resources since
randomization, including the unpublished GES guide [40-42];
how satisfied they are with the help they received; how closely
they followed the GES guide; their current employment status
and whether they have had to reduce/stop work due to their
CFS/ME; any new health problems not already reported; and
whether they are taking antidepressant medication for any
reason.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e70 | p.78http://www.researchprotocols.org/2016/2/e70/
(page number not for citation purposes)

Clark et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


12-Months Post-randomization
The primary purpose of the 12-month follow-up will be to obtain
the health-economic assessment (see section below); however,
we will also collect data on the primary outcome measures and
the CGI so that we can assess longer-term physical functioning,
fatigue, and change in overall health and CFS. The following
information will be collected via questionnaires sent in the mail
with a stamped addressed envelope for return: CFQ, SF-36 PF,
CGI, EQ-5D, and CSRI.

Primary Outcomes
We initially planned to use the SF-36 PF as the primary outcome
analyzed as an interval variable collected at 12-weeks
postrandomization. The SF-36 PF is scored as the sum of
responses to 10 items related to functioning on everyday
activities from getting dressed to performing physical activities,
each of which is coded 0 for “Yes, limited a lot,” 5 for “Yes,
limited a little” and 10 for “No, not limited at all”. This yields
a score ranging from 100 for the highest level of perceived
physical functioning to 0 for being unable to bathe or dress
oneself. The SF-36 PF was to be the sole primary outcome as
we were primarily interested in change in physical function.

However, during recruitment we noticed that a significant
minority of participants scored close to the mean of the general
population (ie, normal physical function) so could be considered
recovered even before any intervention [43]. This is because
they had substantial reductions in functioning in other domains,
such as mental or social activity levels [7].

We therefore added a second primary outcome, the CFQ, which
is scored as the sum of responses to 11 items related to physical
and mental fatigue, each of which is coded 0 for less than usual,”
1 for “no more than usual,” 2 for “more than usual” and 3 for
“much more than usual,” where usual is how they felt the last
time they were feeling well. This gives us a symptomatic
measure of fatigue. The two primary outcome variables are
valid and reliable and have been used in previous CFS trials
[9,11]. The ethics committee, Research and Development (R
& D), and the trial steering and data monitoring committees
approved this change (in June 2013) before any outcome data
were formally examined. Because of the change from one to
two primary outcomes, we reanalyzed our power calculation
and plan to recruit more participants (see section on sample
size).

The main secondary outcome measure will be the validated
self-rated CGI score, which we will use to measure both change
in “CFS” and change in “general health” at the end of treatment,
compared with baseline. Each will have 7 possible scores from
"very much worse" (score of 7) to "very much better" (score of
1)[39]. Both safety and efficacy can be recorded with this item;
we will count scores of 1 and 2 (“very much” and “much” better)
as positive outcomes, and scores of 6 and 7 (“very much” and
“much” worse) as negative outcomes. Scores of 3-5 (“a little”
better, no change, and “a little” worse) will be regarded as no
change.

Safety Measures and Reporting
For safety outcomes, we will include serious adverse events
(SAEs), serious adverse reactions to trial treatments (SARs),
and serious deteriorations (SDs). SAEs will be defined according
to usual clinical trial definitions (ie, an event that is fatal,
life-threatening, or results in or prolongs hospitalization; an
increase in severe and persistent disability or incapacity;
self-harm; or any other important condition that may require
medical or surgical intervention to prevent the above [10] and
will be reported to the appropriate authorities in the standard
manner. SARs are SAEs that are considered to be a reaction to
any trial therapy or drug prescribed. SDs will be defined as any
of the following outcomes: CGI scores of 6 and 7, active
withdrawal from the intervention due to worsening, or a
reduction on the SF-36 PF scale by 10 or more points.
Participants will record any nonserious adverse events (NSAEs)
in their follow-up questionnaire. An adverse event is defined
as any clinical change, disease, or disorder recorded by the
participant, whether or not it is considered to be related to the
trial or its treatments. Participants will be asked to record
whether they believe the adverse event was “related to following
the GET guide.” In the event of an adverse event (AE), the
center leader will judge the seriousness of the event, and, if
judged to be serious, the relationship to a trial supplementary
therapy or SMC prescribed treatment, and the expectedness of
the event. The trial manager will report all SAEs to the principal
investigator (PI) within 24 hours, regardless of the relationship
to trial treatment. Reporting of SAEs and SARs will be carried
out according to normal regulatory research governance
requirements.

After an SAE or SAR, the center leader will make a decision
as to whether the participant should be withdrawn from either
randomized treatment or from the trial, or if an alteration in
their SMC is needed; arrangements will be made for further
assessment and management as required. The trial manager will
provide the center leader with monthly follow-up reports until
resolution. These reports will be communicated to the Data
Monitoring and Ethics Committee (DMEC), and other
appropriate authorities via the trial manager.

A risk assessment has been undertaken and we have concluded
that the therapies are of low risk to participants. NSAEs will be
reported en bloc to the DMEC on a regular basis, according to
the usual regulatory requirements.

Measures Used for Economic Evaluation
Quality of life and function will be measured using the EQ-5D
and the WSAS. The EQ-5D will also be used to generate
quality-adjusted life years (QALYs) and linked to costs
measured using data collected with the CSRI. The IPAQ will
determine PA participation before and after the intervention,
and the TSK-F will determine beliefs about exercise at baseline.
Participants will be asked about their current employment status
and whether they have had to reduce/stop work due to their
CFS/ME. The physiotherapist will record the number of contacts
and the length of each contact, and during the final guidance
session, will measure adherence to the GES guided support.
Other service use during the trial will be reported by participants
completing the CSRI at follow-up, including use of primary

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e70 | p.79http://www.researchprotocols.org/2016/2/e70/
(page number not for citation purposes)

Clark et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and secondary care services, use of other self-help approaches
such as the Internet, books or voluntary sector support,
medication, therapy outside of the trial, complementary
healthcare, and care from family/friends. By accessing clinic
notes and relevant electronic databases, we will also collect data
on how many therapy sessions participants went on to receive
after their trial participation up to one year after randomization.

Non-Responders
If a returned form is incomplete, the researcher will contact the
patient, usually by telephone, to acquire any missing data. In
the event that no outcome data is completed or returned after 2
telephone attempts spaced 1 week apart, the researcher will
email or text the participant to ask for answers over the
telephone or via email solely for the 2 primary outcomes and
the CGI. The researcher will make a file note that the outcome
data were collected in this way. If a participant withdraws from
the treatment, but not the trial, data will be collected in the usual
way. If the participant is not willing to provide all follow-up
data, a request will be made to complete only the primary
outcome and CGI; if the participant agrees, these will be
completed immediately.

Statistical Considerations

Blinding to Outcome Measures
The members of the Trial Steering Committee (TSC), the
DMEC, and the trial statistician will be blinded to treatment
allocation. The trial manager (TM) and physiotherapists will
not be blind to allocation, as they will inform participants of
their allocation and deliver the intervention. To further minimize
observer bias, outcomes will be self-rated by the participant,
and outcome assessments will be coordinated by the TM. The
trial statistician will be masked to treatment group until after
the main analysis is completed.

Sample Size
Our original sample size was based upon the SF-36 PF as our
primary outcome; however, the significance level was reduced
to 2.5% to accommodate 2 primary outcomes [31]. A large
previous trial of CFS/ME using the SF-36 PF (the PACE trial)
indicated a baseline mean score of 37 (SD 15) and an outcome
score of 48 (SD 21) following 12 weeks of practitioner-led GET,
an 11-point increase [11]. Based on these previous findings,
and our estimate that GES will be less effective than GET, the
sample size calculations are based on the assumption that a
mean difference of 8 (SD 18) points between intervention arms
at the 12-week follow-up will be a clinically useful difference
on the SF-36 PF scale after 12 weeks [11]. Thus, assuming a
significance level (alpha) of 2.5% and power of 80%, we require
a minimum of 98 participants in each group. This sample size
will be upwardly adjusted to allow for loss to follow-up and
other compliance issues. Based upon previous trials, we expect
about 10% loss to trial follow-up [17]; therefore, we will recruit
109 patients in each group (a total of 218).

Based on a previous trial of GET, in which the difference
between baseline and 12 weeks was 5.4 points on the CFQ [11],
we assume that a mean difference of 3 (SD 6) points will
represent a clinically useful difference at the 12-week follow-up.

Hence, assuming a significance level (alpha) of 2.5% and power
of 80%, we require a total of 174 patients, which is less than
the 218 to be recruited, so adequate power will be achieved.

Data Entry and Analysis
Data will be double entered by a dedicated data-entry researcher.
The analysis and presentation of the trial will be in accordance
with CONSORT guidelines including a flow diagram of
enrollment, allocation, follow-up, and analysis [26,44]. We plan
to use descriptive statistics to compare characteristics of invited
individuals who did or did not agree to take part and eligible
individuals who were randomized or not randomized (pending
ethical approval). We will also examine differences between
trial arms in important baseline participant characteristics.

Descriptive Statistics for Primary and Secondary
Outcomes
Box plots will be used to assess the data distribution of
continuous measures. Descriptive statistics will be broken down
by intervention group at baseline and follow-up. Normality of
the scales and regression residuals will be explored using
diagnostic plots, and if the assumption of normality is violated,
the data will be transformed. We will present means and
standard deviations for all normally distributed measures, and
medians and quartiles for nonnormal measures. Discrete
outcomes will be described using both number and percentage.

Missing Data
Item-level missing data on the primary and secondary outcome
variables at baseline and follow-up will be imputed using mean
replacement (prorating). Prorating will be implemented only
when less than 20% of item responses per scale are missing.
The reasons for missing baseline and follow-up whole-scale
data will be summarized using the CONSORT diagram. We
will identify baseline characteristics associated with missing
data to allow us to impute data to do sensitivity analyses.

Analysis for Hypothesis 1
Our primary intention-to-treat analysis will compare the SF-36
PF and CFQ at 12 weeks between groups adjusted using
multivariable linear regression analyses [45]. Intention-to-treat
(ITT) analyses will be conducted on data from all randomized
participants with information at follow-up (ie, modified ITT)
regardless of any departure from the allocated treatment arm.
We will adjust for our stratification factors (depression, center,
and severity of disability) as well as baseline values of outcomes
and treatment arm.

A secondary analysis will explore the association between
treatment arm and having achieved a clinically useful
improvement on the SF-36 PF (ie, an 8-point increase) and the
CFQ (ie, a 3-point decrease) using chi-squared analysis.

Analysis of the secondary outcome, the CGI, will compare the
proportions scoring “much” or “very much” better (1 and 2),
the proportions scoring “a little better,” “no change,” or “a little
worse” (3 to 5), and the proportions scoring “much” or “very
much” worse (6 and 7) across treatment arms, using an ordinal
logistic regression adjusting for our stratification variables.
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Sensitivity Analysis
Sensitivity analysis will be conducted to assess the impact of
missing data on our results. We will estimate whole-scale
missing data due to loss to follow-up using multiple imputation
by chained equation. This will allow us to conduct a strict ITT
for all respondents who took part at baseline. Following recent
guidelines, we will also conduct a sensitivity analysis that will
take into account the partially nested design of the study and,
therefore, assess the potential impact of the “therapist effect”
on our results [46]. Further analysis will be conducted to adjust
for potential confounders, including sex and age.

A per-protocol analysis will serve as a further sensitivity analysis
to investigate the robustness of the conclusions of the primary
analysis, following departures from the randomized intervention
policies. This will exclude those participants in the control arm
who used a GET self-help approach. Subgroup analyses
including only those meeting the Oxford or CDC criteria for
CFS will also be undertaken. We will analyze moderators of
improvement, such as these criteria, but also depression and
severity of physical function and fatigue. These subgroup
analyses are exploratory and will be interpreted with due caution
[47].

Analysis for Hypotheses 2 and 3
Chi square will be used to describe any difference in satisfaction
(ie, satisfied vs nonsatisfied) across treatment arms and any
differences in SAEs, SARs, or serious deterioration (1+ vs none)
across treatment arms.

The above plan is what we intend to do; however, the final
analyses reported may differ from those planned, allowing for
post hoc analysis where it is indicated [48]. We will report
alternative methods if statistical models do not converge, and
omit planned analyses that are superseded, redundant, or no
longer of interest. We will report any changes in consequent
papers.

Economic Evaluation
The economic analysis will take a health and social care
perspective. Service use will be combined with appropriate unit
costs (eg, from Kent University and NHS Reference Costs) to
generate service costs. QALYs gained over the period from
baseline to 12-week follow-up will be generated using
area-under-the-curve methods from the EQ-5D (using published
tariffs from the University of York) combined with costs in the
cost-effectiveness analysis. If the intervention group has lower
costs and better outcomes than the control group, then the
intervention will be seen as “dominant.” If the intervention
group has higher costs and better outcomes, we will use
incremental cost-effectiveness ratios to identify the extra cost
incurred to achieve one extra QALY. Uncertainty around
cost-effectiveness estimates will be explored using
cost-effectiveness planes (produced from outcome-cost
combinations from 1000 bootstrapped resamples). Interpretation
will be aided using cost-effectiveness acceptability curves
derived using the net-benefit approach with values between £0
and £100,000, placed on a QALY gain so as to include the
threshold used by NICE (2007) [7]. We will also conduct similar
analyses using costs and the primary outcome measure.

However, QALYs are the main measure for the economic
evaluation given that thresholds for cost-effectiveness used by
NICE exist.

12-Week Follow-Up
The main outcomes, including QALYs, will be measured over
the 12-week period from baseline assessment to follow-up. We
would expect to see a change in the EQ-5D (which provides us
with QALY information) and the WSAS over this time. We
will also measure the intervention costs and any short-term
impact on the use of other services through the CSRI. We
recognize that longer-term impacts, which we are unable to
measure may also be important. We will measure serious
deterioration using a composite measure including the CGI
(“much” or “very much worse”), those who actively withdraw
from their intervention, or those whose SF-36 PF score falls by
10 or more points.

12-Month Follow-Up
We will go on to measure how many appointments each
participant has with an SMC doctor and with a therapist (and
which therapist: psychologist, physiotherapist, occupational
therapist, or group therapy) after their trial participation up to
12 months from randomization. We will estimate the costs of
the interventions and compare between the groups.

Data Protection
Participants will be allocated a unique 8-digit identification
number made up of a center number, an individual patient
number, and patient initials. This number is assigned to the
patient and is used on assessment forms prior to transfer of data,
so that they are anonymized at source. A list of names and
corresponding identification numbers will be kept separately
and securely on an encrypted university server. All guided
support sessions will be audio-recorded if consent is given, and
they will be stored on an encrypted university server.

Data Monitoring
The DMEC will receive notice of SAEs and SARs for the
sample as a whole and per treatment arm. If the incidence of
SAEs of a similar type are greater than would be expected in
this population, the DMEC will be able to retrieve data
according to trial arm, to determine any evidence of excess in
either arm. NSAEs will be included in the safety reporting of
the completed trial. Suspected unexpected serious adverse
reactions (SUSARs) will be reported separately.

Independent Scrutiny
At the end of the trial, two independent scrutineers will be
appointed to consider whether any AE is an SAE and whether
any SAE is an SAR. These figures will be reported.

Compliance
The trial will be conducted in compliance with the Declaration
of Helsinki, the trial protocol, Medical Research Council Good
Clinical Practice (GCP) guidance, the Data Protection Act
(1998), the Multi-centre Research Ethics Committee (MREC),
and Local Research Ethics Committees (LREC) approvals and
other regulatory requirements, as appropriate. The final trial
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publication will include all items recommended under
CONSORT [49].

Qualitative Study

Purpose
We will undertake a nested qualitative study with a subsample
of participants to ascertain patients’ views and experiences of
GES, specifically looking for differences in perceptions and
experiences between those who improved and worsened with
GES.

Both our patient representatives and the TSC suggested using
the trial to better understand why patients vary in their responses
to graded exercise therapy (GET), particularly by examining
engagement and other barriers/facilitators to successful
treatment. The best way to gather this knowledge is to undertake
a small qualitative study, stratified by both good and poor
outcomes. We will conduct one-on-one interviews with
participants who have taken part in the active arm of the trial
to investigate variations in participant attitudes to, and
experiences of, GES. This study will be nested within the
time-frame for the main trial.

Background Issues
A recent meta-synthesis of qualitative studies uncovered various
ways in which people with CFS/ME interpret and experience
their illness and their treatments [50]. Themes included wide
variability in symptoms, amount of perceived control, and
theories about causation and best coping strategies (eg, reducing
activities, listening to the body, and balancing activities).
Perspectives of patients are also known to change with treatment
experience. For instance, if beliefs about the need to avoid
exercise and less helpful thought patterns can be addressed (eg,
catastrophic thinking), then improvements in fatigue may follow
[51]. At the same time, some patient organizations believe that
one particular treatment, graded exercise therapy (GET), is
harmful to CFS/ME patients [12]. Qualitative research can
provide a deeper understanding of the way that participants
approach, experience, and give meaning to interventions like
GES [52]. There is no published, qualitative research that
investigates variation in participant attitudes to, and experiences
of, GET in a randomized controlled trial. Yet, the evidence is
that patients who benefit from such interventions are likely to
approach the intervention differently than those who do not
[53]. Our preliminary (unpublished) analysis of free-text
feedback from GET participants in the PACE trial [11]
suggested different categories of participants. For instance,
people differed in their appraisals of GET from positive to
negative, and whether they attended more to the learning,
support, treatment, and/or contextual issues outside of the trial.
However, we do not yet have sufficient data to examine the
significance of different styles of patient engagement with GET.

Research Questions for the Qualitative Study
The following two research questions will be investigated in
the qualitative study: (1) Are there any differences in treatment
perceptions and experiences between those trial participants
who improved and those who worsened during use of guided

self-help based on GET? and (2) What are the implications for
the way patients understand “getting better?”

Recruitment and Sampling Strategy
We aim to recruit up to 20 participants, all of whom will have
received GES. Participants will be stratified into 2 similar-sized
groups of either improvement or deterioration (CGI score at
12-week follow-up assessment of “much” or “very much” better
versus “much,” or “very much” worse) for comparison [39].
We will seek written informed consent from these 20
participants. Participants will have completed the 12-week
follow-up assessment, and will be recruited at least one month
later to allow time for them to reflect on their GES and trial
experience.

Participant Involvement
Participants will undertake a one-off semistructured interview,
either face-to-face, by telephone, or by Skype™, depending on
their preference.

Data Collection
Qualitative semistructured interviews, digital audio-recorded,
with fully informed consent, will be conducted with participants.
An experienced qualitative researcher will conduct the
interviews, using a semistructured approach [54]. By ensuring
the same topics are covered in each interview, we will collect
comparable data about participants’ experiences of the trial and
treatment within each group. In addition, the semistructured
approach will allow greater flexibility for participants to
highlight their specific concerns, meanings, and priorities, even
if not anticipated by the researchers. Topics will include before
and after trial well-being, expectations of treatment,
understanding of “baseline” and “recovery,” the meaning of
exercise, barriers and facilitators to treatment, and any outside
influences on trial participation. Thus, we will use an approach
suited to collecting a wide range of experiences in each group.
We will use face-to-face interviews to collect people’s
experiences (eg, in people’s homes, or a university interview
room). We will also use less conventional ways to include the
perspectives of people who may have trouble participating; for
example, recording of interviews over the phone, or the use of
Skype™ video calls for interviews. Sample questions are
provided in Multimedia Appendix 1.

Data Management and Analysis
The audio-recordings from the interviews will be professionally
transcribed (a confidentiality agreement will be in place). The
transcription will be reviewed against the audio by the researcher
for errors and to remove any identifying information, and then
returned to the participant to check accuracy and add any
clarifying points at the end of the interview, with a deadline of
one month to reply.

Thematic analysis (ie, “identifying, analyzing, and reporting
patterns within data”) is a basic building block of all kinds of
qualitative analysis [55], and will be the approach used for
analysis in this study. Data will be inputted and coded in the
qualitative data analysis software environment, NVivo. NVivo
will aid the coding of themes, organization, and searching of
all interviews in both patient outcome categories (improvement
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vs worsening). The software will enable the comparison of
themes across the full range of data (constant comparison, ie,
comparing all bits of similar data with each other) [56] so more
robust conclusions can be drawn.

While the researcher will drive the analysis, all investigators
will be involved in group analytical sessions, debating and
clarifying themes, and drafting of reports to arrive at the final
analysis.

Patient and Public Involvement
Patients were significantly involved in the design and piloting
of the GES booklet before the trial started. Two patient
representatives have also advised us in design of this trial and
in the application and amendments to this trial. A patient
representative is a member of the TMC, which will meet twice
yearly. This individual will therefore be intimately involved in
all aspects of this trial, so that we can ensure that this research
reflects the needs and views of the patient group. A
representative of the Association for Young People with ME
will sit on the TSC.

Ethics and Dissemination
The study was approved on November 23, 2011 (reference
11/LO/1572) by NRES Committee London, London Bridge.
Four favorable opinions were provided on May 8, 2012, May
31, 2012, June 27, 2012, and June 20, 2013, for amendments
to the study protocol and documents. A fifth amendment,
requesting the addition of a nested qualitative study was rejected
on 2014 September 1, with the suggestion it should be submitted
as a separate study. The qualitative study received a favorable
ethical opinion on January 9, 2015 (reference 15/WM/0007) by
NRES Committee West Midlands, The Black Country. All
patients involved in the study provided informed consent to
take part in the study.

The results of the GETSET study will be disseminated to the
scientific community, media, relevant charities, and general
public. Results will be published in peer-reviewed international
journals and will be presented at national and international
conferences and symposiums.

Results

The trial has finished recruiting (first randomization: May 15,
2013; last randomization: December 24, 2014). Follow-up for
the main analysis was completed in April 2014 and long-term

follow-up in March 2016. Data analysis are underway and the
first results are expected to be submitted for publication later
this year.

Discussion

CFS/ME is a relatively common and frequently disabling
condition with limited treatment options of proved efficacy
available within the NHS. GET is recommended, but access to
it is limited, with patients often spending many months waiting
for rehabilitative therapy with no help given during that time.
The longer someone has CFS/ME, the worse the prognosis [6].

Guided exercise self-help (GES) has never been tested in a
randomized controlled trial for CFS/ME. It is important for
people with CFS and the NHS to know whether GES is more
effective, and cost-effective, when used with SMC, than when
SMC is used alone.

If this trial shows GES to be acceptable and safe, and shows a
clinically useful difference between arms, then the GES booklet
will be made available on the Internet and through other media
as a practitioner resource, with the knowledge that it is an
acceptable, safe, and effective treatment when supported by
advice from a trained therapist. If found to be cost-effective,
then it could be recommended for commissioners of services.
It could be used as a first line of treatment while patients are
waiting for face-to-face specialist practitioner-delivered
therapies, such as GET and CBT. Guided self-help exercise
could become the first step in a stepped-care approach for
CFS/ME in the NHS, by training current physiotherapists to
deliver it.

The next trial would be to test this intervention in primary care,
which could immediately follow this trial. The secondary care
trial is necessary first, to ensure this intervention is effective in
those with properly diagnosed CFS/ME, before testing it in
those at the primary care level, where the diagnosis is not so
well-established [57].

If shown to be an effective treatment, this policy of providing
a guided self-help approach to initially stabilize and then
increase PA in patients with CFS/ME could also be tested for
patients with many other chronic disabling conditions known
to respond to practitioner-delivered graded exercise approaches,
including arthritis, chronic obstructive airways disease, and
diabetes mellitus [58].
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Abstract

Background: Mental disorders are a major public health problem and are debilitating in many nations throughout the world.
Many individuals either do not or are not able to access treatment. The Internet can be a medium to convey to the community
accessible evidenced-based interventions to reduce these burdens.

Objective: The objective of this study is to investigate the effectiveness of 4 weeks of a Web-based psychoeducational intervention
program for depressive and anxiety symptoms in the community of Selangor, Malaysia.

Methods: A two-arm randomized controlled trial of a single-blind study will be conducted to meet the objective of this study.
We aim to recruit 84 participants each for the intervention and control groups. The recruitment will be from participants who
participated in the first phase of this research. The primary outcomes of this study are depressive and anxiety scores, which will
be assessed using the Patient Health Questionnaire 9 and Generalized Anxiety Disorder 7, respectively. The secondary outcome
includes mental health literacy of the participants, which will be assessed using the self-developed and adapted Mental Health
Literacy Questionnaire. The psychoeducational intervention program consists of four sessions, which will be accessed each week.
The depressive and anxiety symptoms will be compared between participants who participated in the psychoeducational program
compared with the control group. Depressive and anxiety scores and mental health literacy will be assessed at week 1 and at
follow-ups at week 5 and week 12, respectively.

Results: The psychoeducational intervention program consists of four sessions, which will be accessed at each week. The
depressive and anxiety symptoms will be compared between the intervention and control groups using a series of mixed ANOVAs.
Depressive and anxiety scores and mental health literacy will be assessed at week 1 and at two follow-ups at week 5 and week
12, respectively.

Conclusions: To our knowledge, this study will be the first randomized controlled trial of a Web-based psychoeducational
intervention program for depression and anxiety in an adult community in Malaysia. The results from this study will determine
the effectiveness of a psychoeducational intervention program in the management of depression and anxiety among adults in the
community. If proven to be effective, the intervention can serve as a new modality to manage and reduce the burden of these
disorders in the community.

ClinicalTrial: International Standard Randomized Controlled Trial Number (ISRCTN): 39656144;
http://www.isrctn.com/ISRCTN39656144 (Archived by WebCite at http://www.webcitation.org/6hSVhV71K)

(JMIR Res Protoc 2016;5(2):e112)   doi:10.2196/resprot.4622
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Introduction

Mental disorders are a major global public health problem and
have a debilitating effect [1]. The burden and disability due to
mental disorders are huge and yet many are still untreated and
do not receive professional care [2]. Although mental disorders
cause approximately 60% of unavertable burden, only a limited
percentage of people receive effective treatment [3]. It is
estimated that 60% of depressed individuals are not being treated
[4]. This is particularly for those patients seeking cognitive
behavioral therapy (CBT), which is difficult to obtain due to
the insufficient mental health professionals in CBT [5] and lack
of services in some geographical locations [6]. Furthermore,
the stigma attached to mental health problems [7,8] and
discrimination toward mental illness [7] causes many individuals
to seek confidential services that assure anonymity.

Lack of psychological treatment and poor compliance with
medications [8], cost of treatment, limited mobility due to
illnesses [6], and lack of transportation are factors that favor
the Internet as a possible medium to deliver interventions to
cope with these barriers. Easy access to treatment [6] and the
convenience, anonymous accessibility, and programs tailored
to individuals’ needs as well as information that can be updated
over time are some of the advantages of interventions delivered
through the Internet as compared to the conventional method
[5]. In addition to reducing the cost and time of travelling,
participants are also able to access the resources at home and
as often as they like [9].

Many patients report an inclination for self-help treatments.
The Internet can be a medium for delivering such services and
evidence shows that automated, professionally developed
self-help psychological interventions can be effective [10].
Internet programs without the input of professionals can still
be effective [10]. Internet interventions have been shown to
reduce depression, anxiety, panic disorder, posttraumatic
disorders, eating disorders, and insomnia [5]. Prevention and
treatment of mental disorders, especially depression and anxiety
disorders, through the Internet are increasing [10]. Several
Internet-based interventions were found to reduce depression
and anxiety symptoms [6,8,10-13].

A systematic review of the role of the Internet in managing
depression and anxiety showed that the Internet is used as a
source of information often among depressed and anxious
patients [8]. Internet-based CBT programs significantly reduce
the severity of generalized anxiety disorder (GAD), panic
disorder, obsessive-compulsive disorder, posttraumatic stress
disorder, and social anxiety disorder. The study also
demonstrated that confidence of participants in managing their
problems is also increased [6].

A study by Straten et al [14] of 213 participants found that
self-help interventions are effective in reducing the symptoms
of depression and anxiety. The study also found that those with
severe baseline scores and those who completed the entire
session benefit most from the program. In another study, guided

self-help treatment had similar effects as face-to-face
psychotherapy for the treatment of depression and anxiety [15].

A variety of psychological interventions are available for
treating and managing depression and anxiety, one of them
being psychoeducation. Psychoeducational interventions are
educational interventions offered to individuals with
psychological or physical illnesses, which are available in both
active and passive forms [16].

A meta-analysis on depression, anxiety, and psychological
distress showed that brief, passive psychoeducational
interventions are useful to reduce depression and psychological
distress [16]. Passive psychoeducational interventions are
relatively cheap, easy to implement, and can be done by
nonprofessionals [16]. Brief intervention programs are shown
to yield positive results [17].

In another review on psychological therapies for mood disorders
in adults, it was found that psychoeducation is effective in
treating depression [18]. Patients with mild symptoms of
depression benefit more from psychoeducation and were found
to have better quality of life [19]. The study also showed that
group psychoeducation is effective in the short term in reducing
the scores of depression. Significant reduction in depressive
symptoms through a brief mailed intervention was also
demonstrated in a study by Geisner and colleagues [20]. It has
also been shown that psychoeducation is effective in reducing
mild-to-moderate depression [21].

A study by Mackinnon and colleagues [17] comparing the
outcome of CBT and a depression information website showed
a reduction in depressive symptoms in both intervention groups
compared to the control group. The study also found that the
effect persisted at 12 months of follow-up.

A study comparing the effectiveness of two Internet
interventions found that both CBT and psychoeducation reduce
depressive symptoms in the intervention group as compared to
the control group [11]. The information site for depression was
also found to improve the participants’ knowledge on their
medical, psychological, and preference of lifestyle treatments.

Due to the importance and significance of self-management to
reduce depression and anxiety, we aim to investigate the
effectiveness of a 4-week Web-based psychoeducational
intervention program for depressive and anxiety symptoms in
the community of Selangor, Malaysia. As far as we know, there
is currently no available published data on Internet-based
management in Malaysia on these disorders. Therefore, this
study was designed to evaluate the effectiveness and
applicability of a Web-based psychoeducational intervention
program in our population.

Methods

Study Design
A two-arm parallel randomized controlled trial (RCT) of a
single-blind study will be conducted to compare 4 weeks of a
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Web-based psychoeducational intervention program versus a
waitlist control group. This study (phase 2) is a continuation of
a preliminary study (phase 1), which consisted of a
cross-sectional survey to detect depression and anxiety among
adults in community households in the state of Selangor,
Malaysia. Selangor is one of the 13 states in Malaysia, with the
highest level of urbanization. In the previous study, the
cross-sectional study was conducted in three of nine districts
in Selangor, namely Hulu Langat, Klang, and Sepang. The study
population of this study is only representative of Selangor.

Inclusion and Exclusion Criteria
Participants who participated in the first phase of this study will
be invited to participate in this study. The inclusion criteria of
this study are: (1) participants who have participated in the first
phase of this study and who are still living in Selangor, (2) have
access to a computer and have an Internet connection, and (3)
are Internet-literate. Potential participants will be excluded if
they are currently receiving any psychotherapy for diagnosed
psychiatric disorders.

Recruitment
A total of 1556 participants participated in the first phase of
this study, entitled “Contributing Factors of Common Mental
Health Disorders in Selangor.” Out of these, 634 participants
provided complete contact information. This serves as the
sampling frame in this study. A team of trained enumerators
will visit the participants’ households to brief them about the
study. Their personal particulars will be updated and their
Internet literacy will be checked.

Eligible participants will be invited to participate in the study
(second phase) through a phone call by a trained research
assistant. They will be briefed about the study again. A
respondent information sheet containing detailed information
about the study, website log-in information, and a consent form
will be emailed to the participants. After consenting to
participate in the study, the participants will complete the
baseline online assessment and then will be randomly allocated
to either the intervention or the control group (Figure 1).

Figure 1. Flowchart of study design.
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Randomization
A list of eligible participants who consented to participate in
the study will be numbered. Using a random number table, the
participants will be randomly allocated to either the intervention
or the control group. This study is a single-blinded trial in which
the participants will not know whether they are in the
intervention or the control group. However, the
researcher-in-charge will be aware of the group allocation.

Intervention

Psychoeducational Intervention Program (“Komuniti
Sihat”)
“Komuniti Sihat,” which means “A Healthy Community,” is a
brief Web-based psychoeducational intervention program. It
was developed based on the findings from the first phase of this
study, which explored the predictors of depression [22] and
anxiety in the community of Selangor, Malaysia. The predictors
of depression and anxiety were the presence of chronic diseases,
serious problems at work, serious financial constraint, high
perceived stress, domestic violence, low self-esteem, and
unhappy relationships with children, spouse, and family. These
predictors were incorporated in the program.

The intervention program consists of four sessions, with each
session accessed each week. The first session includes a
description of depression and anxiety, facts and myths, causes,
symptoms, available treatments, self-help tips, and contact
information for help. The second session involves some CBT
and positive psychology. This session includes: what we need
to understand, why we need to change our thinking, what we
need to do, ways to think positive, ways to solve problems,
relaxation techniques, and general ways to achieve good mental
health. The third and fourth sessions are mainly to address
stressful life events based on the findings from the first phase
of the study. The third session is on techniques on how to deal
with chronic diseases, stress, low self-esteem, and domestic
violence, whereas the fourth session deals with issues of
unhappy relationships with spouse and children, financial
constraints, and problems at work.

A pilot study was carried out among 40 participants before data
collection in February 2014. Errors and mistakes in the program
were identified through comments obtained from the participants
and were corrected accordingly. The content of this program
was also reviewed by a group of expert panels, including a
family medicine specialist, two psychiatrists, two clinical
psychologists, a public health physician, an epidemiologist, and
a biostatistician. The content of the program was revised and
refined based on the comments and suggestions received from
the expert panel and were also modified to meet our target
population. The development of the program, process of
reviewing, amendments, and completion of the program took
8 months to complete.

The four-session program is delivered online on a weekly basis.
It takes approximately 15 to 20 minutes to complete each
session. The participants will be taught on how to log on and
use the website during the first visit to their respective
households. Participants’ email addresses will be registered by
an information technology technician based on the allocation
group. Thereafter, the participants will log on to the website
[23], using their email addresses and passwords, and complete
the assessments and sessions on their own. Participants in the
intervention group are allowed to view the full content on the
website and use the program as frequently and as long as they
want. The researchers can monitor each participant’s detailed
log-in information in the back-end system.

Emails and Text Messages
Before commencement of the program, the participants will be
notified of the dates for each session through email, which will
also be provided in the website log-in information site.
Participants will receive notification of the commencement of
each session every Monday via email and a phone call and they
will be given 7 days to complete the session. First reminders
via text messages will be sent every Wednesday to alert the
participants to log in and complete the session. For those who
do not complete the session, a second and third reminder through
phone calls will be done on Fridays and Sundays. These
reminders are important to enhance the compliance of the
participants to the program.

Waitlist Control Group
Participants allocated to the control group will be blocked from
the content of the intervention program. They will only be
allowed to do the assessments. After the 12-week follow-up
assessment, the participants in the control group will be offered
to join the intervention program if they are interested and this
is purely on a voluntary basis.

Outcome Measures

Primary Outcome Measure
The primary outcome of this study will be the change in
depressive and anxiety symptoms. This is defined by a change
in the sum score on the Patient Health Questionnaire 9 (PHQ-9)
and Generalized Anxiety Disorder 7 (GAD-7) between the
baseline and follow-up assessments at weeks 5 and 12.

Secondary Outcome Measure
The secondary outcome of this study will be the change in the
mental health literacy score. This is defined by a change in the
total score on the Mental Health Literacy Questionnaire
(MHLQ) between the baseline and follow-up assessments at
weeks 5 and 12 (Table 1).
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Table 1. Overview of measurements.

Time of measurementAimInstrument

T2 (Follow-up at week 12)T1 (Posttest at week 5)T0 (Baseline)

YesCharacteristics of participantSociodemographics

YesYesYesSymptoms of depressionPHQ-9

YesYesYesSymptoms of anxietyGAD-7

YesYesYesMental health literacyMHLQ

Instruments

Patient Health Questionnaire 9
The PHQ-9 is used to measure the severity of depression based
on the Diagnostic and Statistical Manual of Mental Disorders
(Fourth Edition; DSM-IV) criteria. It consists of nine items, each
item rated on a scale from 0 to 3, and a total score range from
0 to 27. Both the validated English [24] and Malay [25] versions
of the questionnaire are used in this study.

Generalized Anxiety Disorder 7
The GAD-7 is used to measure the severity of anxiety based on
the DSM-IV criteria. The seven items are each scored from 0 to
3, with an overall range score of 0 to 21. Both the validated
English [26] and Malay [27] versions of the questionnaire are
used in the study.

Mental Health Literacy Questionnaire
Some studies uses case vignettes to measure the knowledge of
participants on mental health illness, such as depression, anxiety,
and schizophrenia. However, the education level of a community
in a developing country such as Malaysia is lower compared to
developed countries. Because of this, we are unable to use case
vignettes and specific facts to assess the mental health
knowledge of the participants. Therefore, we had to create items
measuring knowledge based on a local context, taking into
account cultural-specific issues.

To assess the knowledge on depression and anxiety, eight items
were developed based on the content of the psychoeducational
intervention program (general knowledge on mental health).
Another four items were adapted from the MHLQ from the
domain of knowledge and capability [28] and were modified
based on the suitability of the items measuring depression and
anxiety in this study. In total, 12 items were used to assess the
participant’s knowledge on depression and anxiety. The items
are coded as yes and no. The items will be summed, with a total
score ranging from 0 to 12. Both English and Malay versions
of the questionnaire are used in this study.

Sample Size
The sample size for this study was calculated using a formula

by Lemeshow et al [29]: n=(2σ2[Z1−α/2+Z1−β]2)/([μ1−μ2]
2).

Using a power of 80%, a confidence interval of 95%, a pooled
standard deviation of 9.865, and a baseline and posttest mean
score of 21.1 and 16.2, respectively, in the intervention group
[11], the calculated sample size was estimated to be 64
participants. Taking into consideration a 30% dropout rate [30],

the final sample size calculated was 84 participants in each
group.

Statistical Analysis
Data will be analyzed using IBM SPSS version 21.0 software.
Differences between sociodemographic characteristics for the
intervention and control groups will be tested using chi-square
and t tests. A mixed between-within subjects ANOVA will be
employed to compare the mean difference of the
psychoeducation intervention program between the two groups
at pretest, posttest (week 5), and at 2-months of follow-up (week
12). The magnitude effect size of the intervention program will
be calculated using Cohen’s formula. Analyses will be
conducted based on the intention-to-treat principle and for all
completers.

Trial
The trial will be conducted using the Internet as a medium of
implementation of the psychoeducation intervention program.
The planning of the study started on March 1, 2013, and data
collection is expected to be complete on August 14, 2014. At
the point of submitting this paper for publication, data analysis
had not yet been completed.

Ethics Approval and Registration
This study was approved by the University Research Ethics
Committee of Universiti Putra Malaysia on August 14, 2013
(Reference No: UPM/TNCPI/RMC/1.4.18.1 JKEUPM). The
study is registered in the Malaysian National Medical Research
Registry (NMRR-14-698-21864) and in the ISRCTN registry
(ISRCTN39656144). Consent will be obtained from all the
participants who are willing to participate in the study.

Results

By the time the manuscript was submitted to the journal, data
collection was completed. The results are expected to be
published in late 2015 or early 2016.

Discussion

This RCT study protocol is aimed to investigate the effectiveness
of a Web-based psychoeducational intervention for depressive
and anxiety symptoms for the adult community in Selangor,
Malaysia. Self-management through the Internet offers the
opportunity to reach and treat the community who may suffer
from mild-to-moderate depression and anxiety, and for those
who are reluctant to seek for assistance from medical
professionals. In addition, it can serve as an appealing modality
for quick help to manage these problems. Web-based programs
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can provide the advantage of disclosing certain information
better than face-to-face interviews. Moreover, information can
be accessed 24/7 and is available to a wider community. This
can be very useful when an immediate need is required for
information on management.

To our knowledge, Internet-based management for both
depression and anxiety in the community has not been studied
in Malaysia. This study could give an insight on the
effectiveness and applicability of a Web-based psychoeducation
program in the current population. The strength of this study is
that the psychoeducational intervention program is developed
based on the predictors of depression [22] and anxiety in our
own population. The program aims to address the predictors
that contribute to depression and anxiety in our community.
This brief Web-based program will enable the community to
use easy, user-friendly, valid, and reliable tools for assessing
their mental health status.

Second, the availability of the program in both English and
Malay languages is an additional plus point. Participants can
choose their preference language to complete the sessions. Third,
the assessments are available in both languages and have been
validated in our population. Fourth, the intervention program
was designed to be as brief as possible to increase the
acceptability of the program versus other lengthier interventions,
which could further increase the dropout rates.

Nevertheless, there are some limitations in this study. One
potential limitation of this study is the nature of a Web-based
program itself. The Web-based program will be restricted only
to those who are literate and who have access to the Internet.
Although its use will be limited to people who are computer
literate and who have access to the Internet, this population is
increasing significantly in Malaysia. Therefore, a great number
of people will be able to access this Web-based assessment and
intervention program, and use it for assessment of their own
mental health and seek help when required. A second limitation
is assurance cannot be made that the selected participants will
complete the study by themselves. However, by having a
specific username and password to log in to the system, this
problem would be minimized. Another potential limitation is
the short duration of follow-up to assess the effect of the
intervention program. However, studies have shown that
effectiveness can be shown even with shorter durations [19].

The Web-based psychoeducation program could serve as a new
modality to manage mild-to-moderate depression and anxiety.
Our study aims to provide better recognition and management
of depressive and anxiety symptoms. It also aims to educate
and create awareness about depression and anxiety in the
community. Depression and anxiety are the most common
mental health disorders. There is a need to develop simple, brief,
and effective interventions tailored to the needs of the
community to reduce the burden of these disorders.
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Abstract

Background: Chronic subdural hematoma (cSDH) is one of the most frequent neurosurgical conditions affecting elderly people
and is associated with substantial morbidity and mortality. The use of a subdural drain (SDD) after burr-hole trepanation for
cSDH was proven to reduce recurrence and mortality at 6 months. To date in neurosurgery practice, evidence-based guidelines
on whether an SDD or subperiosteal drain (SPD) should be used do not exist. Currently both methods are being practiced depending
on the institute and/or the practicing neurosurgeon.

Objective: The aim of this study is to compare the reoperation rates after burr-hole trepanation and insertion of an SPD or SDD
in patients with cSDH.

Methods: This is a prospective, noninferiority, multicenter, randomized controlled trial designed to include 220 patients over
the age of 18 years presenting with a symptomatic cSDH verified on cranial computed tomography or magnetic resonance imaging
who are to undergo surgical evacuation with burr-hole trepanation. After informed consent is obtained, patients are randomly
allocated to an SPD or SDD group. The primary endpoint is recurrence indicating a reoperation within 12 months.

Results: This research is investigator-initiated and has received ethics approval. Patient recruitment started in April 2013, and
we expect all study-related activities to be completed by the end of 2016 or beginning of 2017.

Conclusions: To date, evidence-based recommendations concerning the operative treatment of cSDH are sparse. Results of this
research are expected to have applications in evidence-based practice for the increasing number of patients suffering from cSDH
and possibly lead to more efficient treatment of this disease with fewer postoperative complications.

Trial Registration: ClinicalTrials.gov NCT01869855; https://clinicaltrials.gov/ct2/show/NCT01869855 (Archived by WebCite
at http://www.webcitation.org/6fNK4Jlxk)

(JMIR Res Protoc 2016;5(2):e38)   doi:10.2196/resprot.5339

KEYWORDS

chronic subdural hematoma; drain; hematoma; recurrent hematoma; burr-hole trepanation

Introduction

Background
Chronic subdural hematoma (cSDH) is one of the most frequent
neurosurgical conditions affecting elderly people and is

associated with substantial morbidity and mortality [1-3]. Its
incidence is reported to be 1.7-13.1 per 100,000 inhabitants per
year, but the incidence has been steadily increasing due to
prolonged life expectancy [4-6]. Surgical treatment is
recommended in patients with neurological symptoms. In the
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only evidence-based review of the different surgical treatment
modalities of cSDH, Weigel et al concluded that burr-hole
craniostomy with irrigation and drainage has the best
cure-to-complication ratio [7]. Recurrence is the most common
complication following surgical treatment of cSDH with a rate
of 0%-30% [3,4,8]. A randomized controlled study by Santarius
et al showed reduced recurrence and mortality placing a subdural
drain (SDD) compared to not placing a drain after burr-hole
evacuation of cSDH [2]. Gazzeri et al and Zumofen et al used
a closed subperiosteal drain (SPD) instead of the more
commonly used SDD, and the method showed equal or superior
results in outcome, complications, and postoperative symptoms
compared to previous studies [9,10]. Since the SPD is not
positioned in direct contact to cortical structures, bridging veins,
or hematoma membranes, it is considered safer and might be
favorable to an SDD. In a retrospective study, Bellut et al
compared 48 patients treated with SPD to 65 patients treated
with SDD and found lower mortality rates and fewer serious
complications in the group treated with SPD with no difference
in recurrence rate of cSDH [5]. However, none of the results
showed a significant difference, and it was concluded that
further randomized studies with a larger patient cohort are
needed [5]. In a recently published prospective randomized
study, Kaliaperumal et al concluded that the recurrence rate
after placing an SPD is equal to that following placement of an
SDD, with the modified Rankin scale (mRS) of the patients in
the SPD group being significantly better after 6 months [11].
However, the results may have been biased since the
preoperative mRS in the SPD group was inferior to those in the
SDD group. In addition, the number of patients studied was
small (25 per group), and the overall recurrence rate was 0%,
with very low morbidity and mortality rates compared to the
literature. Due to these biases the authors recommend further
prospective and randomized studies with larger patient cohorts
[11].

At the time of this writing, evidence-based guidelines on which
method should be used in cSDH do not exist, and both SDDs
and SPDs are being used depending on the institute and/or the
practicing neurosurgeon.

Aims and Objectives
The primary objective of our study is to investigate in a
randomized controlled fashion whether the recurrence rate after
insertion of an SPD is noninferior compared to the insertion of
an SDD in patients undergoing surgical evacuation of a cSDH
with burr-hole trepanation. The secondary objective of the study
is to assess whether the insertion of an SPD leads to fewer
operative complications, a lower mortality, and a better outcome.

Methods

Trial Design
This is a prospective, multicenter, noninferiority, randomized
controlled study. Eligible participants are block-randomized in
a 1:1 allocation ratio to one of two arms: an intervention arm,
insertion of an SPD and a control arm, insertion of an SDD.

Study Setting and Selection Criteria
Patients will be recruited from the departments of neurosurgery
at Kantonsspital Aarau and University Hospital of Basel in
Switzerland. Both centers are major trauma and neurosurgical
referral centers. Eligible participants are female or male over
the age of 18 years presenting to one of the centers with a
symptomatic cSDH diagnosed by computed tomography (CT)
and/or magnetic resonance imaging (MRI). Exclusion criteria
are as follows: (1) surgeon decides to perform a craniotomy
based on any intraoperative condition (eg, acute hematoma),
(2) cSDH is caused by an underlying condition (eg, overdrainage
of a ventriculoperitoneal shunt), and (3) no informed consent.

Informed Consent
Written informed consent of the patient or relative must be
obtained by a member of the neurosurgical staff prior to
randomization. The neurosurgical staff members undergo a
trial-specific training making them eligible to include patients
in the trial. A written information sheet is given to the patient
or relative and as much time as necessary is allowed to discuss
the options. If the patient is unable to give consent due to the
nature of the hemorrhage, a personal representative is
approached to give consent on behalf of the patient. If the patient
is unable to consent and a relative or representative of the patient
is not available, an independent doctor can consent on behalf
of the patient. In such a case, consent by the patient or
representative must be sought at a later time or the patient will
be excluded from the study. The consent forms (written in
German) are filed with the trial documentation.

Randomization
Randomization with blocks of 30 in an allocation ratio of 1:1
will be performed by the investigators using the Web-based
randomization software Random Allocation version 1.0.
Instructions on which drain should be implanted are kept in
sealed envelopes labeled with sequential study numbers and
opened at surgery before the insertion of the drain. The nature
of this intervention does not allow for masking of treatment
allocation. However, data is encoded and clinicians are masked
to outcomes when possible.

Trial Interventions
All patients undergo surgical evacuation of a symptomatic cSDH
with two burr-hole trepanations; an SPD or SDD is then inserted
without suction according to the arm of the study to which the
patient has been randomized. The surgical procedure is
standardized for both institutions and consists of supine
positioning of the patients on a horseshoe headrest. The frontal
and parietal areas of the head are shaved, and patient is draped.
After skin incision, two 13 mm burr-holes about 7 to 8 cm apart
are drilled over the maximum width of the hematoma. The dura
mater is opened with a cruciate incision and coagulated. The
subdural hematoma is then washed out with warm saline with
or without a Nelathon catheter. Once the surgeon completes the
irrigation and is ready for drain insertion, the randomization
envelope is opened and the assigned drain (subdural or
subperiosteal) is inserted. The SDD is inserted from the parietal
burr-hole in frontal direction under visual control. The SPD is
inserted subgalealy and placed over both burr-holes. In case of
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a subperiosteal insertion, the burr-holes should not be sealed
off with any kind of material (eg, PDS-Folie, Spongostan) so
that a communication between the subdural space and the SPD
is maintained. Bilateral hematomas are treated as one case; both
sides receive the same treatment. Patients with crossover
treatment (ie, a patient is randomized to SDD but the surgeon
feels it is unsafe to insert an SDD because the brain might be
injured and inserts an SPD) will be noted in the case report form
and will not be excluded from the study. If the surgeon decides
intraoperatively to perform a craniotomy (eg, due to clotted
hemorrhage which does not evacuate with burr-hole
trepanation), the patient will be excluded from the trial.

Data Collection
To preserve confidentiality all patients are allocated a unique
study identifier during the recruitment process that is used on
all data collection forms. All study documentation is held in
secure offices, and the study researchers operate according to
a signed code of confidentiality. All data are entered into a
password-secured database by the data managers.

Participant Timeline
1. Patient admission.
2. Clinical evaluation and cranial CT (if none exists).
3. Obtain informed consent.
4. If the patient is treated with vitamin K antagonist,

preoperative reversal using Beriplex and Konakion is done
aiming for a preoperative international normalized ratio of

1.3. In patients treated with Aspirin Cardio or Plavix, the
medications should be discontinued and surgery postponed
for 5 to 7 days if possible. If emergency surgery is indicated,
the Aspirin Cardio or Plavix should be discontinued
preoperatively and for 2 to 6 weeks postoperatively
depending on the indication for treatment (see step 12).

5. Surgical evacuation of the cSDH with burr-hole trepanation.
6. Randomization: SDD group versus SPD group.
7. Monitoring in the intermediate or intensive care unit.
8. Cranial CT and clinical evaluation 24 hours postoperative.
9. Low-weight molecular heparin in prophylactic dosage is

given postoperatively with mobilization of the patient (with
the drainage pinched off) after 24 to 48 hours.

10. Drain removal after 36 to 48 hours.
11. Patient discharge after clinical evaluation on postoperative

day 5 or later.
12. Resumption of Aspirin Cardio or Plavix no earlier than 2

weeks postoperatively for patients with secondary
prophylaxis and 6 weeks postoperatively for patients with
primary prophylaxis. Resumption of Marcoumar should be
no earlier than 6 weeks postoperatively.

13. Clinical evaluation and cranial CT at the outpatient clinic
6 weeks postoperatively (±2 weeks).

14. Clinical evaluation at the outpatient clinic 12 months
postoperatively (±4 weeks).

See Multimedia Appendix 1 for a time schedule of enrollment,
interventions, assessments, and visits for participants. The flow
diagram (Figure 1) illustrates the key steps of the trial.
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Figure 1. Study workflow mRS: modified Rankin Scale, GOS: Glasgow Outcome Scale, CT: computer tomography, MRI: magnetic resonance imaging.

Serious Adverse Events
Serious adverse events (SAEs) are recorded on the SAE form
and include any of the following outcomes: death, life
threatening events, requirement for a new hospitalization or
prolongation of existing hospitalization, recurrent event, or
persistent or significant disability caused by the surgical

treatment. All SAEs will be reported to the local ethics
committee, Ethikkommission Nordwest- und Zentralschweiz
(EKNZ), within 7 days.

Outcomes
The primary outcome measure is recurrence needing revision
surgery within 12 months postoperatively. Secondary outcome
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measures include: (1) complication (morbidity) within 12
months postoperatively; (2) mortality within 12 months
postoperatively; (3) Markwalder Scale, mRS, and Glasgow
Outcome Score; and (4) radiological characteristics of
postoperative CT images at 24 hours and 6 weeks. On axial CT
scans, the midline shift is measured in millimeters at the level
of the foramina of Monro and the thickness of the hematoma
at the thickest area.

Sample Size
Initially the study was planned as a superiority study to show
a significant difference in the recurrence rate of cSDH between
insertion of an SPD and an SDD. When estimating the sample
size, a difference in the recurrence rate of 10% in the SDD group
versus 20% in the SDP group was assumed (based on Bellut et
al and Santarius et al [2,5]), leading to the estimate of 150
patients in each group. New studies [12] and the blind data
review of the first 56 patients (both groups pooled) suggested
a lower recurrence rate of 7%. Therefore the sample size was
reviewed. At the same time, the study design was changed from
a superiority to a noninferiority design, and a noninferiority
margin of 3.5% was defined.

We reestimated the recurrence rates in a blinded manner based
on the overall recurrence rate. Since no hypothesis test was

performed, no P value adjustment to control type I error was
needed. Data from all patients who had a follow-up visit could
be used for the sample size review. When reestimating the
recurrence rates, it was assumed that the probability of being
in one group or the other (SDD vs SPD) for patients who had
a follow-up visit would be equal. As stated the reestimated
recurrence rate was 7%, which was the expected difference
between the SDD group and SPD group (3.5%−10.5%=7%).
Using the reestimated recurrence rates, the sample size N was
reestimated using a resampling procedure. Each sample size,
Ni=1;...;101=50;...;150, was evaluated by sampling 9999 times Ni

individual samples based on the assumptions described above.
Confidence intervals (CIs) for the difference between
proportions were calculated using a continuity-corrected
modification of the Wilson score method. Sample size was set
to ensure with 80% power (1–β=0.8) (ie, in 80 of 100
hypothetical repetitions of the study) the estimation of a 95%
CI, which is entirely below the predefined noninferiority margin
of 3.5%.

For this study, a total of 220 patients should be randomized to
ensure 208 evaluable patients (110 patients randomized per
study arm) (Figure 2) considering an overall drop-out rate of
5% after randomization (eg, death, lost to follow-up).

Figure 2. Sample size calculations.

Statistical Analysis
Analysis will be done on an intention-to-treat basis. Given the
possibility of a proportion of crossovers, a secondary sensitivity
per-protocol analysis will be undertaken. The statistical analysis
for the primary outcome measure will be done in a noninferiority
design with 95% CI and a noninferiority margin of 3.5%
between the groups, while the secondary measures will be

analyzed in a superiority design, where a P value of less than
.05 is considered statistically significant.

Patient data will be prospectively collected and registered on
case report forms. Age; sex; date of trauma; blood thinners;
medical history; GCS and neurological condition at admission;
hematoma size; side; and the existence of brain herniation,
hydrocephalus, and midline shift are documented as basic
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characteristics. Clinical outcome variables (24 hours
postoperative, at discharge, 6 weeks postoperative, and 12
months postoperative): Glasgow Coma Scale and (improvement
of) neurological condition, mRS, Glasgow Outcome Score,
Markwalder score, recurrence needing reoperation,
complications (eg, infection, epilepsy, aphasia, paresis),
hospitalization time, and mortality. Radiological outcome
variables (24 hours postoperative and 6 weeks postoperative):
hematoma size, midline shift, and rebleed seen on cranial CT.
Intraoperative variables: elective or emergency procedure, type
of hematoma (chronic, acute, subacute), drain type, crossover,
number of membranes, and existing communication between
the two burr-holes.

Monitoring
The trial master folder and case report form data for each
participant will be inspected by a monitor at yearly intervals
throughout the study to verify the completeness, consistency,
and accuracy of the data. The existence and integrity of the
informed consent forms signed by the patient or legal
representative will be monitored as well. The study monitoring
is provided by Kammermann Monitoring Service, Zug,
Switzerland.

A strict confidential yearly interim analysis is done by a
statistician (Clinical Trial Unit, Basel, Switzerland) for the
recurrence rate (primary outcome measure) and morbidity
(secondary outcome measure). The trial will be stopped if the
intervention arm (SPD) shows a significant noninferiority
margin of 3.5% compared to the treatment arm (SDD) or if
recruitment rates are unexpectedly low.

Ethical Issues
This study was approved by the local ethics committee (EKNZ,
Basel, Switzerland, AG2013/001). The trial is conducted within
the International Conference of Harmonization of Technical

Requirements for Registration of Pharmaceuticals for Human
Use Good Clinical Practice guidelines and the principles of the
Declaration of Helsinki and is registered in the clinical study
database ClinicalTrials.gov (NCT01869855).

Results

The study is a currently ongoing study in two neurosurgical
centers: Kantonsspital Aarau and University Hospital of Basel.
Enrollment began in April 2013. We expect all study-related
activities to be completed by the end of 2016 or beginning of
2017.

Discussion

To date, evidence-based recommendations concerning the
operative and postoperative treatment of cSDH are sparse. Most
recommendations are based on observational or retrospective
studies and some meta-analyses leading to class II or III
recommendations [3]. For the surgical management of cSDH
only one randomized controlled trial (RCT) exists, providing
grade I evidence and showing that the intraoperative insertion
of a drain after the completion of a burr-hole trepanation reduces
the recurrence rates of cSDH significantly [2]. Further RCTs
investigating and scrutinizing the standard treatment of cSDH
are warranted, first and foremost due to the fact of a steady
increase in the incidence of cSDH as a result of prolonged life
expectancy [2,3]. With this multicenter RCT, we intend to
provide grade I evidence (and class I recommendations) to an
additional aspect in the surgical treatment of cSDH, namely the
ideal and safest localization of an intraoperative drain. In our
opinion this RCT will have great impact on the surgical
management of patients presenting with this frequent condition.
We hope that this clinical study will contribute to the important
goal of evidence-based treatment of cSDH.
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Abstract

Background: Parent training is recommended as the first-line treatment for attention-deficit/hyperactivity disorder (ADHD) in
preschool children. The New Forest Parenting Programme (NFPP) is an evidence-based parenting program developed specifically
to target preschool ADHD.

Objective: The objective of this trial is to investigate whether the NFPP can be effectively delivered for children referred through
official community pathways in everyday clinical practice.

Methods: A multicenter randomized controlled parallel arm trial design is employed. There are two treatment arms, NFPP and
treatment as usual. NFPP consists of eight individually delivered parenting sessions, where the child attends during three of the
sessions. Outcomes are examined at three time points (T1, T2, T3): T1 (baseline), T2 (week 12, post intervention), and T3 (6
month follow/up). 140 children between the ages of 3-7, with a clinical diagnosis of ADHD, informed by the Development and
Well Being Assessment, and recruited from three child and adolescent psychiatry departments in Denmark will take part.
Randomization is on a 1:1 basis, stratified for age and gender.

Results: The primary endpoint is change in ADHD symptoms as measured by the Preschool ADHD-Rating Scale (ADHD-RS)
by T2. Secondary outcome measures include: effects on this measure at T3 and T2 and T3 measures of teacher reported Preschool
ADHD-RS scores, parent and teacher rated scores on the Strength & Difficulties Questionnaire, direct observation of ADHD
behaviors during Child’s Solo Play, observation of parent-child interaction, parent sense of competence, and family stress. Results
will be reported using the standards set out in the Consolidated Standards of Reporting Trials Statement for Randomized Controlled
Trials of nonpharmacological treatments.
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Conclusions: The trial will provide evidence as to whether NFPP is a more effective treatment for preschool ADHD than the
treatment usually offered in everyday clinical practice.

Trial Registration: ClinicalTrials.gov NCT01684644; https://clinicaltrials.gov/ct2/show/NCT01684644?term=
NCT01684644&rank=1 (Archived by WebCite at http://www.webcitation/6eOOAe8Qe)

(JMIR Res Protoc 2016;5(2):e51)   doi:10.2196/resprot.5319

KEYWORDS

ADHD; preschool; child; treatment; parents; parent training; psycho-social; RCT, clinical; psychological; multi-centre; TAU;
non-pharmacological

Introduction

Attention Deficit/Hyperactivity-Disorder Costs for
Children
Attention deficit/hyperactivity-disorder (ADHD) is a
neuro-developmental disorder with symptoms frequently
occurring in early childhood, however, there is a parenting
program that was developed specifically for the management
of ADHD in preschool children, noted below [1,2]. ADHD is
one of the most common psychiatric disorders in childhood [3]
and the most common reason for referral to child mental health
services (CAMHS) [4]. Studies indicate that ADHD is as
common in preschoolers as it is in school-age children, with
population based prevalence rates ranging between 2 and 5%
[5,6]. Impairment is equally common [7], including marked
impairments in relationships with parents, siblings, and peers
[8-11]; social and preacademic skills [12]; and
neuropsychological functioning [13]. Preschool children with
ADHD are at greater risk of placement in special educational
classes and use more special needs services [14]. Young children
with ADHD are more likely to suffer physical injury and
accidental poisoning related to impulsive behaviors [7]. ADHD
symptoms in preschoolers show persistence over time [15,16].
Lahey et al [17] found that 4-6 year old children who met full
criteria for ADHD were highly likely to continue to meet criteria
3 years later. Preschool hyperactivity is associated with
long-term economic burden. Evidence from a longitudinal health
economic analysis of costs incurred across childhood,
adolescence, and young adulthood found significantly higher
costs for this group of individuals in areas of mental health,
education, social service, and the criminal justice system [18].
In a large register-based study, it was found that childhood
ADHD, by the time the child is 10, reduces parental
socioeconomic status by lowering labor supply and earnings,
and reduces parental relationship stability [19]. Left untreated,
preschool ADHD is associated with long-term poor outcomes
for the patient [20]. Hence, it is of central public priority
generally, and for CAMHS specifically, to offer evidence-based
and cost-effective treatments at an early stage of development
in an attempt to reduce the long-term risks and change the
negative trajectories that ADHD presents to the individual and
to society [2].

Behavior-Based Treatment
Although medication is recommended as the front-line treatment
for older children and adolescents with ADHD, international
treatment guidelines do not recommend pharmacological

therapies for preschool ADHD [21,22]. Indeed, available data
suggest that stimulant medication such as methylphenidate is
less efficacious in the preschool years and side effects are more
common [23]. Long-term effects on growth and brain
development are currently not definitively established. Because
of these factors, psychosocial behavioral treatments for ADHD,
including behavioral parent training and behaviorally based
day-care interventions, are recommended as first-line treatments
for ADHD in the preschool years [21]. A number of
psychosocial interventions have been applied and evaluated for
the treatment of preschool ADHD. A recent systematic review
found that behavioral parent training is valuable as a treatment
for preschool ADHD [24]. Furthermore, Sonuga-Barke et al
[25] found that trials evaluating behaviorally based parent
interventions had the largest effects for preschool children with
ADHD.

Whereas many behaviorally based interventions are generic in
nature, in that they were originally developed to help parents
manage preschoolers’ oppositional and challenging behavior,
the New Forest Parenting Programme (NFPP) [1] is a parenting
program that was developed specifically for the management
of ADHD in preschool children. In addition to behavioral
strategies, it includes ideas for games and activities aimed at
targeting some of the self-regulatory and attention deficits that
cause impairment in the condition. Supporting the child’s
development through parental scaffolding is a key component
of the NFPP, and everyday play scenarios in the home constitute
opportunities for parents to train and improve the child’s ADHD
symptoms. A single practitioner delivers NFPP to families in
their home during eight weekly sessions.

Each session lasts approximately 90 minutes and is either for
the parent only (five sessions) or the parent and child together.
In an evaluation of the NFPP, Sonuga-Barke et al [1] found that
the intervention reduced ADHD symptoms as reported by
parents and improved behavior during a play observation task,
as rated by blinded observers. Similarly, Thompson et al [26]
reported that NFPP improved parent-reported ADHD symptoms
in a sample of preschool children with ADHD.

At present, the evidence of the effect of NFPP is based on
efficacy research carried out by the expert team of researchers
and clinicians who developed the program originally, with
therapists receiving support from lead investigators, and with
children who have not been referred for treatment through
regular community pathways. Yet, it is unexplored if the
findings from the original research can be replicated in different
clinical and cultural contexts, including in a different language.
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This leaves open the question of whether effects shown in
specialist research led services can be translated in the everyday
practice of established clinical CAMHS [27]. In a review of
implementation studies [28], it was shown that there is a risk
that interventions will lose impact and potency when
implemented in everyday clinical settings. Hence, it is
emphasised that the transition of efficacious treatments has to
be carefully planned and adapted to the clinical setting in which
the treatment is being implemented [27,29].

Evidence-based parent training interventions specifically
designed for preschool ADHD, such as the NFPP, are not
currently provided by Danish CAMHS. The development and
implementation of effective psychosocial treatments for young
children with ADHD represent an important health policy
objective. The trial described in this protocol is designed to
evaluate the effectiveness of the NFPP in the treatment of young
children diagnosed with ADHD referred through established
clinical pathways to child psychiatry departments in Denmark.
It is the first time that the NFPP has been tested in a European
country outside the United Kingdom, and the first time the NFPP
has been tested on children referred through established clinical
pathways to tertiary child psychiatry services, to our knowledge.
For these purposes, the NFPP program has been adjusted to fit
the clinical and cultural context of Danish child and adolescent
psychiatry services.

Aim of the Study
The objective of the trial is to examine whether the NFPP can
be implemented effectively as a treatment for preschool ADHD
in everyday clinical settings of existing services. To do this, we
will examine ADHD and other outcomes at the end of treatment
and also at a 6-month follow-up.

Methods

Trial Design
A randomized controlled trial will be carried out to investigate
the effectiveness of the NFPP against a treatment as usual
condition (TAU) in the treatment of ADHD in a clinical sample
of young children referred to, assessed, and diagnosed at tertiary,
preschool child psychiatry services in Denmark. The
effectiveness of the NFPP intervention will be examined at three
time points: T1 (baseline), T2 (week 12, post intervention), and
T3 (6 month follow/up).

Ethics
The study is approved by the Ethics Committee for Central
Danish Region (No: 1-10-72-140-12), and is approved by the
Danish Data Protection Agency. The trial is registered at
ClinicalTrial.gov identity no: NCT01684644, September 4,
2012.

Setting
Participants will be enlisted from the regional, hospital-based
child psychiatry departments for preschool children at the three
participating centers in the trial: Centre for Child and Adolescent
Psychiatry-Risskov; Centre for Child and Adolescent
Psychiatry-Herning; and Centre for Child and Adolescent
Psychiatry-Glostrup. The departments are highly specialized,

tertiary CAMH services, and lie at the end of the referral
pathway for young children with mental health problems in
Denmark. Prior to their referral to specialist child psychiatry
services, children will usually have received an initial
assessment and intervention by primary care professionals, such
as an early years educational psychologist, a community
pediatrician, and social services.

Eligibility Criteria

Inclusion Criteria
Inclusion criteria are: (1) child age between 3-7 years old; (2)
child must have received a clinical diagnosis of ADHD, as
informed by the Development and Well-Being Assessment
(DAWBA) [4]; and (3) Danish must be first language spoken
in the home.

Exclusion Criteria
Child exclusion criteria are: (1) intellectual disabilities (IQ <
70); (2) diagnosis of autism spectrum disorders; and (3) child
currently receiving pharmacological or other psychosocial
treatment for ADHD.

Parent exclusion criteria are: (1) severe psychiatric disorder (eg,
untreated psychosis or untreated bipolar or severe depressive
disorder) and (2) severe social adversity in the home, as defined
by active child protection issues.

Recruitment Procedures
A total of 140 children (age 3-7) referred through official referral
routes to a general child psychiatry service for preschool
children and their parents will be recruited into the trial. A
clinical psychologist or a specialist in child and adolescent
psychiatry initially screens all referrals for eligibility. Referrals
indicating noneligibility, due to direct descriptions of exclusion
criteria in the referral letter, receive standard clinical assessment
from the preschool child psychiatry team. At this point, all other
referrals are regarded as eligible and parents are sent a letter
including a personal access code asking them to complete the
Internet DAWBA [4] or the Preschool DAWBA
(DAWBA-preschool for 2-4 year olds) [30]. The DAWBA
generates computerized diagnostic profiles, which are scored
by child and adolescent psychiatrists and clinical psychologists
trained in DAWBA rating. The DAWBA is employed at all
three participating sites in an attempt to homogenize diagnostic
practices and is used to compliment and inform the clinical,
diagnostic assessment process.

In conjunction with the DAWBA, eligible children will undergo
standard clinical assessment at the referral site. For referrals to
preschool child psychiatry services in Denmark, this standard
clinical assessment usually consists of: interview with parents
regarding the child’s developmental history and current
difficulties; child cognitive assessment and neuropsychological
tests or neuropsychological tests; child medical examination;
and, at Risskov and Herning, a semistructured observation of
the child at the child’s day-care facility. Results from clinical
assessments and results from the Internet DAWBA are presented
and discussed at weekly multidisciplinary clinical team meetings
where a specialist doctor in child and adolescent psychiatry
issues final clinical diagnoses.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e51 | p.105http://www.researchprotocols.org/2016/2/e51/
(page number not for citation purposes)

Lange et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Parents of children meeting the research criteria are invited to
join the study, and are included in the trial, once written consent
is obtained. Figure 1 shows the recruitment flow according to
Consolidated Standards of Reporting Trials (CONSORT)
guidelines [31].

Randomization Procedures
Since outcome may be dependent on treatment center and
regional variations in referral pathways, as well as gender and
age of the child, the study uses stratified allocation to treatment
condition to ensure a balanced number of participants over
conditions. Randomization is based on the defined strata as well
as on the assigned treatment condition of earlier randomized
participants within the strata. Parents will be randomized to one
of the two arms using an allocation ratio of 1:1 for NFPP and
TAU. Randomization to NFPP and TAU (1:1) will be generated
by a Web-based randomization computer program within the
Internet data management service Trialpartner [32], which
allows for on-the-spot randomization of participants into an arm

of the study. Randomization is done in blocks of size four or
six and in 12 strata defined by center, gender, and age of the
child (3-5 and 6-7 years). Once the parent has provided written
informed consent to participate in the study, the administrator
completes participant registration on the Internet in Trialpartner
and enters a randomization request, at which point the
randomization program randomly assigns the treatment
condition, for example, NFPP or TAU, to the respective
participant ID number. Trialpartner simultaneously generates
an automated email message for the administrator and the main
investigator of the study, in which participant ID, site, and
treatment allocation is outlined. Parents are informed of their
respective treatment condition following completion of the T1
visit, so that the first assessment is not influenced by
par t i c ipan t ’s  knowledge  o f  t r ea tment
condition. Information about treatment allocation is delivered
to parents in a telephone call by the researcher who initially
informed the parent of the study. 

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram of recruitment. Child mental health services (CAMHS); attention
deficit/hyperactivity-disorder (ADHD); Development and Well-Being Assessment (DAWBA); New Forest Parenting Programme (NFPP); treatment
as usual (TAU); T2 (week 12, post intervention); and T3 (6 month follow/up).
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Data Management
All T1, T2, and T3 assessment schedules administered to parents
and to day-care staff are set up electronically in Trialpartner
[32] by the The Data Management Unit in The Central Denmark
Region and are administered for completion on the Internet to
parents and day-care staff by a research assistant. All data are
stored and managed by The Data Management Unit in The
Central Denmark Region. Data will remain locked until all
participants have completed T3.

Blinding
Research assistants carrying out research assessments and
observations at the three time-points will be blinded. Parents
are instructed not to reveal treatment allocation to research
assistants. All raters of videotaped observations will be blinded.
Research assistants and raters are postgraduate psychology
students and newly qualified psychologists. Parents, NFPP
therapists, NFPP supervisor, and TAU mental health
professionals will not be blinded. Efforts will be made to keep
teachers blind to treatment allocation. Yet full blinding cannot
be guaranteed, as participants may spontaneously talk about
treatment to teachers.

Sample Size Estimation
The primary endpoint is parent ADHD ratings at T2. Sample
size has been estimated at 126 children to obtain power at 0.80,
ES=.50 (Cohen’s d). The usual convention that is generally
proposed and accepted for randomized trials is that power in a
study ought to be 0.80 when ES is estimated at 0.50 [33]. An
estimated effect size of 0.5 is deemed reasonable for a trial
evaluating the effect of parenting interventions in the treatment
of ADHD. By comparison, a recent meta-analysis of parent
training interventions for ADHD obtained an ES of 0.4 [34].

For a design comparing two groups, for example, NFPP versus
TAU, and allowing for a participant drop out of 10%, a total of
140 children, for example, a sample of 70 children per group is
needed to attain a power of 0.80 [35]. A drop out rate of 7%
was reported in a Dutch parent training trial implemented in
routine clinical CAMHS with a similar age group [36]. In this
light, the present trial has chosen to operate with a potential
drop out rate of 10%. The preschool child psychiatry sites at
Risskov and Herning are expected to enroll 2/3 of participants
and the Glostrup site is expected to enroll 1/3 of participants
for the trial.

Treatment Conditions

Adapted New Forest Parenting Programme
The original NFPP [1] was developed to be delivered in the
child’s home over the course of 8 sessions. However, the
catchment areas of the three Danish hospital-based sites
participating in this study cover large geographical areas. The
distance between the furthermost points in the catchment area
of Risskov, for example, is in excess of 150 km, which makes
home-visits very time consuming and difficult to carry out to
the degree outlined in the original NFPP protocol. Second, child
psychiatric services in Denmark do not have a tradition of
offering home-based assessment or treatment. As a rule, these
are offered on an outpatient basis. To optimize the acceptability

and deliverability of the NFPP in Danish CAMHS, the current
study has made changes to the delivery of the original program
and offers the majority of the 8 treatment sessions in the clinic.
The third and the fifth treatment sessions, where the child is
present, will be offered in the home. The other six sessions will
be offered in the clinic in designated child and family friendly
treatment rooms. The content of the NFPP manual remains
otherwise unchanged.

The NFPP is centered around five broad themes [37].

1. The importance of psychoeducation about the nature and
manifestation of preschool ADHD in order for parents to
understand reasons for the child’s behavior.

2. Emphasis on scaffolding to help parents work from the
child’s level of development and skills.

3. The importance of parent-child interaction, and how it might
be enhanced to support child development and reduce
parental stress.

4. Guiding parents in the use of behavioral strategies to
improve behavior and ADHD symptoms.

5. Training to improve child’s ADHD related,
neuropsychological deficits, where parents are instructed
to play with the child using attention training games, and
helping the child manage delay, waiting, and self-regulation.

The NFPP manual, course materials, hand-outs, and a treatment
DVD have been translated from English into Danish by a
professional translation agency and A-ML with permission from
the original developers [26]. The original developers have
approved all corrections or changes to original wording.

In this trial, families are also given basic play materials that are
recommended in the manual for use in specific training tasks
with the child, for example, two card games and a special
relaxation mat for the child.

Treatment as Usual
TAU is likely to be different at the three sites, reflecting the
different clinical practice and traditions in everyday outpatient
child psychiatry in Denmark. In Risskov, TAU traditionally
consists of three sessions of psychoeducation delivered in groups
of parents to referred children diagnosed with ADHD. In
Herning, TAU typically consists of one individual session with
parents, following diagnosis, and one psychoeducation session
in a group of parents. In Glostrup, it consists of four
psychoeducation sessions in groups for parents. Children do
not participate in the psychoeducation groups at any of these
services. Clinical decisions may be taken in individual cases
that give rise to intrasite variations in TAU. Based on the
individual clinical need of the child and the parents, treatment
may occasionally be offered by a mental health professional
through 2-3 individual sessions to parents. TAU at all sites is
carried out by existing clinic staff with many years of clinical
experience in relation to preschool ADHD. The nature of
treatment provided to parents in the TAU groups will be
carefully recorded.

Fidelity to Treatment Manual
The NFPP intervention is manual based. All treatment sessions
will be videotaped. To verify treatment fidelity based on the
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NFPP intervention manual, independent raters will code a
number of treatment sessions per therapist.

New Forest Parenting Programme Training of Danish
Therapists and Supervisor
During 2010 and 2011, the lead investigator A-ML participated
during two NFPP training events held by the developers of the
NFPP, for example, Dr Margaret Thompson (MT) and Ms Cathy
Laver-Bradbury’s (CLB), University of Southampton in the
United Kingdom. A-ML subsequently saw two young children
diagnosed with ADHD and their parents from the preschool
child psychiatry clinic in Risskov for 8 sessions NFPP under
close supervision from MT and CLB. All treatment sessions
were videotaped and translated in order for MT and CLB to
supervise A-ML to achieve NFPP therapist certification.
Following therapist certification, A-ML embarked upon NFPP
supervisor certification and received biweekly supervision from
MT and CLB in preparation to supervise Danish therapists
employed in this trial.

A total of four therapists: a clinical psychologist and a pedagog
from the preschool team at the Glostrup site and a clinical
psychologist and a nurse specialist from the Risskov site are
employed to train as NFPP therapists for the trial. They have
all undergone a 4-day NFPP training course conducted by MT
and CLB. Following training, all four therapists provided NFPP
treatment to two families each, and received weekly supervision
in relation to these families by A-ML. MT and CLB conducted
a one-day top up training session after six months, in order to
clarify specific questions in relation to the NFPP intervention.
Therapists will receive 2-hour clinical supervision sessions in
groups of two by A-ML throughout the trial. In turn, A-ML will
receive biweekly supervisor supervision via Skype calls by MT
and CLB to ensure adherence to the NFPP.

Assessment and Outcome Measures
Measures administered in this trial are listed in Table 1.

Table 1. Trial outcome measures.

CollectedMeasures

Primary outcome measure

ADHD symptoms

T1, T2, T3Preschool ADHD-RS (parent rated) [38]

Secondary outcome measures

ADHD symptoms

T1, T2, T3Preschool ADHD-RS (teacher rated) [38]

T1, T2, T3Child Solo Play - observation measure

Behavioral symptoms and impact

T1, T2, T3SDQaP2-4 & P4-16 - SDQaand impact supplement (parent rated) [30,39]

T1, T2, T3

SDQaT2-4 & T4-16 - SDQaand impact

supplement (teacher rated) [30,39]

Parent ADHD

T1The Adult ADHD Self-Report Scale (ASRS-V1.1) [40]

Perceived parenting

T1, T2, T3PSOCb[41]

T1, T2, T3FSIc[42]

Positive and constructive parenting

T1, T2, T3GIPCIe(jigsaw/tidy up/freeplay) observation measure [43]

Parent mental health

T1, T2, T3GHQd:12 [44]

a SDQ: Strength and Difficulties Questionnaire
bPSOC: Parenting Sense of Competence Scale
cFSI: Family Strain Index
d GHQ: General Health Questionnaire
e GIPCI: Global Impressions of Parent-Child Interactions
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Primary Outcome Measure

Child Attention Deficit / Hyperactivity-Disorder:
Attention Deficit / Hyperactivity-Disorder Rating
Scale-IV–Preschool Version
The ADHD Rating Scale (ADHD RS)-IV-Preschool Version
[38] is a questionnaire adapted for the use in preschoolers from
the 18-item ADHD-RS-IV [45]. In this preschool version,
symptom statements have been modified to be more appropriate
to the developmental level of preschoolers. The scale includes
18 behavioral descriptors of ADHD as determined by the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV) [46]. Raters can consist of parents and teachers who
respond to each question on a 4-point scale from 0 (not at all)
to 3 (very often) to reflect the child’s behavior. Scores can be
obtained of Inattention, Hyperactive/Impulsive, and Total Scales.
Internal consistency for the three scales has been established in
the range from .92 to .95 on the Teacher Version and from .85
to .92 on the Parent Version. Test-retest reliability correlations
for the three scales ranged from .93 to .96 for the Teacher
Version and between .8 and .87 for the Parent Version [38].

Attention Deficit / Hyperactivity-Disorder Rating
Scale-IV-Preschool Version Translated
The ADHD RS-IV-Preschool Version has been translated into
Danish for the purpose of the present study with permission
from and formal approval by Kara McGoey (see Multimedia
Appendix 1) according to international guidelines for the
translation of questionnaires [47].

Secondary Outcome Measures

Child Solo Play
The Child Solo Play [1] instrument is an independent, direct
observation measure administered by a research assistant during
5 minutes of solo play with a standard activity, multipurpose
toy. Patterns of attending to and switching from one activity to
another during play with the toy are measured and indexed in
terms of attention and engagement. High index scores represent
more attention and less switching. Good test-retest reliability
(Pearson r=.81), interrater reliability (Pearson r=.76), and
validity—discriminating children with ADHD from non-ADHD
children—have been established. Research assistants, for
example, postgraduate psychology students and newly qualified
psychologists, employed in the trial are trained in the
administration and scoring of Child’s Solo Play by the original
developer of the measure and coauthor on this paper, DD.

Parenting Sense of Competence Scale The Parenting Sense of
Competence Scale (PSOC) [41] is the most frequently used
questionnaire applied to measure parental self-efficacy and
satisfaction [48]. It measures parental competence on two
dimensions: Satisfaction and Efficacy. Separate scales are
developed for mothers and fathers, who respond to 16 questions
on a 6-point Likert-scale (ranging from strongly agree to
strongly disagree) [1,6]. There are 9 questions that are related
to Satisfaction and seven are related to Efficacy. The Satisfaction
section examines parents’ anxiety, motivation, and frustration,
while the Efficacy section looks at parents’ competence,
capability levels, and problem-solving abilities in their parental

role. A number of studies have demonstrated the scale’s good
psychometric properties reporting internal consistency of .75
[41], and internal consistencies of .72 (mothers) and .76 (fathers)
[48]. Charlotte Johnston gave permission and approval for the
PSOC to be translated for the purpose of the present study (see
Multimedia Appendix 4) according to international guidelines
for the translation of questionnaires [47].

Strength and Difficulties Questionnaire Parent and
Teacher Version
The Strength and Difficulties Questionnaire (SDQ) [39] is a
brief behavioral five factor instrument developed to assess
emotional and behavioral problems in children. The SDQ
consists of 25 questions scored on a 3 point Likert scale (“not
true”, “somewhat true”, “certainly true”). The questions cover
five domains of child psychopathology by five subscales:
hyperactivity/inattention, conduct problems, emotional
symptoms, peer relationship problems, and prosocial behavior.
Each area is covered by five questions. In addition, the SDQ
contains an impact supplement inquiring about distress, burden,
and impairment of the child. The questionnaire is widely used
for clinical as well as research [49]. The standard SDQ is
developed for use in the age-range of 4-17 years. The early
years SDQ is developed for use in the age range of 2-4 years.
A teacher version is developed for each scale, and a scale for
completion by the young person is developed for use in the age
range 11-17.

The SDQ has been used extensively in European as well as
non-European contexts, and has been translated into more than
60 languages [50]. A recent review of the psychometric
properties of the parent and teacher versions of the SDQ
included 48 studies from 17 different cultural settings and a
total of 131,223 raters [50]. The internal reliability and factor
structure of the Danish versions of the SDQ were established
in a sample of 71,840 parent and teacher raters of 5-, 7-, and
10- to 12-year-old children included in four large-scale Danish
cohorts [51]. The predictive validity of the SDQ has been
demonstrated in another large Danish study where the SDQ was
shown to identify a group of children with highly increased risk
of later being diagnosed and treated for ADHD or treated for
ADHD in school age [52].

The early years SDQ—parent and teacher version Goodman
[30]—has been translated into Danish for the purpose of the
present study with personal permission and approval by Robert
Goodman (see Multimedia Appendix 2) following standard
guidelines for the translation of questionnaires [47]. The early
years SDQ has shown good psychometric properties in a recent
study [53].

Family Strain Index The Family Strain Index (FSI) [42] is a
6-item parent-report questionnaire developed to assess the
effects of ADHD on families to better understand and address
the level of stress, strain, and burden that families experience.
The FSI is designed to measure two major aspects of stress and
demand, for example, the “emotional” and the “restrictiveness”
experiences in the context of living with a child with ADHD.
The FSI has demonstrated good internal consistency across the
six items (Cronbach alpha= .83 to .87) and for the full scale
(Cronbach alpha=.87) [42].
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The FSI has been translated into Danish for the purpose of the
present study (see Multimedia Appendix 3) following standard
guidelines for the translation of questionnaires [47] with
permission from and approval by the original developer Anne
Riley.

Global Impressions of Parent-Child Interactions
The Global Impressions of Parent-Child Interactions (GIPCI-R)
[43] is a direct, semistructured observation schedule developed
to evaluate parent and child interaction. Parent-Child dyads are
videotaped in 15 minutes sessions during three tasks, each of 5
minutes duration: “jigsaw”, “free play”, and “tidy-up”.
Videotapes are rated using the GIPCI coding manual at a later
stage by a rater who is blinded to the randomization of the child.
Child behavior items include: respect, disruptive, social skills,
and destruction. Parents items rated include: responsiveness,
warmth, praise, enjoyment, scaffolding, criticism, and
punishment. Ratings produce global summary scores for child
and parent with a higher score reflecting a more positive
outcome. Thompson et al [26] found adequate interrater
reliability for child scores (.62: range .48-.77) and for parent
scores (.64: range .48 to .79). Good internal consistency was
established for parent and child scales (.84; .87). Training in
the administration and scoring is carried out by one of the
authors of this paper, DD.

The Adult Attention Deficit/Hyperactivity-Disorder
Self-Report Scale
The Adult ADHD Self-Report Scale (ADRS-v1.1) is an 18-item
Symptom Checklist covering the 18 DSM-IV-TR criteria for
ADHD. The scale has been developed in conjunction with the
World Health Organization (WHO), and the Workgroup on
Adult ADHD [40]. The first 6 questions have been found most
sensitive in the screening for ADHD in adults [54]. The 18-item
scale has been translated into Danish and has been approved by
the original investigators of the WHO Work Group. The scale
provides a method of identifying ADHD symptoms in adults
and is a powerful tool to discriminate DSM-IV cases from
noncases [54]. The scale has good psychometric properties and
is widely used in scientific research [55]. The validity and
clinical feasibility of the Danish version of the ADHD-RS has
been demonstrated in a multicenter study [56]. The measure
will be used to evaluate the extent to which parental ADHD
symptoms are associated to outcome [57].

The General Health Questionnaire
The General Health Questionnaire (GHQ) [44] is the most
common assessment measure for assessing of mental well-being
in adults. Developed as a screening tool to detect those likely
to have or be at risk of developing psychiatric disorders, it is a
measure of the common mental health problems/domains of
depression, anxiety, somatic symptoms, and social withdrawal.
It is available in a variety of versions using 12, 28, 30, or 60
items, which have all been translated into Danish. The present
study will use the 12-item version GHQ:12. The measure will
be used to evaluate the extent to which parental mental health
is associated to outcome [58].

Results

Statistical Analysis
The data will be analyzed on an intention to treat basis. All
outcomes will be analyzed with a repeated measure model with
a randomization arm, gender, age (above or below 5 year),
center, year, and a random level for each child as covariates.
We will estimate the effect of the intervention at T2
(intervention, TAU) in terms of the difference between the
change from T1-T2 and its effect at T3 in terms of change
between the T3-T1. Missing data will be imputed assuming
Missingness At Random in relevant analysis models including
additional control variables if relevant. Outcomes with more
than fifty percent missing will not be analyzed. To examine the
effect of outliers, a sensitivity analysis will be performed
excluding observation with residuals exceeding 2.5*SD. In
addition, four other sensitivity analyses will be performed for
each analysis exploring how sensitive the results are for
reasonable deviations from the Missing At Random assumption.
The missing data will be predicted based on the analysis of the
observed data. In the first sensitivity analysis, we will reanalyze
the data including the predicted value for the missing values,
but add .2*SD to the missing data in the intervention group
only. In the second sensitivity analysis, we will subtract .2*SD
from the missing data in the intervention group only. In the
third, we add .2*SD to the missing data in the TAU group only,
and, in the last, subtract .2*SD from the missing data in the
TAU group only.

The results for the primary outcome as a supplement will be
split according to gender, single parenting (yes/no), oppositional
defiant disorder/conduct disorder-comorbidity, and maternal
ADHD symptoms. A number of scientific articles will be
generated on the basis of collected data from this trial, including
publications outlining moderator and mediator analyses. Results
will be reported according to the CONSORT statement for
nonpharmacological interventions [31].

Time-Line Funding for this trial was granted in 2011 and in
2014. Enrollment of participants started in August, 2012, and
the data collection is expected to be finalized at the end of
December, 2015. The primary outcome paper will be submitted
for publication mid-year 2016.

Discussion

Attention Deficit/Hyperactivity-Disorder in Children
This trial addresses the need to investigate the effect of
nonpharmacological treatments for young children with ADHD
in everyday clinical practice. It is the first trial of the NFPP to
be based on the recruitment of children referred directly to a
child psychiatry department through official community
pathways, to our knowledge. In this sense, this randomized trial
tests the effectiveness of the NFPP with the children, families,
and clinicians in the clinical setting for which the intervention
is ultimately intended, and compares directly to the usual clinical
care on offer for young children diagnosed with ADHD. The
trial is also the first evaluation of the NFPP outside an English
speaking context, to our knowledge.
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Given the controversies surrounding the ADHD diagnoses in
young children, and the challenge that confronts assessment of
preschool children with ADHD symptoms, diagnostic
procedures require particular attention [59]. This trial is the first
to include young children with a formal clinical diagnosis of
ADHD following standard clinical and DAWBA assessment,
to our knowledge. The clinical assessment ensures thorough
medical, psychological, and psychosocial evaluation of the child
and the child’s environment, and the adjunct systematic
DAWBA evaluation ensures standardization in the assessment
procedure for children entering the trial.

Reducing Chance of Bias
To reduce the chance of bias, the trial includes measures
involving direct observation of children and of parenting by
blinded raters as well as ratings by naïve informants (ie, day-care
staff) along with parent ratings. This will allow for the
investigation of rater effect on child outcome, and facilitate the
exploration of whether child outcome is stable across settings.

Identifying efficacious treatments for young children with
ADHD is important, but finding evidence from trials in settings
created for research (eg, university labs, specialist clinics) or
with participants recruited through advertisements does not

guarantee that a treatment will work well in everyday clinical
practice, across different populations, clinical contexts, cultures,
and countries [27]. The current trial has carefully adapted the
NFPP to fit clinical and cultural needs and commenced an
evaluation of its effectiveness compared to the usual treatment
interventions offered to young children with ADHD and their
families referred through official community pathways. To these
ends, the trial will provide important information about the
effectiveness and replicability of the NFPP in the treatment of
young children with ADHD in an everyday CAMHS setting.
This level of investigation is needed to shrink the gap between
intervention research and clinical practice [60].

ADHD is a disorder that presents with major personal and social
costs. The immediate and long-term impact and adverse
outcomes of ADHD for individuals and their families are
considerable [61]. The benefits of early intervention for ADHD
is an area of current scientific and public health focus, but is
not fully documented [62]. It is therefore important that carefully
implemented effectiveness trials of evidence-based treatments
for young children are translated and implemented into different
cultures with a view to enhance outcome for a broader
population of children with ADHD and their families.
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Multimedia Appendix 3
Family strain.
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Multimedia Appendix 4
Parenting Sense of Competence Scale, PSOC, Charlotte Johnston, University of British Columbia.

[PDF File (Adobe PDF File), 100KB - resprot_v5i2e51_app4.pdf ]
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Abstract

Background: Cognitive behavioral therapy (CBT) is one of the most effective treatments for chronic low back pain. However,
only half of Department of Veterans Affairs (VA) patients have access to trained CBT therapists, and program expansion is costly.
CBT typically consists of 10 weekly hour-long sessions. However, some patients improve after the first few sessions while others
need more extensive contact.

Objective: We are applying principles from “reinforcement learning” (a field of artificial intelligence or AI) to develop an
evidence-based, personalized CBT pain management service that automatically adapts to each patient’s unique and changing
needs (AI-CBT). AI-CBT uses feedback from patients about their progress in pain-related functioning measured daily via pedometer
step counts to automatically personalize the intensity and type of patient support. The specific aims of the study are to (1)
demonstrate that AI-CBT has pain-related outcomes equivalent to standard telephone CBT, (2) document that AI-CBT achieves
these outcomes with more efficient use of clinician resources, and (3) demonstrate the intervention’s impact on proximal outcomes
associated with treatment response, including program engagement, pain management skill acquisition, and patients’ likelihood
of dropout.

Methods: In total, 320 patients with chronic low back pain will be recruited from 2 VA healthcare systems and randomized to
a standard 10 sessions of telephone CBT versus AI-CBT. All patients will begin with weekly hour-long telephone counseling,
but for patients in the AI-CBT group, those who demonstrate a significant treatment response will be stepped down through less
resource-intensive alternatives including: (1) 15-minute contacts with a therapist, and (2) CBT clinician feedback provided via
interactive voice response calls (IVR). The AI engine will learn what works best in terms of patients’personally tailored treatment
plans based on daily feedback via IVR about their pedometer-measured step counts, CBT skill practice, and physical functioning.
Outcomes will be measured at 3 and 6 months post recruitment and will include pain-related interference, treatment satisfaction,
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and treatment dropout. Our primary hypothesis is that AI-CBT will result in pain-related functional outcomes that are at least as
good as the standard approach, and that by scaling back the intensity of contact that is not associated with additional gains in pain
control, the AI-CBT approach will be significantly less costly in terms of therapy time.

Results: The trial is currently in the start-up phase. Patient enrollment will begin in the fall of 2016 and results of the trial will
be available in the winter of 2019.

Conclusions: This study will evaluate an intervention that increases patients’ access to effective CBT pain management services
while allowing health systems to maximize program expansion given constrained resources.

(JMIR Res Protoc 2016;5(2):e53)   doi:10.2196/resprot.4995
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Medical Informatics; mhealth; artificial intelligence; comparative effectiveness

Introduction

Prevalence and Consequences of Chronic Pain among
Veterans
Musculoskeletal disorders are highly prevalent among
Department of Veterans Affairs (VA) patients, with chronic
back pain the most frequently reported type [1-3]. VA data
suggest an annualized increase in the prevalence of low back
pain of 4.8% per year due to factors such as an aging population
and increasing prevalence of obesity [1,4]. The cost of treating
back pain in VA is $2.2 billion annually [2]. Chronic low back
pain is associated with work interruption, emotional distress,
and risky heath behaviors such as substance use [5]. Emerging
evidence suggests that chronic pain compromises successful
treatment and management of other chronic conditions [6]. For
all of these reasons, increasing access to effective and
convenient treatments for chronic low back pain is a national
VA priority [7]. Historically, treatment for chronic low back
pain has emphasized pharmacotherapy and surgery, while
underutilizing evidence-based behavioral approaches that have
comparable or superior benefit [8]. Opioid medications are
commonly used to manage severe chronic pain, but their use
can lead to serious adverse effects [9,10]. Despite its frequent
use, there is no evidence of the long-term efficacy of opioid
therapy for chronic pain [8].

Cognitive and Behavioral Interventions to Improve
Pain Management
Cognitive behavioral therapy (CBT) is the most widely accepted
evidence-based psychological treatment for chronic pain [11,12].
CBT is an attractive alternative to pharmacotherapy because
impacts on functioning can last long after treatment is
discontinued, and CBT does not entail the negative side effects
of opioids. The goal of pain CBT is to assist patients in
developing an adaptive problem-solving approach to pain
management, and CBT targets both reductions in pain symptoms
as well was their associated disability and emotional distress.
VA recommendations regarding pain CBT recommend 10
hour-long sessions delivered weekly and focusing on pain
education, practice of pain self-management skills, and
productive and pleasurable activity and exercise. Skills address
both cognitive processes (eg, catastrophizing) and behaviors
(eg, relaxation). Meta-analyses have found that CBT has
moderate to large effects on pain-related outcomes [13,14].

Because pain CBT is labor intensive and therapists are scarce,
many veterans do not have access to these services. A review
of data for veterans receiving outpatient opioid prescriptions
showed that less than half received any mental health treatment
[15], and a survey by VA’s National Program for Pain
Management found that half of VA facilities did not have any
pain-focused psychological services such as CBT. This suggests
that VA needs to identify creative strategies to ensure that
patients receive the treatment they need, which could be
achieved through a stepped-care model: assigning some patients
to interventions with more clinician contact and others to more
self-directed interventions.

Ideally, patient feedback could be used to assign patients to the
appropriate level of stepped care; however, to date, the use of
patient feedback in pain CBT has been suboptimal. For patients
receiving pain CBT, retrospective symptom reports are often
collected using paper-and-pencil surveys and are vulnerable to
recall and social desirability biases; for example, reports may
be disproportionately influenced by recent experiences and
patients’ emotional states at the time of assessment [16]. Patient
feedback is least likely to be available among veterans with the
greatest risk for missing in-person sessions, that is, the very
patients who may have the greatest need for adjustments in their
treatment plan. For all of these reasons, scarce CBT services
can be slow to adapt to variation in patients’ treatment response.

Standardization of mental health services such as CBT has
improved care relative to unsystematic differences in delivery
across patients and therapists; however, new models of CBT
need to incorporate a systematic stepped approach to ensure
that care is patient-centered, efficient, and targeted to veterans’
unique needs. VA CBT pain treatment is based on evidence that
typically reflects average effects in controlled trials, rather than
taking into account the substantial variation across patients in
treatment response. As such, guidelines are at odds with
evidence regarding variability in the characteristics of CBT
delivery models with demonstrated efficacy. Recommendations
for 10 hour-long CBT pain treatment sessions likely represent
the upper bound of what is feasible, given VA budgets and some
patients’ limited tolerance for frequent contacts. As many as
25% of patients receiving psychotherapy improve after 1-2
sessions [17], and patients often drop out of treatment that is
providing only marginal benefit. Some evidence-based CBT
programs have as few as 6 sessions while others have twice that
many [18]. Studies from other areas of chronic disease
management show wide variation in providers’
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recommendations regarding visit frequencies [19,20]. Providers
typically make these decisions based on the patient’s perceived
stability or expected likelihood of treatment response. However,
one study found no correlation between visit frequency and
hypertension control [21], and visit intervals can sometimes be
substantially lengthened without decreasing quality [22]. No
single “dose” of CBT is likely to be appropriate for all veterans,
and neither clinicians nor patients may be able to judge a priori
who needs more resource-intensive forms of care.

Prior Research on Adapting Treatment to Patients’
Individual Needs
Lambert and colleagues demonstrated the benefits of adapting
psychotherapy based on feedback about patients’ progress
[23-26]. Other recent work by DeRubeis and colleagues has
demonstrated that pretreatment characteristics of patients can
be identified that suggest an advantage with respect to the likely
response of a given therapy (eg, antidepressant medications
versus CBT) and could be used to recommend one course over
an alternative [27,28]. While these studies represent an important
step toward the goal of tailored treatments, prior efforts to
personalize therapy have used patient surveys at the time of
intake or (at most) in-person encounters with patients to obtain
information about predicted treatment response. As a result,
opportunities to adjust therapy have been limited, and the impact
of patient tailoring has been modest. Other investigators have
suggested that monitoring and feedback could best be
accomplished using health IT [29] to allow treatment decisions
to be based on real-time information about patients’ functioning.
Another key weakness of prior work is that feedback on
treatment response is typically provided to clinicians along with
nonevidence-based algorithms for modifying patients’ treatment
plans [17]. As such, steps toward a more systematic and
evidence-based approach to adaptive treatment have been left
with a format that cannot respond effectively to real-time
information about what works best for each patient.

Another foundational area of research for this study is the theory
of tailored health communication, which suggests that patients
are more likely to internalize health messages when those
messages are relevant to them personally [30]. The
state-of-the-science in tailoring uses surveys to identify patients’
needs, health beliefs, learning styles, cultural context, and other
factors prior to crafting messages targeting behavioral changes.
The data needed to tailor these messages is substantial, and
many patients may not be willing or able to accurately report
that information at program outset [31,32]. For example, CBT
skills training was found to be no more effective when skill
presentation was tailored according to what patients thought
they wanted before initiating treatment [33]. Also, previous
systems typically tailor based on static patient traits, rather than
on updated information about patients’ status or treatment
response. In this study, we will tailor the intensity and mode of
delivering pain CBT services using IVR-reported feedback
about patients’ pain-related physical functioning measured
objectively via pedometer step counts, perceived functioning
scores, and progress with CBT skill practice. Based on this
real-time feedback, AI-CBT will personalize each patient’s
course of treatment automatically to achieve the greatest benefits

for the population, while using clinical resources as efficiently
as possible.

Mobile Health (mHealth) Approaches to
Self-Management Support
Because mHealth services have low marginal costs, they can
cost-effectively reach large numbers of patients between
face-to-face encounters to provide self-management support
[34-37]. More than 50 studies have demonstrated that patients
can provide reliable and valid information about psychiatric
symptoms and substance abuse disorders via IVR and other
mobile health technologies [38-41]. The benefits of standard
CBT diminish after patients discontinue therapy, and
maintenance interventions delivered via IVR sustain those
improvements in symptom and self-management skills [37,42].
Despite their potential, mHealth interventions typically deliver
a simplistic series of messages based on pre-determined
“if-then” rules and deterministic protocols. As a result,
interactions can feel “robotic” to users and many disengage
[43]. In this study, we will test a model to take advantage of the
cost and accessibility benefits of mHealth services, while
ensuring that these powerful tools are integrated systematically
with personal and professional care by trained CBT therapists.

Conceptual Framework
The intervention we will evaluate is based clinically on widely
adopted and evidence-based models of CBT for pain
management (described above) [44], and links those concepts
with a strategy for personalized stepped care using reinforcement
learning (RL). RL is a field of artificial intelligence that allows
an “intelligent agent” to learn what treatment choices work best
to optimize a measurable outcome (termed the system’s
“reward”; see Figure 1). For readers new to this approach, it is
important to emphasize that here we use “learning” to describe
the RL system’s progressive statistical adaptation based on
patient data, rather than to describe a process through which the
patient learns self-care skills by exposure to the intervention.
The process used to optimize treatment choices in RL mimics
the way that humans learn skills such as riding a bicycle, that
is, through systematic adaptation and generalization
accompanied by targeted trials of new behaviors with
measurable outcomes. RL algorithms similar to those we will
apply in this study are the basis of online consumer targeting
programs such as Netflix, Google, and Amazon [45], where a
service learns automatically how to deliver information that is
most relevant to each user. In the current trial, the RL agent will
be a computer system that makes weekly recommendations for
each patient with respect to the mode and intensity of CBT that
the patient should receive (ie, the “actions” that the system can
take). Those recommendations will be based on the patient’s
progress, progress of similar patients, and other contextual
information for that action choice.

Potential actions the AI-CBT program will take include a
standard one-hour telephone CBT therapy session, a 15-minute
telephone CBT therapy session, and an IVR automated therapy
session designed to teach and reinforce skill-based learning.
Fifteen minutes was chosen to be consistent with the time
increments of the health and behavior CPT codes (15, 30, 45,
and 60) used to bill for behavioral interventions for chronic
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pain. Content for each session type will be based on standard
CBT programs for pain management, modified by a panel of
experts to be most effective given the length and mode of each
contact. The AI-CBT agent’s recommendation regarding which
action to take will be based on each patient’s IVR-reported
pedometer step counts (ie, the “reward”) as well as other “state”
information (Figure 1) also collected via IVR. Importantly, the
RL algorithm will learn not only based on each patient’s own
treatment response, but will incorporate experience from the
response of other patients who have similar characteristics and
response trajectories as indicated by the “state space.”

Based on this feedback loop, the RL engine will modify the
probability distribution across treatment choices and make
recommendations for each patient each week. Because actions
will be probabilistic rather than “hard-wired,” the AI-CBT
program will avoid potentially overreactive treatment changes
that can result when therapists attempt to tailor care
nonsystematically or using deterministic flow diagrams. All
patients will begin with a standard one-hour CBT session. Based
on their progress as measured by feedback on the “reward” and
“state” space, patients who progress toward functional goals
will be moved through less resource intensive options, and
patients who need more intensive follow-up will be moved
automatically to more time-intensive, therapist-delivered CBT.

Figure 1. The Reinforcement Learning feedback loop. The AI-CBT actions are the 3 CBT session types; the Ã¢â‚¬Å“rewardÃ¢â‚¬Â  is IVR-reported
pedometer step counts, and Ã¢â‚¬Å“stateÃ¢â‚¬Â  data is IVR-collected information on patientsÃ¢â‚¬â„¢ CBT skill practice and pain-related functioning.

Prior Work by the Investigators

Patient Engagement in IVR Self-Care Support Calls
Dr Piette and his team have more than 15 years of experience
developing IVR systems to enhance care for chronically-ill
veterans, and over the past 5 years, more than 2000 patients
have participated in their IVR programs. In an analysis of data
from more than 1200 program participants with 29,000
patient-weeks of follow-up, patients completed 83% of weekly
IVR assessment and self-management support calls, and
completion rates were similar across groups defined by
sociodemographic risk factors [46]. Other recent studies [47,48]
found that completion rates of IVR assessments are high among
patients with depression, and patients’ IVR reports are at least
as reliable as mental health information collected via other
methods. Dr Heapy and colleagues also have found high levels
of adherence to IVR call schedules in 2 studies among Veterans
with chronic pain. In one study, participants with endpoint data
completed 85% of expected IVR calls, and participants who
withdrew or were disqualified completed 74% of potential calls
[49]. In a pilot study designed to obtain feedback from veterans
with chronic pain about self-management, 65% indicated a
willingness to receive self-management support via IVR, and
11% indicated they might be willing.

Impact of IVR Self-Management Support on Outcomes
of Chronic Illness Care
In 3 randomized trials directed by Dr Piette, results indicated
that IVR call-supported chronic-illness care can improve

patients’ self-care and health outcomes [50-52]. In one trial
conducted among diabetes patients [51], intervention patients
receiving weekly IVR monitoring and self-care support with
follow-up by a telephone nurse therapist reported significantly
better home glucose monitoring, foot care, medication
adherence, and weight monitoring than control patients at their
12-month follow-up. More than twice as many intervention
patients had acceptable glycemic control at 12 months (P=.01),
as well as fewer diabetic symptoms, greater satisfaction with
care, fewer symptoms of depression, greater perceived access
to care, and greater self-efficacy in managing their self-care (all
P<.05). In another trial [50], veterans receiving IVR-supported
telephone care management reported better self-management
behaviors, were more likely to be seen in diabetes-related
specialty clinics, had better glycemic control, and reported better
patient-centered outcomes.

Pedometers for Monitoring Patients’ Physical Activity
Dr Piette was the principal investigator for an NIH-funded
randomized trial of telephone CBT plus physical activity
promotion among patients with diabetes and depression [53].
Investigators used standard pedometers to objectively measure
patients’ physical activity at baseline and 12-month follow-up,
and intervention patients also used pedometers as part of their
CBT self-management program. We observed high rates of
adherence to the collection of pedometer data, and the
opportunity to use a pedometer to pursue physical activity goals
was an important motivator for trial participation. In another
recently completed trial [54], veterans with chronic back pain
were randomized to a pedometer-based, Internet-mediated
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walking intervention or usual care. Intervention participants
reported a greater decrease in back pain-related disability in the
6 months following study enrollment. Intervention participants
uploaded pedometer data at least once per week for a median
of 32 weeks (62% of the recommended time) and more than
25% of participants uploaded data for at least 42 weeks. In
summary, we have found consistently that pedometers represent
an important alternative to self-reported activity levels, which
often have high rates of random reporting error as well as social
desirability biases [54-56].

Preparatory Collaborative Work
We performed simulations to estimate the impact of AI-CBT
compared to 10 standard, one-hour CBT sessions delivered by
a therapist. We focused on AI-CBT’s impacts on patients’
physical functioning (in this case pedometer-measured step
counts) and on therapist time. We assumed that (as in the
proposed study) the AI-CBT program would start each patient
with a one-hour therapist session and then would automatically
develop a personalized step-care program that included
additional one-hour “live” telephone therapy sessions, 15-minute
live sessions, or IVR sessions. We assumed that patients
responding to IVR therapy would also respond to a 15-minute
live call or an hour-long call, and patients who responded to a
15-minute therapist call (but not IVR) would also respond to
an hour-long session. Simulations evaluated variations in the
expected benefit of CBT delivered via different modes, the
speed in which patients were recruited into the AI-CBT program
(which would affect the system’s ability to learn from prior
experience), and whether the AI engine could move a patient
directly from a one-hour session to IVR, or whether choices
were constrained so that the system would “step down” from
one hour to 15 minutes, and from 15 minutes to IVR. We also
explored the effect of random error in the expected effect of
each CBT session, and the effect of patients’ nonadherence to
IVR requests for daily step count data (patients with more
missing step count data would be progressed more slowly to
less resource-intensive options). See Multimedia Appendix 1
for a summary of those simulations. In brief, using conservative
assumptions, we estimate that AI-CBT will be able to achieve
an improvement in physical activity that is 93% as great as that
seen in standard CBT, but using only 44% of the clinician time
required for 10 one-hour sessions for all patients.

Methods

Overview
This will be a randomized noninferiority study comparing
standard pain CBT to an innovative strategy that uses mobile
health technology and artificial intelligence in conjunction with
trained CBT therapists to deliver evidence-based, stepped pain
therapy so that pain management is as efficient as possible while
maintaining the effectiveness of current approaches. Patients
in both groups will receive CBT delivered via telephone by the
site’s trained pain CBT therapist. For patients in the standard
CBT group, the therapist will deliver 10 hour-long CBT sessions
based on content used throughout VA. Patients randomized to
the AI-CBT treatment group will begin with one standard,
hour-long telephone CBT session and will be asked to report

their pedometer-measured step counts, pain-related functioning,
and CBT skill practice via 5-minute daily IVR calls. Some of
those IVR calls also will include reminders regarding the dates
and modalities for upcoming CBT sessions. Based on patients’
IVR feedback, the AI-CBT engine will make recommendations
to carefully step-down the intensity of each patient’s CBT
follow-up using more brief telephone therapy sessions (15
minutes), or IVR therapy. Based on experience gained from
each patient’s history and the overall population of patients, the
AI-CBT engine will seek to optimize the population’s total
improvement in functioning while maintaining each patient at
the least resource-intensive mode of CBT delivery. Outcomes
will be measured via telephone survey at 3 and 6 months post
recruitment, and additional data will be collected via clinical
records. We will use data from therapists’ activity logs and
administrative files to conduct a budget impact analysis.
Additional data to aid translation of study findings from research
into practice will be collected via qualitative interviews with
CBT therapists, other clinical team members, and patients with
various levels of program response.

Patient Identification and Recruitment
The study will be conducted among patients with chronic low
back pain in facilities affiliated with the VA Ann Arbor
Healthcare System and the VA Connecticut Healthcare System.
Participants who have a diagnosis of low back pain and a pain
score of ≥ 4 (indicating moderate pain) on the 0-10 Numerical
Rating Scale during at least two separate outpatient encounters
in the past year will be identified via electronic medical records.
Eligible patients must: (1) report at least moderate pain-related
disability as determined by a score of 5+ on the Roland Morris
Disability Questionnaire at baseline, (2) report at least moderate
musculoskeletal pain for at least 3 of the prior 6 months [57],
(3) not be actively psychotic, suicidal, or severely depressed
(ie, a score of 20+ on the 9-item Patient Health Questionnaire
or PHQ-9 [58]), (4) not report behavior flags related to
emotional dysregulation, bipolar disorder, or active substance
abuse that could impede participation in the study, (5) be free
of life-threatening conditions that could impede participation,
such as chronic lung disease requiring oxygen or cancer
requiring chemotherapy, (6) be free of dementia defined by a
score of 20 or greater on the St. Louis University Mental Status
screener [59], (7) have a mobile phone or touch-tone land line
phone, (8) be free of sensory deficits that would impair
participation in telephone calls, and (9) report that they are not
currently receiving CBT and have no plans for surgical treatment
related to their back pain. After obtaining agreement from
patients’ primary care providers, a letter will be sent to veterans
informing them about the study and inviting participation.
Veterans who do not opt-out by postage-paid response card will
be called by research staff to explain the study, conduct
screening, and solicit their involvement. If the veteran is willing,
s/he will be sent the consent form by mail along with a
postage-paid return envelope. We have used this same process
in numerous prior studies and found that it is an efficient and
effective way to recruit large samples of veterans without
requiring an in-person recruitment visit. The study coordinator
will track the percentage of eligible veterans who enroll in the
trial and will actively solicit reasons for declining. This
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information will be used to assess the intervention’s reach, as
described in the implementation portion of the application (Aim
3).

In preparation for this study, we used VA Corporate Data
Warehouse records for 2012 to identify patients treated in Ann
Arbor and West Haven with low back pain (International
Classification of Diseases [ICD-9] codes 742.01, 724.02, 724.03,
724.09, 724.1, 724.2, 724.3, 724.4, and 724.5) and a pain score
of ≥ 4 on the 0-10 Numerical Rating Scale during at least two
separate outpatient encounters. We identified 105,344 patients
and estimate that we would have to recruit 3-4% at a rate of 4.4
patients per site per month to reach accrual goals. Our prior
studies based on similar populations have recruited 5 to 10
veterans with chronic pain per month per recruiter; therefore,
we expect no difficulty recruiting the target sample within the
proposed timeframe and staffing.

Randomization
After completing baseline assessments, patients will be
randomized to AI-CBT or standard telephone CBT.
Randomization will be done by research staff using sealed
opaque envelopes and the computer-generated randomization
series. To ensure balance across treatment arms in potential
modifiers of the intervention effect, randomization will be done
within strata defined by site and age.

Common Elements of Standard and AI-CBT

Overview
Both CBT conditions will involve 10 treatment modules
delivered over 10 weeks. The same therapist at each site will
provide treatment to patients in both groups. In each arm, the
10-week course of therapy will include an introductory module,
followed by 8 pain coping skills training modules and
concluding with a final session emphasizing skill consolidation
and relapse prevention. The introductory module will present
the biopsychosocial model, which explains how chronic pain
can lead to dysfunction across numerous domains and provides
a rationale for the efficacy of pain coping skills to manage
chronic pain. The 8 skills that will be presented were selected
based on their efficacy in improving pain outcomes and their
appeal to patients in prior trials. These include sessions focused
on physical activity, behavioral activation, pacing, and
relaxation. We have included modules that address common
maladaptive cognitions such as pain catastrophizing and fear
of movement or kinesiophobia; a module on sleep hygiene
techniques was also included to address sleep complaints that
are common among persons with chronic pain and whose
treatment has positive effects on pain intensity. Using procedures
developed in two previous VA-funded studies, during sessions
2-9, participants will be assigned a goal related to newly
presented adaptive pain coping skills (eg, "practice relaxation
exercise for 20 minutes daily”) and a daily walking goal
(average daily steps over the prior week plus 10%). As
participants progress through treatment, they will continue to
practice prior goals. In order to maintain equivalence across
treatments, participants in both groups will be assigned the same
skill practice goals and the same formula will be used for
assigning steps goals.

Patient and Therapist Materials
Patients in both treatment conditions will use a handbook based
on those used in prior trials. The handbook will be identical for
both conditions, except that the AI-CBT handbook will contain
additional information that describes the three AI modes
(one-hour, 15-minute, and IVR sessions) and how to prepare
for each type of session. The therapist manuals will be adapted
from materials developed for our IVR-based CBT for Chronic
Low Back Pain trial. The AI-CBT section will detail specific
guidelines for each treatment mode (ie, one-hour, 15-minute,
and IVR).

Therapist Training and CBT Fidelity
Therapists will be Master’s or doctoral-level clinicians (clinical
psychologists or social workers). Therapists will receive 20
hours of training in delivering CBT. Training will include review
of the treatment manual, education regarding the nature of
chronic pain, the treatment and its rationale, and role-playing
the intervention. Therapists will demonstrate mastery of the
treatment manual and its procedures by passing a series of
quizzes on the module content with at least 85% correct.
Therapists will then provide treatment to mock patients and the
Co-PI will review the audio-taped sessions, rate fidelity to the
treatment manual, and provide feedback to the therapists until
they are able to demonstrate proficiency in treatment delivery
and adherence to the treatment protocol.

During the intervention trial, all treatment sessions will be
digitally audio-recorded. Thirty percent of treatment sessions
will be randomly selected and rated for treatment fidelity using
the Yale Adherence and Competence Scale (YACS) [60], a
validated scale that assesses therapist adherence and competence
in delivering manualized behavioral therapy. Because treatment
sessions vary in length in the AI treatment condition, we will
assess 100% of treatment sessions to ensure that actual session
time is within 15% of the AI system-assigned treatment session
length (one hour or 15 minutes). Corrective feedback will be
given throughout the study to prevent therapist drift.

Pedometers for Monitoring Patients’ Physical Activity
All patients will be given a pedometer and a log for monitoring
their step counts. We expect to use a Yamax DigiWalker
pedometer because it is accurate and used frequently in research
[61]. Patients will be mailed a pedometer after completing their
baseline assessment and returning their consent form.

Standard Telephone CBT (Control)
Control patients will receive telephone CBT consisting of 10
weekly modules delivered via one-hour telephone contacts with
a therapist. The format of each session will include (1) review
of patients’pedometer logs and coping skill practice, (2) review
of previous material and correction of misunderstandings of the
information, (3) assignment of new step count goals and
discussion of new skills-based material, and (4) discussion of
specific step and skill practice goals. Positive feedback and
praise will be offered for any skill practice and step goal efforts
and accomplishments. Barriers to practice or goal completion
will be identified and problem-solving techniques will be used
to address them.
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Cognitive Behavioral Therapy Supported by Artificial
Intelligence (AI-CBT)

Daily IVR Reports
Patients will report their pedometer-measured step counts, CBT
skill practice, and pain-related functioning via daily 5-minute
IVR calls. Patients will receive calls at times they indicate as
convenient and will respond to recorded inquiries using their
touch-tone phone. If the initial call is missed, the system will
automatically try again 15 minutes later and again 1 hour later.
We have successfully used these methods in studies achieving
high patient response rates. Pedometer step counts will measure
activity over the prior 24 hours, and patients will report their
skill practice using a 0-10 scale. Pain-related functioning will
be assessed using a single item from the West Haven-Yale
Multidimensional Pain Inventory (WHYMPI) [62].

Step counts will be used in the “reward function” that the RL
algorithm will seek to optimize, and skill practice and physical
functioning reports will be used as “state” information that the
system will take into account when making decisions that
optimize patients’ treatment course. The definition of the reward
function is of course a crucial decision in AI, since all action
choices will be evaluated in terms of whether or not they
optimize that goal. We chose step counts because they represent
an objective measure of patients’ physical function, a direct
behavioral target of CBT, and an outcome of pain CBT programs
as defined by national guidelines. Perceived pain-related
interference, sleep quality, and other subjective experiences of
chronic pain syndromes also will be collected via IVR and
periodic surveys. In post-hoc analyses, we will be able to
evaluate whether a weighted composite reward (eg, taking both
steps and symptoms into account) might lead to more efficient
optimization and more effective action choices. The AI system
will be able to accommodate missing IVR reports, and patients
who fail to complete more than 50% of the daily IVR calls in
a 2-week period will be called by a research associate to
troubleshoot problems and encourage compliance with feedback.
In addition to being the source of data with which AI-CBT will
personalize each patient’s course of treatment, data from IVR
calls will be used to inform therapists of participants’ treatment
adherence and progress. These data will be particularly
important for informing abbreviated 15-minute therapist sessions
when priority is placed on the efficient use of treatment time
and during IVR sessions when the entire session is pre-recorded.
Once a week, the IVR call will include a brief weekly message
alerting patients of the date, time, and modality for their
subsequent week’s session.

AI-CBT Action Recommendations
After Week 1, session options will include (a) one-hour
telephone treatment sessions, (b) 15-minute live telephone
therapist sessions, and (c) IVR treatment sessions. To avoid
scheduling conflicts, AI-CBT patients will be assigned a
one-hour block of time each week in which both they and the
CBT therapist are available for treatment. This same time slot
will be used for either the hour-long therapist sessions, the
15-minute therapist sessions, or the IVR CBT sessions. Each
Monday morning, the CBT therapists will receive a list of
AI-CBT personalized treatment recommendations for that week

for each patient. By noon on Monday, the therapist will have a
finalized schedule of which patients require what types of
contact that week, and which patients need to have a summary
of the therapist’s comments and recommendations recorded for
the week’s IVR CBT therapy call.

During Week 1, all patients in AI-CBT will have an hour-long
telephone session with the CBT therapist. During that session,
the therapist will review the goals and process of the program
and will present the standard introductory material contained
in Session 1 of the standard CBT program. The one-hour
AI-CBT sessions will be identical to those of the control
condition (see above for details) and will follow the same
progression of content used for control patients. The 15-minute
telephone CBT sessions will mirror the content of the one-hour
sessions, though in a compressed form. Protocols in the therapist
manual and patient handbook will emphasize the importance
of using session time efficiently and using a consistent format
that includes reviewing the patient’s daily IVR reports, clarifying
patient handbook information regarding the current week’s
adaptive pain coping skill, and setting goals for skill practice
and step counts for the coming week. Prior to the session,
therapists will review patient-reported information collected
via daily IVR calls. If participants have not been successful in
meeting step or skill practice goals, the therapist will help the
participant identify barriers to goal attainment and use
problem-solving strategies to address barriers. The therapist
then will ask the patient to describe the current week’s adaptive
pain coping skill as a brief check of their understanding and
will clarify any misunderstood information. Finally, the therapist
will review goals for the coming week and discuss any
anticipated barriers to meeting goals. Any remaining time will
be used to review the skill and to encourage the patient to read
their patient handbook. Much of the content for the IVR CBT
sessions has been developed and implemented as part of our
ongoing IVR-based CBT for Chronic Low Back Pain trial. Our
experience in that trial suggests that patients complete the IVR
sessions more than 90% of the time and that satisfaction rates
are high. During these sessions, patient will receive 2-5 minutes
of pre-recorded feedback from their therapist, during which the
therapist will review the patient’s recent IVR-reported changes
in step counts, pain-related functioning, and skill practice.
Reinforcement will be provided for effort, and improvements
will be noted. IVR messages will include a review of the pain
coping skill practice and step goals for the coming week, and
participants will have the option of leaving a message for their
therapist via the IVR system, should they have a question.
Therapists can leave a response message, also on the IVR
system. These IVR CBT sessions typically take 15 minutes to
complete.

The AI Engine
Patients’ IVR-reported step counts, skill practice, and
pain-related functioning will be accessed by the AI engine daily
to update the probabilities that the system uses to determine
which treatment step to recommend for each patient the next
week. We will use a state-of-the-art AI algorithm (LinUCB)
designed to make careful choices while learning quickly from
a patient’s treatment response as well as the experience of other
patients with similar characteristics [45]. With increased
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interactions, the system will learn to tailor these decisions more
effectively to maximize population-level improvements in
functioning while minimizing clinician time. In this way,
AI-CBT will function similar to the best clinicians, who learn
from experience within and across patients to improve their
care. In the context of the trial, this means that patients enrolled
early will likely receive less personalized CBT courses that are
relatively similar to the standard CBT approach (ie, with a
greater number of hour-long sessions), while patients enrolled
later will receive services that are more personalized and include
a greater frequency of 15-minute therapist sessions and IVR
sessions. To maximize the efficiency of this “learning curve,”
(1) patients will be recruited over a longer period than would
potentially be necessary, so that the AI-CBT program can gain
as much experience as possible from patients recruited first and
apply that knowledge to patients entering the program later, and
(2) patients will be randomized with a greater “N” in the
AI-CBT group so as to maximize the system’s experience (see
power calculation, below). As part of our evaluation, we have
planned an a priori subgroup analysis in which we will compare
randomization groups on each specific aim separately for early
versus later enrollees, to test the hypothesis that AI-CBT will
result in greater benefits over time. These analyses also will
allow us to estimate program benefits if AI-CBT were
implemented with thousands of patients and multiple years of
experience.

CBT Treatment Fidelity
CBT treatment fidelity will be assessed using a modified version
of the Yale Adherence and Competence Scale [60], a validated
scale that assesses therapist adherence and competence in
delivering manualized behavioral therapy. Dr Heapy will rate
audiotapes of 30% of all CBT therapist sessions to assure that
treatment is consistent with the manual and will provide
corrective feedback to therapists whenever drift occurs.

Role of the Expert Panel
The AI-CBT program will be supervised with ongoing input
from an expert panel comprised of experts in pain management,
CBT for chronic pain, clinical trials using behavioral
interventions, adaptation of therapy materials for telephone
delivery, and IVR. The panel will meet several times by
teleconference during the study start-up period to review and
revise the proposed treatment materials and refine the AI
algorithm to reflect any constraints that should be put into place
to limit the choices that the RL algorithm can make, for example,
“if the patient’s physical activity level decreases more than 20%
during 2 weeks in a row, recommend 2 hour-long CBT sessions
regardless of what their prior week’s contact was.” Experts will
meet by teleconference quarterly and in ad hoc sessions if
important concerns or questions arise during the intervention.

Measurement

Overview
We have selected outcome measures based on recommendations
from the Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT) [57,63]. Endpoint
measures are consistent with CONSORT guidelines
recommending that equivalence trials use outcomes that are

similar to those used in efficacy studies. We also will examine
treatment satisfaction, treatment credibility, patient engagement
and dropout, and goal accomplishment. Process and outcome
data will be collected via the following sources: (1) Patient
surveys will be conducted at baseline, 3 months, and 6 months
via telephone by trained research assistants. Participants will
receive a $20 incentive for each interview completed; (2)
Qualitative interviews will be conducted with purposive samples
of patients in the AI-CBT group at follow-up. We will target
patients who demonstrate significant improvement, patients
who were very satisfied with AI-CBT, patients without
significant improvement, patients who were dissatisfied, and
patients who dropped out of the intervention. Additional
qualitative interviews will be conducted at follow-up with CBT
therapists and clinician team members; (3) CBT therapist logs
will be used to track therapist time spent in patient treatment
and in attempting to reach patients, as well as key information
about the content of those interactions; (4) The AI-CBT IVR
system will automatically capture information about intervention
patients’ pedometer-measured step counts, pain-related
functioning, CBT skill practice, and missed data reporting
events; and (5) Administrative and clinical data systems will
be used to track patients’ use of other VA inpatient and
outpatient services for pain management, mental health, and
medical care.

Primary Outcome
The 24-item Roland Morris Disability Questionnaire (RMDQ)
is an IMMPACT endorsed measure [63] of pain-related
disability for persons with chronic low back pain. Strong
evidence supports the RMDQ’s reliability, validity, and
responsiveness to change during trials [64].

Secondary Outcomes
Global pain intensity will be assessed using the Numeric Rating
Scale (NRS-I) an IMMPACT-recommended 11-point numeric
rating scale of pain severity [57]. Pain-related interference will
be measured using the 9-item Interference subscale of the West
Haven-Yale Multidimensional Pain Inventory (WHYMPI). This
IMMPACT-recommended measure assesses pain-related
interference in daily activities and has demonstrated good
internal consistency [57,62]. Emotional functioning will be
assessed using the 65-item Profile of Mood States (POMS) [65],
which is designed to assess six dimensions of mood. Internal
consistency and test-retest reliability for the POMS are good,
and it requires only 3-5 minutes to complete. Depression
symptom severity will be assessed using the 21-item Beck
Depression Inventory (BDI), a widely used measure with
excellent internal consistency and stability [66]. The BDI takes
5-10 minutes to complete. The Patient Global Perception of
Change scale is a single-item measure that quantifies a
participant’s overall perception of improvement since beginning
treatment and the clinical importance of that improvement.
Participants indicate improvement on a 7-point "much worse"
to "much better" scale. This is a well-validated measure
recommended by IMMPACT [63]. Finally, we will use the
Veterans SF-12 to assess health-related quality of life. This
measure has demonstrated good internal consistency and is
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strongly correlated with socioeconomic status and morbidities
[67].

Resource Use (Aim 2)
To assess intervention costs, therapists will use a log to record
time spent in intervention-related activities, including patient
treatment and consulting with other care providers, for a random
20% of all days for which they are treating patients. These time
records will be combined with wage data from the VA Financial
Management System to estimate intervention-specific personnel
costs. Technology costs of the AI-CBT program include fixed
costs (eg, software development and computer maintenance)
plus variable costs (eg, minute costs for IVR calls). One-time
fixed start-up costs will be reported separately. VA inpatient
and outpatient service use data will be obtained from the
Musculoskeletal Diagnoses Cohort (MSD). The MSD is
developing validated algorithms for using VA electronic health
record data to identify utilization events, comorbid conditions,
receipt of opioid medications, and pain screening results, for
patients with pain-related diagnoses. The primary data source
is the National VA Corporate Data Warehouse (CDW), which
contains electronic pharmacy data, and inpatient and outpatient
encounters. The MSD soon will include data from sources
currently transitioning to the CDW, such as Decision Support
System National Data Extracts (which include the Outpatient
and Inpatient Encounter files). Information on non-VA
admissions will be collected by the patient survey. To mitigate
recall bias, we will use a 2-timeframe method that asks about
utilization over the past 6 months and past 2 months, with more
weight given to the shorter timeframe [68].

Treatment Satisfaction and Engagement (Aim 3)
For patients in the AI-CBT group, we will calculate IVR
adherence as we have in the past [46], that is, as the proportion
of days during which an assessment was attempted in which
one was successfully completed and the number of weeks during
which the patient completed at least 4 out of 7 requested IVR
reports. Participants’ judgments of treatment credibility will be
assessed using a reliable questionnaire adapted from Borkovec
and Nau [69]. Treatment credibility has been shown to be
significantly associated with treatment satisfaction, engagement
in treatment, and number of sessions attended. The Pain
Treatment Satisfaction Scale of the Patient Outcomes
Questionnaire will be used to assess patient satisfaction with
various domains of pain care [70]. This 5-item measure shows
good internal consistency and significant associations with staff
and patient ratings of patient improvement. To understand
attendance in “live” telephone CBT sessions and program
dropout, we will attempt to reach samples of patients with low
levels of engagement for qualitative interviews. Participants
will rate their continued skill use at follow-up for each of the
target behaviors emphasized in the CBT program on a 0 (not at
all accomplished) to 10 (completely accomplished) scale. These
survey items will be based on those we have used successfully
to collect similar data from veterans during IVR assessment
calls. As described above, daily IVR calls will be used to collect
data in the AI-CBT condition regarding pedometer measured
step counts, CBT skill practice, and pain-related functioning

using pre-recorded questions we have used successfully in our
prior studies.

Demographics and Covariates Measured at Baseline
Demographics and other covariates have been selected to be
consistent with data collected in prior trials of chronic pain and
pain-related CBT, including factors that can influence important
mediation and moderation processes such as access to care,
barriers to enacting behavior changes, and substance abuse and
mental health comorbidity. Variables will reflect characteristics
predicting psychological treatment response in the Personalized
Advantage Index, that is, marital status, employment status, life
events, comorbid personality disorder, and prior experience
with medications [28]. We will measure patients’ baseline
sociodemographic and pain characteristics that have been
shown to be associated with treatment outcomes such as age,
sex, education level, racial/ethnic background, marital status,
occupational status, pain duration, and number and location of
pain sites. We also will gather data on participants’ level of
health literacy [71]. Psychiatric and substance abuse
comorbidities will be measured using medical record diagnoses
and mental health encounters. Additional self-report information
will be collected using subscales of the Mini International
Neuropsychiatric Interview (MINI) [72] related to mood and
substance abuse disorders. Pain medication use will be assessed
through patient surveys and a review of computerized pharmacy
records. Pain medication will be coded as non-steroidal
anti-inflammatory, non-narcotic analgesics, narcotic analgesics,
and benzodiazepines and other sedative/hypnotics. For each
category, ratings also will be made post-treatment, to determine
whether patients have experienced an increase, no change, or
decrease in their medication use. Distance from VA will be
calculated using Google maps and used as a measure of
geographic access. The Pain Catastrophizing Scale is a 13-item
self-report scale that examines thoughts and feelings people
may experience when they are in pain including rumination,
magnification, and helplessness [73]. Finally, pain-related fear
will be measured using the Tampa Scale of
Kinesiophobia-revised (TSK-R), which has two subscales (Fear
of Harm/Activity Avoidance and Pathophysiological Beliefs)
and has been shown to be sensitive to treatment-related change.

Sample Size and Power Calculation
To ensure that the AI-CBT program retains a clinically relevant
effect relative to standard CBT, the noninferiority margin was
set at a 2-point reduction in pain-related disability as measured
by the Roland Morris Disability Questionnaire (RMDQ) [64].
A 2-point reduction in the RMDQ is considered to be a
minimally clinically significant effect [74]. To detect
noninferiority within a margin of 2 points (SD 4.5) with 90%
power and Type I error (1-sided) of .025, we will need 108
participants in each group after attrition. If we assume 20%
attrition, we would need to randomize 135 patients to each study
arm, for a total of 270 patients enrolled. However, given that
we expect no difficulty recruiting sufficient numbers of patients,
our target sample size will be 320. The additional 40 patients,
that is, (320 - 270) - 10 dropouts, will allow us to ensure that
we are well powered to detect inferiority in the event of a higher
dropout rate, and also will allow us to randomize patients to the
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AI-CBT versus standard CBT groups using a ratio of 1.37:1.
The additional patients in the AI-CBT group will have the added
benefit of allowing the AI engine to improve its ability to
personalize patients’ stepped care program as quickly as
possible.

Analysis

Baseline Comparability
We will examine baseline differences across groups in measures
of study endpoints as well as other potential prognostic
indicators, such as patients’ age, comorbid diagnoses, and
history of pain treatment. Any differences across groups in
baseline characteristics will be controlled statistically in analyses
comparing outcomes.

Intervention Reach and Sample Representativeness
The RE-AIM framework (ie, Reach, Efficacy, Adoption,
Implementation, and Maintenance) is a methodology for
systematically considering all strengths and weaknesses of an
intervention to better guide program planning [75]. To evaluate
reach, we will ask patients who decline study participation
whether they would be willing to provide informed consent to
participate in a brief survey that identifies their reasons for
declining participation and the characteristics that differentiate
them from enrollees.

Analysis of Endpoints (Addressing Specific Aim 1)
We will compare standard telephone CBT to AI-CBT on the
RMDQ pain intensity scores at the 12-week follow-up using a
one-sided, 2-sample t-test. Because intent-to-treat analysis can
raise the risk of Type I error in a noninferiority trial [76], we
will conduct both a per protocol and intent-to-treat analysis.
Analyses of all other outcomes will be conducted on an
intent-to-treat basis. Because the more efficient AI-CBT
program will be less burdensome to patients, engagement and
outcomes could actually be superior to standard CBT. Our
primary outcome analyses will be able to detect superiority in
the AI-CBT group, although the study has been designed to
detect noninferiority. We expect that RMDQ scores will be
normally distributed. If not, we will use transformations to
achieve normality. We also will develop a 2-level mixed linear
model that uses both RMDQ follow-up scores as the dependent
variables; treatment group, time, and the treatment by time
interaction as categorical explanatory variables; and baseline
RMDQ score as a continuous covariate. This model will also
allow for adjustment for design-related factors (eg, site and
age). Age will be examined as a blocking variable within 5-year
age groups, because randomization will be done within site x
age block strata. An unstructured variance-covariance matrix
will be used to model the error variance. Secondary outcomes
including pain intensity, emotional functioning, global
perception of change, and quality of life will be analyzed in a
manner similar to that used for the primary outcome.

Intensity of Service Use (Specific Aim 2)
We will compare service utilization by category (eg, CBT
therapist time, PCP visits, and pharmacy use) between groups.
We will conduct a budget impact analysis [77] from the
perspective of the VA medical center and will include the cost

of the intervention (personnel, supplies, CBT therapist training,
and IVR fixed/variable costs) as well as costs for specific
medical care services likely to be affected by the
intervention. Data from CBT therapists time records will be
combined with wage data from the VA Financial Management
System to produce estimates of intervention-specific personnel
costs. Costs associated with the use of specific medical care
services, such as medications, will be obtained from the Decision
Support System (DSS) files. Cost analysis will be conducted in
accordance with the guidance provided by Mauskopf et al [77],
including the use of sensitivity analysis and scenarios that allow
for varying assumptions about intervention uptake, compliance,
or component costs. All resource use and cost comparisons will
be adjusted for any observed baseline differences in patient
characteristics. Because costs of resource utilization are usually
skewed, alternative modeling techniques (eg, log-transformed
costs, negative binomial regression) will be used.

Intervention Engagement and Satisfaction with Care
(Specific Aim 3)
As in our prior research [46], we will conduct extensive analyses
of the process of intervention delivery in both arms. We will
monitor the proportion of telephone CBT sessions that are
completed, and determine the patient and session characteristics
associated with patients’ reports of skill practice. Patients in the
AI-CBT group will report their satisfaction with aspects of the
intervention (eg, whether it provided information useful for
achieving behavioral targets), and satisfaction ratings will be
correlated with measures of intervention engagement, patients’
baseline characteristics, and changes in pain-related functioning.
Differential dropout across experimental conditions will be
examined using Kaplan-Meier curves and survival models.

Preplanned Subgroup Analysis
Because AI-CBT will continue to learn patterns in patients’
experience throughout the intervention period, we hypothesize
that the second 50% of patients randomized will show an even
larger difference in clinician time than the first 50%, while still
maintaining near equivalence in pain-related outcomes.
Differences in pain-related functioning and in clinician treatment
time across treatment groups will be tested in this subgroup
analysis after stratifying the sample into early versus later
recruits.

Approach to Missing Data
If more than 15% of a covariate is missing, we will use multiple
imputation methods based on the SAS MI Procedure [78].
Specifically, we will model patients' likelihood of having data
and define strata within which values are missing at random.
We will then stratify patients according to these propensities,
randomly sample from the observed outcome distributions, and
impute these values for missing data within each stratum. When
data are missing for items within scale scores, we will use
recommended imputation procedures rather than deleting
patients list-wise from the analysis.

Mediators and Moderators of Intervention Effects
We will use multivariate modeling to identify the mechanisms
through which the intervention achieves effects on outcomes
and whether there are differential effects across subgroups [79].
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Initial models will include only treatment group as the predictor.
Subsequent nested models will introduce potential mediators
(such as the amount of time spent via telephone with CBT
therapists), and we will evaluate changes in the relationship
between experimental condition and outcomes before and after
covariates are introduced. Analyses of effect moderation will
focus on baseline pain severity and comorbid diagnoses using
standard approaches to evaluate interactions between these
covariates and patients’experimental condition [80]. Significant
interactions will be interpreted by plotting regression lines for
predicted outcomes of patients with high and low values of the
moderator.

Evaluating the Reliability of Patients’ IVR Reports
We will evaluate the integrity of IVR-reported step counts and
functioning by examining associations between IVR reports
and patients’baseline characteristics that the literature suggests
would be associated with patients’ functioning (eg, baseline
SF-12 scores, comorbid medical diagnoses, and age). We also
will examine serial correlations across IVR reports under the
assumption that all correlations between scores and proximal
scores should be positive and roughly of equal magnitude,
controlling for the time difference between reports.

Evaluating Intervention Adoption, Implementation, and
Maintenance
These dimensions of an RE-AIM evaluation [75] will be
assessed as follows. Adoption will be evaluated by examining
variation in study participation and intervention engagement
across sociodemographic and clinical subgroups of eligible
patients. For example, we will determine whether older patients
or those with less education have more difficulty responding to
queries about their step counts or other aspects of pain-related
functioning via IVR. Adoption at the provider level will be
monitored by recording the proportion of primary care providers
who are willing to have their patients participate in the trial and
providers’ reasons for not participating. Implementation and
maintenance will be evaluated through semi-structured questions
at follow-up designed to identify program characteristics that
might be a barrier to patients’ use of the intervention in other
settings and intervention characteristics that patients feel would
make it more valuable to others with chronic pain. We also will
meet with clinicians at each site to gauge their willingness to
adopt and maintain a similar intervention, and the ways such a
system can be designed to best complement existing services.

Qualitative Interviews and Mixed-Methods Analysis
We will use audio-taped interviews with 20 patients (15 from
the AI-CBT arm), CBT therapists (N=2), and clinician team
members (5 from each of the two recruitment sites) to provide
a context for interpreting intervention effects and suggest
additional subgroup analyses. The focus of patient interviews
will be on satisfaction with pain care, barriers and facilitators
of pain management, and motivation for making behavior
changes using automated systems. AI-CBT patient interviews
will focus on patients’ satisfaction with the adaptive intervention
and the extent to which patients felt that it was able to provide
them with the care they needed while using their time
effectively. Staff and clinician interviews will focus on barriers

to recruitment and maintenance in a larger-scale roll-out of the
intervention and the extent to which staff feel that services like
this are feasible and useful given their workflow. Staff will be
interviewed by the two study PI’s, and patients will be surveyed
by a research associate with training by an expert in qualitative
analysis. Interviews will be transcribed verbatim, and 20% of
the transcripts will be verified by comparing the transcript to
the audiotape. We will enter the transcripts into NVivo, for file
storage and selective retrieval. Using accepted techniques [81],
two reviewers will independently read transcripts, approaching
the data with analytic categories in mind, but also identifying
other categories in the data. An iterative process will be used
until agreement is reached on categories and their definitions,
after which we will develop a coding template and enter it into
NVivo as a tree diagram. Dr Heapy has experience in gathering
and analyzing qualitative data on CBT goal setting and
outcomes, and the University of Michigan Center for Managing
Chronic Disease has extensive expertise in this important focus
of implementation science.

Results

The trial is currently in the start-up phase. Patient enrollment
will begin in the fall of 2016 and results of the trial will be
available in the winter of 2019. If successful, the study will
establish a new approach for using artificial intelligence to
improve pain care. Similar methods could be used to improve
the efficiency of chronic disease management services for
patients with depression, hypertension, diabetes, and other
priority conditions.

Discussion

Expected Findings
The AI engine will only make productive decisions about
patients’ subsequent therapy sessions to the extent that it has
valid, reliable, and current information about patients’progress.
In this respect, the AI-CBT program is identical to clinicians
who must rely on patients’ feedback about behaviors such as
adherence, to judge treatment response after a change in
management. We will examine patients’ IVR reports carefully
as described above to identify aberrant patterns that need to be
taken into account when evaluating the intervention’s
effectiveness and potential of this system for broader
dissemination. The AI engine will also be programmed to
disregard reports of dramatic changes in patients’ step counts
that are likely to be inaccurate. These reports will be treated as
missing data, thereby making conservative decisions that leave
patients in the relatively intensive treatment modes. Missing
data on step counts and CBT skill practice will result in
conservative choices in the AI-CBT group, which in the extreme
will leave patients with weekly one-hour telephone CBT
identical to that received by patients in the control arm. In
contrast to other applications of reinforcement learning, for
which AI systems can receive millions of “reward” indicators
across users in short intervals of time (eg, purchase decisions
among Amazon users), the AI engine in this intervention will
only be receiving data on a relatively small number of patients
and time points. As such, the system will learn relatively slowly

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e53 | p.126http://www.researchprotocols.org/2016/2/e53/
(page number not for citation purposes)

Piette et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


for a given patient, especially for patients enrolled in the initial
phases of recruitment. We expect that this will lessen the
system’s ability to maximize cost-savings by offering less
resource-intensive but equally effective alternatives to extended
telephone CBT sessions. As such, the differences in per-patient
treatment cost across groups will be a lower bound of what
could be expected if the service were implemented with larger
samples of patients over longer periods of time.

Dissemination and Implementation Plan
We will engage clinicians at both sites during regularly
scheduled primary care meetings to discuss how to make the
service most impactful and consistent with their workflow. We
also will disseminate short newsletter-style emails with
information about the study, and will make PowerPoint
presentations and videos of educational presentations available
via the National Pain Program Office website. Of particular

relevance to engaging other pain researchers is the Pain
Research, Informatics, Medical comorbidities, and Education
(PRIME) Center, directed by Dr Robert Kerns. PRIME Center
resources will be made available to assist with this dissemination
plan. An additional avenue for dissemination is the National
Pain Research Working Group, which includes pain
investigators that teleconference regularly to identify priorities
for pain research and develop collaborative projects. The PRIME
Center has a well-established collaboration with the Health
Services Research and Development (HSR&D) Center for
Information Dissemination and Education Resources (CIDER)
and the Employee Education System. These will be leveraged
to further target policy makers through cyber seminars and other
dissemination strategies. We believe that AI-CBT will be an
exciting alternative for consumers because it will be less
burdensome than standard care and will automatically
personalize each patient’s treatment course.
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Abstract

Background: Cardiovascular disease is the leading cause of mortality in the United States. Maintaining healthy levels of physical
activity is critical to cardiovascular health, but many older adults are inactive. There is a growing body of evidence linking low
motivation and inactivity. Standard behavioral counseling techniques used within the primary care setting strive to increase
motivation, but often do not emphasize the key component of self-control. The addition of electronic activity monitors (EAMs)
to counseling protocols may provide more effective behavior change and increase overall motivation for exercise through interactive
self-monitoring, feedback, and social support from other users.

Objective: The objective of the study is to conduct a three month intervention trial that will test the feasibility of adding an
EAM system to brief counseling within a primary care setting. Participants (n=40) will be randomized to receive evidence-based
brief counseling plus either an EAM or a pedometer.

Methods: Throughout the intervention, we will test its feasibility and acceptability, the change in primary outcomes (cardiovascular
risk and physical activity), and the change in secondary outcomes (adherence, weight and body composition, health status,
motivation, physical function, psychological feelings, and self-regulation). Upon completion of the intervention, we will also
conduct focus groups with the participants and with primary care stakeholders.

Results: The study started recruitment in October 2015 and is scheduled to be completed by October 2016.

Conclusions: This project will lay the groundwork and establish the infrastructure for intervention refinement and ultimately
translation within the primary care setting in order to prevent cardiovascular disease on a population level.

Trial Registration: ClinicalTrails.gov NCT02554435; https://clinicaltrials.gov/ct2/show/NCT02554435 (Archived by WebCite
at http://www.webcitation/6fUlW5tdT)

(JMIR Res Protoc 2016;5(2):e59)   doi:10.2196/resprot.5454
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Introduction

Cardiovascular Disease and Physical Activity
In the United States, more than 85 million adults have at least
one type of cardiovascular disease (CVD) [1]. It is the most
deadly disease in the United States (accounting for 1 in 3 deaths)
and the world [1,2]. By 2020, the American Heart Association
(AHA) strives to reduce this number by 20% [3]. It is well
established that lifestyle behaviors, such as physical activity
(PA), are related to CVD [4-9]. Therefore, intervening on PA
is an important step toward meeting this goal [10]. The Centers
for Disease Control recommendation for primary and secondary
prevention of CVD is 30 minutes of PA a day, 6-7 days per
week [7]. However, analysis of the Behavioral Risk Factor
Surveillance System reports the prevalence of older adults
meeting this recommendation only reaches 39.3% [11]. Lack
of motivation to exercise appears to be a barrier that impedes
meeting the recommendation for many older adults [12].

A promising strategy for increasing motivation for exercise is
promotion by primary care providers [13-16]. The United States
Preventive Services Task Force (USPSTF) developed the 5 A’s
counseling intervention to be used in the primary care setting
[17]. The components of 5 A’s stand for assess, advise, agree,
assist, and arrange. Five A’s is a comprehensive and validated
counseling technique to elicit behavioral change during a typical
medical visit [10,17]. This counseling is based on the
Self-Determination Theory, which targets perceptions of
autonomy, competence, and relatedness to increase autonomous
motivation, that is, motivation that is volitional and internal
rather than external [18,19].

Most primary care physicians use at least one 5 A’s measure
with their patients [20]; however, comprehensive behavioral
counseling or complete 5 A’s counseling is not routinely
conducted [15,20]. Even if proper 5 A’s counseling was done
routinely, providing knowledge and professional support alone
is insufficient for changing behavior [21]. Emphasizing
self-control through self-monitoring of behavior is an effective
behavioral change technique (BCT) when combined with other
techniques, such as shaping knowledge and social support
[21,22]. Use of technology is a promising method for delivering
these techniques [16]. The AHA recommends both 5 A’s
counseling and technology-based interventions to improve
cardiovascular health for individuals at moderate risk for disease
[10].

PA interventions that utilize self-monitoring technologies have
been shown to be efficacious [23-25]. Moreover, self-monitoring
technologies are feasible to implement with 5 A’s counseling
[23] and, thus, may help prevent the onset and progression/or
progression of chronic diseases [26]. A self-monitoring

technology commonly used is a pedometer [23,27-32].
Pedometers are cost-effective activity monitors that provide a
simple method of promoting self-control via self-monitoring of
steps [33]. Pedometer use is associated with improvements in
PA, weight, and blood pressure [27-29]. These improvements
may be sustained to prevent chronic disease risk factors
(measured by the Framingham risk calculator) [31]. In a
previous primary care intervention, individuals wearing a
pedometer had significant increases in PA compared to usual
care [34]. Ideally, technologies for preventing CVD should
provide self-monitoring, education, personalized feedback, and
should also be customizable [35]. Since standard pedometers
cannot provide all of these features, they may not be optimal
for CVD prevention.

More advanced pedometers, or electronic activity monitors
(EAMs), are readily available on the market (estimated 3.3
million units sold in 2014) [36] and offer many features that
standard pedometers do not. Like pedometers, EAMs count
total steps, but they can also measure duration and intensity of
PA. EAMs can sync wirelessly to an application (app) on a
smart device (phone or tablet). The data it collects are displayed
clearly and concisely through the app. EAMs are programmable
in that the individual can set his or her personal activity goals
[37]. Lyons et al [38] found that EAMs include numerous
behavioral techniques commonly associated with PA change
including: self-monitoring, feedback, goal-setting, planning,
social support, social comparisons, commitment, instructions
on how to perform a behavior, and information on consequences
[39,40]. EAMs have the potential to change behavior alone, but
they will likely be more successful if combined with structured
engagement [41], such as a research intervention. Providing an
EAM in addition to 5 A’s counseling shows promise in
preventing CVD because: (1) an EAM can deliver counseling
components that may not have been targeted by the physician
[42]; (2) it provides adaptive PA goals based on progress, which
is more effective than a static exercise prescription [43]; and
(3) it can improve perceptions of relatedness by providing social
support from other users.

Specific Aims
Testing Activity Monitors’ Effect (TAME) on health
(NCT02554435) will implement and evaluate a 12 week
intervention that incorporates 5 A’s counseling and
self-monitoring with an activity monitor among older primary
care patients. Participants (n=40) will be randomized to receive
5 A’s counseling and an EAM system or 5 A’s counseling and
a standard pedometer. Figure 1 shows the conceptual framework
of TAME health (also outlined in Table 1). As a follow-up to
the intervention, separate focus groups with research participants
and primary care stakeholders will be conducted to further gauge
the intervention’s feasibility and acceptability.
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Table 1. Conceptual constructs underpinning the research design.

Intervention componentsBCTaTheoretical construct

EAMPedometer5 A’s counseling

(both groups)

Self-Determination Theory

XXGoal-setting/intention formationAutonomy

XXProvide information on consequences of behavior in
general

XBarrier identification/problem solving

XXAction planning

XXXProvide feedback on performanceCompetence

XXProvide instruction

XTeach to use prompts/cues

XXSelf-control: Prompt self-monitoring of behavior

XFacilitate social comparisonRelatedness

XXSocial support

a BCTs described are associated with Self-Determination Theory constructs based on previous research [22,44-46].

Figure 1. Conceptual framework of the intervention.
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Methods

Preliminary Studies
Several preliminary studies have shaped the proposed
intervention. In a preexperimental pilot study, we recruited 10
sedentary older adults (55-79 years of age) into a six week
intervention in which they received an EAM (UP by Jawbone),
a mini tablet, and weekly counseling. Adding an EAM to the
PA intervention was both feasible and acceptable within this
older adult population that already used smart devices. There
were nine out of the 10 participants that agreed or strongly
agreed with the following statements: “I would continue to wear
the monitor”; “I felt very confident using the tablet”; “The UP
app encouraged me to view my steps”; and “It was convenient
for me to use the UP app”. As a follow-up, we are completing
a pilot intervention to determine changes in PA outcomes within
this same population using an UP24 by Jawbone. We will
compare PA outcomes between those who received the
intervention to wait-list controls. Among the 38 participants to
complete the intervention at this time, we found that nearly all
used social support features of some kind. Several participants
(8/38) even commented over 50 times across the 12 week period.

In addition to conducting PA interventions, we analyzed the
content of EAMs. We evaluated 13 different EAMs and coded
them for present BCTs [38] and validated their measurements
of steps over the span of a week compared to research-grade
activity monitors. We found that EAMs commonly incorporate
important BCTs [38] and they reasonably estimate the number
of steps per day.

The research team, led by ZHL, also conducted a systematic
review of PA interventions that utilized EAMs [37]. This review
evaluated different intervention methodologies and EAMs used
by researchers. Findings suggested that EAM interventions
produced equivocal results when compared to behavioral
counseling alone. However, the devices investigated did not

provide social support and used apps with fewer behavior change
techniques than provided in Jawbone’s app. Compliance
outcomes indicated that devices were regularly worn and utilized
by participants [37]. Overall, our work to date suggests that
EAMs are motivational devices that are acceptable for use by
older adults and can change PA behavior in conjunction with
behavioral counseling.

Protocol
This protocol has been approved by the University of Texas
Medical Branch (UTMB) Institutional Review Board (Protocol
15-0014, Version 5, 12/02/15) and is registered on a website
(NCT02554435). This protocol also follows SPIRIT reporting
guidelines (see Multimedia Appendix 1). The TAME health
study design is displayed in Table 2.

We intend to recruit older primary care patients (n=40) to
participate in the 12 week TAME health study. Primary
eligibility criteria include: age (55-74 years), physically inactive
(less than 60 min/week of PA), body mass index between 25-35,
in good health as measured by the PA Readiness Questionnaire
Plus (Par-Q+) [47], and access to a smart device. Eligibility
criteria were determined based on our previous work using
EAMs in this population. A smart device is operationally defined
as a mobile phone or tablet using the iOS operating system or
Android 4.3 or later. Reports suggest that 45% of adults over
the age of 65 own a smart device [48]. Individuals will be
excluded from the study if participation in PA is inadvisable by
their doctor, they are involved in another PA intervention
currently or within the past 6 months, utilized an EAM in the
past 6 months, are unwilling to travel for scheduled visits,
currently taking medications that affect body composition, a
current smoker, report of alcohol or drug problem,
institutionalizations for psychiatric illness within the last year,
or do not consent. As advised in the Par-Q+ [47], prospective
participants with comorbid conditions are eligible if they provide
a letter from their physician stating that it is safe for them to
participate in PA.
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Table 2. TAME health time frame.

Study period

Close-outPost allocationAllocationEnrollment

121210-12Study week

Enrollment:

XXEligibility screen

XInformed consent

XAllocation

Interventions:

XX5 A’s counseling

XXPedometer

XXEAM

Assessments:

XXAge (date of birth)

XXGender

XXEducation

XXCardiovascular risk

XXXXPA

XXXWeight

XXXBody mass index

XXBody composition

XXBlood pressure

XXExercise motivation

XXHealth status and quality of
life

XXPhysical function

XXPsychological feelings

XXResting pulse

Recruitment and Screening Procedures
Participants will be recruited from two clinics affiliated with a
large university-based health care system. Recruitment started
in October 2015 and will continue until all participants are
enrolled. Prospective participants will be recruited from flier
postings in waiting rooms and in patient rooms, direct
solicitation from a recruitment table in the lobby, and through
recruitment letters mailed to their home.

Patient eligibility will be determined by using a screening script.
Screenings will be completed in person at the recruitment table
or over the phone. Once patients are deemed eligible, the
researchers will obtain informed consent. This will be done
promptly after screening for eligibility at the recruitment table
for patients screened in person. For patients screened over the
phone, a researcher will arrange a meeting with the patient at
their primary care clinic to obtain informed consent.

After obtaining informed consent, an assessment visit will be
scheduled. Reminders about the orientation meeting will be sent
via email monthly (for those recruited prior to the data collection

start date of January 1, 2016) and one week prior to the
scheduled meeting. In addition, participants will receive a phone
call reminder the day before the meeting. Enrollment into the
intervention is postponed until after January 1, 2016 to minimize
seasonal variations in PA [49].

Intervention Procedures

5 A’s Counseling
All participants will receive brief PA counseling following the
USPSTF 5 A’s model [17,18]. The counseling provided in this
intervention is referred to the “5A-S model” for it emphasizes
the importance of self-control. The counseling components
included: assess, advise, agree, assist, arrange, and self-monitor.
The brief PA counseling will occur during the private assessment
visit at the participant’s primary care clinic, before
randomization. An experienced PA counselor with a background
in exercise physiology and training in motivational interviewing
will conduct the counseling. To facilitate transition into clinical
practice, participants will go through counseling at baseline and
will be instructed to self-monitor with their assigned device for
the subsequent 12 weeks. After counseling, the researcher will
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provide the participant with an exercise prescription to follow.
A phone call will be arranged with the participant a week after
the counseling to assess progress and resolve technical issues.

Table 3 provides a description and an example of how each 5
A’s component will be operationalized in the current study.

Table 3. Counseling components.

ExampleDescriptiona

Review steps per day and minutes of PA per day from research-grade
monitor

Ask about/assess behavioral riskAssess

Compare current PA level to CDC guideline

Define moderate and vigorous PA

Suggest new PA goal

Advise participant to increase their PA to meet healthy levelsAdvise

Set weekly step goal

Active planning of step goal

Set long term PA goal

Reach agreement with the participant about appropriate weekly
PA goal and a long term goal

Agree

Identify social support

Identify barriers

Provide PA prescription

Teach behavioral change strategiesAssist

Schedule phone call in 1 week

Review health changes

Go through the “Agree” step on new weekly goal

Arrange a follow-up appointment to assess progress and any
issues that arise

Arrange

a The descriptions are modified from Whitlock et al [17].

Grouping the Participants
All participants will be given an activity monitor to encourage
self-regulation of PA. After counseling, participants will be
randomized to one of the two groups: pedometer or EAM group.
A random number generator available on the Internet will be
used to randomly allocate group assignment [50]. Assignment
into the EAM group will be selected randomly by the generator
using the following settings: 1 set, 5 unique numbers, numbers
range from 1 to 10, and sorted lowest to highest. This process
will be repeated for 3 more sets of numbers ranging from 11-20,
21-30, and 31-40. Each number represents a participant
identification number selected to be in the EAM group. Group
assignment will be written on a piece of paper wrapped in foil
and carbon paper and concealed inside an envelope prior to
group allocation. A blinded researcher will prepare all of the
envelopes. After group allocation, participants will be given all
intervention materials and detailed instructions on all
intervention components. For participants in the EAM group,
the researcher will also test the monitor and the participant’s
smart device to ensure they are working properly. Due to the
nature of the intervention, the participants and the accessor will
not be blinded to group assignment after randomization.

Pedometer Group
Participants will be provided with a digital pedometer
(Digi-walker CW-700/701, YAMAX, San Antonio, TX). The
pedometer records total number of steps (steps), activity time
(hour/minute), distance walked (mile), and calories burned
(kcal). The device stores this information every day and up to
the previous 7 days. Weekly totals for steps, activity time,
distance walked, and calories burned are stored for the current
and previous week. The pedometer also displays a clock and
an informative graph that estimates the number of calories
burned based on the number of steps [51]. Participants will be

instructed to log their daily steps, activity time, and distance
walked measured by the pedometer in an activity diary.

Electronic Activity Monitors Group
All participants will be given an EAM (UP24 by Jawbone, San
Francisco, CA) and the corresponding UP app on their smart
device. UP24 by Jawbone is widely used and is one of the top
selling EAMs [52]. Furthermore, UP24 implements the most
BCTs compared to other available EAMs and provides vital
techniques that are missing in the counseling. In total, Jawbone
UP24 provided 27 BCTs in 2014, but with continual software
updates, this number is likely higher [38]. Some examples
include goal setting on behavior and on a health outcome,
self-monitoring of behavior, emotional social support, providing
instructions, providing information on consequences, social
comparison, prompts, and focus on past success [38]. For these
reasons, UP24 was selected for the intervention.

The UP app provides information related to PA, diet, weight,
sleep, and socialization. Participants will not be counseled on
improving sleep or diet, but they are additive features of the
app. The home screen of the app provides immediate feedback
to the user on their activity for the day. On the home screen,
the wearer also has access to their activity feed, which displays
all their activities and their teammates’ activities. All activities
in the app are stored forever so the user can review all past
activity. In addition, the app allows the user to set goals, record
activity, and review activity trends. The user can also set
reminders for activity and learn more information about their
health from the Smart Coach tailoring messaging feature [53].
The specific features throughout the app are described in
Multimedia Appendix 2 (see Multimedia Appendix 2).

All participants will be given a deidentified account with an
anonymous name and icon to use in the app. We have chosen
to use board game pieces names and icon pictures (eg,
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Battleship, Cat, Hotel) based upon suggestions from previous
participants and enjoyment of this system in our pilot studies.
Participants will be required to add other participants as their
“teammate” in order to utilize the socializing features within
the app. Only PA information will be required to be visible by
their teammates. Participants will be able to customize their
account if they wish to share any other behaviors with their
teammates. Participants that do not consent to have their
deidentified information shared with other participants will be
ineligible and dropped from the intervention. In order to view
the participant’s activity, the participants will also add the
research account as a teammate. The researchers will not
socialize or interact with the participants through the app; it will
be for surveillance purposes only. Participants will be given a
trouble-shooting guide to help with any issues with the app.
The researcher will also review and resolve any technical issues
reported during the “Arrange” phone call.

Assessment Procedures
The primary purpose of this study is to investigate the feasibility
and acceptability of a low-intensity intervention that combines
5 A’s counseling and an EAM system. We will also compare
the effects of these high-tech activity monitors to low-tech ones
(pedometers) on PA and other cardiovascular risk indicators
(Framingham risk calculator, fitness). The study includes two
assessments conducted at baseline and 12 weeks. Upon initial
recruitment at the clinic, participants will provide informed

consent and schedule their first assessment visit. Approximately
7 days before their initial assessment, participants will be given
a baseline questionnaire and a research-grade activity monitor
(discussed below) to wear for a 7 day baseline period.
Participants will return to their primary care facility to complete
the assessment. At 11 weeks, participants will be given a
follow-up questionnaire and the research-grade monitor to wear
for 7 days. At 12 weeks, participants will return to their clinic
to complete assessments identical to baseline. As reimbursement
for taking part in this study, all participants will receive a US
$25 gift card at the end of the 12 week assessment, and at that
time participants also forfeit their EAM or pedometer device.

The primary outcomes of interest are feasibility and
acceptability. Feasibility will be operationalized in several ways.
Number of days logged for activity, interactions with other users
in the mobile app, and additional use of the app will be
abstracted using procedures we have previously pilot tested
successfully. Acceptability will be measured using self-report
(modeled on items previously developed) [54], responses, and
focus groups conducted after completion of the intervention.
The primary physiological variables of interest include
cardiovascular risk indicators and PA. Secondary outcome
variables are anthropometrics, body composition, blood pressure,
exercise motivation, health status and quality of life, physical
function, psychological feelings, resting pulse, and
self-regulation. All physiological study variables are listed in
Table 4.
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Table 4. Study variables.

Alpha statisticsSubscalesMeasureVariable

Primary variables

Age: yrs; body mass index: kg/m2; systolic
blood pressure: mmHg

Framingham nonlaboratory risk score calcu-
lator

CVD risk

Distance walked in 6 minutes: ftSix minute walk test

Minutes of METs ≥ 3 (7 days of measure-
ment); steps per day

Sensewear armband (BodyMedia, Pittsburgh,
PA)

PA

Secondary variables

Height (baseline only): cm; weight: kg; body

mass index: kg/m2
Stadiometer (Seca Corp, Hamburg, Ger-
many); scale (Tanita, Arlington Heights, IL)

Anthropometrics

Waist circumference: cm; hip circumference:
cm; waist to hip ratio

Tape measure (Singer, China)Body composition

Systolic blood pressure: mmHg; diastolic
blood pressure: mmHg

Sphygmomanometer (Omron BP742N, Lake
Forest, IL)

Blood pressure

Age: yrs; sex; race/ethnicity; educationSelf-reportDemographics

.73-.86Intrinsic, identified, introjected, extrinsic,
amotivation

Behavioral Regulation in Exercise Question-
naire-2

Exercise motivation

.76-.90Physical functioning, social functioning,
physical role limitations, emotional role lim-
itations, mental health, energy/vitality, pain

36-Item Short Form Health SurveyHealth status and quali-
ty of life

Repeated chair stands, balance, semitandem
stand, side-by-side stand, tandem stand, 8 feet
walk

Short physical performance batteryPhysical function

Upper extremities, lower extremities, central
regions

PROMIS SF v1.2-Physical function 8b

>.90Perceived competence, perceived autonomy,
perceived relatedness

Psychological Need Satisfaction in Exercise
Scale

Psychological feelings

Heart rate: bpmSphygmomanometer (Omron BP791T, Lake
Forest, IL)

Resting pulse

.87-.89Exercise goals, exercise plansRovinak et al scale [55]Self-regulation

Cardiovascular Risk
CVD risk is determined by measuring 10 year risk of cardiac
event from the Framingham nonlaboratory equation [56] and
from fitness measured by a six minute walk test [57]. The six
minute walk test is an additive assessment of CVD risk because
cardiorespiratory fitness is the result of chronic PA and is more
strongly related to clinical outcomes [58]. The Framingham
equation has been used to estimate CVD risk in previous studies
[31,59]. It requires a combination of self-report and objective
measures [56,60]. Self-report measures include sex, age,
treatment of hypertension, smoking status, and diagnosis of
diabetes. Objective measures included blood pressure and body
mass index [56,60].

The six minute walk test requires participants to walk a 100 feet
course continuously for 6 minutes. It has been validated in older
adults to measure physical endurance (0.71<r<0.82) [57].
Percentile norms on the test have been established for active
older adults [61].

Physical Activity
PA will be measured with a SenseWear Armband. The armband
is worn on the upper arm for 7 days. SenseWear quantifies PA
by measuring expended kcals/week, minutes of activity a day,
and steps per day. There is a mean error < 5% in measuring
total minutes of PA with the SenseWear armband [62]. To
properly program the armband, age, gender, and body mass
index (BMI) will be collected at enrollment. These variables
will be formally measured at a study allocation, described below.

Secondary Outcomes
We will also assess anthropometrics, body composition, blood
pressure, resting pulse, demographic information, health status
and quality of life, physical function, exercise motivation,
self-regulation, and psychological feelings toward exercise.

Anthropometrics include height (cm), weight (kg), and BMI

(kg/m2). To ensure accurate measurement of anthropometrics,
height and weight will be measured to the nearest 0.1 unit.
Participants will be instructed to remove their shoes and any
bulky clothing before measurement. Height will be measured
using a portable stadiometer [63] and weight will be measured
using a calibrated electronic scale [64]. The same equipment
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will be used at both clinics. The electronic scale will be
transported in a cushioned carrying case to ensure it remains
calibrated. BMI will be calculated by converting height into
meters and squaring that value, then dividing weight by this
value [65].

Body composition will be estimated based on the waist
circumference (cm), hip circumference (cm), and waist-to-hip
ratio. The waist will be measured at the smallest circumference
of the torso, while the hip will be measured at the largest
circumference at or below the anterior superior iliac spine [66].
The waist-to-hip ratio will be calculated by dividing the waist
circumference by the hip circumference [66]. The average from
three measurements of anthropometrics and body composition
will be used.

Blood pressure and resting pulse will be measured by a
sphygmomanometer (Omron BP742N, Lake Forest, IL) [67].
Blood pressure will be measured after the participant is seated
for at least five minutes and before any other measurements are
taken. The sphygmomanometer is validated for clinical and
personal use according to the European Society of Hypertension
International Protocol [67].

Demographic information will be collected at both assessments.
This information includes date of birth (age), race/ethnicity,
educational level, comorbid conditions, and medication use.
The 36-Item Short Form Health Survey will be used to estimate
health status and quality of life. Subscales of this instrument
include physical functioning, social functioning, physical role
limitations, emotional role limitations, mental health,
energy/vitality, and pain [68].

Physical function will be measured objectively and subjectively.
Physical function will be objectively assessed using the short
physical performance battery. Total functional capacity is based
on a composite score from the following subtests: repeated chair
stands, balance (semitandem stand, side-by-side stand, tandem
stand), and 8 feet up walk [69]. Physical function will be
subjectively assessed using the PROMIS Short Form
v1.2-Physical function 8b [70].

Several self-report measures will be used to estimate exercise
motivation, self-regulation of exercise, and psychological
feelings toward exercise [55,71,72]. Each measure includes
subscales. Exercise motivation consists of intrinsic motivation,
identified, introjected, external regulation, and amotivation [71].
Self-regulation consists of exercise goals and exercise plans
[55]. Psychological feelings toward exercise consist of perceived
competence, perceived autonomy, and perceived relatedness
[72].

Focus Groups
We will conduct several focus groups with research participants
at the end of the intervention to further evaluate feasibility and
acceptability. These sessions will consist of 5-8 individuals and
last for 1.5-2 hours. A trained professional will facilitate all of
the focus groups. Groups will be separated based on the
intervention modality and two groups will be completed for
each study arm. The focus groups will explore the perceived
effectiveness of the 5 A’s counseling and the monitoring device.
Participants will also be asked questions pertaining to their

overall feelings toward the intervention and their thoughts of
the intervention being implemented through their primary care
physician.

Focus groups following the same structure, but with primary
care stakeholders, will also be conducted at the conclusion of
the intervention. Stakeholders (n=20) will consist of medical
doctors, nurses, medical residents, physician assistants, and
other staff personnel. Stakeholders will be recruited through
coordination with the Department of Internal Medicine and
Family Medicine at the clinics used in the study. All
stakeholders will consent to be a part of the focus group and
will be given the opportunity to wear the UP24 for one month.
During the focus groups, stakeholders will be asked questions
related to their perception of the intervention. Materials and
equipment from the intervention will be provided and
preliminary results of the intervention will be presented. The
goal of the focus groups is to elicit reactions regarding the
feasibility and acceptability of including this intervention into
their primary care clinic. Stakeholders will also be asked about
their familiarity with 5 A’s counseling and the extent of its use
in practice. Stakeholders will complete a brief questionnaire
before and after the focus group. In addition, stakeholders that
wear the UP24 for one month will complete a feasibility
questionnaire upon returning the monitor.

Statistical Analyses
The Statistical Package for the Social Sciences (version 20) will
be used to perform all quantitative statistical analyses. Analyses
will be completed in two ways: first using the intent-to-treat
principle (primary analysis) and then only with adherers to the
intervention (secondary analysis for the purpose of informing
further intervention refinement). The alpha-level to determine
significance is set at .05. The specific statistical procedures, by
research aim, are described below.

Aim 1
Feasibility findings will be primarily descriptive and used as a
metric for improvement when compared to similar studies. For
example, days worn will be compared to other EAM studies,
whereas attrition will be compared to other primary care-based
studies. Rather than determine dichotomous feasibility or not,
we will use relative feasibility to determine areas of focus for
intervention refinement; which is addressed in the follow-up
questionnaire and in focus groups. Comparisons of adherence
between EAM and pedometer groups is covered under Aim 2
below and the procedures for analyzing focus groups will be
identical to procedures outlined in Aim 3 below.

We hypothesize that the intervention will be feasible among
several improvement metrics including ≥ 70% days the monitor
is worn [37], < 20% attrition [73], and < 8 moderate or higher
adverse events (< 20% of participants reporting an adverse
event) [74-76]. Hypotheses based on other feasibility metrics
include a low frequency of technical difficulties and a high
frequency of app usage. Additionally, the intervention will be
accepted among participants based on self-report questionnaires
and focus group responses. We also hypothesize that the EAM
group will show higher feasibility and acceptability compared
to the pedometer group.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e59 | p.140http://www.researchprotocols.org/2016/2/e59/
(page number not for citation purposes)

Lewis et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Aim 2
Descriptive analyses will be conducted using means and
frequencies for baseline characteristics. These characteristics
include age, gender, race/ethnicity, educational level, CVD risk,
PA, fitness, weight, BMI, blood pressure, pulse, wait and hip
circumference, physical function, exercise motivation, health
status, psychological feelings, and self-regulation. Mean group
differences will be examined using independent samples t tests
for normally distributed data and nonparametric tests
(Kruskal-Wallis and Mann-Whitney U) for nonnormally
distributed data. Differences in variable frequencies will be
examined using chi-square tests. Little’s Missing Completely
at Random test will be performed to determine whether outcome
data are missing at random.

Analysis of covariance will be used to test the postintervention
difference at 12 weeks (PA, CVD risk, fitness) between the two
groups. The covariates in the analysis will include baseline
values of the dependent variable, clinic location, and any
variables significantly different between groups at baseline. A
blinded statistician will conduct analysis on the primary outcome
variables (PA, CVD risk, fitness). This same procedure will be
used to assess differences in weight, BMI, body composition,
health status, motivation, physical function, psychological
feelings, and self-regulation. Group mean values for adherence
variables at 12 weeks (retention rate, days the monitor worn)
will be analyzed by an independent t test.

The primary purpose of this study is to evaluate its feasibility
and acceptability; therefore, the analyses described in this
section are exploratory and no prespecified power calculation
is needed. Although this is a pilot study and it is not powered
to detect significant difference in small-to-moderate effects, we
hypothesize that the EAM group will demonstrate greater
improvement in all of the aforementioned variables compared
to the pedometer group.

Aim 3
NVivo 11 Pro (QSR International) will be used to perform
qualitative analyses. Thematic analysis will be conducted to
analyze the focus groups [77]. Codes will be developed prior
to the focus groups. Additional coding will be processed while
the focus groups are conducted, adding codes based on new
data. After including all study participants, the completed code
list will be used to code transcripts of all groups. The PRECIS
tool will also be used to estimate the intervention’s potential
success in real clinical app [78].

Power Calculation
Although the aim of the intervention is to improve behavioral
and health outcomes related to cardiovascular risk, the primary
purpose of this study is to investigate the feasibility of
intervention components and study procedures and to inform a
larger intervention. This is necessary in research related to CVD
[79]. For these reasons, a sample size of 40 was deemed
appropriate to test the intervention. The sample size of 40 is
able to detect an increase of 1000 steps from baseline to
follow-up, which is below the minimum expected increase in
steps from pedometer-based interventions [80]. The findings
from this pilot study will be used to establish initial effect sizes

and inform the power and sample size estimates for future larger
trials.

Limitations
The 5 A’s counseling is meant to be delivered by a primary care
physician [17]. A recent review of A-counseling found that
patients want all counseling components conducted by their
physician [81]. Our study is limited in that the PA counselor
will provide all of the counseling. This study is also limited to
more affluent individuals who can afford a smart device.
However, if this study proves feasible, it will inform subsequent
larger studies that will provide smart devices and counseling
conducted by physicians. This study is also limited to the areas
of greater Galveston and Harris Counties, TX. Although this
study will not be nationally generalizable, we anticipate that it
will include a diverse population.

Several potential limitations will be explicitly measured and
addressed by the pilot study design. For example, the older adult
participants may dislike aspects of the app or EAM, or
compliance may be limited by misunderstandings. Furthermore,
it may be insufficiently powered to detect all significant
differences in study outcomes and it will not evaluate
maintenance of PA.

Data Management
Participants will be thoroughly informed of study procedures
and give informed consent prior to any data collection. All data
and participant information will be kept in a locked file cabinet
or stored as a deidentified file on a secured computer network.
Data and participant information will be transported from the
clinics to the office in a passcode protected folder or on an
encrypted flash drive. Data will be linked with an identification
number and will be stored separately from all personal
information. Only authorized members of the research team
will have access to data. Due to the small sample size, a data
monitoring committee will not be utilized. Instead, the Principal
Investigator will conduct data safety monitoring weekly.

Participants in the EAM group will be given deidentifiable
accounts to be used by the UP app. The accounts will not
provide names, images, or personal information of the
participants. UP app accounts made by stakeholders, as part of
their involvement in the focus groups, will not be deidentified
and will include any personal information the individual
discloses in the app (ie, name, images). Accounts will only be
viewable by other study participants and the research team.

Results

TAME health is currently in the recruitment phase. Recruitment
started in October and will continue until all participants are
enrolled. As of December 3, 2015, a total of 8 participants have
been enrolled. The intervention will start after January 1, 2016.
The intervention component of TAME health is expected to be
done by the end of June 2016. At that time, focus groups will
be conducted and the results will be analyzed. The entire study
is scheduled to be completed by October 2016. Any protocol
modifications and study results will be updated on a website
(NCT02554435).
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Discussion

There is a need for scalable, relatively inexpensive, and
low-intensity interventions that could be delivered across a large
population [82]. After the completion of the study and focus
groups, we will refine the intervention based upon findings as

well as qualitative and quantitative participant feedback. This
project will lay the groundwork and establish the infrastructure
for a successful program of related research. Ultimately, we
hope to use the results of our research program to implement
health care programs that utilize technology to provide effective
behavioral interventions on a public health scale, improving
population CVD morbidity and mortality [10,16].
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Abstract

Background: Underage drinking is a prevalent risk behavior and common public health problem. Research shows that alcohol
abuse not only affects the quality of life of drinkers themselves. The problems resulting from underage drinking pose substantial
costs to society as well. The proposed study will address underage drinking with the use of an Internet campaign, which is a
cost-effective way of tackling the problem.

Objective: The aims of this study are to test the effectiveness of an online quiz competition in changing adolescents’
alcohol-related attitudes and behavior and to explore the feasibility of using Internet viral marketing to reach a significant number
of adolescents.

Methods: The study will constitute a cluster randomized controlled trial for 20 secondary schools (6720 Grade 7-9 students).
Schools will be randomized to intervention or control arm with equal likelihood. Students in intervention schools will be invited
to take part in the Internet campaign, whereas those in control schools will receive relevant promotional leaflets.

Results: Alcohol-related attitude and behavior will be the primary outcome measures. The results of the proposed study will
provide evidence on the efficacy of an Internet intervention in modifying adolescents’ attitudes and behavior and guide further
investigation into the prevention of and intervention in such risk behaviors as underage drinking. The project was funded July
2015, enrollment started September 2015, and results are expected July 2017.

Conclusions: With the Internet increasingly being recognized as a practical and cost-effective platform for health information
delivery, the proposed Internet-based intervention is expected to be more effective in altering adolescents’ alcohol-related attitudes
and behaviors than traditional health promotion.

ClinicalTrial: ClinicalTrials.gov NCT02450344; https://clinicaltrials.gov/ct2/show/NCT02450344 (Archived by WebCite at
http://www.webcitation.org/6heB2zMBD)

(JMIR Res Protoc 2016;5(2):e103)   doi:10.2196/resprot.5001
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Introduction

Background
Underage drinking is a leading global public health problem.
Each year, many underage drinkers die from motor vehicle
crashes, homicide, suicide, falls, burns, and drowning [1].
Research shows that alcohol abuse not only affects the quality
of life of drinkers themselves; the problems resulting from
underage drinking pose substantial costs to society as well [2].
The proposed study will address underage drinking because,
like many other behaviors that pose a health risk such as
cigarette smoking and unprotected sex, excessive alcohol
consumption habits acquired during adolescence can be tracked
into adulthood, thereby harming both current health and health
later in life [3]. Studies on the long-term health impacts
attributable to alcohol use have found adolescents who start
drinking at an early age are more likely to binge drink during
adulthood [4]. Moreover, young people’s susceptibility to peer
influence peaks during the middle adolescent years, which
renders that age group particularly vulnerable to underage
alcohol use [5]. In light of these associations and risks, it is
recommended that alcohol-related interventions and prevention
strategies be initiated as early as during adolescence to obtain
maximal benefits.

Underage Drinking and its Prevalence
Adolescence is a period of stress, during which feelings of
insecurity are high and motivation is low [6]. Traditional
intervention means may be inadequate to engage youths. As
adolescents have been found more open than other age groups
to the new possibilities offered by the Internet [7], this medium
provides an innovative platform for an intervention program
targeting this population. Viral marketing through the peer
dissemination of information online may be particularly
applicable to changing adolescents’perceptions and engagement
in risk behaviors. The aim of the proposed study is therefore to
investigate the extent to which an Internet viral marketing
campaign can change drinking behavior and attitudes towards
alcohol use among Chinese adolescents.

Underage drinking poses a multitude of risks for teens, their
families, and society as a whole, and the prevalence of underage
drinking among today’s adolescents is widespread
internationally [8]. In 2011, for example, the US National
Survey on Drug Use and Health reported that 25% of American
youths aged 12-20 drink alcohol, with 16% reporting binge
drinking [9]. In Korea, a study of 2124 students attending junior
and high schools in Seoul showed that 68% of those aged 12-16
were monthly drinkers and that 28% drank alcohol weekly [10].

The situation in Hong Kong is equally worrying, with the Child
Health Survey of 2005/2006 reporting that a significant
proportion of children aged 11-14 were current binge drinkers
[11]. A more recent survey conducted by the Narcotics Division
in 2008 showed that 64.9% of secondary school students had
consumed alcohol at least once [12]. The abolition of beer and
wine taxes in 2008 and subsequent fierce advertising by the
alcohol industry and open endorsement of alcohol by top
government officials have further aggravated the local underage
drinking problem. School surveys have found a significant

increase in monthly alcohol drinking in both adolescent boys
(from 19.1% in 2006/7 to 30.4% in 2009/10) and girls (from
16.5% in 2006/7 to 27.5% in 2009/10) after the alcohol tax cut
[13]. Hence, there is a pressing need for alcohol-related
interventions to stop the growing trend of underage drinking in
Hong Kong.

Transition From Traditional to Internet-Based Alcohol
Interventions
Although traditional alcohol interventions by mail or health
talks delivered by health care professionals have demonstrated
efficacy, it remains difficult to engage adolescents with underage
drinking problems who are unwilling or simply do not seek
assistance through traditional health services or self-help groups.
The Internet, because of its increasing usage among today’s
youth, can be an effective medium to engage this high-risk
population. There is evidence to support the benefit of online
alcohol intervention to reach groups less likely to access
traditional alcohol-related services, such as young people, and
the evidence also supports its potential to effect behavioral
change in large numbers of people [14].

Internet Viral Marketing and its Efficacy
Internet viral marketing, or the electronic “word-of-mouth”
dissemination of information, is one of the best-recognized
forms of Internet-based marketing. Research shows that viral
marketing is a more effective and efficient marketing tool than
traditional media, and one that is characterized by its low cost
and exponential transmission of information [15]. A recent
prospective pilot study conducted by Ip and Chow assessed the
efficacy of an online game-based viral marketing campaign in
promoting antismoking attitudes among Chinese adolescents.
During the 22-day campaign, the study observed an eightfold
increase in the number of participants and a significant
attitudinal change, with 73% holding a negative attitude towards
smoking after the campaign compared to 57% before it [16].
These promising results suggest the potential effectiveness of
adopting a similar viral marketing model to engage youth and
promulgate alcohol-related health information among Chinese
adolescents.

Attitudinal Change and its Effects on Behavior
The theory of reasoned action and theory of planned behavior
are the most frequently tested models of attitude-behavior
relations. Both models view a particular behavior as a function
of salient information, or beliefs, relevant to that behavior [17].
Beliefs about the positive outcomes of a behavior lead people
to favor and engage in that behavior, while beliefs about its
undesirable consequences hinder them from doing so. Research
also supports the correlation between attitudinal change and
behavioral change [18]. Hence, interventions aimed at changing
attitudes towards alcohol use have the potential to induce
simultaneous changes in drinking behavior. The aims of this
study are to test the effectiveness of an online quiz competition
in changing adolescents’ alcohol-related attitudes and behavior
and to explore the feasibility of using Internet viral marketing
to reach a significant number of adolescents.
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Methods

Study Design
The proposed study will consist of a cluster randomized
controlled trial on the effectiveness of an Internet quiz
competition in promoting healthy attitudes and behaviors
towards alcohol use among adolescents. As the intervention
website could be referred by participants, cluster randomization,
instead of individual-level randomization, is chosen to minimize
treatment contamination. The study will employ an Internet
viral marketing strategy to maximize sample size. In total, 24
schools (6552 Grade 7-9 students) will be recruited with the
collaboration of our community partners such as the Tung Wah
Group of Hospitals. Considering that the average number of
students in one secondary school class is 35 and that there are
four classes in each grade, a total of 10,080 students
(24×3×4×35) will be reached. Assuming a response rate of 65%,
the number of effective campaign starters will be 6552. Students

who cannot comprehend basic Chinese and Cantonese will be
excluded.

Half the schools will be randomized for the Internet quiz
competition campaign (intervention arm) and half will be
randomized for an information package (control arm). Students
in the intervention group will be given the opportunity to take
part in the online quiz competition and refer others to join the
campaign, whereas those in the control group will receive an
electronic information package containing comparable
information as the intervention arm. All participating students’
demographics and change in attitude and behavior will be
measured by questionnaire surveys before intervention, within
1 month, and between 2-3 months after intervention. A
longer-term follow-up (12 months after intervention) will also
be attempted if schools are willing to commit and resources
allow. Weblog data will also be collected from website servers
for subsequent analysis of the effectiveness of the Internet viral
marketing strategy. Figure 1 is a flowchart of the proposed
study.

Figure 1. Flowchart of the research design.
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Power Analysis
Considering an attitude difference in 50% of the pooled standard
deviation (SD) to be minimally satisfactory, we will need a
sample size of 128 to examine, via a two-sample independent
t test, whether the campaign is more effective than a traditional
promotion strategy at a .05 significance level and 80% power
[19]. Due to our cluster study design, intraclass correlation
(ICC) needs to be addressed. It was reported that an ICC of
attitude-related construct among schools was about 0.092 [20],
which inflates the required sample size to
N=n×[1+(K 1)×ICC]=128×[1+(3×4×35 1)×0.092]≈5063. Hence,
the number of starters to be recruited (6552) will be sufficient
to achieve the study’s primary aim regardless of the number of
referrals.

Intervention Arm: Internet Quiz Competition
Campaign
The intervention is designed based on the Theory of Planned
Behavior. Participants will gain alcohol-related knowledge
through the participation of the intervention, which would in
turn alter their attitude concerning drinking and alcohol use.
According to the Theory of Planned Behavior, such knowledge
and attitude improvement would reduce participants’ intention
to drink and thus change or prevent their drinking behavior [21].
To promote the intervention, we will conduct a briefing session
and a demonstration session for all eligible students in
participating schools in the intervention arm. Campaign
promotion brochures and posters will be distributed within those
schools.

Campaign Design
Participants of the campaign will receive a referral code from
those who refer them to the online quiz website; starters of the

campaigns will receive the code directly from the research team.
These referral codes, sets of 8-digit numbers, will be unique to
each user and used to track the referral process. During
registration, participants will be asked to provide basic
demographic information and their referral code. After
registration, their baseline attitudes and behavior will be assessed
using the Alcohol Attitudes and Behavior survey.

The campaign will last for 30 days, starting from the day of the
school promotion session. The aim of the competition from the
participants’ perspective will be to obtain the highest score
possible to win a prize. They will have two ways of doing so.

The first way will be to answer the online quiz questions. The
points gained in this way will constitute the “answer score.”
Alcohol-related multiple-choice questions will be presented on
the webpage one by one in random non-repeated order. Each
correct answer will result in 10 points being awarded to the
user’s account. Giving an incorrect answer or skipping a
question will not result in any points being deducted. Users will
be shown the correct answer immediately after they have chosen
their own. The purpose of this design is to promote correct
alcohol-related knowledge and attitudes.

The second way of accruing points to obtain a high score will
be to make referrals, a step designed to enhance the effectiveness
of the Internet viral marketing strategy. Upon a successful
referral, the referrer will receive all of the answer scores of their
direct referrals (which will constitute their “referral score”). To
minimize the chance of self-referrals, users will receive no
points from making a successful referral. Furthermore, to ensure
campaign competitiveness, the referral scores of lower-level
users will not be added to starters’ accounts. The answer score
and referral score will be summed into a total score that will be
used for prize distribution. Figure 2 illustrates the point system.

Figure 2. Example of the point system.
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Campaign Website and Quiz Questions
The campaign website will be based on our previous Internet
viral marketing campaign, which has shown satisfactory user
acceptance [16]. We will make necessary modifications such
as enhancing the user interface and preventing duplicate
registrations for our study.

Setting the quiz questions will be guided by the Elaboration
Likelihood Model (ELM) of persuasion. The quiz questions
will be designed by youth volunteers to convey accurate and
interesting facts based on international and local sources such
as World Health Organization and Hong Kong Department of
Health reports and research articles from peer-reviewed journals.
The questions will be concrete, specific, and of personal
relevance to the participants so that they will be more likely to

adopt a “central path” of message processing, which the ELM
predicts will induce a more sustainable effect [22]. An
experienced clinician and a research assistant will examine
every set of 100 questions and discuss them with the question
setters to ensure language accuracy and information reliability.
This process will be repeated until a total of 1000 quiz questions
are generated. Finally, all of the questions will be proofread,
refined, and approved by a local alcohol research team from the
School of Public Health, University of Hong Kong.

Incentive Scheme
An incentive scheme will be used to encourage active
participation. The 10 highest scorers in each school will receive
cash coupons of different values. Table 1 presents the detailed
incentive scheme for each school.

Table 1. Prizes for the campaign winners in each school.

Value (HK$)Prize for each schoolTotal number of prizesRank of total score

500Cash coupon11

300Cash coupon22-3

200Cash coupon74-10

2500Total

Control Arm: Information Package
A comprehensive package on alcohol-related information will
be distributed to all students in the control arm. The information
package will contain both printed promotional leaflets from the
Department of Health and an electronic guideline for
understanding alcohol-related information. The electronic
guideline sent through the school intranet system would serve
as a unidirectional knowledge transfer medium, which would
include a brief summary of the most recent research regarding
alcohol and a comprehensive list of relevant website and
information sources. We will use these relevant websites and
information sources in setting the quiz questions for the
intervention arm. As a result, both intervention and control arms
could have comparable accessibility to alcohol-related
information and the sole contrast between the two groups would
be the method of presentation (interactive online quiz
competition vs unidirectional information package).

Due to the referral nature of the Internet campaign, it is possible
that a small portion of students in the control group school would
be referred to participate in the quiz competition, which could
in turn dilute the effect size estimate. As a result, we will ask
the students in the control group in the postintervention survey
whether they have participated in the Internet quiz competition
campaign and exclude those who participate in subsequent data
analysis.

Outcome Measure

Alcohol Use and Experience
Alcohol use and experience will be evaluated using the 17 items
in the Alcohol Attitudes and Behavior survey before and after
the intervention. These items are adapted from the Centers for
Disease Control and Prevention’s Behavioral Risk Factor
Surveillance System Questionnaire and Global School-based

Student Health Survey [23,24]. Alcohol use will be measured
by an item on the 30-day recall dosage of alcohol consumption.
Reasons for drinking, experience in drinking, and other relevant
information will be surveyed with the rest of the 16 items. These
items have been used in a national study in China [23,24].

Attitude Toward Alcohol Use
Attitude towards alcohol use will also be measured with the
Alcohol Attitudes and Behavior survey, which includes 15 items
adapted from the Scale for the Measurement of Attitudes Toward
Alcohol designed to assess that attitude in three domains:
sociability, personal unease, and economic aspects [25]. The
scale has been validated among adolescents and has
demonstrated good internal consistency (Cronbach alphas
ranging from .79 to .91) and valid factor structures. Both
domain-specific scores and the total score will be used in
analysis. We have already gone through a standard procedure
for piloting the questionnaire. To ensure the validity of the
survey among Chinese adolescents, we have gone through a
standard piloting procedure [26]. Briefly, we have invited
professional Chinese translators with experience in public health
to translate the questionnaire into traditional Chinese, which
was then examined and back-translated into English by the
research team. The back-translated version of the questionnaire
was checked by the research team again to ensure the language
accuracy. The Chinese version of the questionnaire was
reviewed by a local expert panel using the Delphi process. The
expert team included pediatricians, public health experts, parents
of adolescents, and secondary school teachers. After reaching
consensus with the expert team, the questionnaire was piloted
to adolescents to fine-tune the wording and presentation.

Number of Successful Referrals per Participants
When making a referral, a participant will need to provide their
unique referral code. The new participant who receives this
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code will then input it during registration. Our website server
will record all of these unique referral codes, which will allow
us to subsequently analyze the referral pathways and calculate
the number of successful referrals per participant.

Since the change in attitudes and behaviors could vary with age,
the above analysis will also be carried out for each grade
separately.

Covariates
Owing to randomization, the confounding effect should be
minimized. However, we will still evaluate school-level
covariates for data analysis. The covariates we will collect
include the number of health education lessons related to
alcohol, the school neighborhood socioeconomic factors as
extracted from 2011 Hong Kong Population Census, and the
school academic quality as operationalized by the university
admission rate for each school.

Results

The project was funded by the Health and Medical Research
Fund of the Food and Health Bureau, Hong Kong government,
in July 2015. Enrollment started September 2015, and results
are expected by July 2017.

Discussion

Principal Considerations
Alcohol consumption is prevalent among adolescents in Hong
Kong. The prevalence of underage drinking is rising globally,
according to the World Health Organization. The rise of
underage drinking in Hong Kong has been particularly alarming

since the alcohol duty reduction in 2008. It is therefore of the
utmost importance that children and adolescents be informed
of the harmful effects of excessive alcohol use, particularly at
a young age.

The aim of the proposed study is to find a cost-effective way
of tackling the problem. With the Internet increasingly being
recognized as a practical and cost-effective platform for health
information delivery, we expect our Internet-based intervention
to significantly alter adolescents’ attitudes towards alcohol. It
is important to provide accurate alcohol-related knowledge early
in adolescence. Research shows the correlation between
attitudinal and behavioral changes. Promoting better attitudes
toward alcohol use among adolescents may lead to changes in
drinking behavior, thereby mitigating the local underage
drinking problem.

Conclusion
The local resources available for school-based alcohol education
are relatively minimal. The proposed study will offer an
innovative, cost-effective method of raising adolescents’
awareness of the harmful effects of excessive alcohol
assumption. The project will be carried out in collaboration with
an academic institution and a non-government organization and
will involve shared resources, the exchange of best practices,
and joint efforts towards sustainability. In the long term, the
aim is for the online alcohol education platform to be funded
on an ongoing basis and to be incorporated into Hong Kong’s
mainstream secondary school health education curriculum. The
platform can also be adapted to deliver health-related
information in other learning areas such as physical activities,
drug use, and safe sex in the near future.
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Abstract

Background: The Institute for International Internet Interventions for Health at Palo Alto University proposes to develop digital
tools specifically to help low-income English- and Spanish-speaking smokers to quit. Individuals from lower-income countries
and those with lower social status quit at lower rates than those from high-income countries and those with higher social status.

Objective: We plan to launch a project designed to test whether a mobile-based digital intervention designed with systematic
input from low-income English- and Spanish-speaking smokers from a public-sector health care system can significantly improve
its acceptability, utilization, and effectiveness.

Methods: Using human-centered development methods, we will involve low-income patients in the design of a Web app/text
messaging tool. We will also use their input to improve our recruitment and dissemination strategies. We will iteratively develop
versions of the digital interventions informed by our human-centered approach. The project involves three specific aims: (1)
human-centered development of an English/Spanish smoking cessation web app, (2) improvement of dissemination strategies,
and (3) evaluation of resulting smoking cessation web app. We will develop iterative versions of a digital smoking cessation tool
that is highly responsive to the needs and preferences of the users. Input from participants will identify effective ways of reaching
and encouraging low-income English- and Spanish-speaking smokers to use the digital smoking cessation interventions to be
developed. This information will support ongoing dissemination and implementation efforts beyond the grant period. We will
evaluate the effectiveness of the successive versions of the resulting stop smoking Web app by an online randomized controlled
trial. Increased effectiveness will be defined as increased utilization of the Web app and higher abstinence rates than those obtained
by a baseline usual care Web app.

Results: Recruitment will begin January 2016, the study is intended to be completed by summer 2018, and the results should
be available by fall 2019.

Conclusions: This study will provide useful knowledge in developing, testing, and disseminating mobile-based interventions
for low-income smokers.

ClinicalTrial: ClinicalTrials.gov NCT02666482; https://clinicaltrials.gov/ct2/show/NCT02666482 (Archived by WebCite at
http://www.webcitation.org/6gtcwaT28)
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Introduction

Background
Smoking is a major health problem. Globally, it is the number
one preventable cause of premature death. The World Health
Organization estimates as many as 1 billion tobacco-related
deaths will occur in this century if smoking trends remain stable
[1]. Smoking has a disproportionate impact on low-income
populations. Most of the predictable deaths due to smoking are
expected to occur in populations from middle- and low-income
countries [2]. The state of California has a large proportion of
immigrants and descendants of immigrants from such countries,
with the largest proportion being from Latin America [3]. As
of March 2014, California residents of Latino ethnicity became
the largest ethnic group in the state (39% of the total); white
residents accounted for 39% of the population [4]. It is estimated
that 29% of Californians speak Spanish [5]. Given that Latinos
are now the largest ethnic group in California and they are
overrepresented in the low-income population of the state,
efforts to reach low-income individuals in California must take
into account the preferences of Spanish- and English-speaking
Latinos.

Low-income populations in the United States have higher
smoking rates than high-income populations [6]. Although the
overall smoking rate in California is now one of the lowest in
the country (14% vs 21%), low-income groups have higher
rates. In California, smoking prevalence is 4 times higher among
low socioeconomic status (SES) populations than high SES
populations (17% vs 4%, respectively) [7]. Safety-net hospitals
that serve more low SES patients also reflect disproportionately
high smoking rates among their patients. According to Benowitz
et al [8], 40% of inpatients surveyed at San Francisco General
Hospital, the hospital serving the San Francisco Health Network
(SFHN), were active smokers, and 32% of those who denied
smoking were found to have had significant exposure.
Spanish-speaking groups in California have intermediate rates
(13%) [9]; however, Spanish-speaking smokers have lower rates
of utilization of smoking cessation aids [10,11]. In a recent
paper by our group reviewing 10 years of global online studies
[12], we found that nicotine replacement therapies were used
by 41.70% of English-speaking smokers but only 20.61% of
Spanish-speaking smokers. The nicotine patch was used by
19.50% of English speakers versus 7.70% of Spanish speakers.
The same is true for smoking cessation groups: only 2.10% of
English speakers and 1.70% of Spanish speakers used them.
The lower utilization among this sample of Spanish-speakers
could be attributed to limited access to smoking cessation aids
in other countries. In the United States, however, access to such
aids is widespread, yet utilization remains low among this
disproportionally impacted population. A systematic approach
that explicitly addresses this well-documented instance of
disparities in utilization of smoking cessation tools is called for.
We propose to address this issue by systematically involving

low-income English- and Spanish-speaking smokers in the
development and testing of a new smoking cessation Web app.
We intend to eventually disseminate the resulting Web app to
low-income smokers in other regions of the country and the
world.

Prior Research and Interventions
Our work on smoking cessation with Spanish speakers began
in the 1990s. With support from a grant from the National
Cancer Institute (NCI) (Eliseo J. Pérez-Stable, principal
investigator), we attempted to carry out a traditional smoking
cessation study involving face-to-face group interventions.
Initial attempts to engage smokers in traditional face-to-face
cessation groups were not successful. However, an alternative
strategy of using surface mail was far more successful in
reaching smokers. We found that our smoking cessation guide
(Guía Para Dejar de Fumar) yielded 11% quit rates at 3 months,
and adding a brief mood management intervention doubled the
quit rate to 23% [13]. Our experience with this study highlighted
the importance of finding alternate means of reaching Latino
smokers and providing them with resources that could be
effective when used at home and could be offered to the
community at no charge. Seeing the possibilities for reaching
people at home using the Internet, we submitted a grant to
California’s Tobacco-Related Disease Research Program
(TRDRP) in 1997 proposing developing and testing an online
intervention to help Spanish- and English-speaking smokers in
California stop smoking. Our team has received three TRDRP
grants which have resulted in 19 publications to date. Below
we summarize our studies and list several lessons learned from
our experience. The current grant proposal is intended to
implement the logical next steps in our research program based
on what we have learned thus far.

Our studies have yielded proof of concept that efficacy of
Internet interventions for smoking cessation are higher than
those reported for placebo patches (9% at 6 months [14]) and
can approach those reported for the nicotine patch (6-month
quit rates of 22% [14]) and smoking cessation groups (6-month
quit rates of 27% for American Lung Association groups and
24% for American Cancer Society groups [15]). Our most robust
missing=smoking abstinence data (a conservative convention
in which all participants with missing data at any follow-up are
presumed to be smoking which allows us to include all
randomized participants in outcome analyses, similar to
intention-to-treat approaches) at 12 months are 20% for Spanish
speakers and 21% for English speakers for smokers with mean
Fagerström scores of 5.2 [16], similar to those scores found in
face-to-face smoking cessation trials by Hall et al [17].

One of our surface mail interventions was labeled Tomando
Control de su Vida (Taking Control of Your Life) which led to
the TC designation for the series of studies that followed. TC1
was the NCI-funded randomized controlled trial (RCT)
conducted via surface mail (entirely in Spanish) in which we
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found that a smoking cessation guide together with a mood
management intervention significantly improved quit rates [13].
In order to increase the number of smokers we could potentially
reach, we obtained TRDRP funding to adapt our materials into
an automated self-help Internet intervention, the San Francisco
Stop Smoking website. This site was used in several online
randomized controlled and participant preference trials (TC2,
TC3, and TC4).

The TC2 studies [18] involved over 4000 smokers from 74
countries and examined outcome (self-reported 7-day
abstinence) and mechanisms related to outcome (the impact of
major depressive episodes on the likelihood of quitting). It
included four substudies. Substudies 1 and 2 evaluated the online
version of the smoking cessation guide, and substudies 3 and 4
were randomized trials comparing the guide plus ITEMs
(individually timed educational messages) to the guide plus
ITEMs and a mood management course. At 6 months,
self-reported 7-day abstinence rates using the missing=smoking
convention varied from 5.60% (39/702, study 2) to 25.56%
(38/146, study 4 ) in the four substudies. The guide plus ITEMs
condition tended to have higher quit rates. The best
missing=smoking abstinence rate (28.10%, 41/146; study 4) at
3 months was found in a sample of Spanish-speaking smokers.

The TC3 studies [18,19] consisted of a totally automated
self-help smoking cessation site programmed to randomly assign
participants who signed consent to one of four conditions. Each
condition added new elements: condition 1 consisted of the
static smoking cessation guide, condition 2 consisted of the
guide plus email reminders to return to the site, condition 3
added cognitive behavioral mood management lessons, and
condition 4 added a virtual group (an asynchronous bulletin
board). The first phase of the trial included the first 1000
participants recruited (from 68 countries); 500 Spanish-speaking
and 500 English-speaking adult Internet users were randomized
to the four study conditions and, in order to reduce attrition at
follow-up, were contacted by phone if they did not provide 1-,
3-, 6-, and 12-month follow-up data online. With the addition
of phone follow-ups, we obtained follow-up rates of 73.50%
(735/1000), 66.10% (661/1000), 57.30% (573/1000), and
69.20% (692/1000) at 1-, 3-, 6-, and 12-month follow-ups,
respectively. There were no significant differences among the
four conditions. However, the overall 12-month 7-day
missing=smoking abstinence rates were 20.20% (101/500) for
Spanish speakers and 21.00% (105/500) for English speakers.

After recruiting the first 1000 participants, we maintained the
TC3 website online, and we conducted a totally automated RCT
(that is, we did not follow participants via the phone) in which
16,430 participants from 165 countries were recruited and
followed entirely via automated emails [19]. The totally
automated trial had, as expected, a much greater attrition rate
than the initial TC3 trial. For month 1 follow-up, 39.95%
(6563/16,430) of participants provided data. This number was
reduced to 30.38% (4992/16,430), 23.21% (3813/16,430), and
21.95% (3606/16,430) for follow-ups at months 3, 6, and 12,
respectively. These numbers were comparable with those
obtained in the earlier TC3 study, in which 36.37%
(4952/13,617), 26.92% (3666/13,617), 20.77% (2828/13,617),
and 18.98% (2585/13,617) of participants who never received

any live follow-up returned at months 1, 3, 6, and 12,
respectively. The self-reported 7-day observed quit rates ranged
from 36.18% (2239/6189) at 1 month to 41.34% (1361/3292)
at 12 months. The 7-day missing=smoking abstinence rates
ranged from 13.63% (2239/16,430) at 1 month to 8.28%
(1361/16,430) at 12 months.

In the TC4 studies [20] we morphed the site into a participant
preference site. The Spanish/English San Francisco Stop
Smoking site was designed to be open. Specifically, any
Spanish- or English-speaking smoker 18 years of age or older
anywhere in the world could enter the study and select (rather
than be randomized to) any of the intervention elements tested
in our previous studies. Our intent was to demonstrate that
Internet interventions tested in RCTs can be readily adapted to
serve as universal health care resources. During the first year
of the study, 94,158 individuals from 152 countries and
territories visited the site. The participant preference design
allowed us to examine quit rates obtained when users could
choose from all elements tested in previous RCTs. Participants
were able to personalize the site by choosing among 9 site
elements (e.g., stop smoking guide, reminder emails, journal,
mood management intervention, virtual group). Results from
the first year of recruitment yielded higher observed quit rates
(odds ratio 1.30) than the previous RCT (TC3) when controlled
for individual demographic and smoking characteristics [20].
Of note, the utility of this version of the site as an adjunct to
traditional health care has been tested by an independent
research group. Gallego and colleagues [21] used the San
Francisco Stop Smoking site with smokers at a clinic in Spain
as an adjunct to standard pharmacological treatment and report
posttreatment abstinence rates of 78.13% (25/32) and 1-year
follow-up abstinence rates of 53.13% (17/32). This study
suggests that our digital tools can serve as adjuncts to usual
primary care, motivating us to involve the SFHN as described
below.

Our latest study was on a new sample of participants who were
recruited for 18 additional months to the San Francisco Stop
Smoking site. A total of 164,182 individuals from 168 countries
visited the site during this period: 27,163 were screened for
eligibility; 9348 signed consent; 7407 completed the baseline
survey; and 1431, 901, 595, and 318 left 1-, 3-, 6-, and 12-month
data, respectively. Observed quit rates were 39.20% (561/1431),
43.51% (392/901), 45.71% (272/595), and 50.31% (160/318),
respectively. The TC4 studies show that Internet interventions
can yield quit rates similar to those found in earlier RCTs and
can be disseminated to literally thousands of users across the
world with minimal additional costs. We have begun thinking
of them as MOOIs (massive open online interventions) [22],
similar to the well-known MOOCs (massive open online
courses). The current proposal will help us design a MOOI with
greater reach than our previous website by incorporating
preferences that take into account demographic trends in
technology access and use [23]. Specifically, we will recruit
smokers with lower income and educational levels to help us
design a Web app that is more accessible and acceptable to
them.
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Clinical Problem
We have argued that Internet interventions can help reduce
health disparities by reaching those who do not have access to
smoking cessation aids. Concerns have been raised that,
although this approach may be increasing the reach of
evidence-based smoking cessation interventions across large
segments of the population and thus reducing health disparities
across countries, digital interventions may actually increase
health disparities. The reason for this concern is that more highly
educated people may be more likely to use these interventions
and perhaps more likely to benefit from them. To address this
concern, we have compared quit rates for participants with
differential socioeconomic standing as well as for participants
from countries with different gross domestic products. We tested
whether smokers in richer countries and smokers higher in
self-reported SES are more likely to quit. Our results show that,
indeed, our Internet interventions preferentially benefit
individuals from countries with higher gross domestic products
and/or with higher individual socioeconomic standing [24]. This
may be due to reasons other than the availability of technology
because all participants had access to the online intervention.
It may be that the ways in which we have designed the
interventions do not take into account the characteristics of
smokers with lower incomes and lower educational levels. These
findings are the motivation for the current study. We have
received TRDRP funding to revise our smoking cessation digital
tools so that they address the unique interests and needs of
low-income and Latino smokers in California with the hope
that the modifications made will generalize to other smokers
from similar socioeconomic levels. We conceptualize the SFHN,
described in the next paragraph, as serving as a “magnifying
glass” that will allow us to learn how to best serve this
population with our digital tools so that when we make the tools
available worldwide, the range of smokers we will be able to
reach and be effective with will be greater.

The SFHN is the city’s only complete care system. It consists
of 14 primary care clinics throughout the city as well as San
Francisco General and Laguna Honda hospitals. Between July
1, 2013, and June 30, 2014, the SFHN served 72,379
unduplicated patients who had 354,445 outpatient visits. Almost
all were covered by Medi-Cal and/or Medicare
(251,616/354,4445, 71.00%) or were uninsured
(101,466/354,445, 28.60%). Only 60.10% (43,460/72,379)
reported English as their primary language; 22.01%
(15,905/72,379) reported Spanish as theirs. The next largest
language group was Cantonese (8042/72,357, 11.10% ) followed
by an additional 37 language groups, all at 1.20% (853/72,357)
or less. Latinos are the largest ethnic group being served, at
32.60% (23,575/72,357) of the total, followed by Asians
(25.20%, 18,206/72,357), whites (19.01%, 13,721/72,357),
African Americans (18.30%, 13,214/72,357), and other groups
accounting for less than 2.20% (1585/72,357) each. Slightly
more than half of the patients are women (53.10%,
38,398/72,357). Those between the ages of 18 and 64 years (the
group most likely to participate in our studies) compose 69.40%
(50,355/72,357) of the population. Smoking rates are likely
higher than for the general San Francisco population (13%),
but rates are not available for the SFHN as a whole. Benowitz

et al [8] have found that 40% of San Francisco General Hospital
inpatients were active smokers, and of those who denied
smoking, an additional 32% were found to have significant
exposure to nicotine. Thus the smoking rate in primary care
patients is likely higher than 13% but less than 40%. Assuming
a 20% smoking rate, there are likely to be 8247 smokers who
are aged 18 to 64 years and speak English or Spanish.

Estimates of how many SFHN patients use digital technology
stem from a published report by Schickedanz et al [25] who
surveyed 416 patients in waiting rooms of SFHN clinics and
report that 71% were interested in using electronic
communication with health care providers and 19% were already
doing so. The survey was conducted in English, Spanish,
Cantonese, and Mandarin; 87% (52/60) of Spanish speakers
were interested in using email to communicate with their health
care provider compared to 77% (164/213) of English speakers,
38% (23/61) of Cantonese speakers, and 75% (38/51) other. It
appears, then, that interest in digital tools is high even in this
low-income population. We have chosen to recruit SFHN
patients who own smartphones because we believe that by 2018
most will do so and we want our intervention to be relevant for
that time.

We propose to recruit the following number of SFHN smokers
who use smartphones: face-to-face field studies (ethnographies
and usability tests), 30 in year 1 and 30 in year 2 and online
studies, 50 in year 1, 100 in year 2, and 200 in year 3. We
believe recruiting 410 out of more than 8000 smokers over a
3-year period is feasible.

We will also be doing open recruitment of smokers who own
smartphones throughout California at the following rate: 100
in year 1, 200 in year 2, and 800 in year 3. This effort will
provide a large enough sample to carry out adequately powered
outcome studies as described in the Methods section.

The proposed study is based on the premise that we cannot
presume to know what would be best for our intended users
without engaging them. To build a smoking cessation
intervention that will be used and be effective with low-income
smokers aged 18 years and older, including Spanish-speaking
smokers, we must build a deep understanding of their needs
and values.

We propose to carry out a research study inspired by the “rapid,
responsive, relevant (R3) research” approach described by Riley
and colleagues [26]. The R3 approach urges researchers to
consider shifting away from a narrowly focused and long-term
RCT approach and to instead use techniques that reflect and
integrate stakeholder needs, use innovative designs and methods
for evaluation, and emphasize widespread immediate
implementation. A successful R3 research approach is
scientifically rigorous and a good fit for addressing mental
health disparities in underserved communities such as
low-income Latino smokers, where uptake of empirically
supported interventions has failed or is not relevant to the
cultural or technological characteristics of the target population.
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Lessons Learned From a 16-Year Online Research
Program
There are more than 1.1 billion smokers worldwide [27]. We
will never train enough health care providers to administer
adequate health care for all who need it if we continue our
reliance on consumable interventions (ie, interventions that once
used cannot be used again). For example, the nicotine patch can
only be used once, and the time spent counseling a patient to
quit smoking cannot be used again to help another patient. To
reduce health disparities, we need interventions which can be
used again and again without losing their therapeutic power,
can reach people even if local health care systems cannot or
will not provide them with needed health care, and can be shared
widely without taking resources away from the populations for
whom the interventions were developed.

A major advantage of fully automated self-help digital
interventions is their low cost. Bringing a medication to market
costs hundreds of millions of dollars [28], while developing a
digital intervention may cost as little as a few thousand dollars
for a simple site. Costs of testing a site in RCTs may run in the
hundreds of thousands of dollars but generally cost less per trial
participant than face-to-face interventions. The differences in
per-person costs of administering the intervention are even more
impressive: a dose of a medication has a minimal cost even
when bought in large quantities, but the marginal cost of
providing a self-help automated Internet intervention to one
additional user eventually approaches zero. The cost of hosting
the site remains steady once the server has made the site
available to say, 50,000 users, and the cost of serving one more
user becomes negligible. This makes it possible to share the site
with people worldwide. We have shown that, with TRDRP
funding, we have been able to help California smokers and, at
no additional cost, smokers all over the world.

Our research group has shown that unguided interventions
focused on depression have significantly reduced depressive
symptoms [29]. Our TC studies were all conducted as self-help
automated interventions. Thus, we propose to continue to focus
on automated interventions, moving from desktop- or
laptop-accessible websites to mobile devices (mostly
smartphones) which can access Web apps and text messaging
throughout the smoker’s day. It is true that digital interventions
do not need to be fully automated. For example, Internet
interventions can employ staff to provide support, information,
and encouragement to users. However, such guided interventions
involve staff time, which places them in the category of
consumable interventions. Such interventions are generally
limited to the geographical area that provides the salary for the
support staff; offices, equipment, and communication tools; and
organizational infrastructure to provide the guidance. Once grant
funding ends, the guided intervention has to end. By focusing
our work on self-help automated interventions, we increase the
likelihood that we will be able to keep these interventions
available to people beyond the grant period and beyond the
geographical area covered by the grant.

When the principal investigator first began to work at San
Francisco General Hospital in 1977, he believed that, given ten
years of recruiting and training new Spanish-speaking health

care providers, we would be able to hire enough Spanish
speakers to meet the demand for services in our hospital. More
than 39 years later, we are still having difficulty recruiting
Spanish-speaking providers. We are often forced to either not
provide Spanish speakers needed services or to use interpreters
to communicate with them. Smoking cessation groups in Spanish
are hard to maintain. Our group has made the development of
interventions in both English and Spanish (and, whenever
possible, in other languages) one of its major priorities. Thus,
this proposal focuses on low-income Latino smokers, most of
whom speak Spanish and have low English proficiency.

When we began our work with online smoking cessation tools,
we used skeuomorphic designs. A skeuomorph is a physical
ornament or design on an object made to resemble another
material or technique. The lights of an electric candelabra are
fashioned in the shape of traditional candles, but the candle
shape is not necessary to provide light. The shutter sound on
cameras built into mobile devices and the floppy disk icons
used on computers to save documents are, likewise,
skeuomorphs. We included an 8-session mood management
intervention modeled after face-to-face clinical appointments,
and few people actually completed the sessions. In this proposal,
we are attempting to be mindful of not limiting our designs
using skeuomorphic thinking [30]. We propose to observe how
digital tools are used by the population we are choosing to serve
in their day-to-day lives and design our interventions in ways
that are likely to fit the behavioral patterns we observe.

In a recent paper on rapid, responsive, relevant research [26],
Riley and colleagues point out that a National Institutes of
Health research grant designed in 2005 and awarded in 2006
would miss at least six important consumer technology
advancements between its award and its publication in 2012,
including the Wii, iPhone, iPad, and Siri. In our earlier projects,
we designed a website, kept it as originally designed for the
length of the RCT, and continued to use it beyond the grant
period. There are advantages to that strategy, of which the most
obvious is cost. Keeping the site originally developed with
TRDRP funding awarded in 1998 still operational in 2014 was
a rather remarkable example of good use of funds. However,
the site eventually looked outdated, and technology is moving
at a much faster rate than it did in 1998. It is important that our
digital interventions be much more flexible than they were in
the late 1990s. We propose an agile development process that
will allow us to shape our intervention so that it is not frozen
at the start of the grant period and can become increasingly
responsive to the needs and preferences we discover in our
population of interest. We intend for the Web app we develop
to have a current look and feel when the grant ends in 2018.
Specifically, we will engage stakeholders (low-income and
Latino smokers and their health care providers in a large urban
public-sector health network) in the development of the smoking
cessation interventions with the goal of increasing follow-up
retention and disseminating results so that other communities
can take advantage of our interventions.
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Objectives

Aim 1: Human-Centered Development of an
English/Spanish Smoking Cessation Web App
We will develop iterative versions of a digital smoking cessation
tool (a Web app with text messaging components) that is highly
responsive to the needs and preferences of low-income English-
and Spanish-speaking smokers. Development will take place
with systematic input from patients who are part of the SFHN,
which serves 70,000 mostly low-income individuals.

Aim 2: Improvement of Dissemination Strategies
Input from SFHN patients will identify effective ways of
reaching and encouraging low-income English- and
Spanish-speaking smokers to use the digital smoking cessation
interventions that are developed. This information will support
ongoing dissemination and implementation efforts beyond the
grant period.

Aim 3: Evaluation of Resulting Smoking Cessation Web
App
We will evaluate the effectiveness of the successive versions
of the resulting stop smoking Web app by recruiting smokers
at two levels—within the SFHN and throughout the state of
California—culminating in an online RCT. Increased
effectiveness will be defined as increased use of the Web app
and higher abstinence rates than those obtained by a baseline
(usual care) Web app.

Hypotheses
H1: Utilization of the final smoking cessation Web app (number
of screens viewed, time spent using app, and amount of data
entry) will be significantly higher than that of the baseline Web
app.

H2: Recruitment based on dissemination strategies derived from
ethnographic interviews will reach a significantly higher number
of participants for successive online studies.

H3: Abstinence rates (7-day self-reported abstinence) will be
significantly greater for the final Web app than for the baseline
Web app.

Methods

Conceptual Foundations of the Research Design

Design Thinking and Health Care
Design thinking is a user-centered approach to innovation that
considers and integrates the needs of people within the
possibilities and reach of technology [31,32]. Design thinking
is not just for designers—it is a mindset and process of problem
solving that aims to identify the core tenets that drive a specific
behavior. This knowledge is then used to solve complex
problems and find desirable solutions. The emerging trend of
applying user-centered design to health care problems has
generated promising results [33]. Skinner et al [34] employed
a user-centric approach in developing a youth smoking
prevention and cessation website and demonstrated in a
large-scale RCT that the intervention yielded positive effects.
The Center for Innovation at the Mayo Clinic uses design

thinking as a core process in creative problem solving that goes
beyond process analysis and quality improvement [35]. The
Innovation Consultancy at Kaiser Permanente used design
thinking to improve the quality of patient care during nursing
shift changes [36]. The Venice Family Clinic, a community
health care center in California, used the design thinking process
to redesign their clinic and patient experience for low-income
families [37].

Design Thinking Processes
There are many variations of user-centered design processes,
but they all uphold the same core tenets of being
human-centered, prototype-centric, and iterative. The design
thinking model presented by Kembel [38], notably different for
its explicit treatment of empathy, is most relevant for the goals
of this study. In this model, empathy arises from a deep
understanding of the stakeholders and their needs and requires
an anthropological approach to understanding users and their
environments. In this study, we will leverage the design thinking
process presented by Kembel to create and distribute a digital
intervention for English- and Spanish-speaking low-income
smokers. The model consists of a 5-step cyclic process.

• Empathize: fully understand the experience of the intended
user via observation, interaction, and immersion in their
experiences. This entails understanding their lifestyle,
physical and emotional needs, how and why they do things,
and what is meaningful to them as it relates to their smoking
behavior. The goal is to uncover insights that will guide
design and distribution of our digital intervention.

• Define: process and synthesize data collected from the
Empathize step to outline connections and patterns of our
target users. The goal is to develop a defined, meaningful,
actionable problem statement that will provide focus when
developing and evaluating proposed solutions.

• Ideate: generate a variety of possible solutions to provide
source material for building prototypes. It is critical during
this step to defer judgment and push for a wide range of
ideas, allowing us to think beyond obvious existing
solutions. The best solution is eventually determined during
the prototyping and testing steps. We propose to
systematically involve smokers and their health care
providers in this step.

• Prototype: transform ideas into physical forms so users can
interact with them. Initial low-fidelity prototypes (eg, sketch
drawings, storyboards) are quick and inexpensive ways for
the team to learn how well a solution aligns with the user
needs. Each iteration moves the team closer to a final,
user-defined solution.

• Test: observe and elicit feedback to learn more about the
user, refine prototypes, and gain clarity on how well the
solution addresses the problem statement.

Research Design and Methods

Framework

Human-Centered Development

We will develop iterative versions of digital interventions for
smoking cessation in Spanish and English that are highly
responsive to the needs and preferences of low-income and
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Latino smokers. Development will take place with user input
from patients who are part of the SFHN. We will use the 5-step
cyclic design thinking process described above to understand
low-income smokers and iteratively develop and refine an
effective digital smoking cessation Web app that they will use.

Dissemination Strategies

We will include in the ethnographic semistructured interviews
questions regarding how the users found out about Web apps
installed on their phones, how they use text messaging, and
which digital smoking cessation tools they have used the most
(if any). This information will guide the development of our
recruitment and dissemination strategies both at the SFHN and
at the state level.

Evaluation of the San Francisco Stop Smoking Web App

We will develop a baseline Web app and 3 successive versions
of the user-centered Web app, the last of which will be evaluated
in an RCT.

Initial Ethnography (Empathy Step)

Recruitment

We will recruit 60 low-income participants aged 18 years or
older who are members of the SFHN, use smartphones, and
have been advised by their care providers to quit smoking or
have tried to quit smoking at least once. They will be divided
into four target groups (15 English-speaking men, 15
English-speaking women, 15 Spanish-speaking men, 15
Spanish-speaking women). These 60 participants will be asked
to sign consent to participate in the shadowing process and short
or in-depth interviews conducted by research assistants. We
will also recruit 10 health care providers from the SFHN (eg,
smoking cessation counselors, nurses, physicians) to contribute
to the Ideate step by taking part in a prototyping exercise (see
Figure 1, Field Study 3).

Figure 1. Flow of research study.

Methods

To ensure that our solution is based on a solid foundation, we
will invest significant efforts during the initial Empathy step to
understand our users. We will employ ethnographic methods
to build a deep understanding of low-income English- and
Spanish-speaking smokers. Research assistants will receive
ethnography training (manuals and mock interviews) prior to
going out into the field. We will conduct semistructured
interviews pertaining to our themes of interest. Short interviews
are hour-long semistructured interviews where research
assistants will recruit patients from SFHN clinic waiting rooms

to ask a set of questions related to their lifestyle and smoking
habits. In-depth interviews will include a short interview plus
a follow-up interview after a quit attempt and shadowing period
of 3 hours in a natural location for the participant. Relevant
themes include behaviors related to smoking, technology usage,
personal lifestyle and social circles, how they get information
(informing dissemination strategies), and personal values and
motivations. All interviews will be audiorecorded and sent to
third-party services for transcription.
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Outputs and Qualitative Analysis

Our ethnographic methods will yield a large amount of
transcribed material, screenshots, and other photographs
showing the use of apps. Our qualitative analysis will involve
developing and refining our themes, identifying quotes from
participants that support each theme, and developing a coding
system that will help us identify behavior patterns and draw
conclusions that will inform the next step in the design process.

Implementing the User-Centered Design

Recruitment

SFHN patients will be recruited by research assistants at
outpatient clinics. We will seek patients who own smartphones
and intend to quit smoking in the next 3 months who either have
been advised to quit smoking by their care provider or have
tried to quit smoking at least once. Patients will be paid $25 per
hour for their time for interviews as described in face-to-face
studies below.

Procedures

User-centered design, development, and testing will be carried
out as shown on Figure 1, with two interconnected processes
running in parallel: face-to-face user input from SFHN smokers
via ethnographic and field test methods and online studies that
will include samples recruited from the SFHN and open online
recruitment. In all studies, half of the participants will be
English-speaking and half Spanish-speaking.

Field Studies

Recruitment

For every field study the eligibility criteria are 18 years of age
and older, current smoker (any number of cigarettes per day),
and English or Spanish speaker. We plan to recruit low-income
participants (ie, those who have Medicare and/or Medi-Cal, the
California state equivalent, or are uninsured). Six face-to-face
field studies are planned.

Year 1

Field Study 1: Ethnographic Study of Naturalistic Smoking,
Smoking Cessation Attempts, and Smartphone Use

We will use shadowing methods (observing smokers’ actual
behavior in their natural environment) plus semistructured
interviews to learn how smokers think about their smoking
behavior, how they attempt to quit, and how they use their
smartphones (ie, how they find, download, install, and begin
using apps).

Field Study 2: Ethnographic Study of Smoking Cessation App
Use

We will recruit SFHN patients who have installed at least one
smoking cessation app on their smartphones. We will use
shadowing and semistructured interviews to study the use of
smoking cessation apps participants have installed on their own.
We will ask participants to install the baseline version of our
Web app and use it for one week, scheduling follow-up
interviews to learn about use patterns and reactions to the
baseline Web app.

Field Study 3: Participatory Design Field Test

We will schedule two meetings, one in English and one in
Spanish, with 5 SFHN smokers each, with the purpose of jointly
working on the design of an ideal app to help them stop
smoking. Groups will be facilitated by research staff familiar
with Web apps to keep the group focused on the intended
product. The result will be a paper prototype and sample screens
developed on tablets to ensure that we are accurately rendering
the patients’ suggestions. In addition, we will schedule two
meetings, one in English and one in Spanish, with 5 SFHN
providers each (smoking cessation counselors, nurses,
physicians), using the same procedure. The results of the four
meetings will be shared with the development team as part of
the creation of version 1.0.

Year 2

Field Study 4: Usability Field Testing for Version 1.0

Once the developers begin the design process, we will engage
in iterative usability testing with 4 or 5 SFHN English speakers
and 4 or 5 Spanish speakers. Their input will be incorporated
in version 1.0, which will be subjected to limited online testing
(Online Study 2).

Field Study 5: Usability Field Testing for Version 2.0

We will engage in iterative usability testing as version 2.0 is
being developed to ensure that SFHN smokers have input into
the new version, which will then be subjected to limited online
testing (Online Study 3).

Field Study 6: Usability Field Testing for the Final Version
of the San Francisco Stop Smoking Web App

We will carry out iterative usability testing of the final version
to ensure that SFHN smokers have input. The final version will
be tested in an RCT.

Online Studies

Online Study 1: Baseline (Usual Care) Web App

A Web app will be developed to test the data-gathering
infrastructure for the subsequent apps and generate baseline
information on four variables: recruitment rates, utilization of
the app, follow-up completion rates, and quit rates. Usual care
is described in the Intervention section. We will engage in
focused recruitment of smokers from the SFHN (up to 25
English speakers and 25 Spanish speakers) as well as open
online recruitment with California as our main target (up to 50
English speakers and 50 Spanish speakers). We will implement
follow-up interviews to examine quit rates at 1, 2, and 3 months
after enrollment in the study. We will use 3 text messages
(identified as coming from the Stop Smoking Study) 2 days
apart. The first question will ask “Have you smoked 1 or more
cigarettes in the last seven days?” A no response will be
interpreted as 7-day point prevalence abstinence. Additional
questions will address 30-day abstinence, number of cigarettes
smoked daily if not abstinent, and use of other smoking cessation
tools.

Online Study 2: Version 1.0

We will implement the same procedure as Online Study 1. We
will obtain suggestions from our field test participants as to how
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to increase recruitment rates, for example, by modifying the
wording in our social media announcements, the themes we
touch upon in our radio and television interviews, the flavor of
our public service announcements, word-of-mouth recruitment,
the use of text messages to encourage enrollment, the wording
of our search engine ads, and so on. We will use “tokens,” as
described below, to identify how the participant heard about
the Web app. We will examine which of these sources yield the
greatest increases in recruitment. We will also track overall
recruitment, as measured by the speed with which we meet our
recruitment goals.

Online Study 3: Version 2.0

We will repeat the procedure as in Online Studies 1 and 2.

Online Study 4: Randomized Controlled Trial

We will carry out an RCT comparing the final version of the
San Francisco Stop Smoking Web App with the baseline Web
app. The RCT will be powered to detect differences in utilization
rates and 7-day point prevalence quit rates, as described in the
Data Analysis section. We will carry out open online
recruitment, with a target of 800 smokers (400 English speakers
and 400 Spanish speakers), as well as focused SFHN
recruitment, with a target of 200 smokers (100 English speakers
and 100 Spanish speakers).

Open recruitment will focus on California smokers. We will
target English- and Spanish-speaking smokers searching for
information on smoking cessation online using social media
recruitment efforts, appearances on radio and television shows
(especially those likely to be watched by Latinos), and a limited
amount of search engine ads. To target the latter, we will use
information reported by Graham and others [39] in terms of the
most cost-effective online sites to recruit Latinos. We will focus
our recruitment advertising resources on areas of California that
have large proportions of Latinos in order to oversample
Spanish-speaking smokers.

SFHN recruitment involves providing fliers for patients in
waiting rooms at the San Francisco General Hospital clinics.
Waiting room staff will also be given the fliers so they can
inform smoking patients about the study. Primary care
physicians will be provided with Post-It–like prescription pads
which will have information regarding how to obtain the
smoking cessation Web app. We will provide tokens (code
numbers) to be entered when the Web app is installed that will
indicate the source of the referral in order to determine whether
physician recommendations to use the Web app result in greater
utilization and higher quit rates than standard fliers. These
tokens will also distinguish SFHN users from users recruited
via open online recruitment.

Digital Interventions

Baseline (Usual Care) Web App

Online Study 1 will test the data gathering aspects of the
proposed Web app using a baseline usual care intervention
consisting of a static smoking cessation guide, Guía Para Dejar
de Fumar, tested in printed form in the Muñoz et al study [13].
The print version of the guide yielded an 11% quit rate at 3
months. We will upload the content of the guide to the baseline

app, and it will serve to estimate baseline utilization and quit
rates.

The San Francisco Stop Smoking Web App

This Web app will be developed with input from the SFHN
population. Thus, we are not able to provide a concrete
description of the app at this time. However, our work to date
has been guided by social learning/social cognitive theory and
uses cognitive behavioral principles that will guide our thinking.
Based on our experience with Web-based apps, we have found
a number of features are valued by users. Users want information
provided in a number of ways (text, graphics, audio, video,
telenovela-type stories). Goal setting is important, so we will
be looking for ideas for interactive goal-setting tools.
Notifications are useful for bringing people back to the site or
Web app, and we will ask our informants if they prefer them
via text messaging or triggered by the app itself. We know that
small behavior change steps can be encouraged using
reinforcement, so we will be on the lookout for gaming ideas
such as winning points and earning badges. We will ask for
specific skills that our informants see as most useful (eg, saying
no when offered cigarettes) and teach these skills using models.
We will also consider social interaction tools (eg, smoking
cessation buddies). However, the specific instantiation of these
principles will stem from the participatory design process as
defined by input from SFHN patients and health care providers.
The exact structure of the intervention will be guided by
participant input. Recent reports suggest using a hierarchical
taxonomy to describe the active components of behavioral
change intervention protocols [40]. We anticipate that active
components of the intervention will include goal setting
(behavior and outcome), self-monitoring, social support
(practical and emotional), prompts/cues and cue signaling
rewards, and behavioral practice/rehearsal.

Measures

Field Studies

User-centered design and usability testing aims to determine
whether people can use the tools and features (ease of use) and
how they like using them (usefulness). These questions will be
addressed using a mix of qualitative (semistructured interview)
and quantitative (satisfaction, acceptability, and perceived
usefulness ratings) methods. Furthermore, during usability
testing participants will be audio- and videotaped while
interacting with the tools and features. Participants will report
their overall satisfaction, as well as satisfaction with the design,
content, functionality, and features. Participants will report what
they liked best and least about the tools and features as well as
strengths and weaknesses of the tools. Participants will rate the
perceived usefulness of each aspect and the acceptability of
using the program in the future.

Online Studies

To reduce participant burden, we will use reduced versions of
the baseline and follow-up questionnaires we used in our earlier
website-centered studies. Being asked to respond to long surveys
on a mobile device is likely to result in high dropout rates.
Therefore, we propose the following:

• Eligibility: age, current smoker, speak English or Spanish.
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• Baseline (obtained on the Web app when the smokers
installs the app and gives consent to enter the study):
demographics (age, sex, race, ethnicity, marital status,
employment status, income, and educational level), smoking
history (age first cigarette, age regular smoker, cigarettes
per day, quit attempts, and methods used to quit), the
Fagerström Test for Nicotine Dependence (6 items) [41],
and rating of quit confidence.

• Follow-ups (brief and obtained using text messaging to
increase completion rates): smoking status (7-day and
30-day point prevalence abstinence rates, operationalized
as a “no” response to “Have you smoked 1 or more
cigarettes in the last seven days?” and, if “no” to the
previous question, “Have you smoked 1 or more cigarettes
in the last 30 days?”); number of cigarettes per day smoked
in the last week (if still smoking); and rating of confidence
that the user will remain quit (if not smoking) or be able to
quit in the next 30 days (if smoking).

Data analysis

Ethnographic and Field Testing Phases

Mixed-methods data analysis will incorporate qualitative data
from patient and therapist feedback; quantitative data from the
satisfaction, acceptability, and usefulness ratings; and audio
recordings from the field tests. Although quantitative ratings
can highlight possible usability concerns, qualitative data
provide answers to why those features might cause problems
in ways that can guide development. Qualitative data will be
interpreted following a grounded theory approach in which
results from the semistructured interview will be analyzed using
a series of codes to determine patterns in topics related to
patients' and therapists' needs, concerns, and impressions of the
prototype. Grounded theory was selected because it is a useful
methodology for determining common topics within qualitative
data to inform future practices and research. For the usability
phase, we believe the users will raise unanticipated concerns
and needs and thus we selected an approach that is flexible.
Mean values of ratings from individual tools and features will
be computed to identify those that require further refinement.
Any tool or feature that is given the lowest value on a
quantitative rating scale will be flagged for more intensive
review in the video recordings and screen captures. Audio
recordings and screen captures will address ease of use and be
coded to determine three types of errors: navigation errors refer
to instances when users cannot locate a function or have
difficulty with aspects of the screen flow, content errors refer
to instances of problems due to labeling or information
presented, and usage errors refer to improper tool use or data
field entry. Qualitative and quantitative data will be integrated
through linking categories identified using the grounded theory
approach with ratings on tools and features. Tools and features
must score a mean value in the satisfactory range to be included
in the next version. We will consider developing additional
tools and features for other categories identified by users.
Consistent with principles of constant comparative analysis, the
principal investigator will make final decisions regarding tools
and features.

Online Studies 1, 2, and 3

These studies are intended to provide continuous quality
improvement data as a baseline smoking cessation intervention
(a static stop smoking guide) moves through two iteratively
designed versions of a user-centered Web app. The final version
of the Web app will be evaluated in comparison to the baseline
app. We will examine successive changes in recruitment rates,
utilization of the app, follow-up rates, and quit rates. We will
use observed changes or lack thereof to pinpoint areas that need
improvement; this will help prioritize changes in recruitment
media and messages, Web app functionality, text messaging
issues, and elements of the Web app likely to increase quit rates.

Online Study 4

Participants will be randomly assigned to use either the baseline
app or the final version of the San Francisco Stop Smoking Web
app. We will focus our analysis on quit rates and use of the app.
Latency (time spent) on content pages will be compared across
the two versions of the app using independent samples t tests.
Based on a Cohen designation of a small effect size for group
mean comparisons of 0.2, a priori power analyses revealed a
necessary sample size of N=800 (400 per version) to achieve a
power of .80. Quit rates (smoking cessation status at 7- and
30-days) will be evaluated at 1, 3, and 6 months following
registration, with individuals lost to follow-up treated as still
smoking. To examine quit rate as a function of website version
and demographic characteristics, logistic regression analyses
will be conducted with quit status as the criterion variable;
website version as the focal predictor; and gender, age, ethnicity,
race, and income entered as covariates. Prior research suggests
a usual care quit rate of 10% based on the 11% quit rate finding
for the printed version of the Guía Para Dejar de Fumar in the
Muñoz et al [13] study and missing=smoking rates ranging from
6.0% to 14.5% in our online studies [16,18,20]. We have
estimated the quit rate of the improved, user-centered Web app
at 20% based on the 23% quit rate found for the combined
intervention in a later Muñoz et al study [13] and the best
estimates of our online website, which yielded a
missing=smoking rate of 20.2% for Spanish speakers and 21%
for English speakers [16]. We estimate an increase of 10% (ie,
improved website will result in 20% quit rate compared to a
10% quit rate for the baseline app), which results in an odds
ratio of 2.25. This odds ratio was used as the effect size estimate
in an a priori power analysis that yielded a total sample size of
N=550 (225 per site version) to achieve power of .80.

We estimate needing a minimum of 800 participants to detect
small effect sizes in utilization and 550 to detect clinically
significant differences in quit rates. We therefore propose to
recruit 800 participants via the open online recruitment process
(to reach the minimum sample size estimated in our power
analysis) and an additional 200 SFHN participants to increase
our sample size and carry out secondary subgroup analyses to
determine whether utilization and quit rates for the SFHN
patients appear similar to those recruited outside the SFHN.
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Results

The project was funded in July 2015. Enrollment is currently
underway and is expected to be finished by 2018. The first
results are expected to be submitted for publication in 2019.

Discussion

Dissemination Plan
Our research team is committed to the dissemination of our
research products. We disseminated the findings supported by
our three earlier TRDRP grants (7RT-0057, 10RT-0326, and
13RT-0050) to the tobacco research community via 19 published
articles and many additional posters and papers presented at
local, national, and international venues. We plan to do the same
with the research findings stemming from this project. In
addition we actively sought continuous funding to extend the
reach and duration of the intervention resulting from our three

previous TRDRP grants. Since we were first funded in 1998,
we have documented 347,000 visitors from more than 200
countries and territories and 52,268 consented participants in
several online smoking cessation trials. For the participant
preference trials, we made the Guía Para Dejar de fumar
stop-smoking guide available on our home page to all who
visited the site, whether or not they chose to proceed beyond
the landing page. They were allowed to click on the link to the
guide to download it without registering or having to pay for
it. More than 258,340 visitors were given access to the guide.
And, if our best estimates of quit rates are accurate, 20% of the
52,268 who registered, consented, and used our online
interventions may have quit smoking, a total of more than
10,000 individuals. The research site remained active for 16
years after our initial grant was awarded. We intend to make
the San Francisco Stop Smoking Web app resulting from the
proposed project available to smokers worldwide after the
project period terminates. For a complete timeline of the
research study see Figure 2.

Figure 2. Timeline. Note: D=Development, R=Recruitment, F=Follow-ups

Human Subjects and Ethical Considerations
The project received approval from the institutional review
board at Palo Alto University in January 2016. Many of the
study materials have been widely distributed and are well
validated, and we do not anticipate any negative physical,
mental, emotional, legal, or social consequences stemming from
this study that are beyond what an individual would encounter
in daily life. The Web app is presented to potential participants
as a self-help automated research intervention (similar to a

self-help book) and as neither counseling nor therapy. Therefore,
use of the app does not involve a therapeutic contract.
Participants are not compensated for interacting with the app,
but they may receive indirect benefits such as a reduction in
smoking behavior. Participants may withdraw from the study
at any time and may refuse to answer any questions. During the
study enrollment process, participants are informed that they
may refuse to have their data used for official research reports
but may still use the app. Their data will still be collected and
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used solely for the research team's ongoing Web app
development.

All participants are informed that under no circumstances will
their information be shared with their doctor or anyone outside
the research team without their consent and that any published
data will be aggregated and deidentified. All components of the
Web application are provided in English and Spanish, and the
previously validated stop-smoking guide has been shortened
and simplified to a sixth-grade reading level. The project aims
to sample equal numbers of male and female participants as
well as English and Spanish speakers.

The first year of the current protocol has been registered at
ClinicalTrials.gov Protocol Registration and Results System
[NCT02666482].

Conclusion
This study is intended to increase the range of utilization and
effectiveness of a smoking cessation Web app beyond
well-educated users. English- and Spanish-speaking low-income
primary care patients of a public-sector health network will be
asked to contribute to the development of the new Web app via
ethnographic interviews and focus groups. After several
iterations of the Web app, an RCT will be conducted to
determine whether the final version of the Web app is superior
to the baseline version in terms of acceptance, utilization, and
higher abstinence rates.
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Abstract

Background: Evidence-based psychosocial interventions for addictions and related conditions such as cognitive behavioral
therapy (CBT) are underutilized. Obstacles to implementation of CBT in clinical settings include limited availability of quality
training, supervision, and certification in CBT for clinicians; high rates of clinician turnover and high caseloads; and limited
qualifications of the workforce to facilitate CBT expertise.

Objective: Mobile phone–based delivery of CBT, if demonstrated to be feasible and effective, could be transformative in
broadening its application and improving the quality of addiction treatment. No experimental interventions that deliver CBT
targeting both drug use and medication adherence using text messaging have been previously reported; as such, the objective of
this study is to develop and test an SMS-based treatment program for HIV-positive adults with comorbid substance use disorders.

Methods: With user input, we developed a 12-week CBT-based text messaging intervention (TXT-CBT) targeting antiretroviral
(ART) adherence, risk behaviors, and drug use in a population of HIV-infected substance users.

Results: The intervention has been developed and is presently being tested in a pilot randomized clinical trial. Results will be
reported later this year.

Conclusions: This investigation will yield valuable knowledge about the utility of a cost-effective, readily deployable text
messaging behavioral intervention for HIV-infected drug users.

(JMIR Res Protoc 2016;5(2):e131)   doi:10.2196/resprot.5407
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Introduction

Injection Drug Use and HIV
Injection drug use is a major risk factor for HIV infection, and
people who inject drugs (PWID) account for a substantial
proportion of new HIV infections in the Unites States and more
than one-third of new AIDS cases (a proportion nearly double
that of 10 years ago) [1]. This is not surprising given that the
risk of infection after injection with an HIV-contaminated
syringe is estimated to be 0.4% to 2.4% (median 0.8%;
approximately 1 in 125 injections) [2].

Sharing contaminated needles and other injection equipment
among PWID is a known source of the increased incidence of
HIV transmission in this population, and PWID with sexual
risk behaviors are at heightened risk for HIV [3,4]. New and
easily deployable interventions targeting the most vulnerable
individuals are urgently needed to reduce HIV transmission [5].
The goal of the present research is to develop and evaluate a
cost-effective and novel technology-based approach for treating
drug dependence and associated HIV risk and treatment
adherence problems.

Reducing HIV Risk Behaviors and Improving HIV
Treatment Regimen Adherence

ART Adherence Among HIV Positive Drug Users
Among the most promising interventions to address drug
dependence, associated HIV risk behaviors, and injection-related
HIV transmission are counseling to decrease the number of
injections by treating the underlying drug dependence [6] and
antiretroviral treatment (ART) to reduce viral load and diminish
the likelihood of HIV transmission in the face of exposure for
those who are HIV infected [7].

There is ample evidence suggesting that HIV-infected PWID
are less likely to access HIV treatment and that once treatment
is initiated, they are less likely to be adherent than former and
nondrug users [8,9]. ART adherence is critically important;
suboptimal dosing can contribute to the development of
medication resistance and result in negative consequences
including rebounding of HIV RNA levels, sometimes to above
baseline levels [10,11]. Less than 5% of PWID receive CD4
cell count monitoring at a frequency consistent with clinical
recommendations [12]. Nevertheless, PWID who adhere to
antiretroviral therapies have HIV outcomes that are comparable
to non-PWID [7]. Preliminary studies suggest that cognitive
behavioral therapy (CBT)–based ART adherence counseling
(Life-Steps) [11,13,14] is effective among HIV-positive drug
users [15].

Cognitive Behavioral Therapy for Substance Use
Disorders
Both behavioral and cognitive-behavioral treatment approaches
have therapeutic effects on a range of functional outcomes
among adults with drug use disorders [16]. Although CBT has
been evaluated empirically for the treatment of drug users, no
studies to date have used mobile phone technology to deliver
this intervention to drug-dependent populations.

CBT is among the most widely studied psychosocial
interventions for substance users in well-controlled randomized
trials. The therapeutic effects of CBT are robust and have been
well established across various substance using populations,
including those who are dependent on opioids [17-20], marijuana
[21], alcohol [22], and stimulants [23]. Based upon social
learning theory, a central assumption of CBT treatment is that
substance dependence emerges from a process whereby the
individual learns through experience about the reinforcement
value of the substance [24]. Anticipated reinforcement is thought
to drive continued and problematic behavioral patterns of
substance use. CBT therefore focuses on the goal of facilitating
abstinence from substance use by teaching new alternative,
reinforcing behaviors.

In addition to its efficacy in reducing substance use, effects of
CBT on HIV risk behaviors have also been reported [6,25].
Pinkerton [25] compared the effectiveness of a 7-session CBT
group emphasizing motivation, skills, and self-efficacy related
to HIV risk reduction relative to a single video-based HIV/AIDS
education session in 3706 high-risk men and women. Both
interventions were effective in reducing sexual risk behaviors,
but the reduction was much higher with CBT on a number of
indices. In particular, CBT participants reduced their mean
number of acts of unprotected sexual intercourse from 24.7 at
baseline to 12.0 at one-year follow-up, whereas those in the
video intervention condition reduced from a mean of 23.9 acts
to 16.7 at follow-up. Schroeder [26] reported comparable
reductions in sexual and drug-related HIV risk behaviors among
cocaine users receiving opioid substitution therapy (OST)
concurrently with CBT or contingency management. In both of
the psychosocial conditions, participants received education
concerning HIV transmission and risk reduction practices. These
results suggest broad beneficial effects of OST augmented with
behavioral interventions for reducing HIV risk behaviors. As
such, the experimental CBT-based text messaging intervention
to be evaluated in this study will maximize effects on HIV risk
behaviors by incorporating HIV educational content.

Advances in Technology-Based Interventions for
Substance Use and HIV
Mobile phones have the potential to provide an important new
delivery medium for behavioral support programs to individuals
with drug use disorders. By the end of 2014, the rate of
mobile-cellular telephone subscriptions was 98.4 per 100
inhabitants in the United States [27]. There has been a rapid
expansion in the use of text messaging, with about 1.92 trillion
text messages sent globally in 2014 [28]. The literature
describing the use of text messaging as a clinical intervention
is rapidly expanding. Text messaging has been used with
numerous clinical populations including those with diabetes,
obesity, and HIV [29-34], yet the use of these approaches in the
treatment of drug users has so far been limited [35,36].

Several studies of text messaging and multimedia intervention
programs incorporating text messaging with cigarette smokers
have shown improvements in quit rates and attempts and
decreases in tobacco use [37-39]. A large randomized trial
examined the efficacy of a fully automated digital multimedia
smoking cessation intervention which included an intensive text
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messaging component compared with a control group receiving
a self-help booklet; this study found higher point abstinence
rates and improved adherence to nicotine replacement therapy
relative to the control group [40], with long-term benefits
extending through 1-year postintervention.

Mobile phones have been used to disseminate several promising
HIV prevention and intervention programs including a text
messaging–based sexually transmitted infection and HIV
prevention program for adolescents (SEXINFO) [41] and a pilot
program employing mobile phone call reminders to improve
medication adherence for HIV-infected individuals [34]. Studies
to date are typically pilot interventions with small sample sizes,
and there is presently little known about the effectiveness of
text messaging for HIV-infected populations. Nevertheless,
among PWID, a computer-based educational intervention
concerning HIV/AIDS was found to have comparable effects
on HIV risk behaviors relative to that of a counselor-delivered
intervention, and it produced greater retention of HIV-related
information [42]. More recently, a text messaging intervention
delivering health education and social support in real time to
high-risk men who have sex with men effectively reduced
methamphetamine use and risky sexual behaviors [36]. Taken
together, these data provide reason for optimism that utilizing
mobile phone technology could be a promising next step to
broadening the availability of cost-effective behavioral
interventions for high-need populations such as HIV-infected
drug users.

Aims
This paper describes the methodology leading to the
development and pilot testing of a CBT-based text messaging
intervention (TXT-CBT) targeting ART adherence and drug
use. Although there are features of CBT such as direct therapist
feedback concerning therapy homework, for example, that
cannot be replicated using a predominantly automated text
messaging platform, the TXT-CBT program transports the
essential features of CBT for relapse prevention to the
technology-assisted platform, with recognition of these inherent
limitations. Some of the limitations imposed by a
technology-based approach are mitigated by the involvement
of a clinician in the TXT-CBT intervention program.

The purpose of this study was to develop, with user feedback,
a 12-week CBT-based text messaging treatment program
targeting ART adherence and drug use and test its efficacy
through a pilot randomized clinical trial. The specific aims of
the study were to (1) test the impact of TXT-CBT over and
above usual care for HIV on substance use and health care
outcomes, (2) evaluate the differential effect of TXT-CBT versus
usual HIV care on HIV risk behavior and ART adherence, and
(3) examine potential mechanisms of action of TXT-CBT.

The following hypotheses addressed the goals of the study:

• Among substance-dependent adults receiving HIV care,
TXT-CBT would yield superior clinical outcomes relative
to usual care in reducing substance use and health service
utilization during and after treatment. In particular, while
some health care utilization may increase among those who
benefit from TXT-CBT (eg, use of routine HIV care

services), we anticipate reductions in hospitalizations and
emergency care services secondary to substance use.

• TXT-CBT would have superior effects on ART adherence
and HIV risk behaviors relative to usual HIV care.

• TXT-CBT would have a direct effect on psychological
variables that are recognized mechanisms of change in CBT
treatment for addicted populations (negative affect,
self-efficacy, social support). Specifically, we predicted
that reductions in negative affect and cravings and increases
in self-efficacy and social support would be positively
associated with retention in TXT-CBT and inversely related
to substance use during and after treatment.

Methods

Study Design
The study began with formative research to develop the
intervention. This was followed by a 2-group randomized
controlled trial (RCT) in which individuals receiving usual care
for HIV were randomly assigned to receive either TXT-CBT
or an informational pamphlet concerning HIV and substance
use. The trial was conducted and reported in accordance with
the Consolidated Standards of Reporting Trials (CONSORT)
guidelines [43]. Face-to-face assessments were conducted at
baseline and weeks 4, 8, 12, and 24. Phone-based assessments
of ART adherence were also conducted at each of these
timepoints.

All study procedures were approved by the University of
California, Los Angeles Institutional Review Board. This trial
is registered at ClinicalTrials.gov [NCT01884233].

Target/Study Population
Inclusion criteria were (1) age 18 years or older, (2) Diagnostic
and Statistical Manual of Mental Disorders, 4th. Edition
(DSM-IV) diagnosis of opioid or stimulant dependence, (3)
HIV-infected and currently taking ART prescribed within the
past 30 days, and (4) currently own a cell phone that can send
and receive text messages. Exclusion criteria were (1) lack of
proficiency in English; (2) currently homeless (unless residing
in a recovery home for which contact information can be
provided); (3) dependence on an illicit substance for which
medical detoxification is imminently needed; or (4) presence
of clinically significant psychiatric symptoms as assessed by
the M.I.N.I. International Neuropsychiatric Interview such as
psychosis, acute mania, or suicide risk that would require
immediate treatment or make study compliance difficult.

Procedures
Participants were recruited through advertising, word of mouth,
study announcement fliers posted in treatment programs and
community locations, infectious disease clinics in the
community, referrals from local substance abuse treatment and
outreach programs, outpatient and inpatient alcohol and drug
abuse clinics, primary care providers, local mental health
centers, crisis clinics, public service announcements, hospital
emergency rooms, and self-referrals. All recruitment materials
referred interested persons to clinic phones, which were
answered by trained research staff who provided the caller with
information about the study and scheduled interested persons
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for an interview. Interested individuals received a study
description and a prescreening prior to an initial interview to
begin the informed consent process. Those who wished to
participate provided informed consent and began the baseline
assessment procedures to confirm eligibility to participate.

Randomization
Following the prescreening, baseline assessment phase, and
confirmation of study eligibility, participants were randomly
assigned to group 1, a treatment-as-usual (TAU) condition in
which participants received usual care (ie, medical management)
for HIV plus a Substance Abuse and Mental Health Services
Administration informational pamphlet concerning HIV and
substance use (see Multimedia Appendix 1 for the pamphlet
content), or group 2, a TAU plus a CBT text messaging
condition (TAU+TXT-CBT). Those who were assigned to the
TXT-CBT received $20 gift cards monthly over the 3-month
intervention phase to offset the costs of an unlimited text
messaging plan. Randomization was conducted by a research
assistant using a Web-based, automated program implemented
by the University of California, Los Angeles, Integrated
Substance Abuse Programs Data Management Center. Neither
the research staff nor participants were blinded.

Sample Size
Determination of sample size (proposed n=25 per group) was
guided by feasibility and appropriateness to achieve pilot study
objectives rather than by statistical power estimates [44,45].
Pilot studies play an important role in providing information
for the planning and justification of RCTs in terms of feasibility
of intervention protocols and recruitment strategies, feasibility
and comprehensiveness of data management and analysis
procedures, and exploration of potential effect sizes [46-48].
We anticipated that the sample size (N=50) would provide
representativeness of a diversity of HIV-infected substance user
characteristics for examining intervention feasibility and produce
data characteristics/distributions appropriate to examining data-
and analysis-related procedures, variability, and potential effect
sizes.

Intervention Development
The TXT-CBT intervention development process included CBT
expert groups, focus groups, and community partners meetings
conducted to obtain input for the content of the intervention and
a logic model for the TXT-CBT intervention developed based
upon rules that supported tailoring the intervention content over
the 12-week period. Concurrently, text messages for the
TXT-CBT library were written and categorized by outcome
target (substance use, HIV risk behaviors, ART adherence).
Written materials provided to the participants were also
developed. A participant TXT-CBT manual was developed
including instructions on how to use the text messaging system
and detailing the specific psychological skills to be learned and
rehearsed upon participation in the intervention. The beta version
of the TXT-CBT text messaging system was developed and a
pilot study of the beta version was conducted among
HIV-positive, opioid-dependent adults (n=10) receiving HIV
care. For this pilot test, all planned measures for the randomized
trial were collected to determine feasibility of the protocol.

Participants received qualitative data collection calls weekly
during their participation in TXT-CBT to gather information
concerning the functionality of the program, address any
technical difficulties they might experience, and determine
whether any of the messaging content was unacceptable or in
need of revision. Based upon the pilot study findings, the
intervention was refined and accompanying materials finalized
in preparation for the pilot RCT.

Intervention Content
The intervention comprised one CBT-based face-to-face
counseling session with a master’s level clinician followed by
12 weeks of daily text messages. The messages included
medication reminders plus 2 or 3 additional messages on the
topic of addiction recovery and associated risk behaviors.
Participants selected the desired frequency and time at which
to receive their medication reminder messages. Participants
enrolled thus far typically require 1 or 2 medication reminders
daily. As such, participants receive 4 or 5 text messages daily.
Of the 14 to 21 messages per week that are not medication
reminders, approximately half of the message content pertains
to CBT skills for drug relapse prevention with the remaining
half split evenly between content concerning common HIV risk
behaviors and ways to reduce them and the importance of ART
adherence coupled with behavioral strategies to promote
adherence.

During the clinician-delivered CBT session, a number of
variables upon which the intervention was tailored or
individualized were identified, including the top 3 barriers to
ART adherence for the individual, with corresponding coping
skills training; the participant’s first name; specific times of day
at which medication reminders are needed; and motives for
quitting substance use.

Content had both informational and interactive components to
model the balance between psychoeducation and counseling in
traditional clinician-delivered CBT. The remaining texts
provided psychoeducation, tips, suggestions, and reminders to
facilitate the use of cognitive and behavioral strategies to prevent
substance relapse, improve ART adherence, and reduce HIV
risk behaviors. Relapse prevention messages comprised 50%
of those sent to participants each week (see Textbox 1). The
12-week intervention is staged such that each week a new
specific coping skill was introduced:

1. Behavioral techniques such as scheduling and engaging in
alternative rewarding activities to prevent boredom and maintain
a sober lifestyle

2. Opioid withdrawal symptoms, similarities between stress and
withdrawal symptoms, and coping techniques to prevent relapse
in the face of these symptoms

3. Stress as a relapse precipitant, with descriptions of stress
management techniques in the form of easy-to-implement tips

4. Common triggers to opioid relapse with suggestions on how
to eliminate or minimize triggers

5. Relapse analysis practice, in which an example of a prior
relapse is described to identify its precipitants
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6. Goal-setting with interactive messages used to help
participants specify goals that are incompatible with substance
use

7. Family and social support for abstinence; emphasizing
avoiding isolation

8. Impact of addiction and the recovery process on important
relationships, with suggestions and tips regarding family roles
in treatment

9. Behavioral lifestyle changes that support recovery

10. Decisions about other drug use (eg, marijuana)

11. Motivation to remain abstinent

12. Individualized relapse prevention planning, with interactive
messages to identify components of a personalized relapse
prevention plan (eg, contact information for support, preferred
behavioral strategies such as exercise, and cognitive techniques
such as reviewing reasons for quitting).

Textbox 1. Behavioral targets and examples of text messages.

ART adherence

• Taking ur medicine exactly as prescribed will help u 2 get the most benefit from it.

• By taking ur meds on schedule, ur keeping ur viral load low and ur CD4 count right where it needs 2 be! It's worth the effort!!

• If u slip up, the best choice is 2 get right back 2 taking ur meds ASAP!

Relapse prevention

• Which feelings R triggers 4 U? Txt them to us. Text EXAMPLE for examples of common ones.

• Keep ur life in balance! Have fun with family or friends, be kind to yourself, and always fill in free time with activities!

• Relapse is a slow process that begins long b4 U actually pick up or start drinking. It helps to watch 4 early signs. Do u know ur signs?

HIV risk behaviors

• Even if u r taking meds and lower ur viral load, there’s still a risk that u will transmit HIV to a partner during unprotected sex. Always use a
condom!

• If U get infected with a different strain of HIV, this is called “superinfection.” It can make u sicker bc it may b harder 4 ur immune system 2
control.

• Safe sex takes two! Make sure 2 talk to ur partner about using condoms beforehand.

HIV Risk Reduction Content
Text messages targeting HIV risk reduction were developed
based on key constructs in the Cognitive-Social Health
Information Processing model [49] coupled with a recently
developed text messaging–based intervention targeting HIV
risk behaviors among methamphetamine users [35].
Psychoeducational messages regarding HIV transmission,
medical consequences, treatments, risky drug use behaviors,
sexual risk behaviors, and ways to prevent transmission were
included. HIV risk reduction messages comprised 25% of those
sent to users each week.

Adherence Content
Messages concerning HIV medication adherence were based
on the CBT program Life-Steps [13], which comprised
education, problem solving, and rehearsal strategies to help
patients develop better skills for adhering to HIV treatment.
Content following the Life-Steps model was tailored to each
individual based on the top 3 barriers to adherence identified
in a meeting with a CBT clinician at baseline. Content may have
included education about adherence, scheduling, cue control
strategies including the use of the mobile phone alarm, adaptive
thoughts about adherence, and improving communication with
medical providers [11]. Adherence messages comprised 25%
of those sent to each user weekly.

Text CRAVE
In addition to the programmed delivery of daily messages,
participants had the option to send a CRAVE text that generated
programmed feedback in the form of advice or suggestions
when they experienced a craving [50]. In this regard, the
TXT-CBT intervention provided a near real-time medium to
facilitate the use of social support and feedback, key elements
of CBT model, for coping with the craving without using. To
keep the messages novel and nonrepetitive, participants rarely
(if ever) received the exact same message more than once
throughout the duration of the study.

Treatment As Usual
All participants were receiving usual care for HIV, which
comprised pharmacological management by a physician in an
infectious disease clinic setting. Generally, participants were
scheduled for monthly visits with their physician and quarterly
assessment of viral load and CD4 counts.

Clinician Involvement
Apart from the single face-to-face CBT session, TXT-CBT
participants may have had contact with the CBT clinician in
one of two contexts. In the text CALL function, participants
were prompted to text the word CALL if they needed more
instruction about how to implement a particular coping skill
that they had planned to use to facilitate ART adherence. When
a text CALL was received, a clinician called the participant
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back and provided counseling to assist with the specific skill
for which guidance was needed. In the text LIFELINE function,
participants could text the word LIFELINE if they needed to
speak to a clinician during business hours. All participants were
able to use this function a total of three times during the 12-week
intervention. For both text CALL and text LIFELINE functions,
prior to receiving a call back from a clinician, participants
received an automated response to remind them of the hours
during which the clinician is available and were instructed to
call 911 or go to an emergency room for any urgent matters
beyond these hours or that required an immediate response. If
the text was received during business hours, the clinician called
the participant on the same day. For any participant who used
the LIFELINE function three times or more, the protocol
specified that a licensed clinician on the research team was to
be consulted to determine whether a treatment referral was
indicated and/or whether the participant could continue to
participate in the study.

Technical Support
Participants received weekly calls from the research staff to
collect qualitative data concerning the perceived helpfulness of
the TXT-CBT intervention and address any technical difficulties
they may have been experiencing. A research assistant reviewed
the text messaging logs regularly to monitor whether text
messages were being sent on time and whether participants were
engaging in texting. If participants wished to disenroll from the
study they could text the keyword STOP.

Outcome Measures
See Table 1 for an overview of the outcome measures. Primary
outcomes included ART adherence, substance use, and HIV
risk behaviors. ART adherence was assessed by phone using
an unannounced pill count (UPC) procedure. All other outcome
measures were administered in face-to-face interviews, with
some clinician-administered measures and the majority of the
assessments conducted using a Web-based data entry system.
Participants were compensated in gift cards as follows: $40 for
the baseline assessment, $20 for each monthly face-to-face
assessment, and $20 for each phone-based pill count procedure.
Additionally, for bringing in photocopies of viral load and CD4
count assay reports from their primary HIV care provider,
participants were compensated $20 at baseline (BL), treatment
end, and follow-up.

Primary Outcomes

Substance Use
Substance use was assessed using urine drug screens, the
Addiction Severity Index, and the Timeline Followback (TLFB)
method. Urine drug screens were collected at baseline and weeks
4, 8, 12, and 24 using temperature-controlled test cups. A US
Food and Drug Administration–approved one-step, rapid dip
drug test is used (CLIAwaived Inc). The urine drug screens
tested for the presence of amphetamines, benzodiazepines,
methadone, cocaine, methamphetamine, barbiturates, oxycotin,
opiates, and marijuana.

The Addiction Severity Index [51], collected at baseline,
treatment end, and follow-up, was used to assess psychiatric

and substance use disorder severity and other domains of
functioning. Composite scores (alcohol and drug, psychiatric,
legal, family, and employment) will be contrasted between
groups at baseline to evaluate the effectiveness of randomization.
Drug use severity composite scores will be used as a covariate
in the analysis of differential treatment effects on outcomes.

The TLFB, a calendar-assisted structured interview [52] with
demonstrated validity in substance treatment samples [53], was
used to assess drug use in the preceding 90-day period at
baseline and follow-up and preceding 30-day drug use at weeks
4, 8, and 12. The TLFB was used to calculate self-report
substance outcome variables including percent days abstinent
as reported in Project MATCH [54]. Time to first relapse was
also evaluated using the TLFB. As in prior work [55], relapse
was defined as the first drug use following 7 consecutive days
of abstinence after the initiation of treatment.

HIV Risk Behavior
The Behavioral Risk Assessment [56] measured HIV risk
behavior. This instrument recorded data on participants'
sociodemographic characteristics (gender identity, sexual
identity, age, race/ethnicity, HIV status, educational attainment,
housing status), substance use in the previous 30 days (injection
and noninjection drug use and safe needle use protocol), number
and gender of sexual partners in the previous 30 days (main,
casual, anonymous, exchange and male, female,
male-to-female preoperative transgender, female-to-male
preoperative transgender), and details about the participants'
three most recent sexual encounters within the previous 12
months (partner type, number of partners in the encounter, HIV
status of partner[s], sexual activities during the encounter,
substance use by participant and partner[s], location of sexual
encounter).

ART Adherence
ART adherence was assessed using both phone-based UPCs
and viral load data. Both home- and phone-based UPCs have
been shown to be reliable and valid measures of HIV treatment
adherence, yielding comparable data to electronic medication
monitoring [57,58] and significant correspondence with plasma
viral load [59]. At the initial research visit, participants were
trained by an intake assessor and a phone-based pill counter on
the telephone in procedures for conducting UPCs. Training
focuses on instructing participants to organize and count their
pills. The first UPC was conducted within 1 week of the training,
with subsequent monthly UPCs at unannounced times during
and after the intervention through follow-up at week 24. All
UPCs were conducted for each ART medication the participant
is taking. Pharmacy information from pill bottles was also
collected to verify the number of pills dispensed between calls.
A medication adherence score was then calculated as the ratio
of pills counted to pills prescribed, taking into account the
number of pills dispensed. Using this method, the adherence
score represents the percentage of pills taken as prescribed
averaged across medications [60].

Viral load served as a biological indicator of adherence.
Consistent with the typical frequency with which viral load is
assessed in clinical settings, data concerning viral load was
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collected at baseline, treatment end, and follow-up. Participants
either provided us with a copy of their latest viral load results

or signed a medical release of information allowing us to obtain
their viral load results directly from their medical provider.

Table 1. Key variables and measurements.

Follow-upWeek 12Week 8Week 4BLScreenMeasurementsVariables

Primary outcomes

xxxAddiction Severity IndexbSubstance use

xxxxxUrine drug screenb

xxxxxTimeline Followbackb

xxx

Reback Behavioral Risk Assess-

mentcHIV risk behavior

xxxxxUnannounced pill countsbART adherence

xxxViral load/CD4b

Secondary outcomes

xxxxxSelf-reportcMedication compliance

xxSelf-reportcBehavioral strategies

xxxxxPHQ-9c,dDepression

xxxxxOASISc,eAnxiety

xxx

Drug-Taking Confidence Question-

nairecDrug-taking self-efficacy

xxxSF-12c,f
Health-related quality of
life

xSOCRATES-Dc,gReadiness for change

Covariates

xSelf-reportcDemographics

x

M.I.N.I. International Neuropsychi-

atric InterviewbPsychiatric diagnosis

xxxxxSelf-reportbConcomitant medications

xxxxxSelf-reportcAncillary treatments

Participant satisfaction a

xxxWeekly qualitative callsbParticipant satisfaction

xxxMessage exposurebParticipant adherence

aOnly for participants randomized to the TXT-CBT group.
bResearch assistant–administered.
cParticipants used a Web-based data entry system.
dPatient Health Questionnaire.
eOverall Anxiety Severity and Impairment Scale.
fShort Form Health Survey.
gStages of Change Readiness and Treatment Eagerness Scale.

Secondary Outcomes

Self-Reported Medication Adherence
Self-reported adherence was assessed monthly using a brief
3-item adherence survey developed by Kalichman et al [61].
Using a visual analogue rating scale, participants were asked

to indicate their best guess, ranging between 0% and 100%,
about how much of their HIV medication they have taken in
the past week and in the past month. They were also asked how
confident they were that they can take all of their HIV
medications in the next week.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e131 | p.176http://www.researchprotocols.org/2016/2/e131/
(page number not for citation purposes)

Glasner-Edwards et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Behavioral Strategies for Adherence
From a 25-item behavioral strategies checklist developed by
Kalichman et al [60], participants were asked to indicate how
often they have used these strategies during the past 3 months.
Answer choices are never, sometimes, often, very often, and
always. Examples of strategies included in the questionnaire
are “used a pill box organized by day of the week” and “used
bedtime as a reminder to take medications.”

Depression
The Patient Health Questionnaire (PHQ-9) [62,63] is a
self-administered, 9-item questionnaire used to assess
depression. It includes DSM-IV depression criteria as well as
other major depressive symptoms. The PHQ-9 is a reliable and
valid measure of depression [62,63]. Participants were asked
to report “how often they have been bothered by any of the
following problems” with response choices ranging from “not
at all” to “nearly every day.”

Anxiety
The Overall Anxiety Severity and Impairment Scale (OASIS)
was used to assess severity and impairment associated with
anxiety [64]. It is a 5-item measure that is valid across anxiety
disorders, for multiple anxiety disorders, and with subthreshold
symptoms [64]. Participants were asked to identify which answer
best describes what they have been feeling in the past week.
Three questions have answer choices that range from “none”
to “extreme,” and two range from “none” to “constant” anxiety.

Drug Taking Self-Efficacy
Drug taking self-efficacy was measured using the Drug-Taking
Confidence Questionnaire [65], which measures confidence in
avoiding alcohol and other drugs (abstinence goal) or heavy use
(moderation goal) across the 8 high-risk categories in Marlatt’s
taxonomy of relapse precipitants [66]. Participants imagined
themselves in 8 specific situations and rated confidence in
resisting the urge to drink heavily or use a specific drug.

Health-Related Quality of Life
The health status questionnaire [67,68] measures mental and
physical functioning as well as overall health-related quality of
life. All 12 questions come from the 36-item Short Form Health
Survey (SF-36) [67,68]. Participants were asked whether their
daily activities are impacted as a result of their physical health
or emotional problems.

Readiness for Change
The Stages of Change Readiness and Treatment Eagerness Scale
(SOCRATES-D) is a 19-item scale used to assess readiness and
motivation for change in drug users [69]. The SOCRATES
instrument has 3 subscales: Recognition, Ambivalence and
Taking Steps. Participants are asked to rate how much they
agree or disagree with a statement “right now.” Possible answers
range from “strongly disagree” to “strongly agree.” Examples
of statements are “I really want to make changes in my use of
drugs,” “sometimes I wonder if I am in control of my drug use,”
and “I am actively doing things now to cut down or stop my
use of drugs.”

Covariates
Demographic variables, psychiatric diagnosis, ancillary
treatments, and message exposure (participant adherence to
TXT-CBT) were examined as potential moderating or mediating
variables.

Participant Satisfaction With TXT-CBT
Participant satisfaction with the TXT-CBT intervention was
assessed using qualitative weekly phone-based interviews in
which those assigned to the experimental group were asked a
series of scripted questions concerning the perceived helpfulness
of the intervention in that week. Participants were queried
concerning any messages that stood out as particularly helpful
or that they might have disliked and whether and how the
intervention helped them to change behaviors in the key domains
of interest (ie, ART adherence, drug use, and/or other risk
behaviors).

Statistical Analyses
Analyses in the pilot study will allow basic description of the
sample in terms of distributional characteristics, variability, and
missing data as well as examination of possible effect sizes in
comparing the groups. Preliminary analyses will include
descriptive statistics and confidence intervals, computation of
scale scores, and assessment of reliability. Exploratory analyses
will use a random effects regression approach to examine group
differences across the repeated observations (baseline, treatment
end, and follow-up) as specified in each of the study aims. This
type of model accommodates the (potentially correlated)
repeated measures and allows for inclusion of covariates (ie,
subject characteristics on which the groups differ at admission)
and additional repeated observations for some measures (eg,
viral load at baseline, treatment end, and follow-up). The pilot
sample size of 25 per group should allow detection of an effect
size of approximately d=.7 in differential change in outcomes
from baseline to follow-up, assuming a moderate correlation of
0.50 over time and allowing attrition of up to 20% (power=.80,
one-tailed alpha=.05). This detectable effect size would translate
to a differential change of about 19 points on the ART adherence
composite score assuming an average (across time) pooled
(across groups) standard deviation of about 27, as found by
Safren [11] for a specialized CBT intervention for HIV-infected
individuals. Safren et al found a differential change of
approximately 25 points.

Separate analyses will address each measure in aims 1, 2, and
3. For example, analyses for aim 2 will include as dependent
variables urine toxicology results for opioids and stimulants,
ART adherence scores, health-related quality of life scores from
the SF-12, and select items from the ASI indicating number of
days in the past month utilizing health services. Analyses for
aim 3 will include correlations between changes in self-efficacy
(Drug-Taking Confidence Questionniare) and treatment retention
and substance use during and after treatment.

Results

Currently, data collection is ongoing and is expected to be
completed in July 2016. We expect that analysis and results
will be available by September 2016.
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Discussion

Principal Findings
In this clinical trial protocol, we present the study design of a
two-phase intervention development and evaluation project in
which we (1) developed, with user input, a 12-week CBT-based
text messaging intervention targeting ART adherence and drug
use in an adult addicted population with HIV and (2) pilot tested
the intervention in an RTC. We hypothesize that TXT-CBT will
directly impact ART adherence and substance use, over and
above the effect of usual care for HIV, relative to those who
receive usual HIV care in conjunction with an informational
pamphlet concerning HIV, ART adherence, and substance use.
Exploratory analyses will be conducted to examine process
changes in TXT-CBT and their associations with outcomes. We
expect that mechanisms of action demonstrated in prior work
examining the key ingredients of face-to-face CBT (eg,
self-efficacy) will also account, at least in part, for any
therapeutic effects of TXT-CBT on the target clinical outcomes
in this study.

Limitations
The major limitation of the study design is the absence of a
control condition matched for time and attention. Likewise, data
collection procedures that are specific to the active TXT-CBT
condition, such as qualitative data collection efforts to ascertain
perceived acceptability and helpfulness of the intervention, were
not balanced between conditions and could potentiate the effects
of the TXT-CBT intervention. Nevertheless, this initial
investigation is designed to establish the acceptability and
preliminary outcomes of the TXT-CBT intervention; if the
current hypotheses are supported, a text messaging control
condition will be developed as part of a larger, fully powered

RCT. Likewise, the sample size limits the statistical power for
detecting effects of the intervention; nevertheless, as a pilot
trial, the proposed N is appropriate for meeting the study
objectives.

Strengths
This is the first trial to our knowledge that uses a theory-based
intervention approach to the treatment of addiction via a text
messaging platform. As such, rather than implementing a single
behavioral strategy (eg, reminders or motivational sayings), the
TXT-CBT provides a therapy program that draws its content
from evidence-based addiction and medication adherence
interventions. Second, we focus on a well-defined population
(ie, HIV-infected adults with substance use disorders) with an
urgent need for accessible, low-cost intervention approaches to
reduce risk factors for the spread of HIV infection (including
drug use and poor ART adherence). Third, we involved the
users closely in the intervention development process to
optimize the likelihood of acceptability and participant retention
in TXT-CBT. Finally, by investigating mechanisms of action
of TXT-CBT, this study is expected to advance our
understanding of the psychological processes by which text
messaging interventions effect behavior change.

Conclusions
We present the methodology germane to the development and
pilot testing of TXT-CBT, a theory-based intervention using a
technology-based text messaging platform for HIV-infected
adults with substance use disorders. By providing support to
maximize HIV treatment regimen adherence and reinforce
coping skills to prevent relapse to substance use, TXT-CBT
may provide a promising, cost-effective, and easily deployable
strategy for the treatment of substance users who are
HIV-infected.
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SF-36: 36-item Short Form Health Survey
SOCRATES-D: Stages of Change Readiness and Treatment Eagerness Scale
TAU: treatment-as-usual
TLFB: Timeline Followback
TXT-CBT: cognitive behavioral therapy–based text messaging intervention
UPC: unannounced pill counts

Edited by G Eysenbach; submitted 03.12.15; peer-reviewed by N Shah, K Kaipainen, A Baumel; comments to author 07.01.16; revised
version received 15.02.16; accepted 20.02.16; published 24.06.16.

Please cite as:
Glasner-Edwards S, Patrick K, Ybarra ML, Reback CJ, Rawson RA, Chokron Garneau H, Chavez K, Venegas A
A Cognitive Behavioral Therapy–Based Text Messaging Intervention Versus Medical Management for HIV-Infected Substance Users:
Study Protocol for a Pilot Randomized Trial
JMIR Res Protoc 2016;5(2):e131
URL: http://www.researchprotocols.org/2016/2/e131/ 
doi:10.2196/resprot.5407
PMID:27341852

©Suzette Glasner-Edwards, Kevin Patrick, Michele L Ybarra, Cathy J Reback, Richard A Rawson, Helene Chokron Garneau,
Kathryn Chavez, Alexandra Venegas. Originally published in JMIR Research Protocols (http://www.researchprotocols.org),
24.06.2016. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e131 | p.182http://www.researchprotocols.org/2016/2/e131/
(page number not for citation purposes)

Glasner-Edwards et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.researchprotocols.org/2016/2/e131/
http://dx.doi.org/10.2196/resprot.5407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27341852&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Developing a Video-Based eHealth Intervention for HIV-Positive
Gay, Bisexual, and Other Men Who Have Sex with Men: Study
Protocol for a Randomized Controlled Trial

Sabina Hirshfield1, PhD; Martin J Downing Jr1, PhD; Jeffrey T Parsons2, PhD; Christian Grov3, MPH, PhD; Rachel

J Gordon4, MPH, MD; Steven T Houang1, BA; Roberta Scheinmann1, MPH; Patrick S Sullivan5, PhD, DVM; Irene

S Yoon1, MSc; Ian Anderson6, BA; Mary Ann Chiasson1, DrPH
1Public Health Solutions, Research and Evaluation, New York, NY, United States
2Center for HIV/AIDS Educational Studies and Training (CHEST), Department of Psychology, and the Graduate Center of the City University of New
York (CUNY), Hunter College, New York, NY, United States
3Center for HIV/AIDS Educational Studies and Training (CHEST), Graduate School of Public Health and Health Policy, City University of New York,
New York, NY, United States
4Division of Infectious Diseases, Departments of Medicine and Epidemiology, Columbia University, New York, NY, United States
5Rollins School of Public Health, Department of Epidemiology, Emory University, Atlanta, GA, United States
6Smart + Strong, New York, NY, United States

Corresponding Author:
Sabina Hirshfield, PhD
Public Health Solutions
Research and Evaluation
40 Worth Street, 5th Floor
New York, NY, 10013
United States
Phone: 1 6466196676
Fax: 1 6466196777
Email: SHirshfield@healthsolutions.org

Abstract

Background: Gay, bisexual, and other men who have sex with men (GBMSM) accounted for 67% of new US human
immunodeficiency virus (HIV) infections in 2012; however, less than 40% of HIV-positive GBMSM are virally suppressed.
Preventing transmission from virally unsuppressed men who have condomless anal sex (CAS) with serodiscordant partners is a
public health imperative. New HIV infections in GBMSM are attributed in part to online access to sex partners; therefore, low-cost
eHealth interventions are a unique opportunity to reach men where they meet partners.

Objective: To describe the protocol of a randomized controlled trial evaluating whether video-based messaging delivered online
may lead to reductions in serodiscordant CAS and increased HIV disclosure.

Methods: Sex Positive![+] is a two-arm, phase III, video-based randomized controlled trial delivered online to GBMSM living
with HIV. Participants in the intervention arm receive 10 video vignettes grounded in social learning and social cognitive theories
that are designed to elicit critical thinking around issues of HIV transmission and disclosure. Participants in the attention control
arm receive 10 video vignettes that focus on healthy living. All videos are optimized for mobile viewing. The study protocol
includes five online assessments conducted over a 1-year period among 1500 US white, black, or Hispanic/Latino GBMSM living
with HIV who report suboptimal antiretroviral therapy (ART) adherence or a detectable viral load in the past 12 months and
recent CAS (past 6 months) with HIV-negative or unknown status male partners. Compared to the control arm, we hypothesize
that men who watch the intervention videos will report at 12-month follow-up significantly fewer serodiscordant CAS partners,
increased HIV disclosure, and improved social cognition (eg, condom use self-efficacy, perceived responsibility).

Results: Participant recruitment began in June 2015 and ended in December 2015.

Conclusions: This protocol describes the underlying theoretical framework and measures, study design, recruitment challenges,
and antifraud measures for an online, video-based randomized controlled trial that has the potential to decrease HIV transmission

risk behaviors among HIV-positive GBMSM who struggle with ART adherence. The Sex Positive![+] intervention allows for

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e125 | p.183http://www.researchprotocols.org/2016/2/e125/
(page number not for citation purposes)

Hirshfield et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:SHirshfield@healthsolutions.org
http://www.w3.org/Style/XSL
http://www.renderx.com/


participation through multiple Internet-based mediums and has the potential to reach and engage a broader population of
HIV-positive GBMSM who are virally unsuppressed.

ClinicalTrial: ClinicalTrials.gov NCT02023580; https://clinicaltrials.gov/ct2/show/NCT02023580 (Archived by WebCite at
http://www.webcitation.org/6iHzA8wRG)

(JMIR Res Protoc 2016;5(2):e125)   doi:10.2196/resprot.5554

KEYWORDS

eHealth interventions; GBMSM; HIV prevention; HIV disclosure; randomized controlled trial; videos

Introduction

Gay, bisexual, and other men who have sex with men (GBMSM)
accounted for 67% of new human immunodeficiency virus
(HIV) infections in the United States in 2012 [1]. Although
antiretroviral therapy (ART) has improved survival with HIV,
the low level of ART adherence presents a significant public
health challenge in terms of the potential to transmit HIV [2].
Further, only three of the 96 evidence-based interventions
defined by the Centers for Disease Control and Prevention have
been designed for GBMSM living with HIV [3]. Among
GBMSM with diagnosed HIV in the United States and Puerto
Rico in 2010, it was estimated that 74% of men aged 18 to 24
years were virally unsuppressed compared to less than 40% in
men aged 55 years and older. By race/ethnicity, the highest
proportion of virally unsuppressed cases were among black
GBMSM (63%), followed by Hispanic/Latino (58.5%), and
white men (56%) [4]. This is particularly concerning because
a recent study found that, compared to heterosexual males with
HIV, GBMSM living with HIV who had unsuppressed viral
loads had eight times the odds of engaging in serodiscordant
condomless sex [5].

Preventing transmission in virally unsuppressed GBMSM who
have condomless anal sex (CAS) with serodiscordant partners
can have a great public health impact. Nationally, white, black,
and Hispanic GBMSM continue to account for approximately
95% of newly diagnosed HIV infections among men [6].
Further, black and Hispanic men are also overrepresented as
being virally unsuppressed [5,7,8]. Interventions designed to
reduce CAS among GBMSM should be cost-effective and
scalable, which are goals of the National HIV/AIDS Strategy
[9]. Because new infections in GBMSM have been attributed
in part to increased access to sex partners online [10,11], it is
critical to deliver online behavioral interventions to GBMSM
living with HIV to reach many high-risk men at a relatively low
cost [12], engage men where they meet sex partners [13], and
enable men to participate privately on a computer, tablet, or
mobile phone with smartphone capabilities on their own
schedule versus in a structured clinical setting [14].

Users of Technology
Primarily because of the anonymity and accessibility of online
spaces (websites, mobile apps), GBMSM have been early
adopters of technologies designed for sexual partnering [15].
However, as promising as technology may be for HIV
prevention and because Hispanic/Latino and black populations
are more likely to own mobile phones and use mobile apps
compared to white populations [16,17], HIV prevention

technology also introduces often-overlooked methodological
pitfalls such as low engagement of racial/ethnic minorities and
recruitment bias. Historically, online HIV prevention work has
had low representation of minority GBMSM [18-20]. There are
two likely explanations for this disparity. First, black men
constitute 13% of the US male population [21], which may
account for the smaller proportion who complete online surveys.
Second, online recruitment bias may occur, such that researchers
may not be using targeted language or graphics, or recruiting
from sites that cater to minority GBMSM [22].

eHealth Interventions
Electronic health (eHealth) interventions have the potential to
reach and engage GBMSM living with HIV from diverse
racial/ethnic groups and socioeconomic statuses. These
interventions are critical for risk-reduction efforts [23,24], can
reach geographically dispersed men [12,25], and can adapt
offline interventions [26]. However, few interventions have
demonstrated efficacy in reducing HIV transmission from
GBMSM who are HIV-positive. Recent eHealth and mobile
health (mHealth) interventions for HIV-positive populations
have focused on ART adherence [27,28], rather than sexual risk
[29], and have been delivered through text messaging and on
computers [30-33]. eHealth assessments of GBMSM living with
HIV have been used to tailor provider-delivered interventions
to decrease CAS with serodiscordant partners. Nevertheless, a
recent provider-delivered eHealth intervention had low
participation and retention, due mainly to factors such as time
commitment and clinical setting [34]. Other eHealth
interventions address HIV disclosure and condom use among
GBMSM who are HIV-positive but are still in early stages of
implementation (eg, Miranda et al [35]).

Cost-Effectiveness of eHealth Interventions
There is a great need for cost-effective HIV prevention strategies
for HIV-positive populations, particularly GBMSM who
constitute the majority of those living with HIV [36,37]. Even
modest intervention effects can have a significant public health
impact because the two most important factors that determine
cost-effectiveness are (1) the HIV prevalence of the target
population (preventing transmission from men who are
HIV-positive rather than preventing acquisition by men who
are HIV-negative) and (2) the cost per person reached [38].
Effective HIV prevention interventions that use digital media
are also likely to be highly cost-effective because they can be
easily replicated after development, require minimal staffing,
and have unlimited geographic reach [31,38-40].
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Aims and Objectives
The aim of this paper is to describe the study protocol of a
randomized controlled trial (RCT) evaluating the effectiveness
of a video-based messaging intervention delivered online, by
comparing intervention and attention control groups on
reductions in serodiscordant CAS and increases in HIV
disclosure to sex partners. Through our prior work [18,19,41],
we have identified a risk-reduction intervention approach for

GBMSM living with HIV. The Sex Positive![+] study is
conducted over a 1-year period among 1500 US white, black,
and Hispanic/Latino GBMSM who were virally unsuppressed
at some point during the past year, or who report suboptimal
adherence to ART, and report recent CAS with serodiscordant

male partners. Sex Positive![+] encompasses many characteristics
found to reduce risk among HIV-positive populations in that it
is theory-driven, has intervention content focused on HIV
transmission behaviors, uses videos that demonstrate risk
reduction and health behaviors through modeling, is delivered
in an intensive manner, and is delivered over a 1-year period
[42].

Methods

Trial Design

Sex Positive![+] is a two-arm randomized controlled phase III
clinical trial with a 1:1 allocation ratio.

Ethics Statement
The Institutional Review Board at Public Health Solutions in
New York, NY, approved all study procedures. A waiver of
documentation of written consent was obtained given the
Internet-based research approach. Although Federal regulation
requires that researchers obtain written informed consent for
research on human subjects, under 45 CFR § 46.117(c) [43],
written consent can be waived for research that involves minimal
risk to participants and involves no procedures for which written
consent is normally required outside of the research context.
This research meets that criterion and we use an alternative
approach where participants click a button signifying that they
have read the informed consent page and agree to participate
in the study. An advantage of online studies is that the consent
form is available for the participant to review and/or print at
any time. This strategy complies with the requirement of 45
CFR § 46.117(c) that participants are given a written statement
describing the research and risks.

A Data and Safety Monitoring Board has been established to
conduct semiannual reviews of study activities and to ensure
participant safety, validity, and integrity of the data. The Board
is comprised of experts, independent of the trial or funding
agency, in RCTs, Internet research, Web design, and
HIV-positive populations. Furthermore, a Certificate of
Confidentiality has been obtained from the National Institute

of Mental Health to help protect the privacy of HIV-positive
participants enrolled in this health-related study.

Participants
The target sample is 1500 high-risk, virally unsuppressed or
less than 90% ART-adherent, US white, black, and
Hispanic/Latino GBMSM living with HIV. Individuals
participating in any aspect of the study must (1) be biologically
male, (2) be age 18 or older, (3) be able to read and respond in
English, (4) reside within the United States or a US territory,
(5) report CAS with any HIV-negative or unknown status
(serodiscordant) male partners in the past 6 months, (6) identify
as HIV-positive, (7) report a detectable viral load, not being on
ART and not knowing their viral load in the past year, or an
undetectable viral load but less than 90% ART-adherent in the
past 30 days, (8) identify as white, black, or Hispanic/Latino,
(9) be willing to participate in an online intervention study for
12 months, and (10) have a working email address and mobile
phone for intervention follow-up. We use quota sampling and
targeted recruitment to ensure balanced representation of white
(n=500), black (n=500), and Hispanic/Latino (n=500) men.
Further, we include the following black racial/ethnic categories:
black, African American, Caribbean, African, or multiethnic
black [44]. In addition, we use targeted recruitment to ensure
that 20% of the sample are men between the ages of 18 and 29
years. This group is overrepresented in the current HIV
epidemic, particularly young men of color, and is less likely to
be adherent to HIV medications or in care [4]. Men who meet
study criteria, consent, and register to participate are
automatically randomized into one of the two study arms.

Recruitment
Men are identified for the study through social networking
websites and gay-oriented sexual networking websites, dating
websites, global positioning system (GPS)-based mobile phone
apps that utilize targeted recruitment by city, race, and ethnicity,
and online bulletin boards. By recruiting from different types
of websites and mobile phone apps, we increase our chances of
reaching a broader, more diverse pool of men with HIV. The
goals of recruitment are to identify eligible participants online
who are willing to participate in an online, longitudinal HIV
risk-reduction intervention. Based on previous research findings
[22], study banner advertisements mirror the racial/ethnic
composition of each study subgroup. One of our sources of
recruitment is POZ Personals, the dating site for POZ Magazine,
which distributes internal system messages to a defined subset
of US male members who are HIV-positive, at least 18 years
of age, and self-identify as gay or bisexual.

Primary Outcome Measures
Both HIV status disclosure to sex partners and serodiscordant
CAS are assessed at each of five survey time points (baseline,
3-, 6-, 9-, and 12-month follow-up). The recall period for the
primary outcome measures is the past 3 months for each of the
five online assessments (Table 1).
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Table 1. Survey instrument summary of primary outcomes assessed at baseline and at 3-, 6-, 9-, and 12-month follow-ups.

ItemsDescription or lead questionPrimary outcomes mea-
sures

Sexual behavior by partner type (eg, one-time, repeat, exchange): insertive and/or
receptive oral sex with or without condoms and ejaculation (y/n), insertive and/or
receptive anal sex with or without condoms and ejaculation (y/n), drug and/or
alcohol use prior to or during sex (y/n), total number of anal sex acts (with or
without condoms) for each sex partner

Past 3 months, three most recent male sexu-
al partners in one-on-one encounters

Serodiscordant condom-
less anal sex

Demographic questions related to most recent partner(s) include: race/ethnicity,
age, partner relationship type, partner serostatus, one-time vs repeat partner, and
exchange vs nonexchange partner. HIV disclosure questions include: knowing
partner(s) serostatus before or after having sex, asking partner(s) status, telling
partner(s) one’s serostatus, who disclosed their serostatus first (participant or
partner), how they learned about the partner(s) serostatus (eg, asking, telling,
online profile)

Past 3 months, HIV disclosure with three
most recent sex partners in one-on-one en-
counters

HIV disclosure

Secondary Outcome Measures
Secondary outcomes assessed at each time point include
self-reported adherence to HIV medications, viral load, and
CD4 count. Syndemic factors, or co-occurring epidemics,
thought to be related to HIV transmission risk will also be
assessed at various survey time points, including drug and
alcohol use [45,46], depressive and anxiety symptoms [47-49],
condom use and HIV disclosure self-efficacy [50], sexual
compulsivity [51], HIV stigma, and interpersonal violence
[52-54]. Process measures are used to track participants’ interest
in, acceptability of, and verification of video viewing by having
men complete brief postvideo online surveys. These surveys
are designed to assess participants’ likes and dislikes as well as
to elicit critical thinking about the video as it pertains to study
outcomes [19,55].

Sample Size
Based on the prevalence of behaviors in our previous studies,
we calculated true proportions and sample sizes using chi-square
tests for this two-arm design. We estimated that by enrolling
approximately 750 men per group and retaining 75% at
12-month follow-up, we would have 80% power at a 5% alpha
level to detect a minimum reduction of 8% in the number of
serodiscordant CAS partners between the intervention and
attention control arms.

Intervention Content
Video messages are an effective way to deliver HIV prevention
to GBMSM [19,56-58]. The first of our three theoretically
grounded HIV prevention videos (from the HIV Big Deal
project) tackling issues of CAS, HIV disclosure, and testing
was rigorously evaluated among HIV-negative, HIV-positive,
and untested GBMSM recruited online [19]. In our
single-session video pilot for 971 GBMSM, we found significant

reductions in CAS in the most recent encounter (9% decrease)
and significant increases in HIV disclosure at 3-month follow-up
(13% increase) compared to baseline [19]. In our subsequent
online, single-session RCT for 3092 GBMSM that used videos
from the HIV Big Deal project, we found significant reductions
in CAS among men in the video study arm at 60-day follow-up
(8% decrease) compared to baseline; HIV-positive men in the
video study arm reduced their CAS (14% decrease), including
with HIV-negative or status unknown partners, at 60-day
follow-up (13% decrease) compared to baseline. Men living
with HIV were also significantly more likely than men who
were HIV-negative or untested to complete follow-up (57% vs
51%, P=.002) [18].

Theoretical Framework for the Intervention Videos
Employing a dramatic video series grounded in social learning

and social cognitive theories [59,60], the Sex Positive![+] study
engages learners through storytelling and promotes critical
thinking on issues of HIV disclosure to sex partners, medication
adherence and viral suppression, and serodiscordant CAS. In
collaboration with a local production team, including a
scriptwriter, producer, and director, we produced Just a Guy, a
6-episode video series that follows the story of “Guy,” an openly
gay man living with HIV in Brooklyn, NY. The video series is
based, in part, on the HIV Big Deal project described previously,
which was launched online in 2008 [61]. According to social
learning theory, individuals learn through the observation of
others’attitudes, behaviors, and the outcomes of those behaviors
[59]. Videos developed for the intervention described in this
paper include elements of social learning and attitude change
theories, both of which informed the instructional design and
delivery of our pilot online video intervention [19] and online
feasibility trial of GBMSM [12]. More specifically, the
intervention relies on three critical design dimensions including
the medium, the degree of realism, and modeling (Table 2).
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Table 2. Survey instrument summary of theoretical constructs assessed at baseline and at 3-, 6-, 9-, and 12-month follow-ups.

Response optionsConstruct, topic, and lead questions

Construct: self-efficacy

Topic: disclosure to sex partners

Not at all confident, not very confident, somewhat
confident, very confident, extremely confident

Lead question: How confident are you that you could tell a potential sex partner your HIV
status...

...in your online or mobile phone app dating profile?

...in an email?

...in a text message?

...over the phone?

...in person?

Topic: safer sex [91]

Not at all confident, not very confident, somewhat
confident, very confident, extremely confident,
prefer not to answer

Lead question: Now think about future sexual encounters with HIV-negative or unknown
HIV status male partners. How confident are you that you could have anal sex with a con-
dom...

When you feel depressed?

When you think that your partner does not want to use condoms?

When you are drunk or high on drugs?

When you are really sexually aroused?

Construct: self-regulatory skills

Topic: sexual compulsivity [92]

Not at all like me, slightly like me, mainly like
me, very much like me, prefer not to answer

Lead question: Below are statements about sex that you may agree or disagree with.

My sexual appetite has gotten in the way of my relationships.

My sexual thoughts and behaviors are causing problems in my life.

My desires to have sex have disrupted my daily life.

I sometimes fail to meet my commitments and responsibilities because of my sexual behaviors.

I sometimes get so horny I could lose control.

I find myself thinking about sex while at work.

I feel that sexual thoughts and feelings are stronger than I am.

I have to struggle to control my sexual thoughts and behavior.

I think about sex more than I would like to.

It has been difficult for me to find sex partners who desire having sex as much as I want to.

Construct: outcome expectancies

Topic: condoms and anal sex (adapted from Bimbi et al [93])

Strongly agree, somewhat agree, neutral, some-
what disagree, strongly disagree, prefer not to
answer

Lead question: Below is a list of statements that you may agree or disagree with.

I am more likely to use a condom with men who are HIV-negative or of unknown status.

I am more likely to have anal insertive sex (top) without a condom while drinking or high.

I am more likely to have anal receptive sex (bottom) without a condom while drinking or high.

I am less likely to have anal sex with men who are HIV-negative or of unknown status.

Construct: perceived responsibility

Topic: personal and partner responsibility for preventing HIV transmission [94]

Strongly agree, somewhat agree, neutral, some-
what disagree, strongly disagree, prefer not to
answer

Lead question: Below is a list of statements that you may agree or disagree with.
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Response optionsConstruct, topic, and lead questions

It is very important for me to use condoms to protect my sex partners from HIV.

HIV-positive gay men have a responsibility to keep other gay men from becoming positive.

When HIV-positive and HIV-negative men have sex with each other, they have an equal respon-
sibility for being safe.

HIV-positive gay men have a special obligation to have safe sex with men who are negative or
do not know their HIV status.

I feel responsible for protecting my partners from HIV.

If my partner is HIV-negative, he should not put the responsibility on me for safer sex.

If men who are HIV-negative want to have risky sex, it is their choice to do so.

It should be the responsibility of someone who is HIV-negative—not someone who is posi-
tive—to make sure their sex is safe.

I feel it is my partner’s responsibility to protect himself from HIV if he is negative.

It is my responsibility to protect others from getting HIV.

Increasingly, eHealth HIV behavioral interventions are
incorporating digital media, ranging from brief, untailored video
interventions to complex computer-tailored multimedia
interventions that target individual behaviors [62,63]. Online
video-based interventions are an appealing and effective medium
to deliver HIV prevention content to GBMSM [56,57].
Furthermore, video has greater potential to engage learners than
conventional text or graphics in Web-based or print materials
[64-66].

Storytelling, often more effective than exposition, is
characterized by realism. From the perspectives of social
learning and social cognitive theories [67], and attitude change
theories [68], plausible “stories like mine” and “characters like
me” are critical factors for engagement [69,70]. A Community

Advisory Group, assembled for the Sex Positive![+] study,
recommended that the videos feature an HIV-positive main
character who overcomes a “victim” status and develops a sense
of empowerment that positively impacts his personal
relationships and physical health.

Social learning and cognitive theories emphasize the role of
outcome expectancies regarding HIV disclosure and condom
use self-efficacy and modeling of self-regulatory skills
[59,60,71-73]. The tenets of social learning and social cognitive
theories are embedded in the content, dialog, and nonverbal
cues of the intervention videos, with the goal of preventing risk
behavior before it happens. This intervention aims to reduce
sexual risk behaviors by modeling HIV disclosure and
discussions about safer sex. For example, in Just a Guy, the
viewer learns through a nonverbal cue that Guy and Matt—a
potential love interest—used a condom for anal sex the night
before as Matt places the condom wrapper on his forehead on
waking up. In this scene, Matt learns that Guy is HIV-positive
and the two have a heated discussion about HIV disclosure
responsibility. The video does not attempt to answer the question
of personal responsibility or assert any one behavioral
prescription, but rather encourages the viewer to think critically
and discuss the issue with their sex partners.

Attention Control Videos
The two study arms are designed to be equal in the number of
sessions, video length, study duration, and interest level. All

videos are available for free viewing on the Sex Positive![+]

study website, although men can view only videos that are
assigned to their study arm. The control arm receives 10 healthy
living videos that cover a range of topics including nutrition,
physical exercise, smoking, and sleep quality. Attention control
videos were selected from video-sharing websites and voted on
by members of the research team.

Video Boosters
Because the effects of most preventive interventions tend to
gradually wane over time, the inclusion of follow-up booster
sessions can support prior skills learned to sustain an
intervention impact [74]. Based on our team’s experience with
intervention effects attenuating at 6 months [75], participants
in the intervention arm will receive four video boosters after
they complete the 6-month assessment survey. We edited Ask
Me, Tell Me [76], the fourth video installment of our HIV Big
Deal series, into three booster episodes (each episode is
approximately 3 minutes in length). This particular prevention
video from the HIV Big Deal series was selected for its emphasis
on the importance of discussing one’s history of sexually
transmitted infections (STIs) with sex partners and reducing
episodes of CAS with serodiscordant partners. The final booster
video focuses on the issue of social support for persons living
with HIV and was selected from a video-sharing website.
Participants in the attention control arm receive four additional
healthy living videos after they complete the 6-month
assessment survey.

Intervention Activities

Overview
Participants in the intervention and attention control arms
complete assessments at baseline and at 3-, 6-, 9-, and 12-month
time points. To reduce the chance of instrument reactivity, we
provide detailed online survey assessments at baseline and
12-month follow-up and brief assessments at 3-, 6-, and 9-month
follow-ups. Participants will receive a text message and/or email
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with a survey link when it is time for them to complete a
follow-up survey or watch a video. The dissemination of
intervention and attention control videos occurs between the
baseline and 3-month assessments, spaced 1 week apart.
Following the 6-month assessment, participants in both arms
receive four video boosters, spaced 1 week apart. The
intervention and attention control videos are only available to
study participants via a secure URL and men cannot forward
video links to anyone, thus preventing potential
cross-contamination between arms. All intervention activities
occur online and are optimized for mobile performance.

Administrative Platform
For complex online interventions, developing a user-friendly
administrative platform for the deployment and monitoring of
data collection and intervention activities is critical. The online
administrative platform enables study staff to screen potential
participants, obtain consent, register, randomize participants
into one of two study arms (intervention or attention control),
monitor recruitment and retention, and flag suspicious cases.
The administrative platform can be programmed to produce
reports on participants, such as who completed certain study
activities, who needs to be sent incentives, who needs to receive
retention calls, and so forth. In addition, the study dashboard
that participants see when they log in provides information on
what study activities they have completed or need to complete,
their personal information (eg, name, address, phone number)
that can be updated, their communication preferences (eg,
receiving texts or calls), and how much in Amazon.com
incentives they have earned. The dashboard can also host
hyperlinks to provide health information (eg, nutrition and HIV,
ART adherence) and track which links participants click on.

Eligibility, Screening, and Consent
Men who click on a study banner, email, or online classified
advertisement are directed to a brief, secure screener survey
housed on the online administrative platform. Those who are
determined to be eligible for study inclusion are directed to the
study landing page and registration platform, which describes
the study and provides a consent form for intervention activities.
Men who are determined to be ineligible are provided with a
message indicating that they are not eligible, thanking them for
their time, and directing them to HIV prevention and other
health resources, including an invitation to join a participant
registry for future study opportunities.

Registration, Verification, and Randomization
After consent, participants are guided through online study
registration, including the creation of a log-in username and
password and collection and automated verification of their
email address and mobile phone number. Then, they are
automatically randomized into the intervention or attention
control arm [77] through a stratified block randomization (by
race/ethnicity and age), which will balance groups within a 5%
range [77,78]. On accessing their study account, men are
instructed to complete the baseline survey, which is hosted on
a secure server on Survey Gizmo that is compliant with the
Health Insurance Portability and Accountability Act. Men
remain in their original assignment group (intention to treat)
and are sent text message and email notifications for each of
their intervention activities even if they discontinue
participation.

Remuneration
Participants can receive up to a total of US $115 in Amazon.com
gift cards (distributed electronically and via direct mail). Figure

1 provides the incentive schedule for Sex Positive![+].

Figure 1. Study incentive structure.

Study Retention
Historically, online research has had lower retention rates than
offline research because there are fewer social constraints
compared to in-person interviewing [79]. However, recent
advances in retention protocols and technology have greatly
improved researchers’ ability to retain participants in HIV
prevention trials, with 90% retention at 6 months and 82%
retention at 12 months [80,81]. To ensure minimal attrition, Sex

Positive![+] conducts multiple sessions, offers video boosters to
maintain study interest, provides incentives for each study
activity, sends reminder emails and text messages for videos
and follow-up assessments, and uses the online administrative

platform to create daily lists of nonresponsive participants for
the retention coordinator to contact.

Protection Against Fraud
An advantage of online research is data validity for sensitive
information. Indeed, a growing number of studies indicate higher
reporting of sexual risk and substance-using behaviors with
computer-based surveys compared to mail, phone, and in-person
surveys [82-84]. However, compared to the gold standard of
in-person interviewing, a limitation of online research—as with
mail and phone surveys—is the challenge of verifying a
participant’s identity [85]. Based on recommendations made
during an open session of our Data and Safety Monitoring
Board, as well as a meeting of Internet experts about the issue
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of online fraud in research studies [86], the Sex Positive![+]

study implements several protections aimed at reducing the
likelihood of fraud. Specifically, (1) contact information is
verified during registration using multiple methods; (2) duplicate
detection (of Internet Protocol [IP] address and mailing address)
software is used to detect instances of participants attempting
to create multiple study profiles; (3) mobile phone numbers are
investigated to determine whether they are voice over IP (VoIP)
numbers—an individual can obtain multiple VoIP numbers on
the Internet, typically for no charge, that can be routed to the
individual’s mobile device (eg, this helps a potential participant
to sign up numerous times with unique phone numbers); (4)
proxy IP addresses and invalid mailing addresses are flagged
for further scrutiny by the research team; (5) trap questions are
used in the baseline survey to flag cases with inconsistent
data—“I am HIV-negative”—or careless responses (eg,
straightlining); (6) study staff conduct weekly analyses of new
screener data to identify individuals (by IP address) who make
multiple attempts to join the study; (7) compensation is kept
sufficiently low to reduce the chances of participating solely to
gain incentive payments; and (8) to ensure participant
authenticity, the final study incentive is mailed to a verified
physical address.

Analysis
Primary analyses for intervention efficacy will examine whether
participants in the intervention arm report fewer CAS acts with
serodiscordant partners, a higher percentage of anal sex acts
with condoms, fewer sexual partners, and more disclosure of
HIV status with partners compared to participants in the
attention control arm. Dose-response analyses will allow us to
examine whether a certain number of intervention
videos—“doses”—are necessary to effect study goals.

Even with a robust retention plan, incentives, and survey
programming that requires responses, missing data are inevitable
because participants can “refuse” survey items or drop out of
the study. For this study, data from the online screener will
verify that blocked randomization produced equivalent groups
and will also be used to assess possible sample attrition bias.
Although there are many ways to handle missing data, our
experience suggests that maximum likelihood estimation is the
best approach, using the appropriate algorithm for estimation
purposes.

We will also conduct analyses to assess the savings in averted
HIV-related lifetime treatment costs, the total number of
quality-adjusted life years (QALYs) saved by preventing a single
HIV infection, and the cost of developing and implementing

the Sex Positive![+]study. In general terms, after the 12-month
follow-up we will analyze up to three partner-by-partner sexual
encounters, for biological male partners only, as well as global
number of condomless anal or vaginal sex partners (ie,
biological male and female partners, transidentified females,
and transidentified males) at each of the four follow-up
assessment time points. This will provide an estimate of the
number of secondary infections expected among the participant’s
serodiscordant sex partners. The main analysis will assume that
study participants with an undetectable viral load at a particular
time point are noninfectious. Although a separate estimate will

be calculated for each participant at each of the four follow-up
time points, the sum of these time point findings will estimate
the total number of secondary infections expected among the
participant’s sex partners during the entire study period. We
will then calculate the total number of estimated infections
prevented by the intervention arm versus the control by
measuring the difference in the mean number of expected
secondary infections for all men in the intervention and control
arms over the 12-month period. Based on the total number of
prevented infections, we will calculate the corresponding savings
in averted HIV-related lifetime treatment costs as well as the
total number of QALYs saved by preventing a single HIV
infection. Finally, we will calculate the net cost of the
intervention, the cost per infection prevented, and the net cost
per QALY saved (ie, the cost-utility ratio) [87]. The intervention
can be considered “cost saving” if the net cost is negative and
“cost-effective” if the cost-utility ratio is less than US $100,000
per QALY saved [88].

Results

Participant recruitment began in June 2015 and ended in
December 2015.

Discussion

Those eHealth interventions, such as Sex Positive![+], that allow
participation through multiple Internet-based mediums (ie,
computer and mobile access) have the potential to reach and
engage a broader population of GBMSM with HIV. More
specifically, this type of online intervention can reach men living
with HIV who are outside of HIV epicenters, who may be
beyond the reach of traditional prevention services, and are
poorly represented in research. Furthermore, the online
administrative platform and videos will be accessible to a much
larger population at a relatively low cost following completion
and evaluation of the study. For populations with limited Internet
access, the intervention can be adapted for use in HIV clinics
and community-based organizations via private kiosks, laptops
or tablets, or in small group settings. Thus, this
self-administered, online video-based intervention can be
implemented in various settings at minimal cost.

Limitations
This study protocol has several limitations that deserve mention.
All men were recruited online, through social networking and
gay-oriented sexual networking websites and mobile phone
apps. As such, the findings may not be generalizable to
HIV-positive GBMSM who do not own a mobile phone or have
Internet access, access these types of websites or mobile phone
apps, to men who do not identify as gay, to individuals exposed
to a study banner or email but choose not to click on it, or to
men who do not identify as black, white, or Hispanic/Latino.
Study content is only available in English, which limits its reach
to participants. There is a need to translate content into Spanish
because it is the second most-spoken language in the United
States and represents a subpopulation of GBMSM with high
rates of HIV [4,89]. Lastly, a potential limitation is that
participants self-report their health outcomes, specifically viral
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load. However, a recent validation study of 639 individuals with
HIV from an ongoing prospective study in New York found
that participant recall of viral load agreed with the Department
of Health’s registry data 85% of the time [90].

Conclusion

In conclusion, the Sex Positive![+] study addresses the lack of
interventions designed for GBMSM living with HIV. This

protocol describes the underlying theoretical framework and
measures, study design, recruitment challenges, and antifraud
measures. If efficacious, it will have a significant impact on
reducing HIV transmission risk in a disproportionately affected
population. Although this eHealth intervention is being
implemented with virally unsuppressed men or men who
struggle with ART adherence, it can be adapted for delivery in
other settings and with other populations.
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Abstract

Background: Sickle cell anemia (SCA), one of most prevalent monogenic diseases worldwide, is caused by a glutamic acid to
valine substitution on the beta globin protein of hemoglobin, which leads to hemolytic anemia. Hydroxyurea, the only
disease-modifying therapy approved by the Food and Drug Administration for SCA, has proven to be a viable therapeutic option
for SCA patients in resource-rich settings, given clinical improvements experienced while taking the medication and its once-daily
oral dosing. Significant studies have demonstrated its safety and clinical efficacy among children and adults in developed countries.
In Sub-Saharan Africa, however, the risk of malaria, hematologic toxicities, and safety of hydroxyurea in children with SCA
living in malaria-endemic areas are unknown.

Objectives: Study objectives include determining the incidence of malaria in SCA patients taking hydroxyurea versus placebo;
establishing the frequency of hematologic toxicities and adverse events (AEs) in children with SCA treated with hydroxyurea
versus placebo; and defining the relationships between hydroxyurea treatment and fetal hemoglobin, soluble intracellular adhesion
molecule-1, and nitric oxide levels, and between levels of these factors and risk of subsequent malaria.

Methods: Novel use Of Hydroxyurea in an African Region with Malaria (NOHARM, NCT01976416) is a prospective,
randomized, placebo-controlled, double-blinded phase III trial to compare risk of malaria with oral hydroxyurea versus placebo.
Children will be recruited from the Mulago Hospital Sickle Cell Clinic in Kampala, Uganda.

Results: Two hundred Ugandan children aged between 1.00 and 3.99 years with confirmed SCA will be randomized into
treatment groups by order of entry in the study, based on a predetermined blinded randomization list. The primary outcome of
the trial is malaria incidence in the 2 study groups, defined as episodes of clinical malaria occurring over the 1-year randomized
study treatment period.

Conclusion: NOHARM will be the first prospective randomized, placebo-controlled clinical trial investigating the use of
hydroxyurea for children with SCA in a malaria-endemic region within Africa. The results of this trial have the potential to
significantly advance understanding of how to safely and effectively use hydroxyurea in children with SCA in malaria-endemic
areas.

Trial Registration: Clinicaltrials.gov NCT01976416; https://clinicaltrials.gov/ct2/show/NCT01976416 (Archived by WebCite
at http://www.webcitation.org/6hmoilZnp)
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Introduction

Background and Rationale
Sickle cell anemia (SCA) is a genetic blood disorder where
sickling of red blood cells, due to a genetic alteration in
hemoglobin, leads to chronic hemolysis, organ damage,
vaso-occlusive events, and other potentially life-threatening
complications [1]. It is acquired in an autosomal recessive
fashion and is most prevalent in Africa, where over 230,000
babies with SCA are born annually [2]. Without any
identification by newborn screening or early interventions, many
of these children will die [3,4] from acute anemia or infection,
especially bacterial sepsis or malaria, and many before the age
of 5 years. Because SCA is an important cause of under-5
mortality, the World Health Organization (WHO) has urged
African nations to make its recognition and management a
priority [5,6].

Despite being the most prevalent genetic disease in the African
region, disease prevention and management for SCA are
inadequate [5]. With the high prevalence and morbidity of SCA
in Sub-Saharan Africa, there is need for improved access to
diagnostic and therapeutic options. Stem cell transplant and
blood transfusions are effective therapeutic considerations in
high-income countries but often not feasible in low-income
countries owing to limited availability and greater risks within
these settings [7]. In many developed countries, interventions
such as prophylactic penicillin, pneumococcal immunizations,
newborn screening programs, and the availability of
hydroxyurea have significantly decreased SCA-associated
morbidity and mortality, thereby leading to improved survival
into adulthood.

Hydroxyurea, an inducer of fetal hemoglobin (HbF), saw its
first clinical application for SCA in 1984. The drug has been
shown to dramatically reduce vascular crises, hospitalizations,
and the need for transfusions among SCA patients. It is
inexpensive, can be given with once-daily dosing, and has been
shown to be safe and effective from the age of 9 months to
adulthood [8,9]. Thus, it has been proposed as the standard of
care for children in the United States with SCA [9].

At the time of this paper’s publication, however, hydroxyurea
is not the standard of care in Sub-Saharan Africa for SCA, as
the safety of the drug in a malaria-endemic region is not known.
Studies have shown that children with SCA have higher
mortality rates from malaria than children with either sickle cell
trait (hemoglobin AS, HbAS) or children with normal
hemoglobin. Children with HbAS are strongly protected from
severe malaria [10], and this is thought to be the main reason
why the hemoglobin S gene has been retained through selection
in African populations living in malaria-endemic areas. Children
with SCA appear to have a similar or lower risk of
uncomplicated and severe malaria as children without SCA but
have a much higher rate of death when hospitalized with malaria

[11]. The reasons for the increased risk are not fully elucidated
but likely relate to worsened anemia and/or sepsis from the
gram-negative bacteremia that often occurs with severe malaria
[12]. Thus, prevention of malaria is critical in children with
SCA because severe malaria disproportionately leads to death
in these children.

Many of the factors relating to vaso-occlusive crises and other
complications in SCA are important in the pathogenesis of
severe malaria. Factors associated with severe malaria that may
be affected by hydroxyurea in children with SCA include
intracellular adhesion molecule-1 (ICAM-1) [13,14], vascular
cellular adhesion molecule-1 (VCAM-1) [15,16], von
Willebrand factor (VWF) [17], tumor necrosis factor-alpha
(TNF-α) [18], and nitric oxide (NO) [19]. All these factors,
except NO, are elevated in severe malaria, and all are potentially
involved in the pathogenesis of severe malaria. For example,
elevated ICAM-1 expression in animal models of severe malaria
leads to increased parasite adhesion and worsened clinical
malaria [20], and our group and others have shown that children
with severe malaria have elevated VWF levels, suggesting that
endothelial activation in severe malaria may be associated with
more severe disease [21]. Studies have found that TNF-α is
elevated in children with severe malaria [22] and increased in
children who die of malaria [22]. Animal studies suggest that
TNF-α is directly involved in pathogenesis of severe malaria
and is not simply a marker of disease severity [23]. In contrast,
NO appears to be an important factor in protection against severe
malaria in human [24] and animal [25,26] studies, through
mechanisms including vasodilation and direct toxicity against
the parasite.

Hydroxyurea is thought to prevent vaso-occlusive crises and
pain episodes in children with SCA in part through generation
of NO [19,27,28]. Through this mechanism, hydroxyurea could
actually lead to protection from malaria. Similarly, HbF has
been shown to inhibit Plasmodium falciparum growth in vitro
[29] and is thought to be responsible for much of the protection
from clinical malaria seen in children aged <3 months in
malaria-endemic areas [30], and hydroxyurea typically increases
(in older children) or slows the decrease (in children aged <18
months) of HbF levels. Both these changes should lead to
decreased risk of malaria in children taking hydroxyurea.
However, the effect of hydroxyurea on markers of endothelial
activation is less clear. Early studies found that hydroxyurea
raised concentrations of ICAM-1 in an in vitro model of SCA
[13], raising concern that this could lead to an increased risk of
parasite binding in children with SCA and therefore to increased
sequestration and complications (including death) from malaria.
However, one study in humans showed that hydroxyurea
decreased levels of soluble ICAM-1 (sICAM-1) [15], and
another study showed no change in sICAM-1[16]. A subsequent
animal study did not show increased ICAM-1 expression or
worse outcome with hydroxyurea treatment of animals with
animal model SCA [14], but the animal models used a
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Plasmodium species other than P. falciparum, which may
interact differently with ICAM-1 than P. falciparum. In vitro
studies suggest that hydroxyurea decreases VWF incorporation
into the endothelial cell extracellular matrix [17], but human
studies show no change in VWF levels with hydroxyurea
treatment [16]. Early studies of hydroxyurea in rats demonstrated
that it increased TNF-α levels [31], but one human study of
individuals with SCA receiving hydroxyurea treatment showed
a decrease in TNF-α levels [18], and another showed no
difference in TNF-α levels [32]. A recent review of malaria in
children with sickle cell disease nicely outlined other ways in
which hydroxyurea might combat malaria, including direct
antiparasitic activity at high concentrations, and improvement
in splenic function [33], but it is unclear whether these effects
or an increase in ICAM-1 or TNF-α, which may increase risk
of malaria severity, will be seen in children with SCA in
Sub-Saharan Africa.

The hematologic toxicities of hydroxyurea, particularly
neutropenia, are additional important safety concerns for
children with SCA in malaria-endemic areas of Sub-Saharan
Africa. The recently completed BABY-HUG study reported
hematologic toxicities with hydroxyurea treatment that included
severe neutropenia (5%), severe anemia (1%), and
thrombocytopenia (11%), although similar toxicities were also
noted in the placebo-treated arm [8]. Malaria can decrease bone
marrow erythropoietic response and lower platelet count, so,
the side effects of anemia and thrombocytopenia from
hydroxyurea treatment could be greater in children repeatedly
exposed to malaria than in children in North America or Europe
who lack malaria exposure. Neutropenia in children in
Sub-Saharan Africa may also place them at higher risk of severe
bacterial infection than neutropenia in children in North America
or Europe because of the much higher baseline rates of bacterial
infection in African children, which could then lead to invasive
and severe bacterial infection.

In summary, some changes associated with hydroxyurea
treatment (increased NO and HbF and improved splenic
function) would be expected to protect against malaria, but the
data on hydroxyurea-related endothelial changes thought to be
important in severe malaria pathogenesis (eg, ICAM-1, VWF,
TNF-α) are less clear, with some studies suggesting that these
factors might be increased with hydroxyurea and others
suggesting no difference or even a decrease. The frequency,
severity, and consequences of the hematologic toxicities of
hydroxyurea in children with SCA in malaria-endemic areas
are also unknown. Thus, a prospective clinical trial to determine
definitively whether hydroxyurea poses special risks to children
with SCA in malarial regions is warranted.

Study Objectives and Hypotheses
The objectives of the study are:

1. To determine the incidence of malaria in children with SCA
treated with hydroxyurea versus placebo: The working
hypothesis of this aim is that incidence of malaria is not greater
in children with SCA treated with hydroxyurea in comparison
to those treated with placebo. We will test this hypothesis by
comparing malaria incidence over a 1-year period in children
with SCA in the hydroxyurea versus placebo treatment groups.

2. To establish the frequency of hematologic toxicities and AEs
in children with SCA treated with hydroxyurea versus placebo:
The working hypothesis of this aim is that children with SCA
treated with hydroxyurea will have more medication-related
hematologic toxicities, such as neutropenia, but no increase in
SCA-related AEs (eg, pain crises, hospitalizations, requirement
of blood transfusion) compared with children treated with
placebo. We will test this hypothesis by comparing hematologic
toxicities and AEs in children with SCA in the hydroxyurea
versus placebo treatment groups.

3. To define the relationship between hydroxyurea treatment
and HbF, sICAM-1, and NO levels and between levels of these
factors and risk of subsequent malaria. The working hypotheses
of this aim are that: (1) hydroxyurea will increase HbF and
plasma NO levels and decrease plasma sICAM-1 levels and (2)
HbF and plasma NO levels will inversely correlate, and plasma
sICAM-1 levels will positively correlate, with subsequent
malaria incidence. We will test this hypothesis by testing the
associations between (1) hydroxyurea and change in levels of
HbF, sICAM-1, and NO at 2-, 4-, and 12-month follow-up and
(2) change in levels of HbF, sICAM-1, and NO at 2 and 4
months and risk of subsequent malaria.

Trial Design
We are conducting a prospective, randomized,
placebo-controlled, double-blinded phase III trial to compare
oral hydroxyurea with placebo among Ugandan children with
SCA. The trial opened to accrual in September 2014, and we
estimate that the 2-year follow-up will be completed in
December 2017.

Methods

Study Setting
Study participants will be recruited from the Mulago Hospital
Sickle Cell Clinic (MHSCC) in Kampala, Uganda. The MHSCC
is the first and largest specialized clinic for the treatment of
SCA in Uganda. The clinic was established by Professor
Christopher Ndugwa in 1968, and since its inception, over
11,000 SCA patients have been registered at the MHSCC.
Currently, approximately 3,500 patients are actively treated at
this clinic, about 20% of whom are aged younger than 4 years.
Kampala is an area of mesoendemic malaria transmission, but
the outpatient and inpatient malaria burden is still high. Malaria
is the primary diagnosis in more than 2,500 children admitted
annually to Mulago Hospital and more than 20,000 children
seen as outpatients at Mulago Hospital.

Eligibility Criteria
Children were recruited for the Novel use Of Hydroxyurea in
an African Region with Malaria (NOHARM) study through the
MHSCC Database of active patients, using the following criteria:

Inclusion Criteria
1. Pediatric patients with documented SCA (hemoglobin SS
supported by hemoglobin electrophoresis or by peripheral blood
smear showing sickled red blood cells).
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2. Age range of 1.00-3.99 years, inclusive, at the time of
enrollment.

3. Weight at least 5.0 kg at the time of enrollment.

4. Willingness to comply with all study-related treatments,
evaluations, and follow-up.

Children who meet the aforementioned criteria, but who are
acutely ill at the time of recruitment will be asked to return to
clinic at a later date to establish baseline laboratory values and
ensure that they do not meet any of the following exclusion
criteria:

Exclusion Criteria
1. Active use of hydroxyurea on a regular basis.

2. Known chronic medical condition (eg, HIV, malignancy,
active clinical tuberculosis).

3. Severe malnutrition determined by impaired growth
parameters as defined by WHO (weight for length and height
< −3 z-scores below the median WHO growth standards).

4. Preexisting severe hematologic toxicity: Hb <4.0 gm/dL, Hb
<6.0 gm/dL with absolute reticulocyte count (ARC) <100 ×

109/L, ARC <80 × 109/L with Hb <7.0 gm/dL, platelets <80 ×

109/L, and absolute neutrophil count (ANC) <1.0 × 109/L.

5. Alanine aminotransferase or creatinine >2× the upper limit
of normal for age.

6. Blood transfusion within 30 days before enrollment.

Interventions
Medical evaluation and treatment for standard clinical issues
will be performed as per the MHSCC guidelines. Control and
treatment groups will receive the same standard care and will
complete evaluations in the same time frame. Standard
preventive measures provided in the MHSCC for children with
SCA include the following: (1) folic acid (1 mg of PO) daily;
(2) penicillin prophylaxis (250 mg PO) daily for all children
aged younger than 5 years; (3) sulfadoxine-pyrimethamine
prophylaxis, once monthly; and (4) anthelmintic treatment every
6 months. All children in the study will also receive an
insecticide-treated bednet (ITN) because of the documented
benefits of ITNs in population-based studies of malaria [34].

Eligibility screening and Baseline Evaluations will occur
together at month 0. Study treatment initiation will also occur
at month 0 or within 1 to 3 days of being found eligible for
randomization. Study treatment will commence at 20 ± 2.5
mg/kg of PO daily (for all participants except those weighing
6.0-8.0 kg, in whom the dose will be closer to 20 ± 5mg/kg),
with appropriate adjustments as needed for hematologic
toxicities as outlined in the following section. The appropriate
dose will be achieved using a combination of 100 mg and 1000
mg (4 × 250 mg scored) tablets.

Dose Initiation Plan for Study Months 0 to 12
Using the participant’s weight at month 0, the daily dose will
be calculated using available tablet sizes and a goal of 20 ± 2.5
mg/kg/day using dosing tables based on the participant’s weight.
At each interval visit, laboratory studies will be used to assess

treatment toxicity, typically anemia or neutropenia, but possibly
also reticulocytopenia or thrombocytopenia. The daily dose will
be held or lowered based on protocol treatment toxicity
guidelines. Medication adherence will be assessed at each visit,
and attempts will be made to collect treatment compliance data.

Rationale for Placebo-Controlled Treatment
Due to the concerns about potentially increasing the risk of
severe malaria with the use of hydroxyurea, a placebo-controlled
randomized clinical trial is the only way the issue of
hydroxyurea safety in this patient population can be resolved.
The risk of death from malaria makes it imperative that the
effects of hydroxyurea on malaria be studied in Ugandan
children with SCA who are at risk of malaria. The study design
was discussed and refined with local academic leaders before
submission and approval by the Makerere School of Medicine
Research Ethics Committee and the other institutional review
boards (IRBs) listed in the following Ethical Considerations
section.

Outcomes

Specific Aim 1

Primary Outcome

The primary outcome of the NOHARM trial is malaria
incidence, defined as episodes of clinical malaria occurring over
the 1-year randomized study treatment period. Clinical malaria
is defined as a history of fever or presence of measured fever
(axillary temperature ≥37.5°C) in a child with a blood smear
positive for Plasmodium species on microscopy. All parents or
guardians are asked to bring their children to the MHSCC for
any illness, and we anticipate compliance to be high because
free evaluation and care by study personnel are available at the
clinic. Children will be evaluated for malaria by a study
clinician, and microscopy will be done by study personnel
trained in malaria microscopy. All blood smears will be read
independently by 2 readers, and any reading with a discrepancy
between the 2 readers will have a third reading done to establish
final diagnosis.

Secondary Outcomes

To assess incidence of malaria by additional criteria that may
add specificity (at the cost of some sensitivity), we will add the
following definitions as secondary outcomes. These definitions
will include all children with the primary definition but with
the added criteria of the following: (1) P. falciparum parasitemia
>1000 parasites/µL; (2) measured axillary temperature ≥37.5°C;
(3) P. falciparum parasitemia >1000 parasites/µL and measured
axillary temperature ≥37.5°C; and (4) malaria requiring hospital
admission. The following covariates will be assessed: (1) local
council area or village (location of household where child lives),
as a surrogate for malaria exposure. Malaria exposure in
Kampala is heterogeneous. Randomization should effectively
place children from different areas of exposure risk evenly in
the 2 treatment groups, but we will assess this; (2)
socioeconomic status (SES). We have developed a simple tool
for evaluation of SES of the families of children in our malaria
studies. SES is often related to malaria exposure; (3) age and
gender.
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Specific Aim 2

Primary Outcomes

The primary outcomes include: (1) composite outcome: one or

more of the SCA-related AEs summarized in Table 1 (modified
from the BABY-HUG trial) and (2) any hematologic toxicity
noted in the Dose Toxicity section.

Table 1. Definitions of sickle cell anemia-related adverse events.

DefinitionAdverse event

Pain in the arms or legs, back, abdomen, chest, or head with no other explanation, lasting at least 2 hours, that brings child
to clinic for evaluation and requires nonsteroidal anti-inflammatory or narcotic analgesics

Pain event

Pain and tenderness, with or without swelling, limited to the hands and feetDactylitis

Clinical syndrome characterized by new pulmonary infiltrate and at least 3 of: chest pain, axillary temperature greater than
37.5°C, tachypnea, wheezing, or cough

Acute chest syndrome

Increase in palpable spleen size by 2 cm or more below the costal margin from the last examination, accompanied by a decrease
in hemoglobin of 2 g/dL or more or 20% or more from steady state values

Splenic sequestration

Reason for transfusion will be recordedRequirement of blood
transfusion

Secondary Outcomes

The secondary outcomes include: (1) individual AEs, including
painful events and (2) toxicities for hemoglobin, reticulocytes,
neutrophils, or platelets. The following covariates will be
assessed: age; gender; and weight and height for age, weight
for height (nutrition).

Specific Aim 3

Primary Outcomes

The primary outcome will be change in percent HbF and plasma
concentration of sICAM-1 and NO.

Secondary Outcomes

The secondary outcome will be change in concentration of
plasma VCAM, VWF, and TNF. HbF levels and initial
hemoglobin S testing will be performed by capillary
electrophoresis (Sebia MINICAP) in the Uganda Cancer Institute
laboratory. sICAM-1 and soluble VCAM-1 will be assessed by
ELISA (R&D Systems), VWF activity by ELISA (Corgenix),
and TNF-α by cytometric bead assay (EMD-Millipore). All
these tests will be done in the University of Minnesota or
University of California—San Francisco or Makerere University
laboratory in Kampala, Uganda. NO levels will be measured
by fluorometric assay of total plasma nitrate and nitrite
(EMD-Millipore). NO levels will be tested at the Indiana
University because a fluorometric assay reader is not available
on the Makerere campus.

Participant Timeline
Subjects will have clinic visits and laboratory assessments at
specific time points as detailed in Multimedia Appendix 1).

Sample Size Calculation
We aimed to randomize 200 children with SCA into study arms
(100 in each treatment arm). Twelve months of age was chosen
as the minimum age based on published experience from the
phase III infant hydroxyurea (BABY HUG) clinical trial [8].
An upper age limit of 4 years was chosen because older children
have less common and less severe malarial events. Sample size
calculations were completed for each specific aim as follows:

For Specific Aim 1, the detectable difference in malaria
incidence depends on incidence in the control group. Few
relevant data are available for children with SCA in Uganda,
so, we present a range of detectable differences corresponding
to a range of 0.3 to 1.3 malaria incidents per child in a year in
the control group (based on data from an ongoing study of
malaria in Kampala that involves assessment of malaria
incidence in community children—lowest estimated
incidence—and children with severe malaria—highest estimated
incidence). With 100 children per group, these control-group
rates imply 90% power to detect between 59% and 34%
difference between groups, respectively in malaria incidence
(This assumes a 2-sided test, alpha=0.05, and variance or
mean=1.7 as in the ongoing study mentioned previously.)

For Specific Aim 2, the outcome of greatest interest for this aim
is the occurrence of 1 or more AEs. We estimate that
approximately 50% of control-group children will have 1 or
more of the AEs summarized in Table 1, most frequently a pain
event. The decision to treat 100 children per group provides
90% power to detect a difference from a rate of 73% in the
hydroxyurea group (80% power for a rate of 70%). For the
hematologic measures, we do not have estimates of the fraction
of children who will reach the dose-limiting toxicities or the
incidence of such events. Comparing the hydroxyurea and
placebo groups according to average values of ANC or Hb, we
have 90% power to detect a difference between groups of 0.46
standard deviations (ie, describing variation between children
in the same group, hydroxyurea or placebo).

For Specific Aim 3, to test the association of study treatment
with each marker, we have 80% power to detect a difference
between groups of 0.40 standard deviations in the marker (this
is conservative and is based on having a single follow-up marker
measurement per child instead of the 3 we will have). To analyze
the association between markers and malaria episodes, the
detectable difference in rate of malaria episodes depends on the
rate of episodes per child. For a low rate of 0.3 episodes per
child in 10 months, we have 80% power to detect a rate ratio
of 2.1 for a 1-standard-deviation change in the marker; for a
high rate of 1.2 episodes per child, the detectable rate ratio is
1.5.
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Recruitment and Enrollment
Families of recruited subjects will be informed of study
procedures and the expected follow-up schedule. Subjects will
be enrolled by the study nurse or medical officer based on
meeting inclusion criteria, not meeting exclusion criteria, and
being able to maintain the follow-up schedule. Subjects will be
enrolled after written informed consent has been obtained from
the parent or guardian, according to the guidelines of the main
IRB and the local ethics committees (Multimedia Appendix 2,
3 and 4). Given the burden of traveling to the clinic each month,
remuneration per visit will be provided to families to help defray
the costs of travel and lost wages.

Randomization and Blinding
Block randomization will be used and will occur via the OnCore
Electronic Data Capture system. OnCore is a software system
widely used in many clinical research centers across the United
States and internationally. The data coordinating center (DCC)
will have uploaded randomization “block files” into the system
so that participants can be randomized into the study.

Study participants will be randomized by the DCC staff into
treatment groups by order of entry in the study, based on the
predetermined blinded randomization list. The child’s study
identification number will be recorded, and treatment group
may only be determined by comparing the child’s study
identification number to the blinded list, which only the DCC
staff will have access to until the study is completed or stopping
rules are reached and unblinding is required. The study
pharmacist will have identical appearing hydroxyurea or placebo
tablets and will provide the appropriate medication to the child.
Dosage adjustment will be done according to the aforementioned
guidelines so that if lower counts occur on placebo, placebo
dose will also be lowered. Neither study participants nor their
care providers, investigators, study personnel treating the
participants, study coordinators, and outcomes assessors will
know which arm a child is in. Laboratory values for scheduled
visits are entered in the database and provided to the clinicians
taking care of the study participant only if the laboratory value
is a critical value.

Data Management
Before site activation, the study investigators will ensure that
adequate clinical, laboratory, pharmacy, data management
facilities, and operations are in place. In addition, adequate
training in all aspects of the trial, including electronic data entry,
will be conducted. Research staff will undergo retraining as
needed to ensure sound practices are maintained.

OnCore is Web based and password protected. The DCC has
been using it for clinical trials management since 2009. Security
privileges will be assigned in OnCore based on team roles and
duties, within the context of the protocol. OnCore allows for
validation of electronic case report forms, which allows data to
be locked once they are verified.

Data from this study will be reviewed in real time by the study
team members. Source documents will be reviewed, and data
entries will be confirmed. Inconsistencies will be examined
with the data manager, and corrective actions will be taken as

needed. In regard to subject confidentiality, coded numbers will
be used for identification of participant records and laboratory
specimen. Clinical information will not be released by the
NOHARM Medical Coordinating Center (MCC) or DCC
without written permission from the subject, parent, or guardian,
except as necessary for monitoring. Clinical information can
be shared by the site investigators and staff for patient care
reasons, for example, local consultations. The final trial dataset
will be kept by the DCC, and no one outside the DCC, including
the Principal Investigator, will have access to the randomization
information or to the full trial dataset until the end of the
randomized trial, unless findings in interim analysis lead the
data safety and monitoring board (DSMB) to request study
un-blinding. The DCC and MCC have a written agreement
clarifying these roles.

Efforts for participant retention in the trial will be encouraged
through the regular contact via visits for refill of hydroxyurea
or placebo and provision of ongoing clinical care for the duration
of the study. Outcome data will be recorded for those who
withdraw from the study up to the time of withdrawal.

Analysis
For Specific Aim 1, we will compare the hydroxyurea versus
placebo groups according to total malaria incidence (inpatient
and outpatient) over the 12-month treatment period, using an
intention-to-treat analysis. The comparison will use negative
binomial regression with adjustment for age (a known predictor
of outcome), gender (if associated with outcome), local council
area or village, and SES. This choice is based on analysis of
preliminary data indicating significant overdispersion compared
with Poisson-distributed counts. Secondary outcomes will be
tested using similar methods. We will record whether a child
was admitted for malaria, and the complication that led to
admission, but the final number of episodes of malaria recorded
as the primary outcome will be all episodes, whether treated as
outpatient or requiring admission. Episodes requiring admission
will be assessed in secondary analysis (see Secondary Outcomes,
in the previous section).

Specific Aim 2 is to establish the frequency of hematologic
toxicities and AEs in children with SCA treated with
hydroxyurea versus placebo. The working hypothesis is that
children with SCA treated with hydroxyurea will have more
medication-related hematologic toxicities, such as neutropenia,
but no increase in SCA-related AEs (eg, pain crises,
hospitalizations, requirement of blood transfusion) than children
treated with placebo. We will test this hypothesis by comparing
hematologic toxicities and AEs in children with SCA in the
hydroxyurea versus placebo treatment groups. The frequency
and incidence of each of the SCA-related hematologic toxicities
listed in “Dose Toxicities” will be compared between the
hydroxyurea and placebo groups using the chi-square test and
negative binomial regression, respectively. Fractions of children
having 1 or more AEs will be compared between hydroxyurea
and placebo groups using chi-square tests, and incidence of all
AEs per child will be compared between groups using negative
binomial regression (because of overdispersion, as noted under
Specific Aim 1). Secondary analysis will assess incidence and
frequency of individual AEs.
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Specific Aim 3 is to define the relationship between hydroxyurea
treatment and HbF, sICAM-1, and NO levels and between levels
of these factors and risk of subsequent malaria. The working
hypotheses of this aim are that (1) hydroxyurea will increase
HbF and plasma NO levels and decrease plasma sICAM-1 levels
and (2) HbF and plasma NO levels will inversely correlate, and
plasma sICAM-1 levels will positively correlate, with
subsequent malaria incidence. We will test this hypothesis by
testing the association between (1) hydroxyurea and change in
levels of HbF, sICAM-1, and NO at 2-, 4-, and 12-month
follow-up and (2) change in levels of HbF, sICAM-1, and NO
at 2 and 4 months and risk of subsequent malaria.

The hypothesized causal pathway is hydroxyurea → marker
changes → increased malaria risk. To assess the first step in the
causal pathway, the hydroxyurea and control groups will be
compared according to change in and absolute level of HbF,
sICAM-1, and NO levels. Markers will be analyzed separately;
for each marker, the analysis will use a mixed linear model with
child as the random effect and with fixed effects being group
(hydroxyurea versus control) and visit (2, 4, and 12 months),
possibly after transforming the marker, so, its distribution is
more symmetric. Analysis for the second step in this pathway,
association between change in or absolute level of HbF,
sICAM-1, and NO levels and malaria risk, will use negative
binomial regression as in Specific Aim 1. Each marker will be
analyzed separately, and then, all 3 will be analyzed
simultaneously. The predictors will be change in child's 2-month
and 4-month marker measurements, and the outcome will be
the child's counts of malaria episodes in the 10-month period
between 2 and 12 months of follow-up, with adjustment for age,
gender, local council area or village, and SES. For these
analyses, hydroxyurea and placebo groups will be analyzed
separately. Analysis of secondary predictors will be done
analogously.

All analyses will be done as randomized analyses. Missing data
will be recorded as missing and will not be used in analysis.

Duration of Study Participation
The primary study end point will be evaluated after 12 months
of study treatment (hydroxyurea or placebo). After these 12
months, children will enter a follow-up phase, during which
they can receive an additional 12 months of open-label
hydroxyurea treatment (through the full period of study
follow-up) if they or their parents wish to do so, after
consultation with local physicians at the MHSCC, and a clear
explanation of the potential benefits and problems of treatment
with hydroxyurea. We are working with the Ministry of Health
to see if hydroxyurea can be subsidized, if it is safe and
effective, so that children can continue to receive it after the
trial is completed. Parents or guardians who are concerned that
their child suffered harm from study participation are
encouraged to talk to study personnel, who will review the issue
with the ethics review committee and determine whether
compensation is required.

Monitoring
Hydroxyurea is the only disease-modifying therapy that is
approved by the Food and Drug Administration (FDA) for SCA

[35,36]. Approval was based on a landmark randomized trial,
by Charache et al, which showed decreased episodes of acute
chest syndrome, painful crises, blood transfusions, and
hospitalizations among adults with SCA [37]. Hydroxyurea is
not yet approved by the FDA for pediatric SCA patients.
However, various studies of children with SCA have
demonstrated its clinical and laboratory efficacy, in addition to
its safety [8,38,39].

Hematologic toxicities and occasional dose adjustments are
expected with hydroxyurea therapy. Laboratory toxicities from
hydroxyurea will manifest primarily as reversible and transient
myelosuppression, especially of granulocytes [40]. Careful
monitoring of complete blood counts will be performed at 2
weeks and then at 1, 2, 3, 4, 6, 8, 10, and 12 months after
initiation of study treatment. If a hematologic toxicity occurs

(eg, the ANC falls <1.0 × 109/L), study treatment will be held
and weekly blood counts performed. If the hematologic toxicity
resolves within 2 weeks, the daily dose will resume at 20 ± 2.5
mg/kg/day. If the toxicity persists for 2 weeks or occurs twice
within a 3-month period, the study treatment dose will be
reduced by 5 mg/kg/day to 15 ± 2.5 mg/kg/day.

A similar algorithm will be used for platelet toxicity, defined

as <80 × 109/L. For anemia, the thresholds will be any of the
following: if the Hb concentration falls to <4.0 g/dL; or Hb <6.0

g/dL with the ARC <100 × 109/L; or Hb <7.0 g/dL with the

ARC <80 × 109/L, study treatment should be withheld until
weekly counts document recovery. If the toxicity resolves within
2 weeks, the daily dose will resume at 20 ± 2.5 mg/kg/day. If
the toxicity persists for 2 weeks or occurs twice within a
3-month period, the study treatment dose will be reduced by 5
mg/kg/day to 15 ± 2.5 mg/kg/day. Study treatment will also be
held during acute hepatic or renal toxicity (eg, ALT >2× the
upper limit of normal for age, creatinine more than doubled
from the baseline value, and >1.0 mg/dL).

An independent DSMB will supervise the trial. The DSMB will
consist of a group of experienced investigators and a lay
advocate. Among these individuals, there will be expertise in
international pediatric hematology clinical research and
specifically malaria and the use of hydroxyurea in SCA, as well
as representation in biostatistics, ethics, clinical research, and
patient advocacy.

In our trial, we expect AEs to occur, but we expect that children
with SCA treated with hydroxyurea will have more
medication-related hematologic toxicities, but no increase in
SCA-related AEs. After obtaining written consent from study
participants, all AEs and serious adverse events (SAE) will be
collected and reported to the MCC and the DCC using the
correct data collection forms. The Common Terminology
Criteria for Adverse Events version 4.0, available since 2009,
will be used for AE reporting. All AEs are categorized by organ
system and graded by severity. SAE reporting will occur in a
timely manner to the DSMB and to the ethical boards that
approved this study. All SAEs will be followed until resolution
or stabilization.

Periodic review of data will occur with the external DSMB, and
the NOHARM study will be discontinued if at any time the
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DSMB or study team feels that it is in the best interests of the
study subjects. Because NOHARM is a phase III trial in a
potentially vulnerable patient population, it is important that an
independent group have access to the feasibility, safety, and
efficacy data. Review by the DSMB will be critical to ensure
that the subjects are protected from harm, while also ensuring
that the study integrity is not compromised.

Interim Analysis
Interim analyses will occur when 50, 100, and 150 participants
have completed 1 year of follow-up (ie, the first analysis will
occur when there are 25 children in each treatment arm, the next
when there are 50 children in each treatment arm, and so forth).
Clear stopping rules, presentation of data to the DSMB, and
regular meetings of the DSMB will ensure that the NOHARM
trial does indeed protect its study participants from harm, by
determining whether differences in severe malaria or death rates
between the 2 treatment arms are large enough to demonstrate
superiority of one treatment arm over the other. Stopping rules
will be created to evaluate: (1) excess risk of severe malaria
(malaria requiring admission) and (2) the excess risk of death
(the primary unexpected AE) in one treatment arm versus the
other. The DSMB will review the protocol, including stopping
rules, and decide on a schedule of meetings.

Each of the 2 harm outcomes listed previously will be monitored
using a stopping rule based on the Lan–DeMets alpha-spending
function approach. For each outcome, the total alpha (type I
error risk) will be 0.025, so that the total chance of a
false-positive finding (combining the 2 outcomes) is the usual
0.05. The stopping rule will be 2 sided. Different choices of the
alpha-spending function make different allocations of the type
I error risk between earlier and later interim analyses. The
best-known spending function, the O'Brien–Fleming boundaries,
is conservative in the sense of requiring a very small P value
at early interim analyses (ie, require a very large difference
between groups). Other spending functions (eg, power family
or Hwang-Shih-DeCani, H-S-D, family) require somewhat
smaller differences between groups at early interim analyses
compared with O'Brien–Fleming, at the price of requiring
somewhat larger differences in later interim analyses. These
other spending functions can also provide slightly greater
statistical power. Table 2 summarizes the P values required to
stop at the 3 planned interim analyses (labeled as Analysis 1,
2, and 3) and the final analysis (labeled as Analysis 4), for some
candidate spending functions. These are also the risk of a type
I (false positive) error at each analysis, if in fact, the groups do
not differ in the chance of an AE (For any spending function,
the 4 P values add to .025, the overall type I error risk.) See
Table 2 for P values required to stop at each interim analysis.

Table 2. P values required to stop at each interim analysisa.

H-S-DPfamO'Brien

γ=-3Φ=3FlemingAnalysis

.001<.001<.0011

.003.003<.0012

.007.007.0073

.01.01.024

aThe power family of spending functions has an adjustable constant Φ > 0; Φ=0 results in equal P values at all interim analyses, increasing Φ gives
higher P values for later analyses. The H-S-D family has an adjustable constant γ≠ 0; γ=−4 gives approximately the O'Brien–Fleming spending function,
whereas γ=1 results in approximately equal P values at all interim analyses.

To maximize the power for early detection of excess risk without
unduly sacrificing power at the final analysis (Analysis 4), we
prefer the H-S-D spending function with γ=−3.

Progress to Date
The NOHARM trial enrolled its first participants in September
2014, and enrollment was completed in November 2015. A total
of 213 consented participants were enrolled, of which 208 were

randomized into the blinded study treatment phase (months
0-12, Figure 1). As of March 28, 2016, 90 participants have
completed the blinded treatment phase of the study, and monthly
visits are currently ongoing. Data validation efforts are focused
on the first cohort of participants to complete the blinded
treatment, to ensure timely data analysis. The blinded study
phase is scheduled to be completed in November 2016.
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Figure 1. Participant flow diagram for the NOHARM study.

Ethical Considerations
The NOHARM study received ethical approval from Makerere
University School of Medicine Research and Ethics Committee
(SOMREC; Kampala, Uganda; approval #2014-006), the
Mulago Hospital Research and Ethics Committee (approval
#528), the University of Minnesota Institutional Review Board
(approval # 1310M44703), Indiana University Institutional
Review Board (Bloomington, IN, USA; approval #1412985992),
Cincinnati Children’s Hospital Medical Center (approval
#2014-1409), the Uganda National Council on Science and
Technology (approval #HS 1553), and the Uganda National
Drug Authority. In the event of the need for protocol
amendments, such changes will be discussed with all
investigators on the trial, and once agreed on, a protocol
amendment form or a change in protocol request will be made
to the appropriate IRB or ethics committees.

Informed consent is obtained after discussion between at least
1 parent or guardian of a prospective study participant and
trained study team personnel. Every consent discussion will
include: purpose of the study, study procedures (including
enrollment, screening, randomization, treatment, monitoring,
and follow-up), and potential benefits or risks of hydroxyurea.
An additional consent for sharing and storing blood samples is
also obtained. All discussions and informed consent processes
will be completed in either English or Luganda, at an
education-appropriate level.

Dissemination
When the open-label phase is completed and the study analysis
done, we will provide a forum for all interested study
participants to review the study findings. We will review them
in clear, nontechnical terms in the local language and leave time
for questions and ongoing discussion after the session. The final
study findings will be published in a peer-reviewed publication
and presented at 1 or more national or international meetings,
including meetings in Uganda. We will use standard
International Committee of Medical Journal Editors criteria for
authorship. Through this publication, the public will have access
to the study protocol. Participant level data will be maintained
in our database until fully analyzed. If permitted by the study
IRBs, we will eventually make participant-level data available
to researchers on request in a deidentified dataset.

Results

As noted in the Progress to Date subsection of the Methods
section, as of March 28, 2016, 90 participants have completed
the blinded treatment phase of the study, and all study
participants are expected to have completed the blinded
treatment phase of the study by November 2016. We anticipate
analysis of results for the blinded phase to be completed by
early to mid-2017. The open-label phase of the study will be
completed in November 2017, and we are working with the
Ministry of Health and other partners to see how children in the
study can continue hydroxyurea if it proves to be safe and
effective (Multimedia Appendix 5).
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Discussion

Hydroxyurea as a once-daily oral medication has been shown
to be safe, well tolerated, and easy to administer. Pivotal trials,
such as the Phase III BABY HUG trial, have shown the clinical
benefits of hydroxyurea in very young children [8]. In addition,
hydroxyurea is associated with decreased medical care costs.
A recent study in pediatrics by Wang et al looked at the children
from the BABY HUG trial and estimated the cost of medical
care for those taking hydroxyurea versus those taking placebo
and found that the total yearly cost for children on hydroxyurea
was estimated at $11 072, which was 21% less than the placebo
group, whose annual costs averaged $13 962 [41]. If
hydroxyurea is safe and effective for children with SCA in
Uganda, advocacy for subsidization of the cost will be explored.
Hydroxyurea is available in Uganda and is used in some private
clinics for children with SCA, but the drug is not yet registered
by the National Drug Authority, and there is no formal Ministry
of Health approval for this indication, so, it is not routinely
provided to children in the MHSCC. In addition, if this study
shows that hydroxyurea is beneficial, clinicians at the MHSCC
will have received training and gained valuable experience that
will enable them to assume the provision of care and monitoring
of children with SCA who are receiving hydroxyurea.

Conducting a trial in a resource-limited setting poses some
challenges in regard to ethical considerations and informed
consent processes. However, the challenges faced with regard
to participant or guardian understanding of clinical trials are
not unique to Sub-Saharan Africa [42,43]. Multiple papers
discuss ethical considerations of doing trials in Sub-Saharan
Africa, highlighting issues such as differences in health care
systems, limited access to care, quality of informed consent,
educational disparities, and knowledge of research, as factors
that could make participants vulnerable to exploitation [44-47].

Concerns about the misunderstandings parents may have with
collecting blood samples and the use of samples for future
research are also an important consideration for our trial. Studies
in resource-limited countries highlight some of the misgivings
participants have in relation to blood [48-50], ranging from the
volume of blood being taken from an already sick child to
concerns that the blood will be sold and used in witchcraft
[51,52].

The vulnerability of our study population, which is well
documented in the literature, adds another dimension to the trial
[53-55]. In addition, the phenomenon of therapeutic
misconception, where research participants fail to differentiate
the consequences of research participation from ordinary
treatment, is also well described in the literature, and is another
challenge, especially in our cross-cultural setting [56-58].

For this trial, we received local ethics approval from the
SOMREC, at Makerere University College of Health Sciences
before trial commencement (in addition to approval from
multiple other institutions listed in the Ethical Considerations

section). A culturally sensitive, language-appropriate informed
consent has been developed and aligns with the format
recommended by the SOMREC. Aside from the ethical
challenges, ensuring adequate laboratory infrastructure has been
essential, especially with the frequency of blood draws in our
study. Qualified laboratory staff performed blood draws, and
topical anesthetics were used to minimize discomfort related to
these procedures.

One limitation of this trial pertains to our ability to assess the
primary end point, namely, the effects of 12 months of
hydroxyurea versus placebo treatment on malaria incidence.
We will provide ITNs and standard malaria prophylaxis to all
NOHARM study children, which should lower the incidence
of malarial infections, and thus could potentially impact our
primary end point. Prevalence data obtained for sample size
calculations were collected from populations in which children
did receive ITNs; however, these populations may live in areas
with higher malaria incidence because some children in those
neighborhoods developed severe malaria. If malaria incidence
in the study population is low, we may have power to detect
only very large differences in malaria incidence between the
treatment and placebo groups. In this circumstance, valuable
data will still be gained about safety, incidence of neutropenia
and infections other than malaria, and effectiveness against
vascular crises and other complications of SCA. We will be
able to provide estimates of the differences in malaria incidence,
but these estimates will have wide confidence intervals, so,
further study in areas of higher malaria transmission may be
required to determine more precisely the risk of malaria and
severe malaria with hydroxyurea treatment in SCA.

Other potential limitations pertain to randomization and
blinding. Ideally, persons treating study participants would be
separate from the trial, so that changes in laboratory values will
not lead study personnel to guess the study arm in which the
child is enrolled. In this study, to minimize the potential
confusion of having multiple physicians and nurses involved
in evaluation and care of the child, we instead instituted a system
where laboratory results for all scheduled visits came to the data
manager, and the clinicians taking care of the child saw
laboratory values only if they were critical values. Thus, most
laboratory values were not seen by clinical study personnel and
made it unlikely that they would or could accurately guess the
study arm for most study children.

In summary, the NOHARM trial is a randomized controlled
clinical trial of hydroxyurea for children with SCA in a
malaria-endemic region. If the study demonstrates a clear benefit
of hydroxyurea with no increased malaria risk or AEs in children
with SCA, these critical data could lead to transformation of
treatment practices for SCA across Africa.

Trial Status
The trial is currently ongoing. Children are currently in either
the randomized treatment phase or open-label treatment phase
of follow-up.
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Abstract

Background: Diabetes and hypertension are devastating, deadly, and costly conditions that are very common in seniors.
Controlling hypertension in seniors with diabetes dramatically reduces hypertension-related complications. However, blood
pressure (BP) must be lowered carefully because seniors are also susceptible to low BP and attendant harms. Achieving “optimal
BP control” (ie, avoiding both undertreatment and overtreatment) is the ultimate therapeutic goal in such patients. Regular BP
monitoring is required to achieve this goal. BP monitoring at home is cheap, convenient, widely used, and guideline endorsed.
However, major barriers prevent proper use. These may be overcome through use of BP telemonitoring—the secure teletransmission
of BP readings to a health portal, where BP data are summarized for provider and patient use, with or without protocolized case
management.

Objective: To examine the incremental effectiveness, safety, cost-effectiveness, usability, and acceptability of home BP
telemonitoring, used with or without protocolized case management, compared with “enhanced usual care” in community-dwelling
seniors with diabetes and hypertension.

Methods: A 300-patient, 3-arm, pragmatic randomized controlled trial with blinded outcome ascertainment will be performed
in seniors with diabetes and hypertension living independently in seniors’ residences in greater Edmonton. Consenting patients
will be randomized to usual care, home BP telemonitoring alone, or home BP telemonitoring plus protocolized pharmacist case
management. Usual care subjects will receive a home BP monitor but neither they nor their providers will have access to
teletransmitted data. In both telemonitored arms, providers will receive telemonitored BP data summaries. In the case management
arm, pharmacist case managers will be responsible for reviewing teletransmitted data and initiating guideline-concordant and
protocolized changes in BP management.

Results: Outcomes will be ascertained at 6 and 12 months. Within-study-arm change scores will be calculated and compared
between study arms. These include: (1) clinical outcomes: proportion of subjects with a mean 24-hour ambulatory systolic BP
in the optimal range (110-129 mmHg in patients 65-79 years and 110-139 mmHg in those ≥80 years: primary outcome); additional
ambulatory and home BP outcomes; A1c and lipid profile; medications, cognition, health care use, cardiovascular events, and
mortality. (2) Safety outcomes: number of serious episodes of hypotension, syncope, falls, and electrolyte disturbances (requiring
third party assistance or medical attention). (3) Humanistic outcomes: quality of life, satisfaction, and medication adherence. (4)
Economic outcomes: incremental costs, incremental cost-utility, and cost per mmHg change in BP of telemonitoring ± case
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management compared with usual care (health payor and societal perspectives). (5) Intervention usability and acceptability to
patients and providers.

Conclusion: The potential benefits of telemonitoring remain largely unstudied and unproven in seniors. This trial will
comprehensively assess the impact of home BP telemonitoring across a range of outcomes. Results will inform the value of
implementing home-based telemonitoring within supportive living residences in Canada.

Trial Registration: Clinicaltrials.gov NCT02721667; https://clinicaltrials.gov/ct2/show/NCT02721667 (Archived by Webcite
at http://www.webcitation.org/6i8tB20Mc)

(JMIR Res Protoc 2016;5(2):e107)   doi:10.2196/resprot.5775
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blood pressure; hypertension; seniors; telemonitoring; randomized controlled trial; case management

Introduction

Impact of Hypertension in Seniors With Diabetes
Diabetes is present in more than 20% of seniors (defined herein
as age ≥ 65 years) and often leads to devastating complications
and premature death. Hypertension affects over 80% of seniors
with diabetes and is widely viewed as the most important cause
of cardiovascular complications and death in these patients.
Despite its critical importance to health, hypertension remains
undertreated and uncontrolled in approximately 40% of seniors
with diabetes [1].

Aggressive blood pressure (BP) reduction substantially reduces
mortality, cardiovascular events, and microvascular
complications in all patients with diabetes [2]. Seniors are at
particularly high risk for hypertension-related complications
and derive greater treatment benefit than younger patients (ie,
greater absolute risk reduction) [3,4]. Achieving BP control in
high-risk patients, including those with diabetes, is cost saving
(which is rare, as few medical interventions save money over
the long term) [5]. Contemporary Canadian guidelines
recommend a treatment target BP ≤130 mmHg for these
individuals; however, 52% of Canadian seniors with diabetes
do not achieve this target [1,6]. Treatment consists of health
behavior modification (low sodium diet, optimizing weight,
exercise) and antihypertensive drugs [6]. Angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers are first-line
agents, dihydropyridine calcium channel blockers second line,
and thiazide diuretics third line [6,7]. Of note, most patients
with diabetes and hypertension will need multiple medications
to achieve adequate BP control [8].

Treatment of Hypertension in Seniors With Diabetes:
A Complex Care Challenge
The need for aggressive BP control in seniors with diabetes
must be balanced against the very real risk of serious
treatment-related complications. Seniors, especially those who
have cognitive impairment or who are frail, very old, or
institutionalized, are more likely to experience treatment-related
complications. These include hypotension, postural dizziness,
syncope, falls, and metabolic side effects (including high/low
potassium, sodium, and to a lesser extent, elevated glucose
levels) [9-12]. Autonomic dysfunction and postural hypotension,
more common in older individuals and in those with diabetes,
may limit uptitration of antihypertensive drugs even if sitting
BP levels are above target [10]. Dose reduction or drug

discontinuation may be warranted in many patients to avoid
inappropriate polypharmacy, adverse effects (plus additional
drug treatments that are used to treat these adverse effects), need
for laboratory monitoring, and costs.

Antihypertensive dose reduction or drug discontinuation is
clearly warranted when serious adverse effects manifest.
However, in asymptomatic patients with low BP, no obvious
trigger is present to signal the need for dosage reduction.
Furthermore, no widely accepted threshold definition for low
BP exists at which dose reduction/discontinuation is mandated.
In our opinion, systolic BP (SBP) levels <110 mmHg may confer
increased risk for hypotension (and <100 mmHg clearly increase
risk) [13].

Importantly, there is no randomized trial evidence that clinical
benefits occur from reducing BP to <110 mmHg in seniors with
diabetes [9]. For this reason and because it is critically important
to avoid drug-related adverse effects (which are quite common
[11]), reducing therapy when SBP is below 110 mmHg seems
warranted unless a compelling nonhypertension-related
indication for an antihypertensive agent is present. The extent
to which dosage reductions are made in asymptomatic seniors
in real-world clinical practice is unclear. We speculate that
dosage adjustments are rarely made either because patients are
not monitored frequently (thus, the low BP is not detected) or
because a low BP fails to trigger an appropriate dose correction
(because providers are primarily trained to focus on high not
low readings). This might change if monitoring and a protocol
that triggered appropriate dosage modification were
implemented.

BP management in seniors with diabetes is further complicated
by current guidelines that permit higher SBP treatment targets
(<150 mmHg versus the usual <130 mmHg) in patients aged
≥80 years [6,14]. The intent of these guidelines is to allow
practitioners to use more lenient targets in seniors who are frail
or who, based on clinical opinion, may not tolerate lower BP
levels. These guidelines allow us to define an upper limit to the
BP therapeutic range for most seniors, above which more
aggressive antihypertensive therapy to lower BP should be
considered.

Types of BP Monitoring
To ensure that BP levels are neither too high nor too low,
accurate BP monitoring is required. Serial office BP
measurements are currently used to monitor the vast majority
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of Canadians with hypertension. Unfortunately, office readings
are inaccurate frequently because recommended measurement
techniques are not followed or equipment is not regularly
calibrated [15]. Furthermore, in seniors, office measurements
are falsely high (white coat effect) in 15%-20% of cases and
falsely low (masked effect) in 10%-15% of cases [16]. An
additional disadvantage of office measurements is that patients
are required to attend clinical appointments, a barrier for seniors
who don’t drive or who have mobility or financial limitations.
Office measurements, therefore, may be infrequent, and this
limits the ability to make timely therapeutic adjustments to
address low or high BP.

Because of these limitations of office BP monitoring,
contemporary guidelines strongly endorse use of out-of-office
measurement [6]. Out-of-office measurement has additional
advantage over office BP in that it allows multiple temporally
separated readings to be performed. This provides a more
accurate assessment of true BP because BP is a continuous
parameter that changes every second of the day. Out-of-office
measurement is currently performed by measuring 24-hour
ambulatory BP monitoring (ABPM) or home BP monitoring.
ABPM is widely regarded as the gold-standard measurement
method [6,17], but is not widely available, not widely
reimbursed, and often not well tolerated (because frequent
measurements are needed and sleep disturbance may occur).
Home BP measurement is thus much more commonly used for
follow-up BP measurement [6]. Nearly 50% of hypertensive
Canadians own a home monitor [18]. Home measurement has
additional advantages, it increases treatment adherence and
patient activation (by encouraging BP self-monitoring) [19-21],
and when used alone, modestly reduces SBP (by 1.3 mmHg
[95% CI 0.3-2.2] in a meta-analysis of 17 studies) [22].

Methods of Performing Home BP Measurement
Measuring a home BP series is the recommended method of
performing home BP measurement [6]. A home BP series is
composed of duplicate readings in the morning and evening (ie,
4 per day) daily for 7 days [6]. Readings taken on the first day
are discarded and the latter 6 days (24 measurements) are
averaged. If BP levels are at target, the home BP series is
repeated quarterly. If BP levels are uncontrolled, therapeutic
adjustments are made and the home BP series repeated in 4
weeks.

Home readings can be used in 1 of 3 major ways: (1) by the
patient alone (who bears responsibility for giving the readings
to their provider); (2) via telemonitoring, in which readings are
automatically summarized and sent to the care provider; and
(3) through telemonitoring plus protocolized case management,
in which the summarized readings are reviewed by a case
manager authorized to adjust treatments. BP telemonitoring ±
case management is not being used in Canada because data on
effectiveness and feasibility in this country are limited, the
required technological infrastructure is not available, and a
provider reimbursement plan does not exist.

Although contemporary guidelines strongly endorse home BP
measurement, describe how to self-measure BP and outline how
to perform a home BP series, more needs to be done to ensure
correct uptake in clinical practice [6]. A major drawback is the

onus is placed on the patient to measure, record, and present
the home readings to their care provider though, this patient
alone method has the advantage of requiring no additional
resources and is the predominant method used in Canada.
However, patients often forget to record their measurements,
do not follow the recommended protocol (timing, frequency,
and number of measurements), and/or self-select readings for
presentation to their physician [23,24]. Recent data indicate that
less than one-third of patients report ≥80% of measurements to
their physician [25]. Important physician-related barriers to
proper use of home BP measurement also exist. Physicians often
do not calculate the mean BP (treatment adjustments are based
on the mean), do not scan and upload hand-written BPs into
their Electronic Medical Record (thus, no permanent record is
available), and/or do not act on out-of-target readings
(“therapeutic inertia”) [23,24].

Home BP telemonitoring is a second method that, through
process automation and protocols, can potentially overcome
some of the aforementioned barriers [25,26]. BP telemonitoring
consists of electronically and securely transmitting remotely
collected BP measurements in real time to a central electronic
health care portal. Data can be summarized for use by patients
and providers, this includes calculation of BP means and
graphing temporal trends in BP. Mean BPs that are too high or
low can be flagged for action, whereas those in the normal range
provide evidence for optimal control. Telemonitoring may
eliminate the need for in-person clinic visits, and contributes to
health care delivery efficiency and making better use of provider
time. A recent meta-analysis of 23 randomized controlled trial
(RCTs; 7037 patients) reported that home BP telemonitoring
reduced BP by 5/3 mmHg compared with usual care (P<.0001
for both SBP and diastolic BP) [27]. This is a clinically
important reduction, a 5-mmHg reduction in BP in high-risk
patients (including diabetes) reduces cardiovascular events by
15% [28] and, in patients with diabetes, reduces stroke by 13%
[29].

The third method of implementing home BP monitoring is to
combine telemonitoring with case management. Case managers,
usually nurses or pharmacists, work collaboratively with patients
and physicians to optimize health behaviors, monitor risk
factors, implement therapeutic adjustments, encourage
adherence, and coordinate follow-up care [30-32]. Case
management is well established and is currently used in
contemporary clinical practice (our Pharmacare industry partner
specializes in providing pharmacist case management services
to seniors living in apartments, lodges, and assisted living
facilities). Case management works best when the case managers
have prescribing authority and use algorithms or protocols to
make guideline-concordant therapeutic initiations and
adjustments [30,33,34]. This can potentially overcome
therapeutic inertia. BP improvements are greater when
interventions have combined case management with
telemonitoring [27]. Thus, it is essential to study case
management because it may be needed in conjunction with
telemonitoring to maximize the effectiveness of the latter.
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Reasons Why Home BP Telemonitoring is not
Currently Used in Canada
Collaboration between health care providers, decision makers,
and device makers/technology companies is limited. This
collaboration is required to make telemonitoring feasible.
Historically, such collaborations have been rare, primarily
because of lack of dialogue and interaction among potential
partners.

Canadian data are very limited. A 1-year study in 110
hypertensive patients with diabetes (age ≥30 years; mean age
63 years) home BP telemonitoring and automated cellphone
text messages that instructed patients to seek follow-up care
was compared with usual care [35]. BP was reduced by 7.1/2.3
mmHg (P<.005) in the telemonitoring arm, and there was a
20% increase in the proportion of patients with controlled BP
(51% versus 31%; P<.05). To our knowledge, this is the only
published Canadian study of relevance. Patients did not receive
treatment recommendations, seniors were not specifically
studied, cost-effectiveness was not assessed, usability or
acceptability not reported, and case management was not used.
For these reasons, another trial is warranted to build on this
important foundational work.

Costs have, historically, been a major barrier. This is primarily
because of uncertainty over who will pay for teletransmission,
health portal development, and portal maintenance. However,
home BP monitors are now inexpensive and widely used,
cellphone or Internet use is very high (enabling convenient,
secure electronic data transmission), payment solely for
teletransmission is not necessary (ie, as long as an existing data
plan is present, the extra data usage for intermittent BP
teletransmission is minimal), and established companies exist
that specialize in health data transmission and health portal
creation and maintenance. Thus, because of these technological
advancements, fewer barriers remain. Importantly, BP control
in high-risk populations (including diabetes) is cost saving [5];
therefore, health care payors funding or subsidizing this
expenditure can expect initial costs to be offset by substantial
downstream savings. In the United States, health care payors
can spend an additional $600-1250 USD per patient per year
controlling BP in high-risk patients yet still remain cost-neutral,
this is a huge “safety margin” that supports the potential for
telemonitoring to be cost-effective (because total costs are likely
to be under these thresholds). Because previous studies have
demonstrated mixed results in terms of BP telemonitoring
cost-effectiveness [27,36], it is important to create a system that
minimizes costs, maximizes cost-effectiveness, and leverages
expenditures already borne by the individual for other reasons
(ie, mobile phones, set top boxes, and data plans) to promote
health care system sustainability.

Need for user training had been nearly prohibitive. This has
largely been eliminated through technological advancements
and major advances in user-friendliness. Systems require little
additional action (other than BP self-measurement) because BP
teletransmission can be automated once the reading is taken.

Summary of Rationale for a Tech-Based Canadian
Study in High-Risk Seniors
To summarize, hypertension is very common in seniors with
diabetes and substantially increases morbidity, mortality, and
health costs. Controlling BP markedly reduces complications
and can be cost saving. However, BP reduction is not the only
goal, in some cases (white coat effect, low BP), drug dosage
reductions are appropriate. BP management in seniors with
diabetes is complicated by the need to balance cardiovascular
risk reduction against the risk of adverse effects and
polypharmacy. Age-appropriate BP thresholds and targets in
the very elderly (age ≥ 80 years) must also be considered.
Effective BP management is further hindered by the near
ubiquitous dependence on inconvenient, infrequently performed
and inaccurate office BPs to titrate therapy. Home BP readings
should be used instead, but the optimal implementation method
in terms of effectiveness, acceptability, and costs remains
unclear. Measuring and reporting home BP could be left up to
the patient, automated using telemonitoring, or automated and
protocolized using telemonitoring and case management.

Although over 20 published trials reported clinically important
BP reductions using home BP telemonitoring and case
management, data in seniors are lacking, and it is important to
confirm feasibility, effectiveness, safety, usability, and
acceptability in this population in Canada. Importantly, prior
studies have focused on reducing high BP only; in seniors,
avoiding low BP and polypharmacy are equally important.
Telemonitoring has initial (BP device) and ongoing
(teletransmission and health portal maintenance) costs. Case
management costs must also be considered. These costs ought
to be offset by cost reductions achieved through avoidance of
hypertension-related complications, drug-related adverse events,
and reduced drug use. If done the way we propose,
telemonitoring has the potential to be highly cost effective in
these high-risk patients. However, a formal economic analysis
is needed before widespread implementation can be justified.

Objectives
This Telemonitoring and Protocolized Case Management for
Hypertensive Community-Dwelling Seniors With Diabetes
(TECHNOMED) trial is designed to (1) assess the “real world”
effectiveness and safety of home BP telemonitoring alone or in
combination with protocolized pharmacist case management in
seniors with diabetes and hypertension when compared with
“enhanced” usual care; (2) evaluate the usability and
acceptability of home BP telemonitoring; and (3) examine the
cost-effectiveness of home BP telemonitoring alone and home
BP telemonitoring plus protocolized case management.

In aggregate, these objectives will assess the impact on a
comprehensive range of outcomes important to patients,
providers, decision makers, industry partners, and funders.

Methods

Study Design
In this 1-year pragmatic, prospective randomized open label
trial with blinded ascertainment of end points, 300 patients will
be randomly assigned (1:1:1) to one of 3 study arms (Figure 1):
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(1) enhanced usual care (in which participants will be given a
home monitor but BP teletransmission will not be accessible
and case management not available to them); (2) home BP

telemonitoring alone; and (3) home BP telemonitoring plus
protocolized case management.

Figure 1. Study design.

Randomization
Computer-generated randomization will be performed centrally
and independently by the EPICORE center
(www.epicore.ualberta.ca) to ensure allocation concealment
from all research personnel. Randomization will be stratified
by baseline SBP (<140 mmHg versus ≥140 mmHg). Although
clinic staff and pharmacist case managers cannot be blinded to
allocation status, all outcome assessments will be performed
by research assistants working independently from regular clinic
staff and the pharmacist case managers.

Recruitment
Consecutive, consenting seniors (aged ≥65 years) will be
recruited from seniors independent living or supportive living
residences in greater Edmonton.

Inclusion Criteria (All Criteria Must Be Met)
These include: (1) age ≥65 years with a documented diagnosis
of diabetes and hypertension, and (2) adequate English fluency,
both verbal and written.

Exclusion Criteria (Any 1 Sufficient to Exclude)
These include: (1) SBP level >220 mmHg or diastolic BP level
>110 mmHg on screening BP measurement (WatchBP
[Microlife Corp., Widnau, Switzerland]); (2) heart failure; (3)
severe cognitive impairment, defined as a score of ≥5 on the
Short Portable Mental Status Questionnaire [37]; (4) severe
depression (Patient Health Questionnaire [PHQ-8] ≥15) [38];
(5) foreshortened life expectancy (<1 years); (6) participation
in a concurrent cardiovascular trial; and (7) currently receiving
case management services for cardiovascular risk factor control.

Telemonitoring Intervention
The telemonitoring system will be built in collaboration with
TeleMED (www.telemeddiagnostic.com). TeleMED, a Canadian

company specializing in the electronic management of
noninvasive diagnostic test data, will provide their services
in-kind. All patients will receive a validated electronic upper
arm oscillometric BP device (A&D Ltd. UA-651BLE; San Jose,
CA) and a set top box that will enable wireless transmission of
BP readings. This equipment will remain in their residence for
the duration of the study. All patients will be shown how to
view their BP readings on their device. Pushing a single button
activates the device and initiates a BP measurement, which is
autotransmitted to the set top box via a Bluetooth low-energy
connection. Once set top box receives the data, it encodes the
data to prevent “sniffing” by a third party. Without any further
action required by the patient, the data are sent to a dedicated
research server. The server decodes the data and encrypts it
using the Advanced Encryption Standard with 256-bit key and
inserts the encrypted data into the database. The research server
is physically located at the University of Alberta in a secure
facility accessible only to authorized personnel. The data are
then securely pushed to TeleMED, where it is summarized in
a web portal for provider use.

Patients will be instructed to perform all measurements
according to recommended techniques for home BP
measurement (Table 1). Four measurements will be taken daily
for 1 week. If BP is uncontrolled (high or low), this 1-week of
measurements will be done each month until BP is in the
therapeutic range. Once controlled, the 1-week protocol will be
repeated every 3 months, as recommended by contemporary
guidelines [6]. Teletransmitted BP readings will be summarized
within the health portal and an overall weekly mean will be
calculated (first-day measurements will be discarded and the
subsequent 24 measurements taken over the next 6 days will
be averaged) [6]. This mean will be used for clinical
management decisions. Temporal trends will be plotted to
graphically summarize the data for provider use.
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Table 1. Blood pressure measurement.

DetailsMethod

BP readings will be taken every 15 minutes during the daytime and every 30 minutes at night with a
Spacelabs 90227 device. Twenty-one readings during the daytime and 7 during nighttime will be re-
quired for a successful study [ 39]. Otherwise, a repeat study will be necessary. Patients will be given
a diary to record the times that they retire to and arise from bed. Day and night intervals will be defined
according to these patient-reported times and used to determine the daytime and nighttime BP averages.
Timing of drug administration will also be recorded. Patients will also be instructed to go about their
daily activity but refrain from exercising for the duration of the monitoring period and to stand still
with their arm at their side when the monitor cuff is inflating.

24-hour ambulatory BPamonitoring

Two measurements 1 minute apart will be taken in the morning between 0800 and 1000 and 2 mea-
surements will be taken in the evening between 1800 and 2200 taken using the A&D home device.
This will be done on 7 consecutive days for 1 week. If BP is uncontrolled (high or low), this 1-week
measurement protocol will be repeated each month until BP is within the therapeutic range. Once
controlled, the 1-week protocol will be repeated every 3 months.

Home BP measurement

Three reading average in both arms taken while seated plus 1 supine reading and 1 standing reading
taken at 1 min and 3 min using the WatchBP device.

Automated office BP

aBP: blood pressure

BP teletransmission will occur in all study arms but will be used
differently in each:

• Enhanced usual care: Home BP readings will be
teletransmitted for data collection purposes but neither
patients nor providers will have access to the teletransmitted
readings. High BP levels that trigger safety alerts to research
personnel are the only exception, patients and their primary
care providers will be made aware of these (see safety end
points below). This is nevertheless considered “enhanced”
usual care because patients receive a home BP monitor, are
taught how to measure home BP, and are encouraged to
take BP readings to appointments with their providers. In
addition, they will be reminded to perform a home BP series
each quarter for study outcome purposes, which will
encourage self-monitoring. This reflects contemporary
Canadian recommendations [6]. A summary of the Canadian
hypertension guidelines will also be faxed to each primary
care provider at the time of patient enrolment [6].
Recognizing that it takes years for guideline adoption to
occur, we suspect that many patients in this arm will be
managed solely using office BP measurements despite the
potential availability of patient-reported (but not
teletransmitted) home BP readings.

• Telemonitoring alone: Home BP series mean, trends, and
individual readings will be faxed to the primary care
provider with a 1-page summary of Canadian guidelines
for BP thresholds, targets, and treatments [6].

• Telemonitoring plus protocolized case management:
Patients in this arm will each be assigned a pharmacist case

manager who holds full prescribing privileges and who will
(1) administer health behavior modification counselling,
teach BP self-monitoring, and monitor medication
adherence; (2) review telemonitored health portal BP
summaries and make protocolized therapeutic adjustments
if appropriate (Figure 2); (3) fax a summary of these
adjustments to the participant’s primary care provider (to
make them aware of treatment changes); and (4) facilitate
communication between patients and providers.

Pharmacare (www.mypharmacare.ca), an Alberta company
specializing in pharmaceutical service delivery, will provide
pharmacist case managers as an in-kind contribution to the
study. Pharmacare case managers hold full drug prescribing
licences, enabling them to independently initiate and titrate
drugs. To ensure full guideline concordant standardization of
the intervention, case managers will undergo a training session
with a group of clinical experts from the University of Alberta
Hypertension Clinic (who also serve on the executive of
Hypertension Canada) on home BP monitoring and hypertension
guidelines before study initiation.

Medication regimen adjustments will be performed according
to a guideline-concordant protocol [6]. Drugs will be added in
the following order: angiotensin-converting enzyme inhibitor
or angiotensin receptor blocker, dihydropyridine calcium
channel blocker, thiazide diuretic, beta-blocker, spironolactone,
doxazosin, clonidine, and hydralazine. Drugs will be reduced
or stopped in reverse order. When initiating new agents, the
longest-acting agents in each class will be used.
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Figure 2. Case manager protocol for antihypertensive drug titration.

Data Collection Including End Points
Unless otherwise indicated, data will be collected at baseline,
6 and 12 months after randomization. Study personnel will
collect data using standardized case report forms. Home BP
series data will then be sent to secure servers housed within the
Department of MedIT, Faculty of Medicine and Dentistry,
University of Alberta and then forwarded to the Web portal.

Baseline data collection will include(1) demographics and health
behaviours: age, sex, race, marital status, smoking, and alcohol
intake; (2) past medical history: atrial fibrillation, dyslipidemia,
coronary artery disease, stroke or transient ischemic attack,
peripheral vascular disease, chronic kidney disease (glomerular
filtration rate ≤60 mL/min and/or proteinuria), syncope,
bradyarrhythmias, pacemaker, and history of hyponatremia,
hyperkalemia, or hypokalemia; (3) past diabetes-related
information: duration of disease, presence of retinopathy,
neuropathy, nephropathy, amputation, symptomatic
hypoglycemia, and use of insulin; (4) medication history
including antihypertensive drugs: name, type, dosage, and
frequency. This will be based on self-report and then will be
cross-indexed with the patient’s pharmacy medication record;
(5) anthropomorphic indices: height, weight, body mass index,
and waist circumference; (6) upper mid arm circumference (to
determine proper cuff size): measured using a tape measure half
way between the acromion and the olecranon with the arm at
heart level; (7) 24-hr ambulatory BP, home BP series, and pulse
rate: BP will be measured according to recommended techniques
(Table 2) using validated devices [40]. Three screening BP
measurements will be taken while seated in each arm at baseline

with the validated WatchBP office automated device to
determine if exclusion criteria are present [41]. Lying and
standing BP at 1 and 3 minutes will also be taken. A 24-hr
ambulatory BP and mean 24-hour heart rate will be measured
using the validated Spacelabs 90227 monitor (Snoqualmie,
Wash) [42]. A home BP series taken with the UA-651BLE
oscillometric home device (A&D Ltd., San Jose, CA) will be
performed as outlined (Table 2). (8) Laboratory investigations
will include serum sodium, potassium and creatinine; glycated
hemoglobin (A1c); lipids (total cholesterol, high-density or
HDL cholesterol, low-density or LDL cholesterol, triglycerides),
urinary albumin or creatinine ratio and electrocardiogram; (9)
Montreal Cognitive Assessment Scale :validated cognitive
assessment instrument [43]; (10) Clinical Frailty Score: a
validated 9-point instrument, with frailty defined as a score of
5 or more [44]; (11) health care use in past year includes
physician visits, emergency department use, and hospitalizations
ascertained through patient self-report and by linking to
provincial administrative data sources and the provincial
electronic health record; (12) quality of life and utility
measurement: assessed using the EQ-5D [45]; (13)
depression/anxiety measured using the Patient Health
Questionnaire (PHQ-8) for depression [38] and the Generalized
Anxiety Disorder Scale (GAD-2) for anxiety [46] These end
points are being evaluated to ensure that increased monitoring
does not lead to greater depression or anxiety via adoption of
the “sick role” [35]; and (14) satisfaction with medical care:
assessed similar to other studies that we have conducted [47-49]
using the validated Patient Satisfaction Questionnaire (PSQ)
[50], scored on a 5-point Likert Scale.
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Table 2. Costing data for economic analysis.

CommentsValuationMeasurementIdentification

Program Development

Cost per patient estimated by plausible number
of patients in program/managed per staff

Alberta Health Services wage
rates, Alberta Health Care In-
surance Plan/Alternate Fund-
ing Plan

Estimated hours for each health care
professional to create care algorithm
(algorithm start-up costs); Estimated
hours for staff training to administer
care algorithm (training costs)

Health care professional
time (physician, nurse,
pharmacist)

Costs apportioned over # of patients monitored
in region over 5 years (estimated lifespan of
equipment).

Wage rates. Price lists of IT
equipment from manufacturer.

Equipment required to setup BPatele-
monitoring and hours of IT support
will be estimated from local experi-
ence and TeleMED input.

IT infrastructure

Program Delivery

Includes expected lifetime/repair costs and re-
placement.

List priceNumber of home BP cuffs (standard
and telemonitoring)

Equipment

Included in sensitivity analysis, may be paid by
health provider or patient (societal perspective)

Local cost of lowest priced
suitable service

Mobile phone device/data plan used
for telemonitoring (tested in sensitiv-
ity analysis).

Internet/data

Alberta Blue CrossType, dose, frequency, and duration
of use.

Medication use

Cost per patient estimated by plausible number
of patients in program/managed per staff

Alberta Health Services wage
rates, Alberta Health Care In-
surance Plan/lternate Funding
Plan

Estimated hours for staff to adminis-
ter care algorithm (ongoing costs)

Health care professional
time (pharmacist)

Costs apportioned over # of patients monitored
in region over 5 years.

TeleMEDIT support/telemedicine portal/fax
costs

Staff costs/infrastructure

Utilization

Telemonitoring ± case management may reduce
need for physician visits for BP management,
scenarios tested in SA.

Alberta Health Ambulatory
Care Case Costing (utilizing
National Ambulatory Care
Reporting System)

Number of primary care or hyperten-
sion specialist visits over 12 months
(patient reported).

Physician visits

Study may be underpowered to detect emergency
department visits. Safety end points will be ex-
amined and likely resource use for each safety
end point will be estimated.

Alberta Schedule of BenefitsNumber of emergency room visits
over 12 months attributable to BP or
complications of treatment

Emergency department vis-
its

Alberta Health administrative
data

Number of hospitalizations over 12
months attributable to BP or compli-
cations of treatment

Hospitalizations

Explored using a societal perspective.Standard Alberta wage rates
(human capital approach)

Patient and caregiver time costs for
physician visits, emergency depart-
ment visits, out of pocket medication
costs. May also include data/mobile
phone costs (explored in sensitivity
analysis).

Societal costs

aBP: blood pressure

The 6- and 12-month follow-up data (measured as described
previously) will be (1) clinical end points and patient-centered
outcomes (as described previously): 24-hr ABPM, automated
BP (seated, lying, and standing as described previously),
telemonitored home BP, heart rate, medications,
anthropomorphics, cardiovascular risk factors and markers (A1c,
lipids, smoking, urinary albumin), cognition, frailty score, health
care use (physician visits, emergency department visits and
hospitalizations ascertained through self-report and via linked
administrative health care data), quality of life and utilities,
satisfaction with medical care, and depression and anxiety. (2)

safety end points includes the frequency of (a) nonmechanical
falls, syncope, hypotension requiring third-party assistance or
medical attention and (b) electrolyte disturbances (hypokalemia
[<3.3 mmol/L], hyperkalemia [>5.0 mmol/L], and hyponatremia
[<130 mmol/L]. In addition, potentially life-threatening adverse
effects will trigger an immediate alert causing the study team
to notify the Data and Safety Monitoring Board, which will act
independent of the study team to contact the patient and arrange
appropriate nonstudy medical follow-up. Triggers for DSMB
follow-up will include a BP ≥220/110 mmHg or a SBP <70
mmHg; potassium level ≤2.7 or ≥5.5 mmol/L; sodium level
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≤126 or ≥152 mmol/L; or a PHQ-8 score ≥15, indicating severe
depression. (3) User acceptability: will consist primarily of
qualitative data collection. In addition, two 10-point Likert
scales evaluating usability and acceptability will be collected.
(4) Costing data: costing will adhere to the three-step
microcosting technique of identification, measurement, and
valuation of relevant health care and non–health care resources
[51,52] and are outlined below and in Table 2. Resource use by
category, including program start-up costs and on-going costs
for each study arm, will be tabulated. In a 10% random sample
of patients, time-motion studies related to the case manager will
be conducted. The cost per patient will be calculated, and where
any uncertainty in resource use or costs exists, plausible ranges
of resource use will be determined and tested in sensitivity
analysis. Resource use and cost data will be used to determine
the overall and per-patient total costs, and incremental costs of
interventions (telemonitoring ± case management) compared
with usual care will be calculated [51,52].

Analytic Plan for Major Outcomes

Aim 1: Effectiveness of Telemonitoring ± Protocolized
Case Management
All primary analyses will be conducted according to the
intention-to-treat principle. The primary outcome is the 1-year
change in proportion of patients with overall 24-hour SBP in
the optimal range (SBP is used because it is a stronger predictor
of risk and because diastolic BP is rarely elevated in seniors
[10]). We will use 24-hour ABPM because it is the gold-standard
measurement method and the best validated clinical trial BP
end point [40]. The 24-hr ABPM therapeutic range will be
110-129 mmHg in patients aged 65-79 years and 110-139 mmHg
in those ≥ 80 years. Justification for the upper thresholds chosen
is based on current guidelines that specify an overall 24-hour
ABPM of ≥130 mmHg as high in all patients, including those
with diabetes [6]. In patients ≥80 years, we will allow the option
of a higher 24-hour target of <140 mmHg (ambulatory BP
threshold definitions of normal versus high are lower than office
BP thresholds; therefore, this threshold is analogous to the
Canadian guideline concordant <150 mmHg office BP target
that is allowed in older frailer patients [6]).

Major secondary outcomes will include the change in mean
24-hour SBP and diastolic BP (overall, daytime, and nighttime).
Home BP and the automated BP measurements taken at each
study visit will be examined similarly. Additional major
outcomes will include postural BP changes and changes in A1c,
lipids, anthropomorphic indices, quality of life,
depression/anxiety, satisfaction with medical care, resource
utilization, and the safety end points described previously.

Data Analysis

First, variables will be examined descriptively and graphically,
including assessments of temporal trends and tests of normality.
Second, the 6-month and 1-year mean change from baseline in
each outcome will be calculated and compared between study
arms (each intervention arm to the control arm, then between
intervention arms) using chi-square tests for dichotomous
outcomes and unpaired t-tests for continuous outcomes. Third,
multivariable predictors of the 1-year change in a given outcome

will be identified using appropriately constructed and calibrated
logistic regression models for dichotomous outcomes (including
the primary outcome) or linear regression models for continuous
ones. Initial models will adjust for age, sex, SBP, and residential
site (eg, Greater Edmonton Foundation versus Rosedale).
Examples of additional covariates that may be examined include
sociodemographic variables, comorbidities, baseline
medications, primary care physician, and tests of potential
interaction.

Sample Size Considerations

The study will be adequately powered to detect a clinically
important 20% absolute difference in the primary outcome
between each intervention arm and usual care and similar 20%
difference between the 2 intervention arms (20% has been
previously identified by a consensus of Canadian experts as the
required minimum clinically important difference for any new
hypertension [or any other cardiometabolic] intervention
directed at patients with diabetes [53]). Based on pilot data
collected in 60 seniors residing in supportive living at two
Edmonton sites, only 18% were within the therapeutic range at
baseline. Assuming 5% improvement with usual care (related
to secular or temporal trends and trial participation or Hawthorne
type effects), 20% further improvement with telemonitoring,
and a further 20% improvement with telemonitoring + case
management, a 2-tailed alpha of 0.05, power of 0.80, the
required sample size will be ~80 patients per arm or 240 total.
Accounting for ≈20% attrition over 1 year, 100 patients per arm
or 300 patients total will be recruited.

Aim 2: Usability and Acceptability of Telemonitoring
Assessment of usability and acceptability is critical for all
technology-enhanced care interventions because unanticipated
and undesired effects can commonly occur after implementation
[54-56]. End-user input into system design and operation is
needed throughout the evaluation process; otherwise,
interventions risk being ineffective, unusable, or unsafe [54,55].
Usability testing involves assessment of the human-computer
interaction and, specifically, issues related to use, interface,
design, and function are examined [57,58]. System evaluation
is performed iteratively and includes assessment then redesign
and retesting.

Usability and acceptability testing (device, data transmission,
health portal) will be performed using well-accepted frameworks
[57,59-61]. The evaluation will focus on functional goals
(features, format, and interface), usability needs (outcome
impact goals, end users’ requirements, and information needs),
and end-users’perceptions of the facilitators and barriers to use.
End users that will be considered will include random samples
of seniors with hypertension, family members who are primary
caregivers, pharmacist case managers, and primary care
physicians. We will perform usability and acceptability testing
of the refined telemonitoring intervention at the beginning of
the study and during the study. The evaluation will use standard
mixed methods approach, with focus groups of all stakeholders,
semistructured indepth interviews with think aloud and talk
back with patients, and repeated surveys regarding the
technology itself [54,55,57,58,60,62,63].
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Aim 3: Cost-Effectiveness of Telemonitoring ± Case
Management

Outcomes

The total and incremental cost for each intervention compared

to usual care will be calculated (Table 2 and Figure 3), and the
cost per decrement in SBP (cost-effectiveness model A), and
incremental cost/QALY gained (cost-utility model B), will be
determined.

Figure 3. Overview of economic model.

Methods

A validated economic model (used by the research team in prior
work examining interventions in type 2 diabetes [64,65]) will
be modified and used to compare both telemonitoring alone and
telemonitoring + case management versus usual care (Figure
3), adhering to recommended best practices for conduct of
economic evaluation [51,66]. The patient population simulated
will have characteristics of the patients studied (seniors with
diabetes and hypertension). The model will be informed by
primary data from the RCT, including detailed costing data
(Table 2), utility scores (EQ-5D), and BP changes for each
treatment strategy. A 1-year time horizon and a public health
care payer perspective will be used for model A, where the
surrogate of change in BP will be examined (cost per mm of
reduction in SBP). No discounting of costs and benefits will be
performed in the reference case (given the short time frame).
We will also perform a cost-utility analysis (model B) linking
the validated surrogate of BP reduction at 1 year to longer term
health outcomes (including probability of developing heart
disease, stroke, kidney failure, blindness) [67,68], and associated
increased risk of death, decrement in quality of life, and
increased health care costs with these events. The model will
also incorporate other study end points including avoidance of
low BP and reductions in adverse effects that result in health
or resource use (short-term reduction in quality of life, physician,
or emergency room visits), and other health care utilization that
may be impacted by treatment strategy (cost of BP drugs, clinic
visits to monitor and manage BP, and hospitalizations to treat
adverse effects).

We have previously used the United Kingdom Prospective
Diabetes Study (UKPDS) outcomes model to examine the
cost-effectiveness of interventions in patients with type 2

diabetes [64,65]. Advantages of this model include robust
validation [69], ability to specify characteristics of the patient
population, and previous adaptation of the model to represent
the Canadian context for resource use, costs, and quality of life
[64,65]. Uncertainty and variability will be explored through
sensitivity analysis, including one-way and probabilistic
sensitivity analysis including cost-effectiveness acceptability
curves, where a range of willingness to pay thresholds are
examined. Sensitivity analysis considering a range of estimates
obtained from the RCT (for example, 95% CI in BP differences)
as well as other plausible ranges of parameters will be
performed. These include assignment of some costs to either
patient or health care payer (device, set top box, data plan, health
portal access fee) or a range of costs of delivering telemonitoring
± case management for varying economies of scale.

Subgroup Analyses and Substudies
Analyses of interest include examination of the effect of
telemonitoring in subjects aged 80 years or greater as well as
substudies on vascular stiffness, orthostatic changes, and novel
BP measurement methods. In addition, passive, long-term
follow-up using linked administrative data are planned to
ascertain effects on cardiovascular morbidity and mortality.

Ethics, Funding, and Registration
All subjects will provide written informed consent. The
TECHNOMED trial protocol has been approved by the
University of Alberta Research Ethics Board (PRO00051624),
and the trial has received peer reviewed funding from the
Canadian Institutes of Health Research (grant #EH2-143571)
and Alberta Innovates Health Solutions (grant #201900506).
The trial has been formally registered at clinicaltrials.gov
(NCT02721667).
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Discussion

In summary, the TECHNOMED trial is a pragmatic randomized
control trial that will comprehensively study, in the Canadian
context, home BP telemonitoring in seniors. It will compare 3
different methods of implementing home BP measurement and
examine a broad range of outcomes important to patients,
providers, caregivers, and policy makers.

Home BP telemonitoring has been shown to effectively reduce
BP and improve BP control in younger patients with
hypertension, especially when combined with case management
[27]. Recent publication of the Systolic Blood Pressure
Intervention Trial, a study that demonstrated clinically important
benefits to lowering SBP to ≈120 mmHg in high-risk individuals
(excluding those with diabetes [10]), also supports the need for
close monitoring [70]. Given these low BP targets, careful BP
monitoring will be required to operationalize this intervention
in current clinical practice.

A critical question is whether BP telemonitoring can be
successfully implemented in seniors, who may be less
technologically savvy than younger individuals. We propose to
test a very simple system that does not require specialized
expertise. Usability and acceptability testing constitute a central
objective of the trial. Qualitative studies of younger patients
and of care providers have, in general, shown that patients find
BP telemonitoring usable and acceptable but that providers
express concerns about workload, troubleshooting the
technology, and increased need for resources [71,72]. This
makes rigorous cost-effectiveness analysis essential. It also
underscores the importance of minimizing monitoring to include
only measurements that are clinically necessary.

Enrolment within the TECHNOMED trial is expected to begin
in mid-2016. Recruitment of all 300 subjects is expected by
mid-2018. Final results for the main study are anticipated by
2020. We anticipate that this trial will clarify the advantages
and disadvantages of BP telemonitoring in this high-risk
population with both diabetes and hypertension (see Multimedia
Appendix 1).
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Abstract

Background: In the patient-centered medical home model of health care, both health care providers (HCPs) and patients must
understand their respective roles and responsibilities, view the other as a partner, and use communication skills that promote
shared decision making. This is particularly necessary in chronic conditions where outcomes depend on behavior change and in
underserved populations where the burden of chronic disease is high.

Objective: The objectives of this study are to determine if a Patient Empowerment Program (PEP) (1) is acceptable to patients
and feasible across multiple clinical sites; (2) will increase patient preference for control in medical decision making, improve
patient perceptions of patient-HCP communication, and increase patient activation; (3) is associated with an increase in diabetes
self-management behaviors; and (4) has an effect on hemoglobin A1c (HbA1c) level.

Methods: This study recruited English-speaking adult patients with type 2 diabetes mellitus from three urban clinical sites in
New York City and randomized them to an immediate intervention group that completed the PEP intervention or a deferred
intervention group that served as a wait-list control and completed the PEP intervention after 3-4 months. The PEP intervention
consists of two facilitated small group sessions. Session 1 focuses on defining HCP and patient roles in the medical encounter
by introducing ideal communication behaviors in each role and by providing both positive and negative examples of patient-HCP
encounters. Session 2 focuses on practicing communication skills by role-playing with actors who serve as standardized health
care providers. After the role play, participants set goals for their own health care and for future interactions with their HCPs.
Outcome measures include the Patient Activation Measure; Ask, Understand, Remember Assessment; Krantz Health Opinion
Survey; SF-12v2 Health Survey; Diabetes Self-Management Questionnaire; and HbA1c. These measures will be assessed at the
time of enrollment, after the waiting period (deferred intervention only), and then postintervention at 1 week, 3 months, and 6
months.

Results: Study recruitment occurred from November 2014 to June 2015, with a total of 80 patients enrolled. To date, 45
participants have attended at least one session of the PEP intervention. Further intervention sessions and post-intervention follow-up
are ongoing, with data collection set to be completed in April 2016 and results of data analysis available by June 2016.
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Conclusions: From preliminary participant self-report data, our PEP intervention is acceptable to low-income, low–health
literate patients and feasible to hold across multiple clinical sites. Participants have reported learning specific ways to change
their behaviors at their next HCP visit (eg, stating their opinions, asking more questions). With the forthcoming quantitative data
on participant attitudinal and behavior change, the PEP intervention may ultimately empower participants within the medical
encounter and improve health outcomes.

(JMIR Res Protoc 2016;5(2):e68)   doi:10.2196/resprot.5376

KEYWORDS

shared decision making; patient activation; health literacy

Introduction

Background
More than 25.8 million Americans have type 2 diabetes mellitus
(T2DM). In 2012, T2DM cost the United States $245 billion in
both direct and indirect medical costs [1]. Comparable to the
general population, it has been estimated that 10% of the New
York City population suffers from T2DM, and patients with
diabetes-related disorders occupy half of the hospital beds in
the city [2]. The patient-centered medical home (PCMH) model,
which strives to provide comprehensive care and improve
patient’s self-management skills through increasing engagement
with health care providers (HCPs), is ideally suited for T2DM
care [3-5].

Preparing patients for the PCMH model is challenging because
of the inherent power differential between HCPs and patients.
Efforts to prepare HCPs to practice in the PCMH model have
included strategies for encouraging patient self-care activities
and behavior change (eg, tailoring, brief negotiation,
motivational interviewing) [6,7]. Interventions have also been
developed to educate patients about disease management and
increase involvement in their care [8-11]. However, both
approaches fail to address the inherent asymmetry in the power
dynamics of the physician-patient relationship [12-21].
Increasing patient activation is one method that has been
suggested to overcome these barriers. Activated patients are
knowledgeable about their health conditions, confident in their
ability to manage these conditions, and maintain their health by
seeking information and performing health promoting behaviors
[22]. In general, more activated patients, as determined by a
higher score on the Patient Activation Measure (PAM) [22,23],
ask more questions during HCP visits [22-24] and perform more
self-management behaviors including diet and exercise
[22,23,25-28]. More specifically, patients with T2DM who have
higher PAM scores report less difficulty in managing their
diabetes than those with lower scores [28]. Furthermore, several
interventions that increase patient activation have shown promise
for improving outcomes [29-32], most notably in congestive
heart failure [29] and T2DM [30].

Standardized patient (SP) training, a well-established,
performance-based intervention, offers a compelling method
of activating patients to become partners in their health care.
Standardized patients are trained to reliably and validly assess
HCP clinical competence [33-37] and, as a result, become more
activated “real” patients who have higher expectations of HCPs
and improved communication with HCPs [38-43]. Additionally,
SPs have improved their own health behaviors in terms of

weight loss [44] as well as HIV testing and sexually transmitted
disease prophylaxis [45]. More recently, these same training
methods have been used to train standardized health care
providers (SHPs) to assess communication between HCPs of
different disciplines (eg, doctors and nurses) as part of
interprofessional education [46-48].

Our Patient Empowerment Program (PEP) seeks to adapt the
successful SP methodology currently used in HCP education
and translate it onto the patient side of the medical encounter
[49]. To do so, the PEP incorporates ideas of shared decision
making (SDM), involves role-playing, and helps patients
develop the skills to give effective feedback to HCPs using
validated checklists of observable behaviors. This intervention
is both evidence based and theory supported and addresses the
needs of multiple stakeholders, including health system quality
leaders, HCPs, patient advocates, SP trainers, and patients. We
focus on patients with T2DM because of its high prevalence in
the population, the need for frequent contact with the health
care system, and the numerous aspects of treatment (eg, lifestyle
changes, medications, blood glucose monitoring, annual
screenings, and so on) that patients must discuss with their
HCPs.

Objectives
The objectives of this study are to (1) assess the acceptability
and feasibility of implementing the PEP across three urban
clinical sites; (2) determine if a PEP will change patient
preference for control in medical decision making, improve
patient self-efficacy in patient-HCP communication, and
increase patient activation; (3) determine if participation in the
PEP is associated with an increase in diabetes self-management
behaviors; and (4) explore the effect of the PEP on hemoglobin
A1c (HbA1c) level.

Methods

Overview
The PEP is a randomized, wait-list control study (see
Multimedia Appendix 1) that aims to enhance general
communication skills so that patients can participate in SDM
during office visits, become activated in their own health care,
and better manage their medical conditions.

Patients were recruited in cohorts of 20 and then randomly
assigned to attend the PEP intervention immediately (immediate
intervention) or after a waiting period (deferred intervention).
All participants completed a baseline assessment at the time of
enrollment (T0) and will complete follow-up assessments 1
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week (T2), 3 months (T3), and 6 months (T4) after completion
of the PEP intervention (see Figure 1). Additionally, the deferred
intervention group was assessed at the end of the waiting period
(T1), immediately before being invited to attend the PEP
intervention. The T1 assessment for the deferred intervention
group was approximately 3-4 months after randomization and
was timed to coincide with the T3 assessment of the immediate
intervention group. A wait-list control design was chosen to

create a control group with multiple time points of data
collection (deferred intervention T0-T1) while still allowing for
all participants who enrolled in the study to complete the PEP
intervention and post-PEP follow-ups.

Aside from attending the PEP intervention, all participants
continued to receive their usual care, including all scheduled
primary care and specialty clinic appointments, HbA1c

monitoring, and all medications as directed by their physicians.

Figure 1. CONSORT flow diagram. HbA1c: hemoglobin A1c; PEP: Patient Empowerment Program; T2DM: type 2 diabetes mellitus.
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Setting
Bellevue Hospital Center, Gouverneur Health, and Woodhull
Medical Center are all within the Health and Hospitals
Corporation, a large public hospital system in New York City.
The adult ambulatory care clinics at these sites serve patients
from the local community as well as immigrants from around
the world, with English, Spanish, Mandarin, Cantonese, and
Bengali among the most common languages spoken.
Approximately one-third of patients have Medicaid or are
without health insurance and the most common diagnoses in
the clinic include obesity, hypertension, heart disease, diabetes,
and asthma.

Participants
We recruited patients with T2DM who presented to the adult
ambulatory care clinic at each site. Patients eligible for inclusion
in the study (1) were at least 18 years old, (2) had a diagnosis
of T2DM for at least 1 year, and (3) their most recent HbA1c

level was between 6.5% and 11%. Patients were excluded if
they (1) were unable to speak English or (2) had a major
psychiatric illness that impaired their ability to care for
themselves (eg, schizophrenia, uncontrolled bipolar disorder,
or uncontrolled depressive disorder).

Recruitment, Randomization, and Retention
Research assistants (RAs) screened all of the clinic appointments
each day to identify patients who were eligible for the study.
Research assistants then briefly explained the study to all eligible
patients who came to their appointment and obtained informed
consent from those who decided to enroll (see Figure 1). After
obtaining informed consent, RAs read participants a set of
questionnaires to complete the initial (T0) assessment (see Table
1).

After 20 participants were enrolled in the study, a Web-based
random number generator was used to generate a list of 20
integers between one and two. The list was refreshed until it
contained 10 ones and 10 twos. Based on this list, participants
were assigned in order of their study identification number to
the immediate intervention (1) or deferred intervention (2)

group. All participants in the immediate intervention group were
contacted by phone to schedule the PEP intervention sessions
and all participants in the deferred intervention group were
contacted by phone and informed that they would be recontacted
in 3-4 months to schedule their PEP intervention sessions.

Participants were compensated for participating in the study.
They received US $10 and a MetroCard with US $10 at each
of the two PEP intervention sessions. They also received US
$60 and a MetroCard with US $10 for completing the study if
they attended a post-PEP focus group.

In order to increase retention of deferred intervention
participants, they received a letter from our program and an
educational handout about T2DM in the mail approximately
every 3 weeks. Handouts were sent in the same order and all
handouts came from the Diabetes Care and Education website
[50]. In total there were four mailings: (1) Nutrition to Help
Manage your Diabetes and Weight, (2) Eating Healthy on a
Lean Budget, (3) Know Your Blood Sugar Numbers, and (4)
Managing and Preventing Hypoglycemia. All four of these
handouts were short, only 1-2 pages in length, and contained
general information about T2DM that participants should have
already obtained from their HCPs as part of their routine
treatment. Therefore, we do not expect that receiving these
handouts will cause a significant difference in the two
randomized groups or otherwise affect the results of the study.

Outcome Measures
Outcome measures for the study primarily consist of self-report
questionnaires assessing health attitudes and behaviors (see
Table 1). Because of the low literacy of the patient population,
RAs read all questionnaires to the participants and then recorded
their responses. All questionnaires were asked in the same order
and a standardized protocol was created so that all RAs asked
and clarified questions in the same manner. Outcome measures
were assessed at the time of enrollment (T0), after the waiting
period (T1: deferred intervention group only), and
postintervention after 1 week (T2), 3 months (T3), and 6 months
(T4).
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Table 1. Data collection.

Timing of assessmentMeasuresDomain

3 and 6 months

after PEP

(T3, T4)

1 week

after PEPa

(T2)

After waiting period
(T1)

(deferred only)

Enrollment
(T0)

XAge, sex

Race and ethnicity

Education level

Annual income

Demographics

XNumber of years with diabetes

Current diabetes treatment

Clinical characteristics

XNewest Vital Sign [51-53]Health literacy

XXXXPatient Activation Measure [23]Patient activation

XXXXAsk, Understand, Remember Assessment
[54]

Ability to obtain information

from HCPsa

XXXXKrantz Health Opinion Survey [55]Preference for control in
medical decision making

XXXXPreference Control Scale [56]

XXXDiabetes Self-Management Questionnaire
[57]

Disease management

XXXSF-12v2 Health Survey [58]Health quality of life

XXXHemoglobin A1cBiological marker of disease
severity

XQualitative data analysis of focus group
discussion

PEP intervention feedback

a PEP: Patient Empowerment Program; HCP: health care provider.

Primary Outcome
The primary outcome of the study is patient activation, as
measured by the short form of the PAM [23]. The PAM is a
13-item interval level, unidimensional, Guttman-like scale with
four response options, ranging from 1 = disagree strongly to 4
= agree strongly. It has been validated across multiple patient
populations and has been shown to be reliable, with Rasch
person reliability estimates ranging from .73-.84. The overall
score on the PAM ranges from 0-100 and PAM scores can be
categorized into four levels of activation. In level one, the lowest
level, patients believe taking an active role in their health is
important but are unprepared for this role. In level two, patients
have some knowledge but still struggle to manage their medical
conditions. In level three, patients begin to take action in terms
of self-management but do not have the skills to support or
sustain their behavior. Finally, in level four, patients have
adopted self-management behaviors and work on maintaining
them in stressful life situations [23,30].

Secondary Outcomes
Secondary outcomes of the study include the ability to obtain
information from HCPs, preferences for information and control
in medical decision making, health quality of life, and diabetes
self-care behaviors.

The ability of participants to obtain health information from
HCPs was assessed by the Ask, Understand, Remember

Assessment (AURA) [54]. The AURA is a 4-item interval level
scale with four response options, ranging from 1 = disagree a
lot to 4 = agree a lot. It is strongly correlated with chronic
disease self-efficacy (r = .31) and moderately correlated with
disease knowledge (r = .11). It also has good internal
consistency reliability, with Cronbach’s alpha = .75.

Participants’preferences for information and control in medical
decision making were assessed by the Krantz Health Opinion
Survey (Krantz) [55] and the Preference Control Scale (PCS)
[56]. The Krantz [55] is a 16-item dichotomous (agree/disagree)
multidimensional scale containing two subscales: Information
and Behavioral Involvement. The Information subscale measures
the desire for health information and the Behavioral Involvement
subscale measures the desire to engage in health behaviors. The
Krantz is moderately correlated (r = .31) with an established
health locus of control scale, and test-retest reliability was .74
for the Information subscale, .71 for the Behavioral Involvement
subscale, and .59 for the overall scale. The PCS [56] is a 1-item
Likert-type interval level scale with five response options.
Choices range from “I prefer to make the decision about which
treatment I will receive” to “I prefer to leave all decisions
regarding treatment to my doctor.”

Participants’health quality of life was measured by the SF-12v2
Health Survey [58], a 12-item interval level, multidimensional
scale containing a Physical Component summary score and
Mental Component summary score. The SF-12v2 Health Survey
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has been validated against other physical and mental health
scales with Spearman correlation coefficients for each item ρ
= .32-.61. It also has high internal consistency reliability (Mosier
alpha = .78-.88) and moderate-high test-retest reliability
(Physical Component ICC = .78, Mental Component ICC =
.60).

Finally, participants’ diabetes-specific health behaviors were
assessed using the Diabetes Self-Management Questionnaire
(DSMQ) [57]. The DSMQ is a 16-item interval level scale with
four response options that range from 0 = does not apply to me
to 3 = applies to me very much. It includes a Summary Scale
as well as four subscales: Glucose Management, Dietary
Control, Physical Activity, and Health-Care Use. The DSMQ
was validated against a longer diabetes self-care scale and has
been shown to significantly correlate with HbA1c. It also has
good internal consistency reliability, with Cronbach’s alpha =
.60-.84.

Exploratory Outcome
HbA1c will serve as an exploratory outcome for the study. HbA1c

is exploratory for this study because participants did not undergo
HbA1c testing at specific times during the study period. Rather,
participants will continue to have HbA1c levels monitored as
part of their routine care and the HbA1c closest to enrollment
(T0) and each follow-up time point (T1, T3, and T4) will be
collected from the electronic medical record (EMR) and used
for data analysis. Therefore, it is possible that a significant
number of follow-up HbA1c values may be missing or not
collected at the time of follow-up and those that are will not
correlate precisely to the same time period as the questionnaires.

Potential Confounding Variables
Previous studies have shown that there are numerous
confounding variables that affect patients’ ability to participate
in SDM [15,17,18,59]. In order to account for these variables,
demographic information was collected at enrollment (T0).
Demographics included age, sex, race/ethnicity, educational
attainment, and income level. Clinical characteristics included
the number of years diagnosed with diabetes and current diabetes
treatment (eg, lifestyle modifications, oral medications, insulin,
or both oral medication and insulin).

In the study population, health literacy is also expected to be a
significant confounding variable. Health literacy was measured
at enrollment (T0) using the Newest Vital Sign (NVS) [51-53].
The NVS is a food label accompanied by 6 questions that are
scored dichotomously (correct/incorrect). It has been validated
against a longer health literacy questionnaire with an area under
the receiver operating characteristic curve of .88. A score of
less than 2 has a sensitivity of 72% and a specificity of 87% for
predicting low health literacy, while a score of less than 4 has
a sensitivity and specificity of 100% and 64%, respectively.
The NVS also has good internal consistency reliability, with
Cronbach’s alpha = .76.

Acceptability and Feasibility of the Intervention
Acceptability and feasibility were judged based on (1)
willingness of potential research subjects to enroll in the study,

(2) responses to the activities during the PEP sessions, and (3)
ability to engage in the role-playing scenarios in PEP session
2. After completion of the PEP intervention, all participants
were invited to attend a focus group to discuss their experiences
with and reactions to the PEP intervention, which were then
audiotaped and transcribed. The transcribed text will be parsed
into segments that represent a perspective or theme and each
segment will then be independently coded by three readers.
Through an iterative process among the coders, a single
parsimonious coding scheme will be derived and then applied
to all transcripts by the same three coders toward providing a
thematic analysis of the data.

Intervention: Patient Empowerment Program
Our PEP is a two-session course led by a clinical health
psychologist (LA) and assisted by research staff (JP, SK, and
CS). Each session is 2 hours in length and the two sessions are
held approximately 1 week apart. The PEP intervention is
designed to be a group experience, with 2-6 participants
attending each session. Ideally, the same participants who
attended session 1 will return for session 2, but because of the
limited availability of both research staff as well as participants,
it is expected that this may not always be the case.

PEP Intervention Development
The PEP intervention curriculum (see Table 2) and materials
for each PEP session were developed with input from patients
as well as HCPs across all levels of training. Input was obtained
via focus groups, all led by a clinical health psychologist (LA).
Six focus groups for patients with T2DM (n=26) were held
across all three study sites. In these groups, patients discussed
their experiences with HCPs, difficulties managing diabetes,
and opinions about participating in the PEP. This information
was used to create content for video clips of patient-HCP
interactions and cases for role-playing scenarios with SHPs.
Overwhelmingly, patients reported that they thought it would
be beneficial to participate in a program like PEP [60].

Focus groups were also held with internal medicine attending
physicians (n=11), primary care residents (n=16), and medical
students with at least 1 year experience on clinical rotations
(n=11). In these groups, HCPs discussed their experiences with
patients and expectations for patient engagement/activation.
Overwhelmingly, HCPs reported preferring patients who were
more informed about their medical conditions, who raised
questions or concerns during the office visits, and who
performed self-management behaviors in between appointments
to those who were less activated [61].

After these focus groups were completed and intervention
materials were created, 6 patients from the focus groups were
invited to complete a beta test of the PEP intervention. During
the beta test, they provided feedback about timing of the
sessions, realism of the video clips, and feasibility of asking
patients to complete a 10-minute role-play scenario with SHPs.
Their feedback was used to revise all materials before
recruitment for the PEP intervention began.
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Table 2. Patient Empowerment Program intervention curriculum.

Session 2Session 1

Part 2Part 1Part 2Part 1Session Ele-
ment

1 hour1 hour1 hour1 hourTime

Plan to apply model
to own health care

Practice case with SHPsaUse checklist to rate video interac-
tions

Learn disease-specific case &

HCPa checklist

Task

Increase patient activa-
tion

Experience models of physician-patient
interactions

Shift social dynamic by empowering
patient

Understand range of provider be-
haviors

Learn to accurately describe
provider behavior

Set standards for high-quality HCP
and activated patient behaviors

Goal

Reflect on lessons
learned

Set individualized
goals for own health
care and interaction
with HCP

Learn to be an active partner in health
care encounters

Give constructive feedback to providers

Learn to recognize elements of
good/poor shared decision making
and communication

Practice describing HCP and pa-
tient behavior

Learn standards for HCP behav-
iors: listen, ask questions, develop
shared goals

Learn standards for patient behav-
iors: share information, make
choices, negotiate with provider

Target

Behavioral intentionsBehavioral rehearsal

Experiential learning

Vicarious learning of interpersonal
skills in exam room

Develop cognitive framework for
health care interactions

Theory

a HCP: health care provider; SHP: standardized healthcare provider

Intervention Standardization and Fidelity
In order to standardize the intervention, a curriculum and
detailed manual were created. A group of 7 actors with previous
SP experience were trained to play SHPs at the beginning of
the study and reoriented to each case by an SP trainer before
each intervention session. Throughout the intervention sessions,
participants were asked to rate each activity to determine if the
learning goals were being achieved, using a simple visual Likert
scale with responses ranging from 0 = not at all to 3 = very
much. All PEP intervention sessions were also audiotaped so
that they could be transcribed to evaluate consistency across
each run of the intervention.

Patient Empowerment Program Session 1
In the beginning of PEP session 1, participants discussed their
experiences with HCPs and beliefs about the role of the patient
and HCP in the medical encounter. Two posters were used to
frame this discussion (see Figure 2), which describe specific
behaviors of an effective patient-HCP team (ie, Team Works
Well) and one that is not effective (ie, Team Needs Work). This
framework was used to anchor discussions of the video clips
and role-playing scenarios throughout the remainder of the PEP
intervention.

Participants then watched three pairs of video clips of
patient-HCP interactions. These video clips were created using

actors who were experienced SPs and to represent a range of
sex, race, and ethnicity for both the patient and HCP. Each pair
of video clips represented a different aspect of a conversation
between a patient and HCP, including (1) HCP taking the
patient's medical history, (2) HCP providing information, and
(3) decision making about the treatment plan. All visits were
designed as follow-up visits, implying an ongoing relationship
between patient and HCP within the interactions.

The first video in each pair represented a negative example of
communication. In these videos, the patients were passive and
did not voice their perspective or engage actively with the HCP.
The HCPs, while trying to be helpful and sympathetic, were
rushed, followed their own agendas, and acted with some sense
that they knew the best approach. After the video clip,
participants rated both the patient’s and HCP’s communication
based on behaviors listed on the Team Works Well poster and
discussed what each party could have done to improve the
communication and the quality of the visit.

The second video in each pair was example of positive
communication in the same situation. The patients in these
videos were more activated and engaged with their HCPs, while
the HCPs demonstrated a patient-centered approach. Similar to
the first video, afterwards participants rated the patient and HCP
and then had a brief discussion about what was different or
improved.
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F i g u r e  2 .  F r a m e w o r k  f o r
patientÃƒÆ’Ã†â€™Ãƒâ€šÃ‚Â¢ÃƒÆ’Ã‚Â¢ÃƒÂ¢Ã¢â€šÂ¬Ã…Â¡Ãƒâ€šÃ‚Â¬ÃƒÆ’Ã‚Â¢ÃƒÂ¢Ã¢â‚¬Å¡Ã‚Â¬Ãƒâ€¦Ã¢â‚¬Å“health care provider
interactions.

Patient Empowerment Program Session 2
PEP session 2 gave participants the opportunity to practice the
communication skills that were discussed in session 1.
Participants were first split into pairs to complete a brief
role-play scenario with SHPs. While one participant was
role-playing, the other observed and rated both the participant
and the SHP in real time. The observing participant then led a
debriefing of the scenario in order to practice giving feedback.
After the debriefing, the participants switched places and the
second participant completed a different role-play scenario.

In the second part of PEP session 2, participants applied what
they learned to an individualized 10-minute role-play scenario
with a SHP, created specifically for each participant based on
self-reported difficulties with diabetes. Common topics for this
scenario included struggles with adhering to a healthy diet,
difficulties performing frequent finger sticks to monitor blood
glucose, and overall frustration when trying to control blood
sugar numbers. Research personnel observed these role-plays
and led a debriefing afterward. PEP session 2 concluded with
a group discussion about lessons learned from the role-plays
and each participant worked with a member of the research staff
to create an individualized action plan for both diabetes self-care
and future medical encounters. All ideas for the action plan
were participant generated, but research staff provided feedback
on the feasibility of their goals and brought up potential barriers
to those goals when participants were unable to identify any on
their own.

Post-PEP Focus Group
Approximately 1 week after the completion of PEP session 2
all participants were invited to attend a focus group. The goals
of focus group were to (1) collect the first set of follow-up
questionnaires, (2) gather qualitative data on intervention, and
(3) get feedback on each element of the PEP curriculum.

Follow-Up
After completion of the PEP intervention, participants will be
followed up for 6 months and will complete repeat assessments
at 1 week (T2), 3 months (T3), and 6 months (T4) after the PEP

intervention (see Table 1). The T2 assessment will take place
either at the beginning of the focus group, to avoid any bias
introduced by discussing the PEP intervention again, or by
telephone for any participants who do not come to the focus
group. The T3 and T4 follow-ups will occur by telephone and
any concurrent HbA1c available at these times will be collected
from the EMR.

Sample Size
Prior studies have pilot-tested interventions to increase patient
activation and found that PAM scores increased by a range of
4-8 points [30,31]. This difference was statistically significant,
is thought to be clinically significant, and translates to a
moderate effect size, Cohen’s d=0.48. Given the
repeated-measures design of the study, setting alpha = .05 and
beta = .2, and using the effect size calculated from the literature,
the required sample size will be n=36 patients. It is our goal to
have 40 participants complete the PEP intervention.

In anticipation of significant participant dropout over the course
of the study, we aimed to enroll 40 patients from Bellevue
Hospital Center, 20 from Gouverneur Health, and 20 from
Woodhull Medical Center. From these patients, it was our goal
that 20 from Bellevue Hospital Center and 10 each from
Gouverneur Health and Woodhull Medical Center would
complete the PEP intervention. Because of these concerns about
dropout, all participants who were randomized to the immediate
intervention group but unable to attend the PEP intervention at
that time were contacted for the T1 assessment with the deferred
intervention group and invited back to attend the PEP
intervention as part of that group (see Figure 1).

Data Analysis
First, descriptive statistics including mean, standard deviation,
range, skewness, and kurtosis for all continuous variables as
well as frequencies for all categorical variables will be calculated
at each time point (T0-T4). Because of concerns about the
relatively small sample size and low literacy/health literacy, the
normality of all continuous variables will be assessed both
graphically with histograms as well as statistically using the
Shapiro-Wilk and Kolmogorov-Smirnov tests, and
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transformations will be made if necessary. Then we will assess
for any baseline (T0) differences between two separate groups:
(1) the randomly determined immediate intervention and
deferred intervention groups and (2) all participants who
attended the PEP intervention and those who did not. Both of
these analyses will be conducted using chi-square test for
categorical variables and either independent samples t test or
Wilcoxon rank sum test for continuous variables.

Next, analyses will be conducted within each intervention group
to evaluate for any effect of the PEP intervention on the primary,
secondary, and exploratory outcomes using chi-square test for
categorical variables (eg, PAM level, PCS) and either
repeated-measures t test or Wilcoxon signed rank test for
continuous variables (eg, PAM score, AURA, Krantz, SF-12v2
Health Survey, DSMQ, and HbA1c). Initial assessment (T0) will
be compared with each of the post-PEP assessments (T2-T4)
for each variable. For the deferred intervention group, initial
assessment (T0) will be compared with the assessment at the
end of the waiting period (T1), which will then be compared
with each post-PEP assessment (T2-T4).

After analyzing each group individually, the groups will be
combined in order to have a larger sample size for pre- and
post-PEP comparisons. Pre-PEP intervention data for these
analyses will consist of data from enrollment (T0) for
participants in the immediate intervention group and data
collected at the end of the waiting period (T1) for participants
in the deferred intervention group. Repeated-measures analyses
will be conducted on the primary, secondary, and exploratory
outcomes as described above and pre-PEP data (either T0 or
T1) will be compared with each post-PEP assessment (T2-T3).

Finally, multivariate analyses will be conducted using a series
of generalized mixed-effects models to determine what effect
patient characteristics, group membership, and time have on
each continuous outcome measure. In each model, the dependent
variable will be the outcome measure (eg, PAM, AURA, Krantz,
SF-12v2 Health Survey, DSMQ, and HbA1c). Independent
variables will include participant characteristics such as age,
sex, race/ethnicity, education level, annual income, number of
years with T2DM, and health literacy as measured by the NVS.
Other independent variables will include group (immediate vs
deferred intervention) and time (T0-T4).

Results

Recruitment for this study began in November 2014. As of June
2015, we met our enrollment goal of 80 patients. However,
because of differences in site policies, the distribution of
enrolled participants does not match our initial goals. By site,
we have enrolled 40 participants from Bellevue Hospital Center,
31 from Gouverneur Health, and 9 from Woodhull Medical
Center. As Woodhull Medical Center is located in a different
part of New York City and serves a slightly different patient

population, we plan to return to that site within the next few
months to recruit an additional 11 patients.

Out of these 80 participants enrolled, the 71 from Bellevue
Hospital Center and Gouverneur Health have been invited to
attend the PEP intervention. Because of staff turnover and
site-specific policies, we have as of yet been unable to hold any
PEP intervention sessions at Woodhull Medical Center. Of the
71 participants invited to attend the PEP intervention, 45 have
attended PEP session 1, 36 have attended the full PEP
intervention, and 33 have returned for the post-PEP focus group.
Of the 11 participants switched from the immediate intervention
group to the deferred intervention group, 6 completed the T1
assessment and 3 attended at least one session of the PEP
intervention. Coding and thematic analysis of the focus group
discussions is not completed, but participants have reported that
the PEP intervention was not only acceptable but a valuable
experience that made them feel more empowered in their own
health care. Several participants have even reported seeing their
HCPs after completing the PEP intervention and changing their
behaviors in the visit, which resulted in improvement in the
quality of their visit.

Follow-up data collection is still underway and all patients who
attended at least PEP session 1 will be called for all follow-up
data points. Follow-up data collection is scheduled to conclude
in April 2016 and the results of our data analysis are expected
to be available by June 2016.

Discussion

Although there have been significant shifts in the power
hierarchy between HCPs and patients, there continues to be an
asymmetry that makes it difficult for patients to engage in true
SDM as envisioned by the PCMH model. Little is understood
about how to best activate patients to make the most of their
visits with HCPs. With input from both patients and HCPs, we
have developed an innovative PEP that seeks to prepare patients
with T2DM to be better partners in their care and collaborate
effectively with HCPs. We focused on improving patients’
communication skills in the context of the medical encounter
by discussing behavioral descriptors for activated patients and
then using performance-based training, adapted from SP
methodology, to develop these skills.

Study enrollment and implementation of the PEP intervention
have been shown to be feasible across multiple hospital sites
and acceptable to patients. Participants were able to engage in
the skills development tasks and to self-reflect on their
experiences with HCPs. Initial qualitative responses from
participants were positive and collection of quantitative
post-PEP data will conclude over the next few months, which
will allow us to assess the effect of this intervention on patient
activation and self-reported measures of diabetes care.
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Multimedia Appendix 1
CONSORT-EHEALTH checklist V1.6.2 [62].

[PDF File (Adobe PDF File), 182KB - resprot_v5i2e68_app1.pdf ]
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Abstract

Background: Returning to and staying at work following illness is associated with better physical and psychological functioning.
Not working has been shown to be associated with reduced self-esteem, lowered self-efficacy, and decreased belief in one's ability
to return to the workplace. Although there is a growing body of research looking at what predicts return to work following cancer
treatment, there are fewer studies examining interventions targeting return to work.

Objective: The primary objective is to assess the feasibility and acceptability of a theoretically led workbook intervention
designed to support cancer patients in returning to work to inform a fully powered randomized controlled trial (RCT).

Methods: This is a multicenter feasibility RCT where the main analysis uses a qualitative approach. Sixty participants (aged
18-65 years) who have received a diagnosis of cancer and who intend to return to work will be randomized to either the WorkPlan
intervention group or a usual care group (ratio 1:1). Participants in the intervention group will receive a guided workbook
intervention (which contains activities aimed at eliciting thoughts and beliefs, identifying targets and actions, and concrete steps
to achieve goals) and will receive telephone support over a 4-week period. The primary outcome measure is time taken to return
to work (in days), and secondary outcome measures include mood, quality of life, illness perceptions, and job satisfaction. Data
will be collected through postal questionnaires administered immediately postintervention and at 6- and 12-month follow-ups.
In addition, interviews will be undertaken immediately postintervention (to explore acceptability of the intervention and materials)
and at 12-month follow-up (to explore perceptions of participation in the trial and experiences of returning to work).

Results: Enrollment for the study will be completed in May 2016. Data analysis will commence in April 2017, and the first
results are expected to be submitted for publication in late 2017.

Conclusions: Currently no standardized return-to-work intervention based on targeting cancer patient beliefs is in existence. If
the intervention is shown to be feasible and acceptable, the results of this study will inform a future full RCT with the potential
to provide a valuable and cost-efficient tool in supporting cancer survivors in the return-to-work process.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): ISRCTN56342476;
http://www.isrctn.com/ISRCTN56342476 (Archived by WebCite at http://www.webcitation.org/6gblhEPXd).
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Introduction

Overview
Returning to and staying in work following illness is associated
with better physical and psychological functioning. Not working
has been shown to be associated with reduced self-esteem,
lowered self-efficacy, and decreased belief in one's ability to
return to the workplace [1]. Employment is important not only
for individual and societal economic reasons [2] but because
being out of work is thought to cause, contribute to, and
aggravate adverse health outcomes [3,4]. Furthermore, work is
an important component of quality of life [5]. The relationship
between unemployment and negative health outcomes is thought
to be mediated by factors such as socioeconomic status, financial
anxiety, and a stress pathway involving physical changes
including hypertension and lowered immunity [6,7]. Although
there is a growing body of research looking at what predicts
return to work (most commonly defined as returning to work
quicker and improved self-reported ability to undertake one's
role, or workability) following cancer treatment, there are fewer
studies examining interventions targeting return to work.

Over 100,000 people of working age receive a diagnosis of
cancer each year in the United Kingdom [8]. Earlier diagnosis
and improvements in treatment survival rates have led to an
increase in the number of cancer survivors. UK policy reviews
have highlighted a need for more research into the challenges
of living with cancer [9,10]. For many cancer survivors returning
to work is a realistic outcome. Many patients do well following
treatment; however, some experience ongoing negative
outcomes from the disease or treatment (including pain, fatigue,
and low mood) that may impact everyday functioning, including
work [11]. Over a quarter of cancer survivors report high
symptom burden one year post-diagnosis, even after treatment
termination [12]. In addition, many cancer survivors still
undergo some form of treatment/monitoring for substantial
periods of time following termination of active treatment. Return
to work rates of between 23% and 75% have been reported [13],
and cancer patients are 1.4 times more likely to be unemployed
than healthy individuals [4]. Furthermore, return-to-work rates
have been shown to vary across cancer types [14], and longer
return to work times have been reported among patients
undergoing certain treatments (surgery/chemotherapy) [15],
experiencing fatigue [16], or reporting a nonsupportive work
environment [17]. Although some cancer types have a high
return-to-work rate, we know that across cancer types we see a
significant proportion of patients return to work too early or in
an inappropriate manner, which results in them taking additional
sick leave or leaving the workplace [16]. In addition, a large
proportion of cancer patients report modifications in working
hours, wages, and work patterns as well as reporting perceived
reductions in workability [13]. Cancer survivors have been
shown to have similar work-disability levels to those reported
in other chronic conditions (eg, stroke, diabetes, heart disease,
arthritis) but significantly higher work-disability levels when
compared with age-matched adults with no reported chronic

condition [18]. This supports the finding that cancer survivors
often report difficulties in achieving productivity levels similar
to healthy counterparts [19].

Predictors of longer time to return to work include a range of
disease and treatment, work-related and psychological factors
[20]. The relative role of each of these factors is difficult to
determine because few studies directly compare these factors
or they focus on either a single cancer type or a mixed-cancer
sample. However, a recent study [14] examined these factors
across four distinct cancer types and identified that, in addition
to optimal symptom management and appropriate workplace
adaptations, specific cancer (ie, beliefs about the consequences
of cancer) and treatment-related (ie, beliefs about controlling
the effects of cancer at work) perceptions predicted return to
work.

Cancer patients have reported apprehensions about returning to
work related to concerns about ongoing treatments and their
level of physical fitness [21]. In addition, depressive symptoms
are associated with reduced return-to-work rates, and partial or
full resumption of work may help alleviate depressive symptoms
by challenging dysfunctional beliefs [22]. Research from
noncancer disease groups also supports the importance of
psychological factors in the return to work process. Among
patients diagnosed with coronary heart disease, depression has
been shown to impact functional recovery and predict failure
or delay in returning to work [23,24]. Perceptions of illness
[25,26,27] and work-related disability (independent of physician
report of disability) [28] are also predictive of reemployment
and occupational functioning.

In the field of cancer, a number of intervention and trial
protocols have been published. Such interventions include a
12-week occupational physician-led intervention focused on
increasing physical activity in cancer survivors to support return
to work [29]; a case management approach focusing on
signposting/referring patients to services (eg, physiotherapy
and occupational or psychological therapy) that may support
return to work [30]; and a tool that cancer survivors use to guide
discussions about working [31]. Although this tool was initially
well received, it focused on guiding questions during interactions
with employers and healthcare professionals and not on beliefs
and barriers that impact workability and work behavior. A recent
Cochrane systematic review identified the need for more
high-quality randomized controlled trials (RCTs) to enhance
return to work among cancer patients [32]. Last, a recent
metasynthesis of qualitative research studies highlighted the
need for vocational interventions with cancer patients to be
person-centred and for such interventions to acknowledge the
role of social, clinical, and work-related factors [33].

Current Study
Feasibility studies are conducted before a main study and are
used to estimate key parameters to support the design of a full
RCT [34]. This feasibility randomized controlled study will
trial and evaluate the WorkPlan guided workbook intervention,
a theoretically led intervention aimed at targeting known
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psychological factors to improve work-related outcomes among
cancer survivors. The primary objective of the study is to trial
the workbook intervention and data collection materials to
ensure that the materials are acceptable to participants and that
participants are able to provide full answers. This objective will
be met through five aims.

In aim 1, data collection materials will be trialed to ensure that
the materials are acceptable to participants. We will identify
whether the materials are acceptable to participants and whether
participants understand and are able to complete the required
tasks.

In aim 2, the recruitment process and feasibility of recruiting
participants into the study will be tested. We will observe
whether we are able to meet the required monthly recruitment
targets, identify which methods of recruitment are most
successful in attracting participants into the study, and determine
if changes could be made to future studies to improve
recruitment.

In aim 3, we will test the acceptability of the randomization
process among participants. As part of the final interview
process we will discuss the randomization process with
participants to determine the level of understanding and
satisfaction with the information provided.

In aim 4, we will determine retention in control and intervention
groups to the 12-month follow-up. Where possible we will
determine reasons for attrition in both arms.

In aim 5, we will conduct the groundwork necessary to obtain
data that will be required in the definitive trial to enable a full
cost-effectiveness analysis. Measures to be used in a full trial
will be administered for acceptability.

The study is registered with the UK Clinical Research Network
(UKCRN ID: 19013) and the International Standard Randomized
Controlled Trial Number registry [ISRCTN: 56342476]. The
protocol version is 4.1, date 11.11.2015. The recruitment status
is open (participants are currently being recruited and enrolled
into the study).

Methods

Eligibility Criteria
Inclusion criteria: patients who have received a diagnosis of
breast, gynecological, urological, or bowel cancer that has not
been classified as metastatic disease or recurrence; are at least
2 weeks posttreatment initiation; are aged 18 to 65 years; were
working at the time of diagnosis; and are not currently working
but intend to return to work.

Participants will be recruited to the study from multiple UK
hospital sites. We aim to recruit 60 participants who will be
randomized into either the intervention or the usual care group.
There are currently no clear guidelines for estimating an
appropriate sample size for feasibility studies. This is not a
hypothesis testing study; the sample size is based on pragmatic
assumptions around feasible recruitment figures and the number
of participants required to estimate the key parameters around
the feasibility of a full RCT.

WorkPlan Intervention
The WorkPlan package is theoretically led and based around
the self-regulation model [35] and goal setting theory [36],
which have been applied previously in return-to-work
interventions. WorkPlan was developed around an intervention
mapping methodology used for designing and implementing
complex interventions or programs (interventions that comprise
a number of separate elements essential to the functioning of
the intervention as a whole). WorkPlan is delivered as a 4-week
guided workbook intervention consisting of structured sections
and activities to provide guidance and support to patients. The
workbook is broken down into 4 chapters that participants are
encouraged to work through in turn during each week of the
intervention period. The workbook comprises activities aimed
at eliciting thoughts/beliefs, identifying targets/actions, and
adopting concrete steps to achieve goals. Participants incorporate
all elements from the workbook into a personal “return-to-work”
plan which they are encouraged to create in the fourth and final
week. A resources section is included to signpost participants
toward relevant avenues of further support. Multiple copies of
the return-to-work planning page will be available to encourage
changes to be made when necessary, and these plans can be
used as a tool when meeting with employers to aid discussion
around returning to work. An intervention manual has also been
developed to be used by the researchers during the delivery of
the intervention.

Intervention Group
Patients in the intervention group will be guided through the
initial exercises and given a detailed overview of the workbook.
They will be encouraged to discuss the workbook with their
partner, family, or friends. Telephone support calls will be made
by the researchers at 2 and 4 weeks during the intervention
period to discuss progress. The workbook is used during the
introductory session, at home during the intervention period,
and as a reminder during the return to work process.

Usual Care Group
Participants will receive usual care which focuses on clinical
care and optimal symptom management and will be offered the
workbook at the end of the study. In order to prevent participants
from undertaking activities in the workbook, the following
precautions have been included in the design: (1) the information
sheets and prerandomization discussion do not include the
content or focus of the intervention and (2) the workbook will
not be made available until the participant’s 12-month follow-up.

Participants in either group may access other information and
support relating to work posttreatment but will be asked to
record any resources or information they receive or access
during the trial.

Procedure
Participants will be recruited when they are at least 2 weeks
posttreatment initiation (Figure 1). Patients will be identified
through breast, gynecological, colorectal, or urological cancer
clinics; through multidisciplinary team meetings; and by placing
posters in clinics, chemotherapy suites, and computerized
tomography scan waiting areas. Clinicians will have leaflets
and information packs outlining the study and providing contact
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details available for patients. Study materials have been
translated into the five most commonly spoken languages among
people of working age in Birmingham (2011 Census): Bengali,
Chinese (standard), Polish, Punjabi, and Urdu. Interpreters will
be provided if required.

Potential participants will be provided with contact details and
asked to contact one of the researchers by telephone or email.
Details for the project website will also be displayed on the
leaflets and posters, where potential participants can access
further information about the study. Patients who express interest
in the study will be provided with an information sheet and

eligibility screening questionnaire. Eligible participants will be
sent an invitation to be interviewed at the hospital or over the
telephone; a researcher will outline the study and randomization
process, explain the patient information sheet, and obtain written
consent (if explained via telephone, researchers will obtain
verbal consent after explaining the study and will ask
participants to return a written consent form by postal mail). If
participants provide additional consent, the researchers will
inform their general practitioner about participation in the study.
Participants will receive £20 when they complete the assessment
interview to cover time and travel expenses.

Figure 1. Study flowchart showing allocation to groups.
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Allocation and Stratification
The researchers will randomize participants into one of the two
arms using a central online and text system, Sealed Envelope
(Sealed Envelope Ltd), at a ratio of 1:1 between the intervention
group and usual care group. During the randomization process,
participants will be stratified by age (18-50 or 51-65 years) and
cancer type (breast, bowel, gynecological, or urological).
Patients with different cancer diagnoses may have specific
impairments or side effects due to the location of the cancer or
the treatments received. Hence, stratifying for cancer type
balances out any effects that might be due to this variable.
Treatments undertaken during the follow-up period will be
monitored in both arms of the trial. Participants are informed
about their group allocation (guided intervention or usual care),
and participants allocated to the usual care group will be
informed that they will be offered the workbook after the
12-month follow-up.

Blinding
The researchers will be aware of group allocation at
randomization and during follow-up in order to provide
telephone support to participants in the intervention group.
However, the principal investigator will be blind to participant
group allocation to reduce bias when analyzing data.

Data Collection

Study Outcomes
The main outcome measures of a full RCT will be used (eg,
number of days to return to work and satisfaction with the
return-to-work process). At each time point, participants will
be asked to recall the date of return to work (paid or unpaid
employment, different job, reduced hours/salary, full-time or
part-time). Any changes in working status and duties will be
documented as will specific reasons for nonreturn to work (eg,
unavailability of job, ongoing medical concerns) to determine
whether to incorporate specific reasons for nonreturn as
measures in a full trial. Secondary outcome measures include
mood, satisfaction with return to work, and satisfaction with
the return-to-work process. Although not appropriate for a
feasibility trial, we would aim to undertake subgroup analysis
of the primary outcome measure by cancer type/site in a future
definitive RCT.

Data will be collected at 4 time points during the study: baseline,
4 weeks (postintervention), and 6- and 12-month follow-ups.
At each time point participants will complete the following
questionnaires:

• Illness Perceptions Questionnaire-Revised [37]
• Brief Illness Perception at Work Scale [38]
• Hospital Anxiety and Depression Scale [39]
• Work Ability Index [40]
• Satisfaction with return to work if returned to work (single

item)
• Satisfaction with Work Scale [41] (if returned to work)
• EQ-5D-5L (Quality of Life) [42]
• Visual Analogue Scale measure of Quality of Life (single

item) [43]

Questionnaire packs will be mailed to participants with a prepaid
self-addressed envelope. In addition, participants will be asked
to provide details of their use of services and information via
text message. A maximum of 4 text messages will be sent to
participants at the end of each month for the duration of the
study to gather information on their current work status and
healthcare utilization. Monthly intervals were chosen because
research shows that memory of general practitioner
appointments is around 4 weeks, so we could not rely on
accurate recall of healthcare utilization at 6-month follow-ups
[44,45]. The text-based service can also be used for reminders
to participants to complete and return questionnaire packs if
there is missing data.

Interviews
Twenty participants from the intervention group will be
interviewed postintervention and 12 months postrandomization,
and 20 participants from the usual care group will be interviewed
12 months postrandomization. Participants will be asked to
participate sequentially until the recruitment target is reached.
Interviews will be conducted over the telephone or face to face,
depending on the participant's preference. The postintervention
interview will focus on gaining perceptions of (1) how the
intervention was delivered; (2) aspects of the intervention
individuals found useful; and (3) compliance with the
intervention, how aspects of the intervention were used, and
recommendations for change. The 12-month interview will
explore (1) experiences of the randomization process, (2) general
perceptions of the trial, and (3) the personal return-to-work
process of each individual. Members of both groups will be
asked about their experiences and how this may have impacted
their return to work as well as any additional support received
regarding return to work.

Data Management
To maintain confidentiality, all participants will be given a
unique identifier that will be used on all hard copy and database
records. Patient names will not be used. Clinical and research
government guidelines will be followed for safe and confidential
storage of participant personal data (such as password-protected
data files), to which only the research team directly involved
in the study will have access. If a participant withdraws from
the study, identifiable data which has already been collected
with consent would be retained and used in the study, but no
further data would be collected from the participant.

Analysis Plan

Qualitative Analysis
Although this is a mixed-methods study, the main focus of the
analysis of the study will be qualitative. Interviews will be
recorded, transcribed verbatim, and analyzed using the
framework method [46] to identify emergent themes.

Quantitative Analysis
The purpose of this feasibility study is not hypothesis testing.
Furthermore, it is anticipated that the sample size will be
underpowered to undertake the full analysis that would be used
in a full trial (analysis of covariance adjusting for baseline
values). Baseline characteristics will be reported as mean and
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standard deviations or medians and interquartile ranges for
continuous data and as n (%) for categorical data. Differences
between the intervention and control groups for the primary
outcome measure will be examined. Secondary outcome
measures will be assessed using independent samples t tests
(significance level set at .05).

Economic Analysis
Although an economic evaluation is not suitable in the context
of a feasibility trial, we will undertake a descriptive economic
analysis focusing on the resource usage of the intervention
(intervention materials, time, follow-ups/support), self-reported
indirect costs including paid sick days/unemployment benefits,
and healthcare utilization. The EQ-5D-5L will be used to inform
the changes in quality of life over time, and these can contribute
to the calculation of quality-adjusted life years in a full economic
evaluation.

Data Monitoring
This is a feasibility trial, so a data monitoring committee will
not be convened. However, the project steering committee will
review safety and efficacy data throughout the trial. Personal
data will be accessed by the research team only and will be
stored for 12 months after the study has ended and then moved
to a secure archiving facility for 5 years.

Ethics
Ethical approval for this study has been obtained from West
Midlands–Solihull (National Research Ethics Service) Research
Ethics Committee (Reference: 15/WM/0166). The principal
investigator will communicate any amendments to protocol to
members of the research team, who will inform trial participants
by postal mail if relevant.

Harms
Because the trial focuses on a workbook-based intervention
aimed at promoting return to work, we do not envisage any
adverse events or a need to stop the trial prematurely. It is
unlikely that the intervention would cause distress, although
participants may experience distress while discussing their work
in the context of having experienced cancer. Procedures will be
in place for participants to access psychological support services
if required.

Dissemination Policy
Results from the study will be reported and disseminated through
publication in peer-reviewed scientific journals and presentations
at relevant conferences. A lay summary of the findings of the
study will be mailed or emailed to the participants if they express
interest.

Results

The project was funded in March 2015, and enrollment will be
completed in May 2016. Data analysis will commence in April
2017, and the first results are expected to be submitted for
publication in late 2017.

Discussion

Principle Considerations
There is currently no available standardized return-to-work
intervention focused on targeting cancer patient beliefs. Previous
research [47,48] has demonstrated that both cancer patients and
organizations report that such an intervention would be
invaluable to facilitate return to work and ensure work retention.
Undertaking a feasibility study is critical to inform the planning
of a larger, fully powered RCT to improve work-related
outcomes among cancer survivors. The results of the study will
be used to modify the trial materials and methodology if required
and determine likely recruitment and retention rates for a larger
trial. If appropriate, the results of the feasibility study will be
used to estimate a sample size calculation for a future
(appropriately powered) RCT of the intervention with a longer
follow-up period. If a fully powered RCT were to demonstrate
that the WorkPlan intervention is more effective in supporting
return to work than usual care, this would allow us to implement
a valuable, cost-efficient tool to support people who have
received a diagnosis of cancer in planning and achieving
supported return to work as well as greater satisfaction with
work and the return-to-work process.

Methodological Considerations
One strength of this study is that it uses a theoretically based
intervention. The study follows the best practice guidelines set
out by the Medical Research Council, the UK national funding
agency, in the development and evaluation of complex
interventions [49] and published recommendations for pilot
studies [50-53]. The intervention package was developed in
several stages. A review of the literature identified that few
studies focusing on return to work had targeted participant
beliefs and yet the role of beliefs in the performance of
numerous behaviors, including return to work, has previously
been documented [54,55]. A prospective questionnaire study
was developed and administered to identify which clinical,
work-related, and psychological variables influence the
return-to-work process among cancer patients. As part of this
study, qualitative interviews were undertaken to gain further
information about the patients’ vocational aspirations,
perceptions of the process of returning to work, and beliefs
regarding their ability to return to work. The study demonstrated
the role played by illness perceptions and beliefs about the
impact of illness on return to work as well as differences in
predictive factors across cancer types [14,56,57]. The results
of this research were used to map the intervention components
through an intervention mapping methodology used for
designing and implementing complex interventions or programs.
It has been used for over 20 years for systematically designing
multifaceted programs involving numerous interventions
directed at various individuals and environments [58]. This
methodology is suited to the development of a return-to-work
program because it is a complex intervention requiring a tailored
and multifaceted approach. Further strengths of the study:
chosen self-reported outcome measures relate directly to the
components addressed through the intervention, resources are
available to support a diverse sample within the study, and a
qualitative analysis approach will be used. Qualitative methods
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are increasingly applied in the developmental stages of RCTs
of complex interventions [58]. Qualitative methods are often
used to evaluate participants’ understanding and experience of
an intervention. Individual in-depth interviews allow exploration
of why some participants may respond more positively to the
intervention and what modifications may be required to suit
different groups of participants (eg, differences between cancer
types and occupation types, specific gender-based needs).

Conclusion
This feasibility study may be the first step in the development
of an intervention that provides long-term benefits and may

have some immediate benefits for the sample who participate.
The intervention will provide cancer survivors with the skills
and confidence to manage their return to work. The intervention
may improve long-term job retention among cancer survivors
with the potential to be adapted for other conditions.
Furthermore, the intervention may have long-term implications
for improving psychological outcomes among cancer survivors
through improvements in well-being, mood, and physical
functioning, all of which could impact the utilization of national
health services.
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is a leading cause of death across the world and will become
increasingly common with an aging population. Pulmonary rehabilitation (PR) is an evidence-based, nonpharmacological
intervention for individuals with COPD, targeting the secondary impairments of the disease. Although the benefits of participation
in PR are well established, improvements in exercise tolerance and health status typically deteriorate following discharge.
Challenges with long-term adherence to recommended exercise regimens are thought to explain much of this decline. Therefore,
we developed a community-based exercise maintenance program for patients with COPD following discharge from PR.

Objectives: This manuscript (1) outlines the intervention, (2) describes how its effectiveness is being evaluated in a pragmatic
randomized controlled trial, and (3) summarizes the embedded process evaluation aiming to understand key barriers and facilitators
for implementation in new environments.

Methods: Participating centers refer eligible individuals with COPD following discharge from their local PR program. Consenting
patients are assigned to a year-long community exercise program or usual care using block randomization and stratifying for
supplemental oxygen use. Patients in the intervention arm are asked to attend an exercise session at least twice per week at their
local community facility where their progress is supervised by a case manager. Each exercise session includes a component of
aerobic exercise, and activities designed to optimize balance, flexibility, and strength. All study participants will have access to
routine follow-up appointments with their respiratory physician, and additional health care providers as part of their usual care.
Assessments will be completed at baseline (post-PR), 6, and 12 months, and include measures of functional exercise capacity,
quality of life, self-efficacy, and health care usage. Intervention effectiveness will be assessed by comparing functional exercise
capacity between intervention and control groups. A mixed-methods process evaluation will be conducted to better understand
intervention implementation, guided by Normalization Process Theory and the Consolidated Framework for Implementation
Research.
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Results: Based on results from our pilot work, we anticipate a maintenance of exercise capacity and improved health-related
quality of life in the intervention group, compared with a decline in exercise capacity in the usual care group.

Discussion: Findings from this study will improve our understanding of the effectiveness of community-based exercise programs
for maintaining benefits following PR in patients with COPD and provide information on how best to implement them. If effective,
the intervention represents an opportunity to transition patients from institutionally-based rehabilitative management to
community-based care. The results of the process evaluation will contribute to the science of translating evidence-based programs
into regular practice.

(JMIR Res Protoc 2016;5(2):e63)   doi:10.2196/resprot.5435
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Introduction

Background
Chronic obstructive pulmonary disease (COPD) is a leading
cause of death across the world [1] and will become increasingly
common with an aging population. The prevalence of COPD
increases with age and is highest in individuals aged 65 years
and over [2], with a current prevalence of 20% in this age group
[3]. The natural course of COPD is that of progressive worsening
of airflow limitation, repeated exacerbations, respiratory failure,
and premature death. Among the major chronic illnesses in
Canada, COPD accounts for the highest rate of hospital
admissions [4]. Coupled with the knowledge that COPD is a
common and costly condition [5], long-term strategies to
improve health outcomes and prevent functional decline are
likely to result in a decrease in health resource usage [6].

It is well established that pulmonary rehabilitation (PR) for
those who suffer from COPD results in short-term improvements
in dyspnea, exercise capacity, and health-related quality of life
(HRQL). However, benefits achieved through PR tend to
diminish over time [7,8], often to the point that outcomes return
to preintervention levels within 12 months [9,10]. Nonadherence
to a maintenance home exercise program is a key factor
associated with the decline in outcomes [9,11], with a 50%
reduction in adherence only 9 months after completion of
intensive rehabilitation, according to patient self-report [11].
While patients are encouraged to adhere to their home exercise
program upon discharge, many have difficulty maintaining their
exercise routine after the transition from a hospital-based
rehabilitation setting to a community setting. The benefit of
rehabilitation is further diminished as patients who develop
acute exacerbations struggle to return to their previous level of
exercise without professional guidance [11].

Consequently, there is a growing interest in developing
innovative follow-up strategies to promote long-term exercise
maintenance. Supervised exercise programs delivered following
PR appeal to individuals with COPD [12] and are more effective
than usual care for preserving exercise capacity in the medium
term [13] Studies that have examined post-rehabilitation
maintenance programs in patients with COPD have not shown
consistent positive effect [14,15]. The optimal method for
preventing functional decline following PR remains unclear,
especially in individuals with moderate and severe COPD who
experience frequent exacerbations.

Data from a systematic review [13] suggests that maintenance
programs with higher exercise frequency and those that involved
health care support, particularly after exacerbations, provided
the greatest benefit. These findings complement patient-reported
barriers and facilitators from qualitative work, suggesting
program proximity and a scheduled, group-based format
supervised by an individual who could facilitate rapid access
to a health care professional were key features to promote
adherence to community-based programs [16]. The potential
benefits of community-based programs extend beyond the
exercise component to include opportunities for social
interaction among individuals who face similar challenges in
their day-to-day lives and potential follow-up for those who do
not adhere. An important advantage of this type of model is the
transfer of wellness maintenance away from a medical
environment to a fully integrated community setting.

In light of these findings, we developed a post-PR
community-based exercise maintenance program for patients
with COPD and completed a pilot at a single community site.
Results from our pilot study demonstrated the program was
feasible and well-tolerated by participants [12]. In contrast with
previous studies evaluating community-based programs post-PR,
our pilot work noted sustained significant improvements in
physical function and HRQL at both 6 months and 1 year
following PR [17]. With the success of the pilot program, a
randomized controlled trial is required to determine the
effectiveness of this maintenance strategy. The overall aim of
this study is to evaluate the effectiveness of a post-rehabilitation
community-based exercise maintenance program that uses
existing community resources to provide individuals with COPD
the opportunity to exercise in a community rather than an
institutional setting. This research has the potential to not only
prevent functional decline in those with COPD but also to
improve their HRQL. Specific objectives are below:

Objectives
1. To evaluate the effects of a 1-year community-based

maintenance exercise program on functional exercise
capacity in individuals with moderate to severe COPD who
have completed a course of PR.

2. To determine the effects after 1 year of this intervention on
secondary outcomes including HRQL, functional strength,
self-reported functional status, adherence to exercise and
self-efficacy.
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3. To conduct a process evaluation to understand how the
intervention was operationalized at each site and to identify
factors that facilitated or impeded the implementation
process.

Methods

Study Design
The proposed study design is a two-arm, multicenter randomized
controlled trial with blinding of both the outcome assessor and

data analyst. A detailed participant flow chart can be found in
Figure 1.

The protocol received ethics approval from the Joint
Bridgepoint/West Park/Toronto Central Community Care Access
Centre Research Ethics Board (REB); the Trillium Health
Partners REB; the Lakeridge Health REB; the University Health
Network REB; and the St. Joseph’s Care Group REB. The trial
is registered with ClinicalTrials [NLM Identifier:
NCT01942499].

Figure 1. Participant flow chart (6MWT, six-minute walk test; CRDQ, chronic respiratory disease questionnaire; CSES, COPD self-efficacy scale;
DASI, duke activity status index; HUI, health utility index; PR, pulmonary rehabilitation including all core components of exercise, education, self
management and psychological support, in keeping with international guidelines).

Setting
In the province of Ontario, many health care services are covered
under the Ontario Health Insurance Program (OHIP), a
government-run health plan that is publicly funded. OHIP covers
medically necessary services provided by physicians, including
basic and emergency services, specialist visits, and formal
rehabilitation (which includes PR). Community-based exercise
programs are not covered under OHIP, and can be found in both
municipal and private facilities.

Participants
Individuals with COPD will be considered eligible for the study
if they: (1) have moderate to severe COPD based on

international (GOLD) criteria [18], (2) are clinically stable as
determined by their respirologist, (3) have completed PR within
the previous 2 weeks, and (4) are able to provide their own
informed consent. Participants will be given written study
information for review and will completed a written consent
form prior to study enrollment. All participants will be under
the active care of a respirologist.

Individuals will be excluded if they have associated medical
conditions that significantly limit their ability to exercise.
Specifically, participants who report a history of significant
cardiovascular disease (ie, congestive cardiac failure, history
of cardiac arrest, acute myocardial infarction within the
preceding 3 months, symptomatic ischaemic cardiac disease,
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or uncontrolled systemic hypertension) or report severe
nonrespiratory symptoms during exercise will be excluded from
the study. Participants receiving mechanical ventilation and
those who are unable or unwilling to attend the
community-based exercise program or follow-up assessment
sessions will also be excluded.

Allocation
A computer-generated randomization schedule using variable
block size will be created. A member of the research team will
consecutively randomize participants using sealed, opaque
envelopes. Randomization will be stratified by the use of
supplemental oxygen to minimize the impact of this factor, as
it has been shown to influence the response to PR [19] and
improve the total distance achieved during the 6-minute walk
test (6MWT) by 12 to 59 m [20,21].

Intervention
The course of PR completed by both groups is in accordance
with international guidelines [8] and will consist of all core
components of rehabilitation including exercise, education,
self-management, and nutrition, as well as psychological
support. Thus, all participants will possess the tools and
knowledge necessary to manage their condition prior to
enrolment in the community maintenance program. Post-PR,
participants randomized to the intervention group will receive
the community-based maintenance exercise program for 12
months.

Control: Usual Care
Patients in both groups will receive usual care by their family
physician and respiratory specialist (ie, medical care or
prescriptions will not be standardized). Post-PR, they will
receive the standard home exercise instructions and regular
appointments with a physical therapist to review their program
and address any outstanding issues.

Intervention: Community-Based Exercise Program
The intervention group will receive the same usual care and
follow-up as the control group. In addition, they will be enrolled

in a community-based maintenance exercise program for 12
months. Participants will be asked to attend a minimum of two
sessions per week and are able to attend more frequently if they
so choose. Each session will be approximately 60 minutes in
duration. The exercise program will be delivered at one of seven
community centers affiliated with the study; location selection
will be based on the patient’s preference and proximity to their
home. Each participant will receive a full, 1-year membership
to the community center as part of the study.

Group-based classes led by a certified fitness instructor will be
offered at least twice per week, although participants will have
the option of attending the community center at an alternative
time if they are unable to attend the group class. Participants
who attend the center outside of class times will have access to
a certified fitness instructor for supervision. Fitness instructors
will be certified by the Canadian Society for Exercise
Physiology, the principal body for physical activity, health and
fitness research, and personal training in Canada. Educational
materials and training workshops regarding issues pertinent to
supervising patients with COPD during exercise, symptom
management, and guidelines for training progression will be
provided to fitness instructors prior to launching the study.

The content of each exercise program will be individualized
according to each participant’s specific needs. Each exercise
session will include a component of aerobic exercise such as
walking or cycling, upper-limb resistance exercise (eg, free
weights for bicep curls and triceps extensions), and activities
designed to optimize balance, flexibility and strength (eg,
functional exercises such as minisquats, stairs, basic stretches,
core strengthening) based on PR guidelines (see Table 1 for an
example). In addition to attending the twice weekly exercise
program, participants will be encouraged to continue with their
home exercise program consisting of aerobic exercise and
strengthening. As we expect an inherent degree of variability
in program delivery across sites, individual program details will
be evaluated and reported as part of the process evaluation in
order to capture variation across sites.

Table 1. Example of exercise program at community center.

Potential activitiesApproximate dura-
tion

Type

Gentle stretches for all major muscle groups (neck, shoulders, arms, hamstrings, quadriceps,
and calves); marching on the spot to increase heart rate.

10 minutesWarm up

Walking along a designated track with rests as needed, cycling and/or treadmill.20-30 minutesAerobic training

Free weights and ‘wall climbing’ for upper extremity; mini-squats, stairs, hip abduction and
hip extension while holding onto the back of a chair (therabands available to add resistance)
for lower extremity; basic balance exercises such as practicing tandem stance, standing on
one leg, walking on different surfaces (with mats and rails available for safety).

20-30 minutesFunctional exercises to promote
strength and balance

Gentle stretches for all major muscle groups (neck, shoulders, arms, hams, quads, and calves);
slow walking to decrease heart rate.

10 minutesCool down

The case manager, a member of the research team and a
clinically trained physiotherapist, will have training in
pulmonary rehabilitation and be familiar with the rehabilitation
programs offered at each site. The case manager will collaborate
with the patient’s PR physiotherapist and community center

fitness instructor to establish the initial frequency, intensity,
and training modalities for the community exercise program,
tailored to the individual’s capacity. During the 12-month
community-based program, the case manager will remain in
communication with participants and fitness staff via a study
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phone-line and email. Participants attending exercise classes
will be asked to contact the case manager by telephone after an
absence of more than 1 week, due to illness or other reasons,
so that support may be provided in managing exacerbations and
resuming regular exercise. If significant new health problems
arise, participants will be encouraged to return to their family
doctor or respiratory specialist for review. Preliminary results
from our pilot study demonstrated that the case manager was
only accessed on occasions where a patient required additional
support in managing exacerbations and where the medical safety
of the patient was unclear to the fitness instructor. Feedback
from focus groups with participants indicated that the presence
of a case manager was a valued component of the model [12].
The role of the case manager moves this model into an integrated
care strategy by providing patients and fitness staff with access
to a health care professional when needed.

Outcomes

Primary Outcome

Six-Minute Walk Test
The 6MWT is a valid, responsive, interpretable, self-paced test
that quantifies functional exercise capacity in terms of the
distance walked in 6 minutes (6-minute walk distance) in
patients with COPD [22]. The test will be performed over a
30-m level, straight course within an enclosed corridor, using
the protocol described by the American Thoracic Society [22].
Outcome assessors will receive standardized training and will
be blinded to group allocation. The measurement properties of
this test have been well established in the COPD population
[23]. A minimum important difference (MID) for the 6MWT
is 54 m [24].

Secondary Outcomes

Chronic Respiratory Disease Questionnaire
Health-related quality of life will be measured using the Chronic
Reparatory Disease Questionnaire (CRQ). The CRQ is a
disease-specific instrument evaluating four domains that are
considered important to individuals with chronic airflow
limitation [25,26]. Participants will be required to quantify
events and experiences that have taken place over the 2-week
period preceding administration of the questionnaire. It includes
20 questions in four domains: dyspnea, fatigue, emotional
function, and mastery. Answers are scored on a 7-point scale
ranging from 1 (maximum impairment) to 7 (no impairment).
The results are expressed as the mean score for each domain
and the mean overall score. The MID for the CRQ is a change
(improvement or deterioration) of 0.5 per item [27]. The CRQ
is valid, responsive and interpretable when used among patients
with COPD [25-27].

Duke Activity Status Index
The Duke Activity Status Index (DASI) is a 12-item
questionnaire that requires only simple yes/no responses and
takes less than 5 minutes to complete [28]. The questionnaire
includes activities representative of personal care, ambulation,
household tasks, sexual function, and recreational activities.
The DASI has high criterion validity for predicting functional

outcomes in patients with moderate to severe COPD [29] and
was responsive to change in our pilot study [17].

Lower Extremity Functional Strength
The repeated chair stand test (number of sit-to-stands the subject
can complete in a 30-second time-period) will be used as a
measure of functional lower body strength. Reliability and
validity of this measure has been previously evaluated in
community-dwelling older adults [30] and in people with COPD
[31] and it has been shown to be correlated to maximal voluntary
force from a seated leg press [30,31].

Self-Efficacy
Behavioural modification is embedded in the rehabilitation
process. Bandura describes the concept of self-efficacy as the
‘belief in one’s capabilities to organise and execute the course
of action required to produce given attainments’ [32]. A specific
self-efficacy scale has been designed and validated for COPD,
the COPD self-efficacy scale (CSES) [33], and was recently
shown to be responsive to the effects of PR [34]. It is a 34-item
questionnaire divided into five sections, one of which pertains
to exercise.

Exacerbations
Acute exacerbations will be defined based on symptoms
according to the criteria described by Anthonisen and colleagues
[35], which are increased dyspnea with changes in sputum
purulence or volume lasting at least 2 consecutive days. We
will use intervention-based criteria for classifying the
exacerbation as mild, moderate, or severe, depending on whether
they are managed at home with no additional health care contact
(mild), at home with unscheduled health care contact or the
initiation of oral corticosteroids or antibiotics (moderate), or in
the emergency room or hospital (severe) [35]. Patients will be
asked to self-report this information at each assessment.

Data Analysis
Descriptive summary statistics will be reported using means
and standard deviations, with median values as indicated for
nonparametric data. The primary analysis will use a generalized
linear model to examine the effect of treatment, time (follow-up
at 6 and 12 months), and the interaction between treatment
group and time. Values at baseline will be used as a covariate
in this analysis. Secondary analyses will include adjustment for
other baseline variables including age, sex, forced expiratory
volume1, and exacerbations. The generalized linear model

creates a working covariance matrix for the model parameters
that deals with missing data, including patients who do not
complete all follow-up measures. The model uses all data in
calculating a net effect of intervention versus control at 12
months and an estimate of precision (95% confidence interval)
at that final follow-up. This analytic strategy will be used for
all continuous variables that are primary or secondary measures
of outcome (ie, 6MWD, CRQ domains, CSES, DASI, chair
stand test). Data will be analyzed using the Statistical Package
for the Social Sciences, version 22.0, with significance set at
P<0.05.
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Sample Size Calculation
Sample size calculations are based on the primary outcome
measure, the 6MWT. We calculated sample size using a paired
samples t-test. As the repeated measures analysis of the variance
will be a more powerful analysis than a t-test, our sample size
is a conservative estimate. Furthermore, as we will use baseline
scores as a covariate in our planned analysis, we will be using
within participant variability as our error (and not within
participant variability), making our estimate even more
conservative. A sample size estimation based on the knowledge
of the differences in 6MWD that represent a clinically important
difference (54 m and standard deviation of 86 m [15]), type I
error of 0.05 and a power of 80%, revealed the need for a sample
size of 40 in each group for a total of 80 participants. From our
previous experience in this population, we estimate the rates of
noncompliance and loss to follow-up to be 15% to 20% (8-10
participants per group). Therefore, we will aim to recruit 100
participants.

Process Evaluation
The process evaluation was informed by the MRC Guidance
on Process Evaluations of complex interventions [36] and will
focus on the evaluation of fidelity and implementation context.
Intervention fidelity will be monitored throughout the study
through semiannual check-ins with community facilities.
Facilities will explicitly outline the operationalization of the
intervention at their respective facility, including frequency,
duration, supervision, attendance monitoring, and individual
program components. Implementation will be explored through
the integration of two frameworks: (1) Normalization Process
Theory (NPT) [37] will be used to understand how the
intervention was operationalized and (2) the Consolidated
Framework for Implementation Research (CFIR) [38] will be
used to evaluate contextual factors that influence the adoption,
implementation, and maintenance of the intervention.

NPT is an established framework for understanding how and
whether complex interventions become embedded in routine
practice (ie, normalized) [37].This approach is ideally suited to
this study as it entails numerous individuals, professionals, and
organizations that may impact the effectiveness of a
community-based exercise program. A quantitative
questionnaire [39] will be administered following completion
of the study. The questionnaire will evaluate the extent to which
individuals involved in delivering the intervention (ie, PR and
community center staff) make sense of the work of
implementing and integrating the intervention (coherence); how
they engage with it (cognitive participation); how they enact it
(collective action); and how they appraise its effects (reflexive
monitoring).

The CFIR will be used to develop a semistructured interview
guide; PR coordinators and staff involved in referring
participants, as well as managers, and fitness instructors from
each community site will be invited to participate. Interviews
will be conducted during the post-implementation phase and
will elicit information relating to the experience of implementing
and administering the intervention. Perspectives around program
sustainability in order to inform broader implementation, should
the program be effective, will also be explored.

For quantitative data (eg, survey results) descriptive analyses,
including frequencies, means, and percentages will be performed
using the Statistical Package for the Social Sciences version
22.0. Summary indices will be calculated for each NPT construct
in order to evaluate the degree to which the intervention has
become part of routine practice. Qualitative data collected during
interviews will be audio recorded and transcribed verbatim.
After reading the transcripts several times to become familiar
with the text, codes will be identified and subsequently
categorized into different themes [40]. Analysis will involve
mapping the themes to the CFIR Framework to identify points
of convergence (pattern matching) and divergence (examining
alternative explanations). Sampling will continue until saturation
is reached. Qualitative analysis will be performed using NVivo
software.

Results
The trial is currently recruiting participants and will continue
until the proposed sample size is reached. Approximately
one-half of the required participants are enrolled in the study
to date, indicating that data collection is likely to continue until
2018. Fidelity to the implementation process across all five
hospitals and seven community sites is being monitored
throughout the study. The rest of the process evaluation will
commence in 2016.

Discussion

Trial Implications
This study will determine the effectiveness of a
community-based maintenance exercise intervention for
preserving functional exercise capacity following PR in patients
with moderate to severe COPD. Upon completion, this study
will be the first multicenter, randomized controlled trial of
community-based maintenance programs following PR.
Furthermore, this is the first study of maintenance exercise in
COPD that includes a formal process evaluation, which will
identify context-specific factors related to program
implementation, thereby facilitating the uptake of the program
into new environments. The intervention is fairly simple to
implement, can be delivered in existing community settings,
and requires minimal health system support. Although several
studies have reported limited success with maintenance exercise
programs following PR [11,14,15,41], the intervention outlined
in this study is positioned for improved outcomes as we have
incorporated previously identified elements of successful
maintenance exercise programs and are building on an effective
model of maintenance from our pilot study [17]. Specifically,
our delivery model includes a higher exercise frequency [13],
supervised exercise [12,16], program proximity [12,16], and
health care professional support [12,13,16].

If participation in a community-based maintenance exercise
program results in improved maintenance of functional exercise
capacity compared with standard care, this approach will
represent an innovative (and relatively inexpensive) strategy to
optimize the maintenance of gains made during PR. Our project
is particularly relevant for guiding both clinical and policy-based
decision-making, given the large population of adults with
moderate and severe COPD who cannot be served on an ongoing
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basis by existing PR programs. Furthermore, a community-based
approach using case managers could offer a scalable approach
for maintaining well-being across multiple disease-conditions
post-rehabilitation.

Conclusions
In conclusion, this study will provide definitive evidence on the
effectiveness of a community-based maintenance exercise
program for patients with COPD. The intervention involved in

the current study was designed to address factors that contribute
to success previously identified in the literature within the
constraints of existing community resources to maximize
generalizability. The addition of a process evaluation is an added
strength that will offer insight into the factors that may impede
or facilitate the implementation of the program. Data from this
evaluation will provide information around the potential
application of the intervention across different health care and
community settings.
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Abstract

Background: Text message (short message service, SMS) reminders and incentives are two demand-side interventions that
have been shown to improve health care–seeking behaviors by targeting participant characteristics such as forgetfulness, lack of
knowledge, and transport costs. Applying these interventions to routine pediatric immunizations may improve vaccination coverage
and timeliness.

Objective: The Mobile Solutions for Immunization (M-SIMU) trial aims to determine if text message reminders, either with
or without mobile phone–based incentives, sent to infant’s parents can improve immunization coverage and timeliness of routine
pediatric vaccines in rural western Kenya.

Methods: This is a four-arm, cluster, randomized controlled trial. Villages are randomized to one of four study arms prior to
enrollment of participants. The study arms are: (1) no intervention (a general health-related text message will be texted to this
group at the time of enrollment), (2) text message reminders only, (3) text message reminders and a 75 Kenyan Shilling (KES)
incentive, or (4) text message reminders and a KES200 incentive. Participants assigned to study arms 2-4 will receive two text
message reminders; sent 3 days before and one day before the scheduled immunization visit at 6, 10, and 14 weeks for polio and
pentavalent (containing diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenza type b antigens) type b antigens)
vaccines, and at 9 months for measles vaccine. Participants in incentive arms will, in addition to text message reminders as above,
receive mobile phone–based incentives after each timely vaccination, where timely is defined as vaccination within 2 weeks of
the scheduled date for each of the four routine expanded program immunization (EPI) vaccination visits. Mother-infant pairs will
be followed to 12 months of age where the primary outcome, a fully immunized child, will be ascertained. A fully immunized
child is defined as a child receiving vaccines for bacille Calmette-Guerin, three doses of pentavalent and polio, and measles by
12 months of age. General estimating equation (GEE) models that account for clustering will be employed for primary outcome
analyses.
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Results: Enrollment was completed in October 2014. Twelve month follow-up visits to ascertain immunization status from the
maternal and child health booklet were completed in February 2016.

Conclusions: This is one of the first studies to examine the effect of text message reminders on immunization coverage and
timeliness in a lower income country and is the first study to assess the effect of mobile money-based incentives to improve
immunization coverage.

Trial Registration: Clinicaltrials.gov NCT01878435; https://clinicaltrials.gov/ct2/show/NCT01878435 (Archived by WebCite
at http://www.webcitation.org/6hQlwGYJR)

(JMIR Res Protoc 2016;5(2):e72)   doi:10.2196/resprot.5030

KEYWORDS

text message; reminders; SMS; M-PESA; Kenya; mobile; conditional cash transfer; CCT; incentive; measles; mHealth;
immunization; pentavalent

Introduction

The decade from 2010 to 2019 has been dubbed the “Decade
of Vaccines” with renewed focus on immunization by major
international groups like World Health Organization, United
Nations Children's Emergency Fund, the Global Alliance for
Vaccines, and the Bill and Melinda Gates Foundation [1-3]. A
key component in the Global Vaccine Action Plan is the
recognition that both demand- and supply-side deficiencies need
to be addressed in order to achieve universal immunization [4].
Ensuring more infants receive timely vaccination is a major
component in efforts to reduce child mortality by two-thirds
and achieve Millennium Development Goal 4 [5]. Every year,
immunization programs are estimated to save over 2.5 million
lives globally [6], with the majority of deaths averted occurring
in Africa [7].

Timely vaccination is important for several reasons. First, the
diseases that pediatric vaccines protect against often have
highest morbidities and mortalities at earlier stages of life.
Delays of infant immunization have been associated with
increased cases of pertussis [8,9], hepatitis B [10], and
Haemophilus influenza type b [11]. Second, timely vaccination
heightens population herd immunity levels [12], thereby
protecting those that are too young to be vaccinated or are
medically contraindicated. Delays in vaccination lessen
population coverage and create a pool of susceptible individuals,
thereby increasing the pathogen’s ability to spread and
theoretically increasing the risk of exposure.

Interventions to improve immunization coverage and timeliness
are important because approximately 1 in 13 children in Kenya
and 1 in 5 children in our study site, Siaya County in western
Kenya, will die before their 5th birthday, with the majority of
deaths attributed to infectious diseases [13,14]. Many of these
deaths are preventable by vaccination, yet many children in
Kenya are not vaccinated or are vaccinated late [15,16].

Two demand-side interventions, text message (short message
service, SMS) reminders [17-22] and small monetary incentives
[23-25], have been shown to motivate positive health behaviors
in resource constrained settings. Moreover, text message
reminders have been shown to modestly improve immunization
coverage in the United States [26-29]; however, the efficacy of
text message reminders to improve immunization coverage in
sub-Saharan Africa, until recently [30,31], has neither been

evaluated nor used in conjunction with monetary incentives.
This randomized controlled trial will test whether text messaging
reminders, either with or without mobile phone-based incentives,
can improve timeliness and coverage of routine pediatric
immunizations.

Critically, the success of our pilot study in a neighboring
division, Karemo, shows that a mobile phone-based system that
delivers incentives and text messaging reminders is technically
feasible and welcomed by the community [32]. Lessons and
challenges learned from the pilot study will be incorporated
into the design of the current cluster randomized controlled trial.

The Mobile Solutions for Immunizations (M-SIMU) study is a
four-arm, cluster, randomized controlled trial, which evaluates
the impact of providing caregivers text message reminders and
monetary incentives on the proportion of children that are fully
vaccinated by 12 months of age.

Methods

Study Design
The M-SIMU study is a four-arm, cluster, randomized controlled
trial to evaluate the impact of text message reminders and
monetary incentives on pediatric immunization coverage and
timeliness in rural western Kenya. Villages, as defined by the
Kenyan Medical Research Institute and (KEMRI) and Centers
for Disease Control and Prevention (CDC) Health and
Demographic Surveillance System (HDSS), are the units of
randomization. Villages will be randomized to one of four study
arms in a 1:1:1:1 allocation ratio (Figure 1). The study arms
include: (1) control, (2) text message reminders, (3) text message
reminders plus a 75 Kenyan Shillings incentive (KES; KES85
= US$1 as of August 2015) and, (4) text message reminders
plus a KES200 incentive. Text message reminders are sent three
days and one day before pentavalent vaccination visits scheduled
at 6, 10, and 14 weeks, and measles vaccination at 9 months of
age. Incentives are delivered to the participant’s mobile phone
if the participant’s child is brought for immunization within 2
weeks of the scheduled date. All eligible mothers/caretakers
residing within a study village will be assigned to the study arm
that the village was allocated.

Setting and Participants
The M-SIMU study is located in Rarieda and Gem Districts of
Siaya County, Kenya. Malaria, tuberculosis, and human
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immunodeficiency virus transmission are highly prevalent in
this rural setting [33]. In 2008, the under-5 mortality rate was
212 deaths per 1000 live births, with pneumonia and diarrhea
as common causes of childhood mortality [13].

The study site is nested within boundaries defined by
KEMRI/CDC HDSS. Since 2001, the HDSS systematically
collects information on births, deaths, migration, morbidity,
and demographics every 4 months for a population of over
220,000 people. Within the HDSS, several disease specific
studies have been conducted, including randomized controlled
trials for bed-net efficacy, and rotavirus vaccine efficacy [34,35].

Prior to enrollment of the randomized controlled trial, a baseline
survey was conducted in the study villages to obtain recent
estimates of vaccination coverage for sample size calculation
and to collect sociodemographic variables, such as mobile phone
ownership and distance to nearest health facility, to perform a
restricted randomization of study villages [16]. Additionally,
three focus group discussions with 10 to 15 mothers who have
a child 12- to 23-months-old were conducted to solicit local and
contextual-specific feedback on the content and timing of the
text message reminders, incentive amounts, willingness to
receive reminders and incentives, and to anticipate any problems
or complications associated with delivering text message
reminders and incentives.

Villages are included in the cluster randomized controlled trial
if they are located within either Gem or Asembo HDSS
boundaries. Villages are excluded from the M-SIMU study if
there are active immunization intervention/programs (e.g.,
nongovernmental organizations conducting
immunization-related activities, outreach immunization clinics,
etc.) that might confound study outcomes. Sample size
calculations were conducted to determine the number of villages
needed to be able to detect a 15% absolute difference in full
immunization coverage at 12 months of age between control
and intervention arms.

To ensure accurate population numbers, KEMRI/CDC HDSS
casually employs ‘village reporters’ to identify births, deaths,
and pregnancies within their community. For the M-SIMU trial,
village reporters will be provided a simple mobile phone and
trained to send a birth or death notification text message to the
RapidSMS server, a free and open-source platform. The
notification text message will include the study village and
compound number. The RapidSMS server then automatically
relays the notification to a field-based Community Interviewer
(CI). Following receipt of a birth notification, the CI will visit
the newborn’s compound to explain the trial and screen the
mother/caretaker for the following eligibility criteria described
in Textbox 1.

Textbox 1. Criteria for participant enrollment into the Mobile Solutions for Immunization (M-SIMU) trial.

Inclusion criteria:

• Mother of infant aged 0- to 4-weeks during the study period

• Current resident of one of the study villages

• Willing to sign informed consent for the study

Exclusion criteria:

• Plans to move out of the study area in the next 6 months

• Has already received immunizations other than birth dose of bacille Calmette-Guerin or polio

• Will not bring infant to an M-SIMU identified clinic (Figure 2)

Mothers are eligible independent of mobile phone ownership.
Mothers only need to have access to a mobile phone, whereby
access is defined by the mother and could include someone that
lives in household, compound, or a neighbor. If no mobile phone
can be identified, the mother may use the CI’s phone.

Eligible mothers will be required to provide both oral and
written informed consent to the CI. Upon providing consent,
the CI will send an enrollment text message to the RapidSMS

server containing the mother’s village and compound number,
the phone number that can be used to receive text message
reminders, the child’s date of birth, the preferred language to
receive text message reminders (English, Kiswahili, or Dholuo),
and the baby’s first and last name. Upon completion of a
successful enrollment text message, the RapidSMS server sends
a personalized text message to the mother welcoming her to the
study (see Table 1).
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Figure 2. Map of villages coded by study arm.

Interventions
The interventions, text message reminders and incentives, are
designed to motivate mothers and increase demand for routine
pediatric immunizations.

Text message reminders are a component of all three
intervention arms and will be sent to the mobile phone number
participants identified at enrollment. Text message reminders
will be sent using RapidSMS on both 3 and 1 days before the
scheduled immunization visits at 6, 10, and 14 weeks for the
three doses of pentavalent vaccine and at 9 months for measles
as per Kenyan Expanded Programme on Immunization (KEPI)
guidelines. Text message reminders will be sent as in English,
Kiswahili, or Dholuo language according to the mother’s
preference as indicated at enrollment. If a pentavalent
vaccination is given later than the scheduled date, then text
message reminders for the subsequent pentavalent dose will be

reprogrammed to occur at 4 weeks from the date of vaccine
receipt, as per KEPI guidelines. As an example, if a child
receives pentavalent1 at 8 weeks of age (scheduled to be given
at 6 weeks), the immunization reminders for pentavalent2 will
be sent when the child is 12-weeks old (instead of the KEPI
schedule of 10 weeks).

Text message reminders are composed of a core text and a
motivational saying (See Table 1). The core message states
which vaccine is due, and if the participant is in an incentive
arm, reminds the mother how much money she will receive if
the child is vaccinated in a timely manner. The motivational
sayings attached at the end of the text message were chosen
from the results of focus group discussions held with caregivers
of children aged 12- to 23-months old. The four sayings are
“Vaccines save Kenyan babies lives,” “Baby < INSERT BABY
FIRST NAME> is happy when healthy “Most <INSERT
DISTRICT: ASEMBO or GEM> babies get vaccinated, be one
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of them,” and “Vaccines are available now.” For each vaccine
dose, one of the four motivational sayings is randomly selected,
with replacement, by the RapidSMS software. The same
motivational saying is used for the 3- and 1-days reminder for
that particular vaccine dose.

Mobile phone–based monetary incentives are a component of
study arms numbers three and four. In both arms, the conditions
and delivery of the incentive are identical; only the incentive
amount differs. In addition to receiving text message reminders,
mothers will receive either KES75 (arm #3;) or KES200 (arm

#4) on their mobile phone for each timely dose of pentavalent
and measles vaccine, defined as vaccination within 2 weeks of
the scheduled date (i.e., pentavalent1 at 6 weeks, pentavalent2
four weeks after pentavalent1 received, pentavalent3 four weeks
after pentavalent2 received, and measles at 9 months). If a
mother brings her child for vaccination any time 2 weeks after
the scheduled date, no incentive will be transferred.
Mobile-money incentives will be transferred using the preferred
mobile money network of the participant and are aimed to be
delivered within 24 hours of a timely vaccination.

Figure 1. CONSORT diagram of study design.
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Table 1. Content of text message reminders sent to participant’s mobile phones.

Arm 4: Reminders +
200KES Incentive

Arm 3: Reminders +
KES75 Incentive

Arm 2 : Reminders OnlyArm 1: ControlMessage TimingMessage Type

Thank you for enrolling
your child in the KEM-
RI/CDC M-SIMU study.
You will get periodic re-
minders for Baby <BA-
BY’S FIRST NAME>‘s
vaccinations. The greatest
wealth is health.

Thank you for enrolling
your child in the KEM-
RI/CDC M-SIMU study.
You will get periodic re-
minders for Baby <BA-
BY’S FIRST NAME>’s
vaccinations. The great-
est wealth is health.

Thank you for enrolling
your child in the KEM-
RI/CDC M-SIMU study.
You will get periodic re-
minders for Baby <BA-
BY’S FIRST NAME>‘s
vaccinations. The great-
est wealth is health.

Thank you for en-
rolling Baby <BA-
BY’S FIRST
NAME> to the
KEMRI/CDC M-
SIMU study. The
greatest wealth is
health.

EnrollmentEnrollment
message

Tell Mama <BABY’S
FIRST NAME> that
<VACCINE NAME> vac-
cine is due this week. You
get KES200 if Baby vacci-
nated in next 2 weeks.
<MOTIVATIONAL
MESSAGE>

Tell Mama <BABY’S
FIRST NAME>> that
<VACCINE NAME>
vaccine is due this week.
You get KES75 if Baby
vaccinated in next 2
weeks. <MOTIVATION-
AL MESSAGE>

Tell Mama <BABY’S
FIRST NAME> that
<VACCINE NAME>
vaccine is due this week.
<MOTIVATIONAL
MESSAGE>

No message3 days before EPI due
date

3-day reminder
message

Tell Mama <BABY’S
FIRST NAME>
that<VACCINE NAME>
vaccine is due this week.
Go to the clinic if you
haven’t already. <MOTI-
VATIONAL MESSAGE>

Tell Mama <BABY’S
FIRST NAME> that
<VACCINE NAME>
vaccine is due this week.
Go to the clinic if you
haven’t already. <MOTI-
VATIONAL MES-
SAGE>

Tell Mama <BABY’s
FIRST NAME> that
<VACCINE NAME>
vaccine is due this week.
Go to the clinic if you
haven’t already. <MOTI-
VATIONAL MES-
SAGE>

No message1 day before the EPI
due date

1-day reminder
message

1. Vaccines save Kenyan babies lives;

2. <Most DISTRICT: ASEMBO OR GEM> babies get vaccinated, be one of
them;

3. Baby < BABY’S FIRST NAME > is happy when healthy; or

4. Vaccines are available now.

No message1 of 4 motivational
messages randomly se-
lected and appended to
the end of the 3- and 1-
day reminders;

Motivational message
is the same for the 1st
and 3rd day reminder of
the specific vaccine
dose

Motivational
message

The incentive amounts in arms three and four were guided by
opinions of mothers, village reporters, and local transport costs.
The intent of the incentive is to help offset the costs associated
with transportation to the clinic. The transaction costs associated
with mobile-money transactions will be borne by the study,
such that mothers will receive the full amount indicated.
Enrolled mothers will be able to change the mobile phone
number for receiving text message reminders and incentives
when visiting any M-SIMU clinic.

Control
Mothers residing in control arm villages will receive a
congratulatory text message at enrollment with a general-health
related saying, “The greatest wealth is health” (See Table 1).
No additional text messages or incentives will be sent to
mothers.

At the 12 month follow-up visit conducted at the enrolled
mother’s household, a CI will refer mothers of under-vaccinated
children from any arm to the nearest clinic.

Primary Objective
The study is powered to determine if text message reminders,
with or without incentives, increase the percentage of fully

immunized children (FIC) by 15% as compared with control
group children at 12 months of age. A fully immunized child
is defined as having received one dose of bacille
Calmette-Guerin, three doses of pentavalent and polio vaccines,
and one dose of measles vaccine.

Secondary Objectives
The study assesses several secondary objectives that primarily
focus on timely receipt of individual vaccines and effect
modifiers on the primary outcome. These secondary objectives
include:

1. To determine if FIC coverage measured at 10 months of age
varies by study arm;

2. To determine if the proportion of children vaccinated within
2 weeks of each scheduled vaccine date differs by study arm;

3. To determine if the proportion of children who drop-out in
vaccination between first and third pentavalent dose differs by
study arm;

4. To determine if measles and or pentavalent3 vaccine coverage
varies by study arm;
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5. To determine if there is a differential effect on vaccine
coverage based on mobile phone ownership (owned vs shared)
or on residential distance from a health facility.

6. To determine whether other indicators of health status, such
as height-for-age, bed-net usage, vitamin A coverage, retention
of the maternal and child health card, and all-cause mortality
vary by study arm; and

7. To evaluate the direct costs for each intervention arm per
additional child vaccinated beyond the status quo (ie, control
group).

Randomization
This constrained randomization was conducted using GAUSS
Mathematical and Statistical System. The GAUSS program
iterated until 5000 acceptable randomizations were found that
met the following criteria: (1) +/− relative 10% over all 152
villages for the means of the variables: full immunization
coverage, phone ownership, distance to the nearest clinic, and
village population of children 12- to 23- months-old, and (2)
+/− relative 25% within each region for the means of the
variables: full immunization coverage and phone ownership.

The randomization was also stratified on region such that each
study arm contained 30 villages from Gem and eight villages
from Asembo region. Data for the randomization came from
the baseline survey described previously.

A simple random sample of n=1000 was taken from the 5000
valid randomization sequences. The 1000 sequences were
labeled with a three-digit number, 000 to 999. Each sequence
allocated 38 villages to one of four groupings (A-D).

Villages were randomized to study arms in a public ceremony
attended by location chiefs and Community Advisory Board
members on September 12, 2013 (Figure 2). Ten soccer balls
were labeled with numbers zero through nine and placed in a
cloth sack. Three location chiefs each drew one labeled ball,
with replacement, such that a three-digit number, equating to a
randomization sequence, was generated. Villages were placed
into four groups based on the randomization sequence drawn.
Then, four soccer balls labeled with the study arms (#1: control;
#2: SMS; #3: KES75; and #4: KES200) were placed in a
different cloth sack. A representative from each of the four
groupings (A-D) drew one ball, without replacement, to
determine the study arm assigned to all villages within the
grouping. A similar randomization scheme for a cluster trial
was successfully conducted in Zambia [36]. Due to the nature
of the intervention and study design, study participants will
know their study arm allocation.

Data Collection
The study is designed to minimally interfere with routine
care–seeking behaviors of mothers and routine delivery of care
by health practitioners. Participants are interviewed, at most,
six times. All participants are interviewed at enrollment when
the infant is between 0- and 4-weeks old and at follow-up when
the infant is 12-months old. Mothers that bring their child for
immunization at an M-SIMU clinic will be interviewed by study
staff at each immunization visit (up to four visits).

CIs will administer the enrollment survey using the ODK Collect
software on a simple smartphone. Mobile phone literacy,
demographics, vaccine perceptions, transportation, and
socioeconomic status will be collected at enrollment.

A KEMRI/CDC health facility recorder (HFR) will be stationed
at each health facility to document enrolled infants’
immunization. For all enrolled children, the HFR will send a
text message to the RapidSMS server. This text message
contains the child’s study identification, the date of vaccination,
which vaccine was received, and the new phone number if the
mother has changed phone lines. If the mother is in an incentive
arm (#3 or #4) and the child is vaccinated within 2 weeks of
scheduled date, an incentive will be transferred to the phone
number designated by the mother. After sending the vaccine
receipt text message, HFRs will interview participants to collect
means and costs of transportation and other clinic-related
expenses for future cost-effective analyses.

For clinics where few immunizations are given per day, there
will be no permanent HFR stationed due to financial constraints.
Rather, HFRs from neighboring clinics or MOH staff, will visit
these smaller clinics at the end of the day, collect immunization
information for enrolled mother-infant pairs, and send the
vaccine receipt SMS text message to the RapidSMS system.
The M-SIMU trial will collect immunization from 24 clinics
whose catchment areas envelope study villages (see Figure 2).

When enrolled children reach 12 months of age, CIs will conduct
in-home follow up visits to document immunization status using
the child’s maternal and child health (MCH) booklet and to
collect information on mothers’ perceptions of the
intervention(s).

Data Analysis
The analysis and reporting of results will be conducted in
accordance with the Consolidated Standards of Reporting
Trialsguidelines adapted for cluster, randomized trials [37]. A
blinded statistician will conduct analyses for primary and
secondary outcomes. The primary analyses will be conducted
with intention-to-treat principles. The primary outcome, FIC at
12 months of age, will be defined as a binary variable. Risk
ratios for achieving FIC by 12 months of age will be calculated
for the intervention arms as compared with the control arm.
Due to the high number of clusters per study arm, individual
level analyses using general estimating equations (GEE) with
an exchangeable correlation matrix to account for correlation
within clusters will be preferred over cluster level comparisons
[38]. As a secondary analysis of the primary outcome,
time-to-immunization curves will be constructed using the
Kaplan-Meier method and study arms will be compared using
the Cox model with frailty or robust variance estimator
accounting for cluster. The 25th, 50th, and 75th percentiles for
time to immunization and the number of days delayed, in
relation to the EPI due date, will also be reported for each
vaccine and by study arm. Lastly, adjusted analyses will be
conducted if randomization results in imbalanced groups on
key demographic variables. Effect estimates will be presented
in whole and stratified on mobile phone ownership and clinic
proximity. Mobile phone ownership will be defined as a binary
variable (‘owns a mobile phone’ or ‘doesn’t own a mobile
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phone’). Socioeconomic quintile scores will be computed using
a multiple correspondence analysis of household assets,
livestock, water source, and cooking fuel [39]. Straight-line
distances from the participant’s household to the nearest health
facility will be calculated using ArcView Geographic
Information Systems. An alpha of 0.05 will be assumed for all
statistical tests of significance.

Sample Size
The primary objective is to increase the proportion of infants
that are fully immunized at 12 months of age by 15% (eg, a
difference between 70% in the control arm and 85% in an
intervention arm). There are few interventions available to public
health officials that can rapidly raise immunization coverage
by this amount so we expect that this size of an effect will
represent a meaningful public health impact and could motivate
decision makers to adopt this intervention. Type 1 error (alpha)
and our power to detect a 15% difference (1-beta) were set to
0.05 and 0.80, respectively.

Village-level immunization coverage estimates were collected
during the baseline survey. The baseline survey indicated that
approximately 70% (1243/1681) of children were fully
immunized by 12 months of age. This estimate was used for
assumptions on control arm immunization coverage. Village
size (m) was calculated using the most recent HDSS birth cohort
data for our study area and assuming 1-year enrollment. Because
our sample size per village varies, we computed the harmonic
mean for village size, calculated to be 16 children per village.
[40].

An important parameter in cluster sample size calculations is
k, the between cluster coefficient of variation. Although our
baseline survey indicated a kof 0.14, for sample size calculations
we used a conservative estimate of 0.25.

We expect that the percentage of children who will not be
enrolled due to not meeting eligibility criteria or refusal will be
approximately 10% and the number who will be lost to
follow-up after enrollment before 12 months of age, due to
death, outmigration, and other reasons, will be 15%. Therefore,
we used a 25% reduction from the birth cohort size to determine
the number of villages we will enroll in the study.

In order to ascertain a 15% difference between control and
intervention arms, 152 villages will be included in the study
(38 villages per arm).

Ethical Considerations
The study protocol received ethical clearance from the Scientific
Steering Committee (SSC), the KEMRI-Nairobi Ethical Review
Committee (ERC; SSC#2409), Johns Hopkins University
Bloomberg School of Public Health (deferred ethical clearance
to KEMRI-ERC), and the Centers for Disease Control and
Prevention (deferred ethical clearance to KEMRI-ERC). The
trial is registered with ClinicalTrials.gov [NCT 01878435, June
10, 2013]. The study’s principal investigators are authors DF
and KO from Johns Hopkins University and FO from
KEMRI/CDC.

Results

The baseline survey was conducted March to April 2013 where
it was found that 95% (2243/2393) of mothers owned or had
access to a mobile phone within the compound. Focus group
discussions were conducted in June 2013 to contextualize and
adapt the interventions to the community’s needs and to identify
the incentive amounts. The randomized-controlled trial
completed enrollment in October of 2014. Twelve month
follow-up visits to ascertain enrolled participants’ immunization
status using the MCH booklet were completed in February,
2016.

Discussion

Supply side strategies to improve immunization, such as
improving cold chain capacity, increasing procurement, and
staff training, have been effective, but immunization gaps
persist. Demand side interventions, such as text message
reminders and incentives, that target cost of transport, vaccine
fears and perception, and forgetfulness may play a more
prominent role in reaching the “last mile” with timely
immunizations.

Despite a lack of rigorous scientific evidence of effectiveness,
mHealth and conditional cash transfer programs continue to
spread throughout Africa [41-43]. This is the first randomized
study to evaluate the impact of text message reminders and
mobile money incentives on immunization coverage within
sub-Sahara Africa. Evidence generated by this project will assist
decision makers in the Kenyan Ministry of Health, as well as
those in other African countries, before committing the
investment, time, and effort that will be necessary to scale-up
these programs. Moreover, this project has the opportunity to
demonstrate the potential of mobile phone technologies in
achieving the Millennium Development Goal of reducing
childhood mortality in Africa. We anticipate results in 2016.
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Abstract

Background: Skin cancer, including basal cell carcinoma (BCC), has become a major health care problem. The limitations of
a punch biopsy (at present the gold standard) as diagnostic method together with the increasing incidence of skin cancer point
out the need for more accurate, cost-effective, and patient friendly diagnostic tools. In vivo reflectance confocal microscopy
(RCM) is a noninvasive imaging technique that has great potential for skin cancer diagnosis.

Objective: To investigate whether in vivo RCM can correctly identify the subtype of BCC and to determine the cost-effectiveness
of RCM compared with punch biopsy (usual care). Study design: Randomized controlled multicenter trial.

Methods: On the basis of 80% power and an alpha of 0.05, 329 patients with lesions clinically suspicious for BCC will be
included in this study. Patients will be randomized for RCM or for a punch biopsy (usual care). When a BCC is diagnosed, surgical
excision will follow and a follow-up visit will be planned 3 months later. Several questionnaires will be filled in (EQ-5D, EQ-5D
VAS, iMTA PCQ, and TSQM-9). We will perform statistical analysis, cost-effectiveness, and patient outcome analysis after data
collection.

Results: This research started in January 2016 and is ethically approved. We expect to finish this study at the end of 2018.

Conclusions: In this study, we will investigate whether RCM is at least as good in identifying BCC subtypes as conventional
pathological investigation of skin biopsies. Anticipating that RCM is found to be a cost-effective alternative, it saves on direct
medical consumption like labor of the pathologist and other medical personnel as well as materials related to treatment failure
with at least equal effectiveness.

Trial Registration: Clinicaltrials.gov NCT02623101; https://clinicaltrials.gov/ct2/show/NCT02623101 (Archived by WebCite
at http://www.webcitation.org/6id54WQa2)

(JMIR Res Protoc 2016;5(2):e114)   doi:10.2196/resprot.5757
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Introduction

Skin Cancer
Skin cancer is a common type of cancer and its incidence is
increasing rapidly in Western countries [1-3]. This cancer
comprises two types: melanoma (MM) and nonmelanoma skin
cancer (NMSC). NMSC is further divided into basal cell
carcinoma (BCC), squamous cell carcinoma (SCC), and its
precursors actinic keratosis (AK) and Bowen disease. In the
Netherlands, the registry of NMSC is poor. However, based on
recent literature and guidelines, it is estimated that the incidence
of malignant skin tumors and the premalignant AK is around
235,000 in 2015. This will have a major impact on our health
care system. Moreover, it is predicted that numbers will rise at
the rate of 4.5-8% per year, depending on the type of skin
cancer. Currently, in case of suspicion of NMSC, the
pathological examination of a punch biopsy is the gold standard,
according to the Dutch guidelines. In case of clinical suspicion
of AK, the diagnosis is made à vue, without pathological
confirmation. Already in 2003 in the United States, skin cancer
was found to be among the most costly of all cancers to treat.
Therefore, it is evident that skin cancer places an enormous
burden on health care systems with increasing costs [4]. In case
of suspicion of skin cancer, it is important to diagnose and treat
it in an early phase, preferably in a patient friendly manner. As
BCC is the most common skin cancer (about 75% of all skin
cancers), this study will focus on studying this skin cancer type.
Clinically, BCC can vary in appearance but is often
characterized by small, translucent, or pearly papules, with
telangiectasias [5]. In the past, the diagnosis was mainly made
clinically. However, noninvasive therapies have become
available; therefore, determination of the BCC subtype has
become more important. For this reason, pathological analysis
of a punch biopsy is currently the gold standard to confirm the
clinical diagnosis and determine the subtype of BCC. The
following subtypes of BCC can be distinguished: superficial
(sBCC), nodular (nBCC), aggressive BCC (micronodular
(mnBCC), and infiltrative (iBCC)) [6]. It is experienced that
there is a sample error in 29% of the cases with the conventional
diagnostic procedure, resulting in an incorrect subtype diagnosis
[7]. For this reason and because of the increasing incidence of
skin cancer, more accurate, cost-efficient, and patient friendly
diagnostic tools are desirable.

Reflectance Confocal Microscopy
Reflectance confocal microscopy (RCM) is a noninvasive
imaging technique. It provides real-time images of cell and
tissue structures and in vivo dynamics, without the need for ex
vivo tissue samples. RCM visualizes human skin up to a depth
of around 250 μm [8-12]. Refractive index differences between
cells and surrounding tissue provide the contrast. The contrast
of RCM imaging of the skin is mainly provided by melanin and
keratin [10]. Most, but not all, tumors can be visualized. For
thicker tumors, RCM may help to find the optimal localization
to perform a punch biopsy, as superficial features in these tumors
may help to spot these lesions [13]. Moreover, RCM can image
the whole tumor. RCM features for NMSC have been described
that showed a high correlation with conventional pathological
features [13-15]. These features allow diagnosing AK, SCC,

and BCC [13-15]. For both the BCC subtypes, nodular and
micronodular BCC, the following RCM characteristics are
described: tumor nests with peripheral palisading, branch-like
structures, fibrotic septa, and increase of vascular diameter. The
size and shape of the tumor nests allows further distinction
between these BCCs. Solar elastosis and tumor nests connected
with the basal cell layer characterize superficial BCC [14].
iBCCs are more challenging to visualize due to their histological
complex appearance and deeper location [16].

Only few studies report data about diagnostic accuracy of RCM
for primary BCC diagnosis [14,16-19]. These studies show a
high sensitivity and specificity for RCM as diagnostic tool for
BCC. Although these show the potential of RCM in BCC
diagnosis, prospective large-scale studies are lacking. In addition
to BCC diagnosis by RCM in general, no diagnostic accuracy
data were reported on determination of BCC subtype by RCM.
Such studies are required for implementation of RCM in the
routine patient care and incorporation into the health insurance
system. Implementation of RCM in the routine patient care
settings has the advantage of making a diagnosis at the first
consultation and therefore, the patient can be treated at short
term. A second consultation for explaining the diagnosis and
performing the treatment might be unnecessary. Therefore, time
saved by using the RCM can be used for other new patients.

Objectives
The primary objective of this study is to investigate whether in
vivo RCM can identify the subtype of BCC at least as correctly
as a skin punch biopsy. We are hypothesizing that RCM imaging
allows correct identification of the BCC subtype (nBCC,
mnBCC, sBCC, iBCC, and mixed type BCC), and true and false
positive results are equal or better as compared with
conventional pathological investigation of skin biopsies (gold
standard). It is postulated that RCM is more cost-effective and
patient friendly compared with the current procedure. Therefore,
the quality of life (Qol), costs, and quality adjusted life years
(QALYs) will be evaluated as the secondary outcome measures.
Overall, with the implementation of RCM in dermatology skin
cancer care, it is aimed to contribute to cost-effective,
noninvasive, patient friendly diagnostics.

Methods

Recruitment, Inclusion, and Study Design
Patients with lesions clinically suspicious (diagnosis à vue) for
BCC, eligible for RCM, visiting the dermatological departments
of the Radboud University Medical Center, Nijmegen, the
Canisius Wilhelmina Hospital, Nijmegen, and the Rijnstate
Hospital Arnhem-Velp, in The Netherlands will be asked to
join this study.

In order to be eligible for participation in this study, a subject
must meet all of the following criteria:

• Patients must be 18 years and above.
• Patients must be able to adhere to all requirements of the

study.
• Patients must be willing to give written informed consent.
• There must be clinical diagnosis/clinical suspicion of basal

cell carcinoma.
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A potential subject who meets any of the following criteria will
be excluded from participation in this study:

• A patient participating in other investigational research
currently or in the previous 28 days before the study

• Patient having a medical condition which excludes
participating the research, according to the investigator

• Incapacitated subjects
• Subjects with lesion(s) on parts of the body which do not

allow adequate imaging of the tumor with RCM

When a patient meets these criteria and gives informed consent,
he or she is assigned to a randomization arm according to a
computer-generated block randomization (Castor) (Figure 1).

Figure 1. Scheme of randomization. Two randomization arms are designed. After inclusion, a patient with a clinical diagnosis of BCC (diagnosis à
vue) will be randomized over the two arms. One arm contains the standard procedure of a biopsypunch biopsy, the other arm contains the diagnostic
tool to be investigated: RCM. A punch biopsy will also be obtained when there is no suspicion of a BCC using RCM.

Power Calculation
The primary outcome in this study is the percentage of correctly
identified subtype of confirmed BCC after excision (gold
standard in this study). We assume that this is 71% when a
punch biopsy is used and 85% when RCM is used (based on an
ongoing study). In this case, 148 patients are needed per group
to obtain a power of 80% (Fisher’s-exact, two-sided,
alpha=0.05). We expect that 10% of the patients with a clinically
suspected BCC will not have histopathologically confirmed
BCC. Therefore, we will include approximately 329 patients
with a clinical suspicion of BCC. In this multicenter randomized
controlled trial (RCT), it is also possible to obtain empirical
estimates of the (cost-) effectiveness in daily clinical practice,
beyond the diagnostic value. The expected benefit of the
experimental diagnostic tool is anticipated at €92 per patient.
On the basis of a conservative choice of the SD of €100 and the
CI of 95%, 146 patients per group are required. Counting a 10%
possible dropouts, around 322 patients need to be included.

To answer both questions, in total 329 patients suspected with
a clinical suspected BCC will be included in this study.

Outcome Measures
The primary outcome measure is defined as correct subtyping
of the BCC after excision. The histopathological diagnosis of
the excision specimen will be compared with either the diagnosis
made by RCM or a punch biopsy. Secondary outcome measures
are Qol, Cost, and QALYs.

Procedure
Patients will be assigned to either the RCM or the punch biopsy
study arm (Figure 1). When a BCC is diagnosed using RCM or
the gold standard (punch biopsy), surgical excision will follow
according to standard care-time schedule at the center where
the BCC is diagnosed with margins according to the guidelines

(3 mm for sBCC and nBCC, 5 mm for aggressive BCC). In case
of a BCC, a follow-up visit will be planned 3 months after
surgery. If the diagnosis reveals the absence of a BCC, the
patients will again be followed-up after 3 months. During visit
1 (diagnostic procedure) several questionnaires will be filled in
(EQ-5D, EQ-5d VAS, iMTA PCQ, and TSQM-9). At the
follow-up visit after treatment, the questions about satisfaction
of the diagnostic procedure will be asked again. In order to
establish the added monetary value of RCM, a contingent
valuation method (CVM) was used. Patients that belong to the
RCM arm and also had a punch biopsy, in which both diagnosis
had the absence of a BCC, were interviewed according to the
CVM.

RCM will be performed with the commercially available
Vivascope 1500 (Caliber imaging & diagnostics, Rochester,
NY, USA) according to a standardized protocol. Vivablocks of
4 × 4 mm will be made at the level of the stratum corneum,
stratum spinosum, dermal epidermal junction, and dermis in
order to find RCM features for BCC and the subtype. Vivastacks
will be made in the areas of interest. Movies will be made to
document vascularization. When indicated, the Vivascope 3000
handheld device will be used. The RCM user is working for 4
years with the device. If a punch biopsy needs to be obtained
according to the randomization scheme, this will occur after
local anesthesia (1% xylocaine/adrenaline) and the punch biopsy
will have a diameter of 3 mm. The punch biopsy will be taken
from the most clinically suspected area of the lesion.

Analysis
After data collection, analyses will be performed. The
Fisher’s-exacts test will be used to test the differences in the
primary outcome between the two study arms (biopsy, RCM)
for statistical significance. Multivariable logistic regression will
be used to study possible differences between the subtypes and
the effect of possible other variables. This will be done in order
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to evaluate variables or sets of variables for its discriminative
character that can be used to make protocols and guidelines for
future Dutch RCM users.

Cost-Effectiveness Analysis
The cost analysis comprises two main parts. First, on patient
level, volumes of care will be measured prospectively over the
time path of the clinical trial using the iMCQ (a generic
instrument for measuring medical costs [20]) complemented
with procedure specific cost information like cost of RCM
equipment and patient out-of-pocket expenses, such as
over-the-counter drugs (for example pain related). Relevant,
(missing) entries will be verified or completed by data from the
medical records or inpatient treatment facility’s administration
system. Second, per modality (RCM or usual care) standard
cost prices will be determined using the Dutch guideline [21]
or else real/full cost prices via activity-based costing.
Productivity losses will be estimated using a patient-based
questionnaire [22]. The friction-cost method will be applied
following the Dutch guidelines [21].

Patient Outcome Analysis
The effect analysis adheres to the design of a
superiority/equivalent RCT and measures diagnostic
performance and Qol at baseline, and at fixed points along the
follow-up of the RCT. To measure the quality of the health
status of the patients, a validated so-called health-related quality
of life (HRQoL) instrument will be used, the EuroQol-5D-3L
(EQ-5D) [23]. This HRQoL instrument will be completed by
the patients and is available in a validated Dutch translation
[24]. The EQ-5D is a generic HRQoL instrument comprising
five domains: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression. The EQ-5D index is
obtained by applying predetermined weights to the five domains.
This index gives a societal-based global quantification of the
patient’s health status on a scale ranging from 0 (death) to 1
(perfect health). Patients will also be asked to rate their overall
HRQoL on a visual analogue scale (EQ-5D VAS) consisting
of a line ranging from 0 (worst imaginable health status) to 100
(best imaginable). The patient outcome analysis will be
complemented with a CVM questionnaire and measures of
satisfaction and pain related to diagnosing subtype BCC.

Results

This investigator initiated multicenter RCT is conducted
according to the principles of the Declaration of Helsinki (2013)
and in accordance with the medical Research Involving Human
Subjects Act (WMO). The study is funded by ZonMw, a Dutch
organization that finances health science, and thereby stimulates
the use of obtained knowledge to improve health care. The
medical ethics committee (NL 54549.091.15) approved the
study protocol in December 2015. The study will start in January
2016, and is expected to finish until the end of 2018. This trail
had also been registered at ClinicalTrails.gov (nr:
NCT02623101).

Discussion

Considering the increasing skin cancer problem, including BCC,
and the disadvantages of the current diagnostic gold standard,
histopathological diagnosis of a punch biopsy, indicates the
need for cost- and time-efficient diagnostic tools with high
accuracy for diagnosing skin cancers. These tools should be
able to distinguish between skin cancer types and should be
able to determine the correct BCC subtype, as different subtypes
of BCCs are treated differently. Biopsies often result in sampling
errors, as only a small part of the tumor is investigated resulting
in potentially inappropriate chosen therapies. As a sample error
may lead to treatment failures or recurrences, other subsequent
treatments are needed. This will eventually lead to increasing
costs. In addition, the conventional method is unfriendly for
patients, as it is invasive, painful, and might result in scarring.
Furthermore, the diagnosis cannot be made instantly.

To contribute to implementation of RCM as noninvasive skin
cancer diagnostic tool, this study will investigate whether RCM
is at least as good in identifying BCC subtypes as conventional
histopathological investigation of skin biopsies. Hypothesizing
that RCM is a cost-effective alternative to the present care, it
saves on direct medical consumption like labor of the pathologist
and other medical personnel as well as materials related to
treatment failure with at least equal effectiveness.
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Abstract

Background: The chronic nature of rheumatic diseases imposes daily challenges upon those affected and causes patients to
make daily decisions about the way they self-manage their illness. Although there is attention to self-management and evidence
for the desirability of tailored interventions to support people with a rheumatic disease, interventions based on individual needs
and preferences are scarce.

Objective: To provide a systematic and comprehensive description of the theoretical considerations for building a Web-based,
expert, patient-guided, and tailored intervention for adult patients with a rheumatic disease. Also, to present the results of a
usability study on the feasibility of this intervention, and its study design in order to measure the effectiveness.

Methods: To fit the intervention closely to the autonomy, needs, and preferences of the individual patient, a research team
comprising patient representatives, health professionals, Web technicians, and communication experts was formed. The research
team followed the new guidance by the Medical Research Council (MRC) for developing and evaluating complex interventions
as a guide for the design of the intervention.

Results: Considerations from self-determination theory and a comprehensive assessment of preferences and needs in patients
with a rheumatic disease guided the development of the Web-based intervention. The usability study showed that the intervention
was useful, easy to use, and accepted and appreciated by the target group of patients. The planned randomized controlled trial is
designed to be conducted among 120 adults with a rheumatic disease, who are assigned to the self-management intervention or
a self-help control group. Both groups will be asked to formulate personal goals they want to achieve concerning their
self-management. Progress toward the personal goal is the primary outcome measure of this study. Self-reported Web-based
measures will be assessed before randomization at baseline, and 3 and 6 months after randomization. Also, feasibility and adherence
to the Web-based self-management intervention as process outcomes will be evaluated.

Conclusion: By identifying the individual goals at the beginning of the intervention and customizing the intervention to the
individual patient, we aim to improve the usefulness and effectiveness of the Web-based self-management intervention. If proven
effective, ReumaUitgedaagd! Online will be implemented in the Netherlands.

(JMIR Res Protoc 2016;5(2):e113)   doi:10.2196/resprot.5735
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Introduction

Background
Having a rheumatic disease often leads to symptoms of pain,
fatigue, and physical constraints that are part of a reduced
health-related quality of life [1]. The chronic nature of this
disease imposes daily challenges upon those affected and causes
patients to make daily decisions about the way they manage
their illness [1-3]. The question is not “whether” patients
self-manage their (chronic) illness, but “how” they do this [4].
The ‘(individual’s) ability to manage the symptoms, treatment,
physical, and psychosocial consequences and life style changes
inherent in living with a chronic condition’ has been defined as
self-management [5]. Interventions to improve self-management
commonly combine information-based and cognitive-behavioral
strategies [6]. In the last decade, several interventions have been
developed to improve self-management. For people with a
rheumatic disease, the Arthritis Self-Management intervention
(ASMP) of Stanford University is the most recognized and
studied self-management intervention [7]. The ASMP
intervention, based on the self-efficacy theory of Bandura [8]
is led by expert patients and is designed to help people with
arthritis gain confidence in their ability to control their
symptoms and the impact of their condition on their lives
[7,9,10]. For patients with rheumatoid arthritis and osteoarthritis,
participating in an ASMP led to improved health behavior
(cognitive symptom management, communication with
physicians, dietary habit, exercises, and relaxation) and a
decrease of depression. However, decreases in fatigue and
anxiety were found not to be significant [6,7].

With the growing opportunities and use of the Internet, a
Web-based self-management version of the ASMP intervention
for patients with long-term conditions was developed in 2007
[11]. Evaluation of the effectiveness of this intervention after
12 months showed significant improvements on health status
measures like distress, pain, and self-efficacy. In 2011, based
on the ASMP intervention and the self-efficacy theory of
Bandura and in cooperation with the Dutch Arthritis Foundation
and young adults from the transition outpatient clinic of
University Medical Center Utrecht, we developed a Web-based
self-management intervention for young adults up to the age of
25 years [12]. The aim of that intervention was to enhance young
adults’ self-management in coping with their rheumatic disease.

With the expansion of the Web-based intervention in the
Netherlands, older adults with rheumatic diseases also expressed
their need for a Web-based self-management intervention. In
order to meet this need, the Dutch Arthritis Foundation gave us
a grant to develop a Web-based intervention for adults from the
age of 25 years and older. The goal of this research protocol
was to describe (1) the theoretical considerations that guided
the development of this Web-based intervention for adult
patients with rheumatic diseases, (2) the contents of the
intervention, (3) the results of a pilot study to study the usability

of the intervention, and (4) the study design in order to examine
the effectiveness of the intervention.

Toward a Patient-Guided Intervention
As we inferred from our experiences with the development and
research pertaining to the Web-based intervention for the young
adult group, collaboration with the end-users in all phases of
development of a Web-based self-management intervention is
crucial and influences the actual use, adherence, and
effectiveness [13]. Based on this notion and to fit the
intervention closely to the autonomy, needs, and preferences of
the patients, we formed a research team consisting of patient
representatives of different ages, health professionals, Web
technicians, and communication experts. The research team
followed the new guidance for developing and evaluating
complex interventions by the Medical Research Council (MRC)
[14] as a guide for the design of the intervention. The guidance
included the following phases: development, feasibility and
piloting, and evaluation and implementation. During the
development phase, the aims were to determine a theoretical
foundation and to develop the structure and content of the first
draft. To achieve these aims, we first screened the scientific
literature for theoretical considerations and effectiveness of
(Web-based) self-management interventions for people with a
chronic or rheumatic disease. The search for qualitative and
quantitative articles was conducted in Medline, the Cumulative
Index to Nursing and Allied Health Literature, Web of science,
PsycINFO, and Pubmed. We searched for studies published in
English, which used the words: “self-management,” “chronic
disease,” “rheumatic disease,” “adults,” “theoretical
foundations/considerations,” and “effectiveness” in different
combinations. No publication year limit was used. Secondly, a
focus group and concept mapping study was performed to assess
preferences and needs of adult patients with a rheumatic disease
regarding the structure and content of the future Web-based
self-management intervention.

Theoretical Considerations
Although there is growing attention for interventions that are
customized to individual patients with chronic diseases, the
structure and contents are generally still protocol-based on group
preferences [6,15]. And, disappointingly, to date there is no
consistent (long-term) evidence of the efficacy of
self-management interventions for patients with a chronic
disease in general [6,16]. This might be due to various reasons,
including diversity of interventions, insufficient theoretical
foundation, and the heterogeneity of the patient populations
[16]. Moreover, positive mean group outcomes may disguise
that a substantial proportion of patients did not comply with or
respond to the intervention [6,16]. A basic assumption about
self-management is that when the intervention is customized to
the individual needs and situation of the patient, the patient will
be more motivated, adhere better, and benefit more and for a
longer time [6,15,16]. Thereby, a change in behavior and
long-term adherence to changed behavior is expected to be
greater when a patient experiences a meaningful rationale for
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change, values the change in behavior positively, and aligns it
with other central values and lifestyle patterns [2,3,17].
Consistent with these assumptions is Self-determination Theory
of Ryan and Deci [17], which emphasizes the importance of
keeping goals of behavior change (like improvement of
self-management) close to the autonomous motivation of people.
In this theory, three basic needs determine motivation:
autonomy, competence, and social relatedness [17]. Among
these three, autonomy is considered as the most central need:
if a behavior is autonomous, it is voluntary, originating from
one’s own values and self-determination. Competence refers to
the necessity to experience that one is really able to achieve
something, and is related to the construct of self-efficacy [10].
The third basic need, social relatedness, is the extent to which
one finds support in one’s environment, including support from
a trainer or professional. High levels of autonomy, competence,
and social relatedness enhance self-regulation.

Needs Assessment
An important part of the development phase consisted of a needs
assessment, conducted by the combination of a focus group and
concept mapping design (J.W. Ammerlaan, et al, unpublished
data, 2016). Online focus group interviews among adult patients
with rheumatic diseases in the Netherlands, a card sorting task,
and hierarchical cluster analysis yielded an extensive overview
of the individual preferences regarding structure and content.
Patients preferred an intervention tailored to their needs, stage
of life, and goals. Also, an expert patient as a trainer, the
opportunity to be in contact and to share with others, and the
ability to follow the intervention at one’s own pace were
preferred. With respect to needs for content of the intervention,
hierarchical cluster analysis yielded 11 clusters involving
increasing individual knowledge of treatment and consequences
for daily life, skills including managing emotions, managing,
the fluctuations of disease, and dealing with health professionals
and social authorities. Self-regulating their own lives, including
requesting support from their spouse, family, or coworkers,
setting boundaries and the ability to communicate adequately,
and dealing with pregnancy or intimacy issues and taking care
of kids. Based on the data from this needs assessment and the
theoretical considerations, the first draft of the Web-based
self-management intervention (in Dutch: ReumaUitgedaagd!
Online) was developed.

Methods

Design of the Web-Based Intervention
ReumaUitgedaagd! Online is a Web-based, password protected,
tailored, self- management intervention for adults with a
rheumatic disease, aimed at enhancing patients’
self-management skills. The participants perform the
intervention individually, are coached by a trainer, and have
online contact with other participants on a discussion board.
The role of the trainer is to support participants during the
Web-based intervention in becoming a good self-manager and
achieving their personal goals. The trainers are adults who also

have a rheumatic disease. They are recruited through the website
of the Dutch Arthritis Foundation and selected through
assessments and interviews conducted by a professional
coaching organization (Work21), in close cooperation with the
Dutch Arthritis Foundation and the University Medical Center
Utrecht. The selection process used questions about motivation,
perceptions of self-management, the self-determination theory
and strategies derived from the theoretical foundation, and goals
of the Web-based intervention to identify those trainers who
could adhere to the basic tenets of the intervention. Finally, the
expert trainer was trained through a 3-day train-the-trainer (TTT)
educational intervention. The TTT intervention consisted of
following the intervention as a participant, knowledge of
different themes, and teaching Web-based training skills. The
trainers are given a volunteer contract and receive a stipend
from the Dutch Arthritis Foundation. The basic needs of
autonomy, competence, and social relatedness, derived from
Self-Determination theory, are embedded in the intervention
and combined with elements of skills training and modelling,
based on the Self-efficacy theory [8]. Autonomy is taken into
account by customizing the intervention to three individual
needs and goals, which the participants choose at the beginning
of the intervention. The participants choose thematic modules
based on these individual needs and goals. For example: a
woman who wants to learn more about coping with the
consequences of her disease at work, may choose the ‘Work’
module, while a man who wants to increase his physical fitness
may choose the ‘Exercises’ module. Competence is increased
by making action plans, reflecting on one’s own behavior by
performing exercises, or sharing the output of exercises on the
discussion board to receive feedback or support from other
participants and the expert trainer. Social relatedness is achieved
through the support of the expert trainer via individual chats
and the message box, and also by sharing experiences and giving
feedback and support with other participants.

Content of the Web-Based Intervention
The Web-based self-management intervention consists of four
components: nine thematic modules (willing, knowing, skills,
feeling, living together, influence, exercise, work, and moving
on), a chat application, a discussion board, and a message box.

Modules
Each module involves a specific theme. Both informative text
about the theme and exercises are included. The information
and the exercises are supported by short videos in which people
with a rheumatic disease or a member of the multidisciplinary
team tell about their experiences with arthritis. The content of
the modules is described in Table 1. The participant performs
the intervention individually and has 2 months to complete it.
The total time investment for the participants is between 4 and
9 hours (approximately 30-60 minutes per module). The first
three modules and the last module (‘willing’, ‘knowing’, ‘skills’,
and ‘moving on’) are mandatory for all participants. The
participant can choose other modules depending on his or hers
personal goals. The nine modules are displayed in Figure 1.
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Figure 1. Screen of the homepage, showing the nine modules of the online Reuma Uitgedaagd! (in Dutch).

Chat Sessions
The intervention includes three chat sessions between the
participant with the trainer (after finishing module 1, after
finishing module 3, and after finishing module 9). During the
chat sessions, the trainer discusses the progress of the
intervention and answers questions from participants. The
duration of a chat session is approximately 15 to 30 minutes.
The participant also has the ability to individually contact the
trainer via a message box.

Discussion Board
The purpose of the discussion board is to exchange experiences
between participants and trainers. In some exercises the
participants put their output on the discussion board to start a

discussion. For instance, they report how they tend to deal with
being dispirited and whether or not they feel the strategy is
proving to be successful.

‘Look and Feel’ of the Intervention
Based on the preferences of the research team, the design of the
Web-based intervention was made attractive by using ‘colorful,
real-life pictures of people of different ages’ to support
information and exercises. Secondly, pictures of people,
performing activities based on the content of the module, were
used as pictograms to navigate. Thirdly, the videos to support
the informative text of the modules were directed and produced
by a professional company. Finally, a voice over was added to
assist visually impaired participants.
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Table 1. Content of the Nine Modules of the Web-Based Self-Management Intervention and Exercises

ExercisesContentsModule

Awareness of self-managementSelf-management1. Willing (formulating personal goals)

Evaluating self-managementPriorities in life (getting to know yourself)

Life values (priorities in life)Setting and achieving personal goals

Formulating personal goals for the training

Knowledge Quiz: what do you (already) know
of your disease?

A rheumatic disease: what does that mean?2. Knowing (disease-specific information and
treatment)

Gaining insight into treatment and treatment
goals

Treatment possibilities

Working together with your physician and health
professional

Getting control over one’s disease and treatment

Pain and fatigue diary

Practice and evaluation of consultation in the
hospital

MedicationAdditional

A consultation in the hospital: how do you pre-
pare yourself?

Evaluating your own behavior: making choicesBeing in charge:making choices3. Skills (self-management skills)

Circle of influence and engagementProblem solving

Feedback in your daily lifeCommunication

Saying noTo give and receive feedback

Recognizing your own coping scaleSetting boundaries

Coping: dealing with consequences

Self-assertiveness testAdditional

Loss of health; what does that mean to you?Having a rheumatic disease; what’s next?4. Feeling (body, mind, and emotions)

Feeling blueConsequences of having a rheumatic disease on
your body, your mind, and socially

Evaluation of a situation to get insight into the
influence of one’s thoughts, behavior, and feel-
ings

Pain, fatigue, and negative emotions

Evaluation of the pain and fatigue diariesYour own influence

Dealing with the loss of healthProcessing phases in the loss of healthAdditional

Relaxation exercisesTips for handling pain

To puzzle over: what can you do?Tips for handling fatigue

To rack one’s brain: what can one do about it?

RelationshipsCommunicating with family and friends5. Living together (family and spouses)

IntimacyKids and stuff

Sexuality

Asking for help from your representatives or
friends

Communicating with your partnerGetting pregnant and having kidsAdditional

Taking care of kids

Communicating with one’s children

Explain your disease and consequencesHow to influence one’s environment?6. Influence (interaction with your environ-
ment)

Asking for help: sharing experiencesDealing with lack of understanding (invalidation)

Asking for help

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e113 | p.280http://www.researchprotocols.org/2016/2/e113/
(page number not for citation purposes)

Ammerlaan et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


ExercisesContentsModule

Your exercisesExercise and having a rheumatic disease7. Exercise (sport, exert, and relaxation)

Exercise diaryMotion and physical activity

Action planPain and overload

RelaxationExertion and relaxation

Exercise and different rheumatic diseasesAdditional

What’s a suitable job for you?Suitable work8. Work (daily activities)

Who knows that you have a rheumatic disease
at work?

Dealing with invalidation at work

Dealing with obstaclesDealing with fatigue and stress at work

Rights and obligations

Going to school or university

To apply for a job

Preparing for an interview with your colleagues
or boss

Preparing for an interview with your colleagues
or boss

Additional

Being sick and getting back to work/school

Work adaptions

Self-management: reflection of your own
knowledge and skills

Your personal goals9. Moving on (evaluation and looking for-
ward)

Action plan for the futureAction plan for the future

Evaluating your own goalsEvaluation

An example of an action planAdditional

Usability Testing

Design
The first draft of the Web-based self-management intervention
was tested in a quantitative pilot study, using the three concepts
of the Technology Acceptance Model (TAM) [18]: perceived
usefulness, perceived ease of use, and intention to use.
According to TAM, the usability of a particular technical
innovation can best be predicted by an individual’s intention to
use or re-use the innovation. This intention is determined by
two components: (1) perceived ease of use, which can be defined
as “the degree of ease, associated with the use of the
applications,” and (2) perceived usefulness, which can be
defined as “the degree to which an individual believes that using
applications will help him to attain gains or to increase personal
performance.” [18].

The participants of the pilot study were given 3-weeks’ access
to the Web-based self-management intervention to examine and
apply the contents of the intervention. After 3 weeks, the

participants completed a Web-based questionnaire on usability
(based on the TAM).

Population
Adult patients with access to a computer with Internet, sufficient
Internet skills, diagnosed with a rheumatic disease, and being
able to read and write in Dutch were included. Participants were
recruited through websites, Facebook, and Twitter accounts of
the Dutch Arthritis Foundation [19] and ReumaUitgedaagd!
[20]. All patients gave informed consent via the Internet.

Variables and Outcome Measures
Demographic variables like age and type of rheumatic disease
and self-reported Internet-skills (measured on a 5-point Likert
scale from very bad to very good) were collected to describe
the group. Usability as primary outcome measure was
operationalized using the three concepts of the TAM with 11
questions on a 5-point Likert scale (from totally disagree to
totally agree) with the possibility to give additional comments.
One question on ‘overall satisfaction’ was added, using a
numeric rating system (NRS) from 0 (not satisfied) to 10 (most
satisfied) (see Textbox 1).
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Textbox 1. Questions to Measure the Three Concepts of the Technology Acceptance Model on Usability (All questions start with: “Now that you have
seen the Web-based intervention…”)

Perceived usefulness

• Did you perceive the content of the intervention to be useful?

• Did you perceive the content of the intervention as understandable?

• Did you perceive the exercises in the intervention to be useful?

• Did you perceive the content of the exercises as understandable?

• Did you perceive the intervention to be useful as a supplement to usual health care?

• Did you perceive the intervention to be useful in dealing with the consequences of having a rheumatic disease in daily life?

Perceived ease of use

• Did you perceive the Web-based self-management intervention to be easy to navigate?

• Could you easily find what you were looking for?

Intention to use

• Would you participate again, knowing now the content and structure?

• Would you recommend the Web-based self-management intervention to others (knowing now the content and structure)?

Overall satisfaction

• How do you rate your overall satisfaction with the intervention?

• How do you rate the look and feel of the intervention?

Results
Twenty-three respondents (22 women, mean age of 47 years)
were given access to the Web-based intervention to test the
usability. Most of them were diagnosed with inflammatory
arthritis (16/23, 70%). Other diagnoses were osteoarthritis and
fibromyalgia. Ninety-one percent (21/23) of participants rated
their Internet-skills as ‘very good’. Two participants rated their
skills as average.

Ninety-one percent (21/23) of the participants indicated the
content and exercises as easy to understand and useful (ie,
agree/totally agree on the Likert-scale). The majority of the
participants (21/23, 91%) indicated the intervention to be useful
in dealing with the consequences of having a rheumatic disease
in daily life. The navigation on the site itself was rated somewhat
lower with 70% (16/ 23) of participants being critical about the
menu with thematic modules on the homepage and finding their
way on the website. The look and feel of the intervention was
recognized by 78% (18/23) of participants as pleasant.

In terms of intention to use: 78% (18/23) would participate in
the Web-based intervention themselves and 91% (21/23) would
recommend it to others. The mean satisfaction score of the
Web-based intervention was rated 7.9 (range 4-10) on a scale
of 0 (not satisfied) to 10 (most satisfied).

Conclusion
Considering the three concepts, we concluded that the
Web-based intervention was to be recognized as being useful
and easy to use. Participants stated that they were likely to
participate; now they were familiar with the content and
structure. To improve the navigation and menu of the

intervention, numbers were added to each module in order to
indicate the sequence of the modules .

Study Design in Order to Measure the Effectiveness
of the Newly Developed Web-Based Intervention

Design
To evaluate the Web-based self-management intervention, we
have planned a randomized controlled trial with an intervention
and a self-help control group and a 6-month follow-up period
among adults in the Netherlands having a rheumatic disease.
The control group will be put on a waiting list and will
cross-over to the intervention after 6 months. Participants in the
intervention group will be given access to the Web-based
self-management intervention ReumaUitgedaagd! Both groups
will receive usual care, based on the medical standard guidelines
of the Dutch Association of Rheumatology [21], which also
includes attention for self-management by the use of
informational and educational materials that are normally used
by patients to promote self-management. These materials are
offered on the website of the Dutch Arthritis Foundation.
Measuring the effectiveness means that we investigate whether
there is an additional effect of the Web-based intervention in
the intervention group on top of the care that is usually offered.
The medical-ethical review board of the University Medical
Center Utrecht in the Netherlands has approved the design and
the procedures of this study.

Participants
Because we already have a Web-based self-management
intervention for young adults (from 16-25 years), adults ≥26
years, having a rheumatic disease, diagnosed at least 2 years
before inclusion by a rheumatologist or a General Practitioner,
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are eligible for this study. In addition to having an Internet
connection, patients need to have proficiency in the Dutch
language and not having previously participated in a
self-management intervention. Having a psychiatric disorder
or being under (recent) treatment by a psychologist or
psychiatrist are criteria for exclusion from this study. The
participants will be recruited via the Internet through websites,
Facebook, and Twitter accounts of the Dutch Arthritis
Foundation [19] and ReumaUitgedaagd! [20]. After having
signed consent forms, they receive information about the study
and an information paper on goal setting with instruction and
some examples of goals derived from the study on needs (J.W.
Ammerlaan, et al, unpublished data 2016). After 1 week, a
telephone call will be set up between the researcher and the
participant to check the inclusion criteria and to answer any
questions about the study. The participants will also be asked
to think about three individual goals concerning their
self-management they want to achieve. One week later, a second
phone call will take place between the researcher and the
participant to set the final three individual goals and to inform
the participant about the randomization procedure. To warrant
objectivity and standardization as much as possible, standardized
scripts will be used for the two contacts. The telephone calls
are conducted by an independent interviewer (OM) who is not
involved in the care of patients with a rheumatic disease.

Randomization
Randomization will take place after informed consent and
completion of the goal-setting procedure, using a computerized
application of the University Medical Center Utrecht. This is
an automated process with no interference from the
investigators. We will use a stratified block randomization to
decrease the likelihood of imbalance between three conditions
(arthritis, osteoarthritis, and soft-tissue rheumatism). After
randomization, the participants will be informed by the
researcher if they are assigned to the intervention or control
group. The participants of the intervention group will then start
with the Web-based self-management intervention and be asked
to work through the intervention within 2 months.

Outcome Measurements
In this study individual outcome measures, generic outcome
measures, and process outcomes measures will be collected,
most of them via the Internet with questionnaires, self-reported
by the participants. Demographic variables including age, sex,
disease duration, diagnosis, marital status, current treatment,
education level, work, and comorbidity at baseline will be
collected in order to characterize the group of participants. The
timeframe for collecting the outcome measures is displayed in
Figure 2.
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Figure 2. Time frame and flow-chard study design.

Individual Outcomes: Goal Accomplishment

A crucial and novel aspect of this study is that the intervention
is customized to the needs of the participant. This is one of the
reasons why the change –progress toward– the main personal

goal is chosen as the primary individual outcome measure.
Studies show that on individual outcome measures the effect is
larger than on generic outcome measures [22-24], which is not
unexpected because many of the patients are already on a
functional level of generic outcome measures; even more so,
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given that patients with psychopathology are excluded. The
three personal goals that the patient wants to accomplish are in
a telephone interview with the researcher checked according to
the following criteria: (1) the individual goals are aligned to the
content and overall aim of the self-management intervention,
(2) the goals focus on ‘knowledge’ and ‘skills’, and (3) the
participant feels that each goal is achievable. In addition, the
participant is asked to prioritize these goals (the first goal being
the most important goal). Progress on the highest priority
personal goal is the primary outcome of the study. Evaluations
of the second and third personal goals are also conducted as
(secondary) individual outcome measures.

The personal goals are measured with a Web-based NRS. The
participant is asked to indicate with a score from 0 to 10 on the
NRS to what extent he or she achieved this goal. The content
of the primary goal can differ per person but the rate of change
can be compared between subjects because they are measured
on the same scale.

Generic Outcomes

The following generic outcome measures are assessed (all
self-reports): pain, disease activity, self-management skills,
quality of life, and sick leave.

Self-reported pain and disease activity will be scored by the
participant on a Web-based NRS from 0 to 10. The higher the
score, the more pain or disease activity.

Self-management will be measured with the Dutch translation
of the Web-based Health Education Impact Questionnaire (heiQ)
[25], which consists of 40 questions with scores ranging from
1 (not at all true) to 4 (exactly true) and are organized into a set
of eight scales: health-directed behavior, positive and active
engagement in life, emotional well-being, self-monitoring and
insight, constructive attitudes and approaches, skills and
technique acquisition, social integration and support, and health
navigation. In a recent study of patients with a chronic disease,
the heiQ scales showed good internal consistency, with
Cronbach’s alpha ranging from 0.70 to 0.89 on the eight
independent scales, and high construct validity [26].

Quality of life will be assessed with the Web-based Medical
Outcomes Study 12-item Short Form Health Survey (SF-12)
[27], which includes eight questions on functional status, three
questions on general well-being, and one question on general
health. The psychometric properties of the SF-12 are good [27].

Sick leave is measured with three questions regarding (1)
working in a paid job (yes/no/how many days a week), (2) sick
leave during the past month, and (3) reasons for sick leave. Two
measures of health care assumption are recorded as follows:
self-reported visits to general practice, medical specialist, or
physiotherapist, and whether or by whom support is offered to
achieve the personal goals.

Process Outcomes

Feasibility is measured as a process outcome in the effectiveness
study to evaluate the intervention in real-life in a larger group.
Feasibility will be measured within the intervention group using
the three concepts of the TAM [18,28] (see Textbox 1).

Use and adherence of the Web-based self-management
intervention are digitally measured by Google Analytics within
the intervention group. This was done by counting: (1) the
number of starting and finishing participants within the time
period, (2) the number of started and finished exercises, (3) the
number of logins, (4) the number of messages that were put on
the discussion board, (5) the number of contact moments with
the expert trainers, and (6) the number of messages on the
message box.

Power Calculation
To be able to compare our results with previous evaluations of
self-management interventions, power calculation was based
on the generic outcome parameters. In previous research, the
generic measures of self-efficacy (which is close to our
measurement of self-management skills) and functioning (which
is part of our quality of life measurement), small to moderate
effect-sizes (d) were found varying from 0.21 to 0.42 [11,29,30].
An effect-size d of 0.30 is similar to an effect-size f of 0.15 in
repeated measures analysis of variance. In the current study, to
be able to find a small to moderate difference (f=0.15) between
the experimental and control groups using repeated measures
analysis of variance, the total sample size needs to be N=90 (2
groups of n=45): G*Power3: f=0.15, 1-ß=.80, α=.05 two-tailed,
r=.50, two groups, two repeated measures (baseline vs one
post-therapy measurement) [31]. Taking a dropout rate of 25%
into account, we decided to recruit 120 participants. The
expectation of a small to moderate effect-size on these generic
outcome measures may be explained because patients already
have reasonable scores on self-management and quality of life
at the start of the study. And there is little reason to expect that
the intervention will affect other generic measures such as
disease activity and sick leave.

As the crucial aspect of the current study is that the intervention
is customized to the needs of the individual participant, the
change on the main individual goal is chosen as primary
outcome measure, and the change on the other two individual
outcome measures (evaluation of the second and third personal
goal) is considered important as well. Our sample size is large
enough to examine differences in this primary outcome measure.
Based on previous studies with individual outcome measures
[22-24], we expect a moderate effect-size (d=0.5) for the control
group and a large effect-size (d=1.2) for the intervention group
resulting in a moderate to large (d=0.7, f=0.35) effect-size when
comparing the intervention group and the control group using
the three individual primary and secondary outcome measures.
The calculated sample size is therefore considered to be safely
chosen to test the main individual goal and both secondary
individual outcome measures.

Statistical Analysis
Demographic and disease-specific outcomes will be
descriptively presented per group, where possible, with means
and standard deviations. The Consolidated Standards of
Reporting Trials statement [32] will be used to report the results
of this study. Quantitative data will be entered into a SPSS
database. Effect analyses will be done according to intention to
treat analysis by means of linear mixed-models for longitudinal
measurements with random intercept. Fixed effects for group,
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time, and group × time will be included in the model. Sick leave
and health care use will be counted and differences between
both groups will be analyzed using parametric tests or
nonparametric tests, depending on the distribution of the data.
Process outcomes, feasibility, use, and adherence will be
analyzed with descriptive statistics.

Results

Patient inclusion and data collection will be completed in
February 2017.

Discussion

Implications of the Intervention
A comprehensive assessment of the preferences and needs of
patients with a rheumatic disease was used to build
ReumaUitgedaagd! Online, guided by Self-Determination theory
[17]. The usability study showed that the intervention was
considered useful, easy to use, and accepted and appreciated by
the target group of patients. These results predict that the
intervention will be used to improve the use and effectiveness
of this intervention, individual goals based on personal needs
are identified at the beginning of the intervention and the
intervention is customized to the individual patient. Because
the intervention is personalized and guided by needs and
preferences of patients, a low drop-out rate is expected.

According to the MRC framework [14], which was used by the
research team to develop and evaluate the Web-based
self-management intervention, this intervention can be defined
as complex, taking into consideration the components, the
required behaviors, and level of difficulty for both participants
and trainer. The intervention is also flexible and customized to
the individual participant. Although the MRC framework does
not recommend active involvement of the users in the
development or evaluation of the intervention, the knowledge
and experiences of patient representatives were embedded in
all phases of the framework. The aim of involving the users was
to the use, acceptance, adherence, and effectiveness of the
intervention [13,18]. Although we conducted a usability study
in an earlier phase of the MRC model, we will measure
additional process outcomes like feasibility, use, and adherence
to gain knowledge of the working elements of the newly
developed Web-based intervention.

Conclusion
Strong features of this Web-based intervention are that it is
guided by needs and preferences of patients, that the precise
contents of the interventions are customized to the individual
patient, and that also the outcome measures fit the
self-management goals that are really important to the individual
patient. This makes the intervention an example of personalized,
patient-centered care. If proven effective, ReumaUitgedaagd!
Online will be implemented in the Netherlands.
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Abstract

Background: Little is known about the ability of individual stakeholder groups to achieve health information dissemination
goals through Twitter.

Objective: This study aimed to develop and apply methods for the systematic evaluation and optimization of health information
dissemination by stakeholders through Twitter.

Methods: Tweet content from 1790 followers of @SafetyMD (July-November 2012) was examined. User emphasis, a new
indicator of Twitter information dissemination, was defined and applied to retweets across two levels of retweeters originating
from @SafetyMD. User interest clusters were identified based on principal component analysis (PCA) and hierarchical cluster
analysis (HCA) of a random sample of 170 followers.

Results: User emphasis of keywords remained across levels but decreased by 9.5 percentage points. PCA and HCA identified
12 statistically unique clusters of followers within the @SafetyMD Twitter network.

Conclusions: This study is one of the first to develop methods for use by stakeholders to evaluate and optimize their use of
Twitter to disseminate health information. Our new methods provide preliminary evidence that individual stakeholders can
evaluate the effectiveness of health information dissemination and create content-specific clusters for more specific targeted
messaging.

(JMIR Res Protoc 2016;5(2):e50)   doi:10.2196/resprot.4203

KEYWORDS

Twitter; health information; dissemination; health communication; digital health

Introduction

The Centers for Disease Control and Prevention (CDC) uses
Twitter as its sole microblogging platform, actively encouraging
its use to reach stakeholders with relevant health information
[1] and to provide a framework for health information

dissemination best practices [2]. Web 2.0 and social media
platforms like Twitter provide an opportunity to bridge the gap
between innovation and dissemination by leveraging the viral
spread of information across large networks of potential
stakeholders. However, little is known about the ability of
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individual stakeholder groups to achieve their health information
dissemination goals through Twitter.

Twitter allows for easy communication and spread of
information through networks. Methods to determine the
effectiveness of this communication are well documented and
widely accessible through an application programming interface
(API). Twitter information spread begins when a user posts a
short message (currently limited to 140 characters) referred to
as a tweet. Users (the stakeholders to which the CDC refers),
including influential users, can spread health information
through Twitter by encouraging others to follow their tweets.
In addition to receiving the information, followers can spread
the information to their followers through retweeting (ie, echoing
a message by another user). This is the benefit of social media
networks: important information can be spread rapidly by
sending a message on Twitter to a large and active following
base.

An analysis of data from the Health Information and National
Trends Survey (HINTS) revealed 23% of Internet users actively
engaged in social networking sites [3], and a 2013 study showed
74% of online adults use social networking sites, suggesting a
more than 2-fold growth of social network users in the past 5
years [4]. In particular, 35% of Internet users who use Twitter
are young adults (aged 18-29 years) or elderly (65 years and
older), and nearly 30% are from racial and ethnic minority
populations [5]. This is the second potential benefit of Twitter:
special groups that might be difficult to reach through other
channels can be reached on Twitter, where they are already
actively engaged.

There is little information, however, about the effectiveness of
Twitter in spreading health information disseminated by
credible, nongovernmental individual or group stakeholders.
Such individuals and groups are usually part of a network of
professionals with whom they work closely, and the network
is a crucial channel to spread credible materials in the field.
Exploring the effectiveness of the information dissemination
in such networks is significant for enhancing the promotion of
valuable news and findings. So far, few techniques are available
for optimizing dissemination of credible health information by
linking user interests with content. In an effort to develop tools
to improve this dissemination, the authors report on a
methodology examining a case study of an existing Twitter
network, @SafetyMD. This study aimed to develop and apply

methods of (1) measuring the continued emphasis of health
information themes as they spread through two levels of
followers of @SafetyMD and (2) identifying targeted interest
groups among the followers of @SafetyMD. The goal of this
study was to advance methodology for the systematic evaluation
and optimization of health information dissemination by
stakeholders through Twitter.

Methods

The @SafetyMD Network
The Center for Injury Research and Prevention (CIRP) at the
Children’s Hospital of Philadelphia has a
research-to-action-to-impact outreach strategy that relies on a
large network of child and adolescent professionals interested
in injury prevention and treatment. Outreach professionals
within the center work closely with scientists and engineers to
translate evidence into credible messages and materials delivered
mostly on the Web. One of the channels for disseminating this
information is the official CIRP Twitter handle, @SafetyMD,
launched in 2011 and led by the center’s scientific director.

Content for @SafetyMD tweets and retweets is based on
empirical research conducted within CIRP, new science from
the injury research community at large, news, policy decisions,
and advances in injury prevention strategies developed by
industry. Followers of @SafetyMD include fellow physicians,
nonprofit organizations, corporations, journalists, policymakers,
and other influencers (eg, users from governmental or corporate
entities) as well as researchers, entrepreneurs, and the general
community. At the time of this analysis, @SafetyMD had 1790
followers (now 2550), and 458 tweets had been composed with
an original-tweet-to-retweet ratio of 18 to 1 (indicating an
emphasis on original content versus aggregated content). Given
the purpose of the @SafetyMD handle, the relative diversity of
its followers (in comparison to similarly sized research groups),
and its level of activity, the authors concluded that @SafetyMD
represented a typical academic/public health nongovernmental
research entity that the CDC referred to in its Twitter strategy
for disseminating health information. As such, @SafetyMD
provided a convenient and generalizable platform to pilot test
methods for measuring health information dissemination on
Twitter. See Figure 1 for a screen shot of @SafetyMD’s current
Twitter page.
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Figure 1. The @SafetyMD Twitter Page. Note: Screen shot was taken on February 16, 2014 (after this analysis had been conducted).

Data Extraction and Organization of the @SafetyMD
Network
This protocol was exempt from review by the Children’s
Hospital of Philadelphia’s Institutional Review Board. Based
on Twitter protocols [6], we used the representational state
transfer (REST) API version 1.0 provided by Twitter to acquire
data. Specifically, we used the Status method to collect tweets
posted by @SafetyMD and the Search method to collect retweets
with keywords “RT @username.”

Between July and November 2012, available profile information
(eg, handle name, total number of followers, number followed
by, total number of original tweets, user-provided Twitter profile
descriptions, and tweet/retweet text content) was obtained from
the 1790 @SafetyMD followers. Using the REST API’s GET
statuses/user_timeline method, a custom PHP-crawler program
was developed to interface with the API, extract JavaScript
Object Notation (JSON) data from followers, and store this data
in a MySQL database for accessible tabular data formats. The
resulting database included tweets from @SafetyMD’s network:
those who follow @SafetyMD, those who retweet @SafetyMD,
and those who retweet content from followers of @SafetyMD.
Text content from @SafetyMD tweets was queried to identify
the most frequent repeated words after the content was processed
to remove stop words such as “a,” “and,” and “or.” [7]. In order
to pilot test and evaluate the methodology, we extracted
important keywords from the tweets to investigate how key
information disseminated through the network. We employed
term frequency, commonly used in information retrieval to
measure a terms’ significance in the corpus, to identify as
keywords terms repeated at least 10 times.

Objective 1: Dissemination
This objective aimed to develop and apply methods for
measuring the continued emphasis of health information themes
as they spread through two levels of followers of @SafetyMD.
A measure of user emphasis was defined as the proportion of
total words in retweets that contained @SafetyMD keywords.
As a baseline, we also measured the proportion of @SafetyMD
keywords in the cumulative words of all @SafetyMD tweets.
For this analysis, the @SafetyMD network was limited to those
that were active retweeters and organized into three levels. In
order to isolate mutually exclusive Twitter users, we defined
Level 0 as @SafetyMD (n=458 original tweets), Level 1 as
users who retweeted content from @SafetyMD (n=112 users,
n=252 retweets), and Level 2 as those users who retweeted
content from Level 1 and not directly from Level 0 (n=2356
users, n=4508 retweets).

Objective 2: Targeted Interest Communities
In order to develop more targeted dissemination strategies, this
objective examined whether @SafetyMD followers clustered
into content-relevant groups. To pilot test this approach, a
10.00% random sample of @SafetyMD followers (n=179) was
chosen and further limited to those who retweeted keywords
from @SafetyMD (final sample analyzed n=170). For this
sample, each user’s 50 most recent tweets (inclusive of original
tweets, retweets from @SafetyMD, and retweets from others)
were selected for content analysis, and available user profile
information was extracted and linked to the content analysis.
The range of each user’s 50 most recent tweets was set at 0 to
128 days from data extraction (this does not factor in each
Twitter user’s account lifetime, which could fall within the
0-128 day range).

Unique words were identified from the sample of 8500 tweets
by a custom-written Java program that removed handle names,
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URLs, punctuation symbols, and stop words. Words that
included the hashtag symbol “#” as a prefix were kept because
they represented a grouping of similar messages and topics on
Twitter. This process yielded 1027 unique words. A word
importance metric was created by computing the term
frequency-inverse document frequency (TF-IDF) value using
a Weka (Waikato Environment for Knowledge Analysis) filter
class [8] for each word in each of the 8500 individual tweets.
This processing generated a large matrix (170 followers × 1027
unique words) that required further data reduction through a
2-step process.

First, principal component analysis (PCA) [9] was conducted
to explain the variance-covariance structure of linear
combinations of TF-IDF values. After excluding components
with eigenvalues less than 1, a second step involved hierarchical
cluster analysis (HCA) [10] on the components to further
segment the sample of @SafetyMD followers. Similarity was
calculated based on affinities among the components extracted

from PCA. See Figure 2 for the formula calculating the minimal
distance.

In this analysis, xij= the TF-IDF value of term j in follower i.
After calculating the distance between the new cluster and other
clusters, HCA combined any two closest clusters recursively
until the algorithm merged all the variables into one final cluster.
The furthest neighbor (complete linkage) cluster method was
used [10]. As an additional exploratory step, common interests
from followers from each cluster were obtained by reading
available Twitter profile descriptions and extracting common
words and themes.

Statistical Analysis
Descriptive statistics, including frequencies and proportions,
were computed as appropriate. A scree plot and tabulated
eigenvalues from the PCA and a dendrogram from the HCA
were generated to identify unique clusters. All aggregate
analyses were performed using R version 3.0.1 and SPSS version
19 (IBM Corp).

Figure 2. Formula calculating minimal distance.

Results

Description of the @SafetyMD Network and Keywords
@SafetyMD had 1790 followers by the end of the 5-month
study period and had composed 458 original tweets and retweets.
The 1790 followers had a cumulative following base of
10,866,958 followers. The 458 @SafetyMD tweets and retweets
contained 6538 words, and the stop word filter removed 2560
words (39.16%) of these words. A total of 31 keywords (words
repeated at least 10 times) were generated from @SafetyMD’s
458 tweets, and these keywords were repeated 785 times (Table
1).

Dissemination Across the Network
Of the 6538 words from the 458 tweets generated by
@SafetyMD (Level 0), the keywords reflected a user emphasis,
or proportion of @SafetyMD words in tweets that were
keywords, of 12.01%. Within each subsequent level, the user
emphasis remained and decreased: Level 1 contained 6.10% of
@SafetyMD’s keywords among its 3711 retweeted words; Level
2, 2.50% of 60,795 retweeted words. All 31 keywords were
represented in each level at least once.

The results depicted a possible dilution effect when retweeting
from one level to the subsequent level. The @SafetyMD
dissemination strategy aimed to use the viral nature of Twitter
to spread evidence-based injury prevention information. While
there was evidence of dissemination, only 2.50% of the content
reached a second stage of spread. The change in keywords

throughout the diffusion process demonstrated how users at
different levels in the constructed retweet network could serve
as a proxy filter. They pass on the core information posted by
@SafetyMD while shifting the focus by disseminating other
types of information such as social events and social behavior.

Targeted Interest Communities
The random sample was selected of 170 @SafetyMD followers
who had composed 1,073,770 tweets and had a combined
following base of 2,066,980 users. The 50 most recent tweets
from these followers had a total word count of 35,602. Of these
words, 9.60% were keywords, and all 31 @SafetyMD keywords
were represented at least once among the 8500 tweets. PCA
revealed 129 unique components from the data. Figure 3 depicts
the scree plot generated from the 170×1027 matrix.

In an attempt to further classify the 170 followers, HCA
generated 12 unique clusters from the 129 components (the
dendrogram could not be presented due to its extremely large
size but is available upon request). Table 2 reveals that the
clusters shared common interests based on available Twitter
profile descriptions provided by the users.

Nearly 60.0% of the followers were grouped in cluster 2 with
common interests shared around driving education/safety and
pediatric health and the words “drive,” “new,” “help,” “driver,”
and “safe” had the five largest TF-IDF values. Although the
HCA algorithm was able to differentiate clusters 5, 7, and 8,
common interests from available Twitter profile descriptions
were not available and could not be determined.
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Table 1. @SafetyMD keywords.

FrequencyKeywordRank

112#teendriving20121

73teen2

51safety3

47driving4

40#safety20125

32teens6

29driver7

25drivers8

23research9

23Safe9

21#roadsafety11

20#AMIA201212

20#CelebrateMyDrive12

20CHOP12

20parents12

19crash16

19crashes16

19risk16

17chat19

17injury19

16car21

15study22

14drive23

13child24

13concussion24

13seat24

12#OHSU10X1027

12children27

10kids29

10passenger29

10positive29
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Table 2. Distribution of common interests across the 170 @SafetyMD followers grouped into 12 clusters.

Common interestsFollowers, nCluster

Physician blogger, medical journalist51

Driving school, drive training, driving safety, injury prevention, child health, pediatric physician1012

Moms, reporters, business owners153

Spread of health-related information through social network54

Could not be determined45

Health research and health services, especially for driving safety86

Could not be determined57

Could not be determined68

Physicians and medical research, especially child injury prevention69

Medical education, driving education and training710

Pediatricians and moms411

Healthcare professionals, road safety professionals412

Figure 3. Scree plot of extracted components and their corresponding eigenvalues. Components with Eigenvalues <1 were excluded revealing 129
components.

Discussion

Principal Findings
As a popular microblogging platform, Twitter enables users to
disseminate information to a large audience. Users can be
selective in deciding whether to retweet a tweet, and this is a
natural filtering process. Only those who consider the
information as valuable and credible would pass along the
message and make it accessible to peers with common interests.
Although the information could be diluted throughout the
information dissemination process, Twitter makes it easy and
fast for information to reach more relevant people than the
original author’s immediate network. This study is one of the

first to develop methods for use by stakeholders to evaluate and
optimize their use of Twitter for disseminating health
information. Our newly developed methods provide preliminary
evidence that individual stakeholders can evaluate the
effectiveness of health information dissemination and create
content-specific clusters for more specific targeted messaging
through Twitter’s direct messaging function.

As an indicator of dissemination, the new metric user emphasis
was defined representing the proportion of Twitter content that
included keywords used by the stakeholder. The case study
network, @SafetyMD, demonstrated a persistent but decreasing
user emphasis of original @SafetyMD content (keywords) as
the information spread through two levels of followers via
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retweeting. By Level 2 (the followers of @SafetyMD’s
followers), user emphasis indicated that the use of @SafetyMD
keywords had persisted but dropped by 9.5 percentage points.
A second method created follower clusters based on content
tweeted. The data reduction methods were able to differentiate
12 unique clusters of followers of @SafetyMD.

While multiple studies have conducted health information
content analyses across Twitter networks [11-17], few have
developed systematic methods to measure health information
spread and leverage an existing Twitter network in order to
differentiate interest groups. In a particular study utilizing
NodeXL methods, Smith and colleagues [18] were able to
identify clusters of content and proximal-based groups based
on hashtags or selected words. In a study outside of the health
sector examining the dissemination of anti-Islamic extremism
on a popular Twitter handle, Blanquart and Cook [19] concluded
that message dilution was a common phenomenon without the
use of hashtags and embedded URLs in original tweets to
magnify the messages. Our methods extend those reported
previously by examining health information dissemination
through a specific Twitter user network, identifying metrics for
health information dissemination and leveraging an existing
organization’s Twitter strategy to effectively reach targeted
groups.

More than 10 years ago, Berwick [20] argued that health care
leaders lag in translating successful scientific innovations into
practice and provided 7 recommendations to accelerate the
diffusion of innovations. More recently, Glasgow and colleagues
[21] suggested that traditional implementation and dissemination
strategies recommended by Berwick (such as getting packaged
or messaged information to influencers via traditional
networking and partnership) yield labor-intensive and
cost-inefficient results. Kreuter and Bernhardt [22] extend these
ideas and recommend that health care entities establish
systematic evaluation measures to successfully disseminate
evidence-based public health programs. The authors stress the
need for more pragmatic methodologies for efficient
dissemination of health care innovations. Our methods directly
respond to this recommendation by providing tools for
stakeholders to conduct systematic evaluation on their social
media interventions.

Given the wide popularity of Twitter (nearly 232 million active
users worldwide [23]), the CDC endorses its use as an
opportunity to reach new audiences and bridge dissemination
gaps [1]. However, health messages on Twitter can be lost in
the large volume of content (more than 5000 tweets composed
each second and nearly 300 billion cumulative tweets [23]).
Our research supports the potential for Twitter to disseminate
health information; however, Twitter communication strategies
may need to be optimized.

Limitations
Our results are not without limitations. The newly proposed
indicator, user emphasis, only takes into consideration retweets
across levels of followers within an existing network and does
not account for original status updates that may reference
@SafetyMD keywords. In addition, user emphasis may change
over time based on new followers and the content that is shared.
Also, the current calculation of user emphasis was limited to
retweets resulting in a potential conservative estimate because
it did not consider other ways that followers interacted with
@SafetyMD (eg, through mentions and conversations). The list
of the 31 @SafetyMD keywords was generated directly from
@SafetyMD tweets and was not further compared to common
words used in the broader health information environment.
Therefore, we were not able to classify these keywords as
original @SafetyMD content versus content influenced by the
general health information environment on Twitter.

Our random selection of 170 @SafetyMD followers and their
50 most recent tweets may not necessarily represent content
that best describes their information interests or needs, which
might change over time. In particular, the range of recent tweet
content was within 0 to 128 days of data extraction and may
not have taken into account a user’s most current Twitter
behavior. Future studies should examine a larger sample and
the evaluation should be rolling over time to look at trends in
interests. Also, the user-provided Twitter profile description
might not have been current or complete (as it is part of the
registration process and limited in length). Future studies might
consider use of surveys to evaluate user interests.

It is clear from the HCA that the overwhelming majority of
users were grouped in cluster 2; less than 10% were spread
among the remaining 11 clusters. In addition, the common
interests of many of the clusters are quite similar to each other,
which may imply that available Twitter profile information is
not a reliable and valid tool to describe mathematically unique
groups on Twitter (given the inconsistency of available profile
information). Future studies are needed to validate the relative
uniqueness of these clusters and describe the clusters generated
from this method using rigorous methodologies that may not
involve using available profile information. Finally, these
methods will only be useful as long as Twitter continues to
share the data.

Conclusions
This study aimed to develop and test a set of methods to (1)
measure health information spread across an existing Twitter
network and (2) leverage an existing Twitter network to identify
target interest groups in an effort to provide tools for
organizations that use Twitter to communicate health
information. The results from @SafetyMD case study provide
preliminary evidence of systematic yet simple tools that can be
used to effectively leverage an existing Twitter network used
to promote credible health information.
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Abstract

Background: The Wnt signaling pathway, mediated through active beta-catenin, is responsible for initiating the majority of
cases of human colorectal cancer (CRC), and we have previously shown that hyperactivation of this pathway by histone deacetylase
inhibitors (HDACis), such as butyrate, can induce the death of CRC cells. An important cellular switch that mediates the effects
of Wnt-signaling activation is variation in the association between beta-catenin and the transcriptional coactivators cAMP response
element binding (CREB) binding protein (CBP) and p300. Association of CBP with beta-catenin is thought to activate a set of
genes linked to cell proliferation, while the p300-mediated Wnt genetic program is believed to promote cell differentiation. Small
molecule agents have been discovered that modulate CBP/p300 Wnt transcriptional programs by altering the association of CBP
and p300 to beta-catenin. ICG-001 and ICG-427 inhibit CBP- and p300-mediated Wnt activity, respectively, while IQ-1 prevents
the shift from CBP-mediated to a p300-mediated Wnt activity.

Objective: Aim 1 of this proposal is designed to determine the role of CBP- and p300-mediated Wnt signaling in the response
of CRC cells to HDACis. Aim 2 is to determine the role of CBP and p300 in the maintenance of high- and low-Wnt fractions in
CRC cell line. Aim 3 will compare the effects of CBP- and p300-mediated Wnt activity on CRC initiation and progression.

Methods: In Aim 1, cells will be cotreated with HDACis and ICG-001, ICG-427, or IQ-1 and the levels of Wnt activity,
apoptosis, proliferation, differentiation, and CBP- or p300-beta-catenin binding measured. Aim 2 of this proposal may mirror
similar heterogeneity observed in human tumors and which may be of clinical significance. Aim 3 will use CRC cell line model
systems of initiation and progression: the normal colon cell lines CCD-841CoN, the adenoma line LT97, the primary colon
carcinoma cell line SW480, and the lymph node metastasis cell line SW620. Cells will be treated with HDACis and the small
molecule agents, and assayed as described above.

Results: We will also attempt to use changes in CBP- and p300-mediated Wnt signaling to shift colonic cells between cell type,
modifying CBP- and p300-mediated gene expression in the LT97 adenoma line to shift the adenoma phenotype to more characteristic
of the CCD-841CoN normal cells, or the SW480 carcinoma cells. We will use microarray analyses to determine the patterns of
gene expression responsible for these CBP- or p300-mediated changes in colonic neoplastic phenotype.

Conclusions: The findings generated from this study will lead to future, more in-depth projects to further dissect the action of
CBP/p300 Wnt–mediated transcriptional programs in colonic neoplasia, with an emphasis on methods to modulate these genetic
programs for chemopreventive effect.

(JMIR Res Protoc 2016;5(2):e66)   doi:10.2196/resprot.5495
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Introduction

Colorectal cancers (CRCs) are amenable to a high degree of
prevention [1-12] through diet; however, CRC remains the
second leading cause of cancer mortality in the United States.
Two large clinical studies convincingly demonstrated a
relationship between fiber intake and reduced risk of CRC
[10-12]. The protective action of dietary fiber against colon
cancer has been attributed to the fermentation of fiber by
anaerobic bacteria in the colon, producing butyrate [13], an
inhibitor of histone deacetylases (HDACi) that is present in the
colonic lumen at high concentrations [14] and has the potential
to produce cell cycle arrest, differentiation, and/or apoptosis of
CRC cells [15-18].

In addition to butyrate, other HDACis have emerged as
promising anticancer agents due to their ability to preferentially
induce growth arrest, differentiation, and apoptosis in malignant
cells [19,20]. Thus, several HDACis are currently in clinical
trial and, recently, the US Food and Drug Administration (FDA)
approved the HDACi vorinostat, suberoylanilide hydroxamic
acid (SAHA), for the treatment of cutaneous T-cell lymphoma.
Considering the increasing clinical evaluations of HDACis,
knowledge of how these agents express their antineoplastic
properties is important. Initially, the major activity of HDACis
was believed to involve net histone acetylation, leading to
modified chromatin assembly and altered gene expression
[19,20]. Thus, the HDACis sodium butyrate (NaB) and
trichostatin A (TSA), which induce apoptosis in SW620 CRC
cells in vitro, hyperactivate Wnt transcriptional activity in these
cells [21].

Wnt signaling is induced by the binding of Wnt ligands to their
cell surface receptors, resulting in inhibition of glycogen
synthase kinase-3 beta (GSK-3beta) activity [22,23]. When
active, GSK-3beta, in complex with adenomatous polyposis
coli (APC) and Axin, promotes the phosphorylation and
degradation of beta-catenin [24-26]; however, when GSK-3beta
activity is inhibited, dephosphorylated beta-catenin accumulates
and interacts with transcription factor/lymphoid
enhancer-binding factor (Tcf/Lef) DNA binding proteins
[27-32]. Beta-catenin-Tcf (BCT) transcriptional complexes are
detected by their ability to drive transcription from Tcf/Lef
site-containing promoter constructs [29,30]. It has been
established that constitutively activated Wnt signaling, due to
mutations in the APC [29-31] and beta-catenin [30] genes,
promotes cell proliferation and tumorigenesis in the colon. Thus,
the finding that the HDACis NaB and TSA induce programmed
cell death, as well as hyperactivate Wnt signaling in SW620
CRC cells [21], seems to be a paradox. This initial observation
was subsequently confirmed in a more comprehensive study,
which established a linear relationship between the induction
of Wnt transcriptional activity and the levels of apoptosis and
the inhibition of clonal growth in 10 human CRC cell lines
treated with NaB [1]. In addition to butyrate, other structurally
unrelated HDACis, including TSA, vorinostat, and MS275 also
hyperactivate Wnt activity in CRC cells at concentrations that
result in apoptotic levels similar to those induced by a
physiologically relevant concentration (5 mM) of NaB [2]. The
causative relationship between induction of Wnt activity and

apoptosis was analyzed in NaB-treated CRC cells expressing
dominant negative Tcf4 (DN-Tcf4), an amino terminally
truncated form of Tcf4, which does not bind beta-catenin and
which inhibits the activity of endogenous BCT complexes.
DN-Tcf4 suppressed the induction of Wnt transcriptional activity
by NaB and resulted in reduced levels of apoptosis [1].

While the majority of published studies associate the activation
of Wnt signaling with proliferation and tumorigenesis, several
in vivo studies [33-36] support the relationship between
upregulated Wnt activity and high levels of apoptosis in CRC
cells exposed to NaB [1] including: (1) homozygous mutation
in the Drosophila homolog of APC results in neuronal cell
apoptosis in the Drosophila retina [33], (2) expression of stabile,
amino-terminally truncated beta-catenin results in 3- to 4-fold
higher apoptotic levels in the intestinal villi of transgenic mice
[34], (3) conditional targeting of Apc, the mouse version of
APC, in murine neural crest cells results in massive apoptosis
of cephalic and cardiac neural crest cells at 11.5 days post
coitum [35], and (4) expression of constitutively active
beta-catenin in 129/Sv cells of chimeric mice results in apoptosis
of these cells [36]. These findings contrast with the reports that
decreased Wnt activity, produced by expression of wild-type
APC in APC-/- CRC cells, induces apoptosis [37,38], probably
by downregulation of survivin [39], and that increased levels
of beta-catenin protect cells from suspension-induced apoptosis
[40]. These contradictory findings can be reconciled by the fact
that different levels of Wnt activity are achieved in different
experimental systems. Thus, Wong et al [39] proposed that cells
exposed to high levels of Wnt activity undergo apoptosis;
whereas, cells exposed to moderate levels of Wnt activity
maintain a proliferative state, and cells exposed to low levels
of Wnt activity undergo differentiation (terminal differentiation
followed by apoptosis). The “just right hypothesis” for CRC
formation is based upon a similar concept: APC mutations that
result in moderate levels of Wnt signaling are optimal for tumor
formation and growth; whereas, APC mutations that lead to
relatively high levels of Wnt signaling are not selected, most
probably due to apoptosis of cells with such mutations [41].

Based upon published studies by others [33-36], as well as by
our findings [1,2,21], we postulate that both relatively high and
relatively low levels of Wnt transcriptional activity lead to CRC
cell apoptosis. Therefore, Wnt activity can be viewed and
analyzed as a gradient, within which absence of detectable Wnt
signaling (such as in cells at the top of the colonic crypt) results
in terminal differentiation and apoptosis, relatively low levels
of signaling (such as in the stem cell compartment of the colonic
crypt) lead to controlled self-renewal, moderate levels of
signaling (such as in CRC cells) promote proliferation, and
relatively high levels of Wnt activity (such as in CRC cells
treated with HDACis) lead to enhanced apoptosis (Figure 1).
Because of mutation, most CRC and/or CRC precursor cells
exhibit aberrant Wnt signaling [29-31]. Therefore, these cells
undergo apoptosis with relatively high levels of Wnt activity at
the right end of the Wnt signaling continuum; whereas, normal
colonic cells undergo apoptosis predominantly through
regulatory mechanisms that likely lead to terminal differentiation
and are associated with the downregulation of Wnt activity
(Figure 1).
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Based upon our findings in vitro [1,2,21], we propose that high
levels of dietary butyrate in the colonic lumen have a
“surveillance” function, whereby butyrate drives premalignant
and malignant cells with constitutively activated aberrant Wnt
signaling into apoptosis through the hyperinduction of Wnt
transcriptional activity. The constitutive activation of Wnt
signaling makes cells particularly vulnerable to the apoptosis
inducing effects of butyrate.

We have established that the hyperactivation of Wnt signaling
activity in NaB-treated CRC cells results from increased levels
of Ser-37/Thr-41-dephosphorylated (active) beta-catenin,
augmented formation of BCT complexes, as well as enhanced
BCT complex-DNA binding [1,2]. The HDACis TSA, SAHA,
and MS-275 hyperinduce Wnt activity in CRC cells via the
same mechanisms [2]. The increased dephosphorylation of
beta-catenin [42-44] in the presence of HDACis is triggered at
the plasma membrane level. Thus, we demonstrated that Dkk-1
and sFRP2, Wnt-signaling antagonists, which interfere with
Wnt ligand-receptor interactions at the cell membrane [45-55],
inhibit the upregulation of active beta-catenin and the
hyperactivation of Wnt transcriptional activity by the HDACis
NaB, TSA, SAHA, and MS-275 in CRC cells [2]. Consistent
with this, other groups have provided evidence for autocrine
Wnt signaling in CRC cells [52,53].

Results from our in vitro studies [1,2] suggest that the
chemopreventive action of HDACis may differ depending upon
the levels of Wnt signaling induced in different cancer subtypes.
Thus, we have identified two classes of CRC cell lines: those
that respond to butyrate treatment with a high-fold induction of
Wnt activity and apoptosis (HWA), and those that exhibit a
low-fold induction of Wnt activity and apoptosis (LWA) [1].
If such differences exist in vivo, colorectal adenomas, CRCs,
and other Wnt signaling-positive neoplasms can be divided into
HWA and LWA groups that differ in their response to HDACis,
including butyrate derived from dietary fiber. In addition to
differences in Wnt activity between different CRC cell lines
(ie, HWA vs LWA), variation in basal and HDACi-induced
levels of Wnt activity exist between cells of the same CRC cell
line. Applying novel flow cytometry-based methodology, we
distinguished between cells with high Wnt activity from cells
with low or no Wnt activity within individual CRC cell lines
[1]. In these experiments, transfections with enhanced green
fluorescent protein (EGFP)-expressing vectors under the
transcriptional control of a Wnt-sensitive promoter allowed us
to evaluate the number of cells with Wnt activity in the cellular
population before and after NaB treatment. In both HWA and
LWA cell lines, NaB induced Wnt activity in cells with no
detectable Wnt activity; therefore, the fraction of
Wnt-positive/high-Wnt cells increases in cell lines exposed to
NaB. However, HWA cell lines exhibited a larger fold increase
in Wnt-positive cells than LWA cell lines. Thus, treatment of
HWA cell lines with NaB resulted in more efficient induction
of Wnt in an additional number of cells. Based upon our data,
the difference between HWA and LWA cell lines in the
upregulation of Wnt activity by HDACis derives from (1) HWA
cell lines exhibit a greater increase in the Wnt positive cell
fraction than do LWA cells, and (2) the levels of Wnt activity
per cell are higher in HWA cells than in LWA cells. Further,

we have shown that the low-Wnt fraction of a CRC cell
population represents cells more resistant to the proapoptotic
effects of NaB [1,2]. The greater the fraction of high-Wnt
activity cells, the greater the apoptotic response to HDACis.
The heterogeneity observed in the levels of Wnt signaling in
different CRC cells in vitro may be analogous to the presence
of significant heterogeneity in CRC tumors in vivo. It is
plausible that the sensitivity of colorectal neoplasms to HDACis
depends upon the relative fraction of HDACi-sensitive cells
with high levels of Wnt activity. Therefore, the ability to
modulate Wnt signaling within populations of neoplastic cells,
possibly through Wnt cofactor activity, may lead to enhanced
chemopreventive and therapeutic efficacy of HDACis.

An important transcriptional control point that influences the
levels and outcomes of Wnt-signaling activation is the
association between beta-catenin and the transcriptional
coactivators cAMP response element binding (CREB) binding
protein (CBP) and p300 [3-6]. Both CBP and p300 are histone
acetyl transferase (HAT) proteins known to influence Wnt
activity [3-6,56-59]. The interaction between CBP/p300 and
Wnt signaling is complex; these cofactors can either up- or
downregulate [56-59] Wnt activity. Both CBP and p300 [56-59]
bind to Tcf, and this association possibly also mediates the
effects of these proteins on Wnt activity. In addition, acetylation
of beta-catenin by p300 enhances formation of BCT complexes,
and this may be one mechanism by which HAT factors stimulate
Wnt signaling [60]. Knockdown of CBP and p300 levels with
small-interfering RNA (siRNA) upregulated Wnt activity in the
SW480 CRC cell line, suggesting a repressive function for these
factors [58]. However, overexpression of p300 or CBP in
SW480 cells could not reverse this activation of Wnt activity
and actually further upregulated Wnt signaling [58]. This
paradoxical finding is possibly due to a dual role for CBP and
p300 in both up and downregulating Wnt activity in a context
dependent fashion [58].

Interactions between CBP/p300 and Wnt signaling are optimally
dissected using inhibitors known to be specific for CBP-Wnt
and p300-Wnt transcriptional programs, the small molecule
inhibitors ICG-001, ICG-427, and IQ-1. ICG-001 binds to CBP
but not to p300, despite the significant homology between these
two proteins [3]. SSW480 CRC cells exhibit significant
association of CBP with beta-catenin, but minimal
beta-catenin-p300 binding. Treatment of SW480 cells with
ICG-001, resulting in ICG-001-CBP binding, downregulates
the association between beta-catenin and CBP and upregulates
the association between beta-catenin and p300 [3]. This
transition from CBP to p300 as the predominant binding partner
to beta-catenin results in downregulated TOPFlash Wnt reporter
activity and decreased steady-state RNA and protein levels for
the Wnt target genes survivin and cyclin D1 [3]. This effect of
ICG-001 on CBP-mediated Wnt activity was specific to CBP’s
role in Wnt signaling, as ICG-001 did not influence other CBP
reporters, including AP-1 and CRE [3]. ICG-001 resulted in
cancer cell-specific physiological effects; caspase levels,
indicative of apoptotic status, were enhanced in SW480 and
HCT-116 CRC cells treated with ICG-001, but unchanged in
ICG-001-treated CCD-841CoN normal colonic cells [3]. Further,
ICG-001 preferentially reduced cell growth and viability in the
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cancer cell lines, and a water soluble version of ICG-001
reduced the formation of intestinal neoplasms in the Min mouse
model of APC mutation initiated CRC, demonstrating
preliminary in vivo efficacy of these agents [3]. Thus, the data
suggest that ICG-001, by switching beta-catenin binding from
CBP to p300, downregulates CBP-dependent Wnt signaling,
resulting in enhanced CRC apoptosis. In the context of the Wnt
signaling continuum, one proposed action of ICG-001 is
stimulation of apoptosis by downregulation of Wnt activity
below the levels required for maintained proliferation.
Alternatively, downregulation of CBP-mediated Wnt activity
stimulates p300-mediated Wnt signaling, resulting in the
activation of genes promoting terminal differentiation and
apoptosis. Further, it is known that Wnt signaling is important
for maintaining the pluripotency of embryonic stem cells (ESCs)
[6 and references therein]. Another small molecule, IQ-1,
maintained Wnt-dependent ESC pluripotency by blocking the
transition from CBP-mediated Wnt activity to p300-mediated
Wnt activity [6]. The tools available to modulate CBP/p300
Wnt activity also include the small molecule ICG-427, which
selectively inhibits p300-beta-catenin association [4].

One factor that must be considered is the CBP/p300 status of
colonic neoplastic cells, which has been associated with
microsatellite instability (MSI) phenotypes [61]. While most
CRCs are microsatellite stable (MSS) and exhibit chromosome
instability, approximately 10% to 15% of CRCs are of the MSI
type. With respect to human CRC cell lines, HCT-116, SW48,
Lovo, LS174T, and DLD-1 are MSI, while the primary
CRC/lymph node metastasis paired cell lines SW480/SW620,
derived from the same patient, are commonly used
representatives of the more prevalent MSS type. Mutation in
p300 and CBP, leading to truncated, unexpressed, and/or
nonfunctional proteins is often observed in MSI CRCs and CRC
cell lines. HCT-116 cells express p300 truncated distal to the
HAT domain; however, HCT-116 cells exhibit both p300 and
CBP activity. DLD-1 CRC cells, despite being of the MSI
phenotype, express at least normal-sized p300 and CBP proteins.
Therefore, HCT-116 and DLD-1 CRC cells represent MSI lines
that exhibit CBP and p300 activity; consistent with this,
treatment with ICG-001-stimulated apoptosis in HCT-116, but
not normal, colonic cells [3].

With respect to mechanism(s) by which HDACis may modulate
CBP/p300-mediated Wnt activity, we hypothesize that HDACis
(1) result in the hyperacetylation of specific proteins that
enhance CBP/p300-Wnt complex formation and activity, (2)
alter gene expression and the target genes modulate
CBP/p300-mediated Wnt activity, (3) result in a more open
chromatin configuration, allowing enhanced access of
CBP/p300-Wnt complexes to target DNA promoter/enhance
regions, and/or (4) hyperacetylation of histone and nonhistone
proteins resulting from HDACi inhibition complements the
acetylation induced by the HAT proteins CBP and p300. Thus,
treatment with HDACis can enhance either CBP- or
p300-mediated Wnt activity. Whether HDACis activate the
CBP or p300 pathways would be dependent upon which of those
two pathways are most active in the cells at the time of HDACi

treatment; thus, in this scenario, the small molecule inhibitors
shift the cells toward either CBP-Wnt or p300-Wnt signaling,
reinforcing whichever of the two pathways is activated in the
cells. There are many possible mechanisms by which HDACis
both generally upregulate Wnt activity and apoptosis as well as
more specifically influencing CBP/p300-mediated Wnt activity;
these mechanisms of action will be explored in a separate study
building upon the findings of the current proposal. The specific
aims of the current proposal are specifically focused upon using
the small molecule inhibitors ICG-001, ICG-427, and IQ-1 to
evaluate the requirement for CBP-Wnt and p300-Wnt
interactions with respect to the induction of Wnt activity and
of apoptosis by HDACis, and tumorigenic progression
represented by a cell culture model of colonic neoplasia.

In summary, CBP- and p300-mediated Wnt signaling likely
influences the (1) differential response of CRC cell lines to
HDACis, (2) maintenance of low- and high-Wnt fractions within
single CRC cell lines, which may be representative of in vivo
tumor heterogeneity, and (3) progression of colonic neoplasia
from normal cells to metastatic carcinoma. In the current
proposal, we will use in vitro models of CRC to explore the
role of CBP/p300-mediated Wnt activity in these phenomena.
The findings will lead to future projects to explore potential
chemopreventive and therapeutic approaches based upon the
modulation of CBP/p300-mediated Wnt activity. For example,
it may be possible to modulate CBP- versus p300-mediated Wnt
signaling to make colonic neoplasms more sensitive to the
proapoptotic action of HDACis. Thus, pharmacological
interventions based upon the small molecule inhibitors ICG-001,
ICG-427, and/or IQ-1 can be used with butyrate derived from
high fiber diets (chemoprevention) or therapeutic application
of vorinostat (treatment and/or chemoprevention) to enhance
the antineoplastic properties of these HDACis. If, for example,
it is discovered that CBP-mediated Wnt activity promotes CRC
cell proliferation and inhibits the apoptotic pathway induced by
HDACis, then cotreatment with HDACis and a pharmacological
agent similar in action to ICG-001 (CBP-Wnt inhibitor) will
have greater antineoplastic efficacy than application of HDACis
alone. Further, if, for example, p300-mediated Wnt signaling
is shown to mediate the proapoptotic effects of HDAC-induced
Wnt hyperactivation, then suppression of CBP-mediated Wnt
activity with ICG-001 will enhance the p300-mediated pathway
[3]. On the other hand, if findings from the current proposal
demonstrate that CBP-mediated Wnt activity is responsible for
the enhanced apoptosis promoted by HDACi-induced apoptosis,
then pharmacological agents similar to ICG-427 and IQ-1 would
be appropriately used in conjunction with HDACis for maximal
therapeutic effect. These treatments may be suitable for
suppressing tumor initiation (chemoprevention) and/or inhibiting
tumor progression (therapeutics). Therefore, future in vivo
studies should be directed toward evaluating combinatory
treatments of HDACis with modulators of CBP/p300 signaling
in mouse models of CRC to determine whether tumor/size
incidence is reduced compared with treatment with each class
of agent in isolation. If successful, these in vivo studies would
lead to the formulation of CBP/p300 Wnt-modulating agents
suitable for human use in clinical trials.
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Figure 1. Wnt activity viewed as a gradient. Absence of detectable Wnt signaling, such as in cells at the top of the colonic crypt, results in terminal
differentiation, and apoptosis; relatively low levels of signaling, such as in the stem cell compartment of the colonic crypt, lead to controlled self-renewal;
moderate levels of signaling, such as in CRC cells, promote proliferation; and relatively high levels of Wnt activity, such as in CRC cells treated with
HDACis, lead to enhanced apoptosis. Reproduced from Bordonaro et al [42].

Methods

Aim 1. Determination of the Role of CBP and p300 in
the Response of CRC Cells to Histone Deacetylase
Inhibitors (HDACis)
We hypothesize that the effects of HDACis on Wnt signaling
and cell fate are mediated by changes in the association of CBP
and p300 with beta-catenin, and by modulation of BCT complex
formation and Wnt activity. To investigate this hypothesis, we
will first investigate the effects of CBP- and p300-mediated
Wnt activity in the HWA HCT-116, and DLD-1 CRC cell lines,
which respond to HDACis with a high-fold induction of Wnt
activity and apoptosis (HCT-116 cells, 21.8-fold induction Wnt,
2.5-fold induction apoptosis; DLD-1 cells, 15.4 Wnt, 3.5
apoptosis), the LWA HT29 cell line, which exhibit a low-fold
increase in Wnt activity and apoptosis after HDACi treatment
(1.4-fold Wnt, 1.5-fold apoptosis), and SW620 cells, which
exhibit a moderate-fold increase in Wnt activity and apoptosis
after HDACi treatment. Although there are no clear divisions
between HWA and LWA cell groups, based upon findings with
10 CRC cell lines, HWA is defined as a 10-fold or greater
increase in Wnt activity and a 2-fold or greater increase in
apoptosis; LWA is defined as a 1- to 4-fold increase in Wnt
activity and a 1- to 1.5-fold increase in apoptosis, and a moderate
fold increase in Wnt activity and apoptosis is between 5- and
10-fold for Wnt activity and 1.5- and 2-fold for apoptosis [1,2].
In general, the highest induction of apoptosis is observed in
those CRC cells that respond to HDACis with a 15-fold or
greater increase in Wnt activity, and a linear relationship exists
between induction of Wnt activity and apoptosis [1,2].
Therefore, we hypothesize that modulation of
CBP/p300-mediated Wnt activity can enhance the ability of
HDACis to upregulate Wnt activity, resulting in higher levels
of apoptosis. Although HCT-116 cells are of the MSI phenotype

and express a truncated form of p300 [60], this cell lines is
characterized by CBP and p300 HAT activity and has been
successfully used to evaluate the effects of ICG-001 on cell
apoptosis [61,63,63].

The reported effects of CBP and p300 on Wnt activity are most
likely mediated through changes in the association of these HAT
proteins with Wnt signaling factors, particularly beta-catenin
[3-6]. CBP [59] and p300 [62] may associate with Tcf factors
and that this may also influence Wnt activity; in addition, p300
HAT activity has been reported to enhance BCT complex
formation through increased acetylation of beta-catenin [59].
Therefore, we will first determine whether treatment with
HDACis alters the association of CBP and p300 with
beta-catenin through coimmunoprecipitation assays, which will
be performed essentially as described [1-3]. Initial HDACi
treatment will be with 5 mM sodium butyrate or 10 μM
vorinostat for 24 hours, which efficiently upregulates Wnt
activity and apoptosis in CRC cells [1,2]. If necessary, we will
adjust the concentration of HDACis and exposure time to these
agents for these and subsequent experiments. Subsequently, we
will also use coimmunoprecipitation to determine the effects
of HDACis on the association between CBP or p300 and Tcf1
and Tcf4, and between Tcf factors and beta-catenin.

To determine how CBP- or p300-mediated modulation of Wnt
activity specifically influences the effects of HDACis on Wnt
activity and cell physiology, CRC cells will be cotreated with
HDACis and with ICG-001, ICG-427, or IQ-1 for 24 hours, or
with each of the small molecule inhibitors alone. In addition,
experiments will be conducted with the combination of ICG-001
and IQ-1. ICG-001 and ICG-427 inhibit CBP- and p300-
mediated Wnt activity [3-5], respectively, while IQ-1 prevents
the shift from CBP-mediated to p300-mediated Wnt activity
[6]. Therefore, the combination of ICG-001 and IQ-1 is
specifically designed to knockdown CBP-mediated Wnt activity
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in the absence of any concomitant upregulation of
p300-mediated Wnt activity. Thus, treatment with ICG-001
alone is expected to specifically inhibit CBP-mediated Wnt
activity, with the possibility of an upregulation of p300-mediated
Wnt activity. Cotreatment with ICG-001 and IQ-1 is expected
to suppress CBP-mediated Wnt activity without increasing
p300-mediated Wnt activity. Therefore, for all three aims of
this proposal, comparison of the effects of ICG-001 alone to
that of combinatorial treatment with ICG-001 and IQ-1 will
allow us to distinguish cellular effects specifically due to
downregulated CBP-mediated Wnt activity alone (combinatorial
treatment of ICG-001 and IQ-1) to effects due to downregulation
of CBP-mediated Wnt activity coupled to a relative increase in
p300 Wnt activity (ICG-001 alone). Dependent upon cellular
context, it is also possible that ICG-001 alone will inhibit
CBP-mediated Wnt activity without increasing p300-mediated
Wnt activity; thus, an increase in p300-beta catenin associated
will not be assumed after ICG-001 treatment, but carefully
assayed by coimmunoprecipitation experiments. In summary,
the three small molecule inhibitors, used alone and in
combination, are effective tools to dissect the relationships
between CBP- and/or p300- mediated Wnt activity, cell
physiology, and effects of HDACis.

The appropriate levels of the small molecule effectors will be
determined empirically. After treatment with these combinations
of agents, coimmunoprecipitation assays, performed as described
[1-3], will be used to determine CBP/p300 binding to
beta-catenin, Tcf1, and Tcf4, as well as the association between
beta-catenin and Tcf1 and Tcf4. Measurements of Wnt
transcriptional activity in CRC cells treated with these agents
will be performed with the Wnt reporter TOP/FOP luciferase
reporter system that has wild-type (TOP) or mutant (FOP) Tcf
binding sites upstream of a minimal c-fos promoter [29,30].
The ratio of luciferase expression driven by the wild-type TOP
promoter to that driven by the mutant FOP promoter specifically
assays the contribution of Wnt activity to the expression of
luciferase [1,2,21,29,30]. Wnt-driven luciferase expression will
be measured using the dual luciferase assay system. For these
transfections, we will use Geneporter or Lipofectamine 2000
as described [1,2]; alternatively, for higher transfection
efficiencies, the Nucleofector system will be used. We will
measure the expression of the Wnt target genes survivin,
cyclinD1, and c-myc, which are important mediators of
decisions of cell proliferation and apoptosis. ICG-001 has been
shown to downregulate the expression of survivin and cyclin
D1 in CRC cells [3]; all three genes are downregulated by
butyrate [64-66].

Further, expression of the receptor tyrosine kinases EphB2 and
EphB4, which binds to EphrinB2, is controlled by CBP- and
p300-mediated Wnt signaling, and these differences of
expression influence cell physiology [67]. EphB4 is usually
absent in normal colonic cells but tends to be expressed in CRC;
expression level correlates to more advanced neoplasia [67 and
references therein]. On the other hand, EphB2 is expressed by
normal colonic progenitor cells and tends to be downregulated
in CRC [67 and references therein]. CBP-mediated Wnt
signaling, which promotes colonic cell proliferation while
inhibiting differentiation [3-5], activates EphB4 expression

while inhibiting levels of EphB2 [67]; this is consistent with a
possible role for CBP-mediated Wnt signaling in promoting
colonic neoplasia [3-5]. Knockdown of EphB4 expression
suppresses tumor growth and metastases [67], which is
consistent with the observed antitumorigenic activity of the
CBP-Wnt inhibitor ICG-001 [3-5]. Thus, expression of EphB2
and EphB4 will be measured in the colonic cell lines exposed
to the small molecule inhibitors and HDACis. For all proteins
(survivin, cyclinD1, c-myc, EphB2, and EphB4), Western
blotting using commercially available antibodies will be used
to determine changes in expression levels.

Aspects of CRC cell physiology that may be modulated by
CBP/p300-mediated Wnt signaling will be determined. For
example, it has been reported that inhibition of CBP-mediated
Wnt activity stimulates apoptosis in CRC cells [3]. Further,
given our data showing that hyperactivation of Wnt activity by
HDACis at least partially mediates the effects of those agents
on CRC apoptosis [1,2], it is important to understand the specific
roles of CBP- versus p300-mediated Wnt activity in
HDACi-induced CRC cell apoptosis. Cells will be treated as
described above, and cell proliferation will be assayed by the
CellTiter cell viability/proliferation assays. In selected
experiments, growth potential will also be assayed by clonogenic
assays, performed as previously described [1]. Apoptotic
analyses will be performed using the Vybrant Apoptosis Assay
Kit #2 or the Annexin V-PE Apoptosis Detection Kit I, as
previously described [12,24]. Alternatively, the Caspase-Glo
luciferase system will be used to quantitate early (caspase 9
activity) and late (caspase 3 activity) apoptotic events. In
addition, the extent of CRC cell differentiation will be measured
by alkaline phosphatase activity, essentially as described [68].

Our hypothesis is that the effects of HDACis on promoting
apoptosis of CRC cells by the hyperactivation of Wnt signaling
is dependent upon the specific induction of either CBP- or
p300-mediated Wnt signaling, and that by specifically blocking
CBP- or p300-mediated Wnt signaling with the appropriate
small molecule inhibitor, we will also suppress the induction
of apoptosis by the HDACis. To the extent that induction of
Wnt activity by HDACis influences other aspects of colonic
cell physiology (eg, cell proliferation or differentiation), these
phenomena would be specifically dependent upon CBP- or
p300-mediated Wnt signaling as well. These findings,
particularly, with respect to apoptosis, will have significant
chemopreventive and/or therapeutic significance, because
modulation of CBP/p300-mediated Wnt signaling may evolve
into therapeutic approaches to induce CRC cell apoptosis, either
alone or in conjunction with stimulation of excessive Wnt
activity by HDACis.

We will also cotreat selected CRC cell lines with combinations
of the small molecule agents (ICG-001 and IQ-1, as well as
ICG-001 and ICG-427) in the presence and absence of butyrate.
For selected experiments, we will use vorinostat, to compare
the findings with that obtained with butyrate. As described
above, the ICG-001 and IQ-1 combination will inhibit
CBP-mediated Wnt activity while simultaneously preventing
the cells from switching to p300-mediated signaling. For all
three aims, this will be an important control to distinguish effects
of diminished CBP-mediated Wnt activity from that of lower
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CBP– and higher p300–mediated Wnt signaling. The
combination of ICG-001 and ICG-427 will simultaneously block
both CBP- and p300-mediated Wnt activity. These combinations
will measure the extent that signaling from both CBP and p300
pathways is required for endogenous and butyrate-stimulated
Wnt activity in CRC cells. These data will be confirmed by
knockdown of CBP and p300 with siRNA. The objective of
these latter experiments is to determine the extent that basal and
HDACi-induced Wnt activity is mediated through CBP and
p300, and evaluate if significant levels of
CBP/p300-independent Wnt activity occur in these cell lines.
If we demonstrate that significant Wnt signaling occurs even
in the absence of CBP and p300 activity, we will ascertain
whether CBP- or p300-mediated Wnt signaling is required for
the proapoptotic action of the HDACi butyrate in CRC cells.
The combinatorial treatments will be repeated, and apoptosis
measured as described above.

HDACis also influence the levels of, and activity of, p300 and
CBP. For example, in Hela cells, butyrate induces the
degradation of p300 through the 26S proteosome pathway [69];
in addition, butyrate can activate p300 HAT activity [69] in
intestinal epithelial cells [69-71]. However, it is uncertain
whether HAT activity is required to mediate the action of
CBP/p300 on Wnt activity [56-59]. If HAT activity is in fact
required to mediate the effects of CBP and p300 on Wnt activity,
the ability of HDACis to enhance net acetylation may synergize
with HAT factors to achieve these effects. Thus, HDACis may
have secondary effects on HAT factors that need to be
determined in order to properly interpret the findings of this
proposal. Butyrate may enhance p300 degradation in Hela cells;
therefore, we will ascertain the levels of CBP and p300 in the
HDACi-treated CRC cell lines, using Western blot analyses
and the appropriate antibodies for CBP and p300. The role of
HAT activity in the modulation of Wnt activity by CBP and
p300 has not yet been fully determined; however, given the
possibility that changes in HAT activity induced by HDACis
may influence CBP- and p300-mediated Wnt signaling, we will
determine the effects of HDACis on CBP- and p300-specific
HAT activity. CRC cells will be treated with HDACis, or left
untreated, and CBP or p300 will be immutnoprecipitated from
cell lysates with the appropriate antibodies. We will then use
colorimetric or fluorescent HAT assays to determine changes
of CBP and p300 HAT activity from the lysates of
HDACi-treated CRC cells. These HAT assays will confirm that
the MSI phenotype cell lines HCT-116 and DLD-1 express
functional CBP and p300, as reported [60-63 and refs therein].
In addition, it has been reported that HDACis increase p300
autoacetylation which enhances the association of that p300
with other factors [72].

Therefore, using an anti-acetyl-CBP/p300 antibody, we will
ascertain the effects of HDACi treatment on CBP/p300
autoacetylation in our cell lines. This will determine if there is
a correlation between HAT factor autoacetylation and the ability
of these factors to mediate the effects of HDACis on Wnt
activity [3-6].t p300/CBP-associated factor (PCAF) activity
may mediate some of the effects of CBP/p300 Wnt activity
through stabilization of beta-catenin and upregulation of Wnt
activity. The steady-state levels of beta-catenin and Tcf4 in the

CRC cells will be evaluated by Western blot analyses subsequent
to treatment with the small molecular inhibitors and the
HDACis. If the small molecular inhibitors modulate levels of
beta-catenin, association of PCAF with beta-catenin will be
measured through coimmunoprecipitation assay. If the any of
the small molecule inhibitors alters the association of PCAF
with beta-catenin, siRNA-mediated knockout of PCAF will be
used to determine whether CBP/p300-mediated Wnt signaling
is at least partially mediated through PCAF association with
beta-catenin. If so, it is expected that repression of PCAF
expression and activity will repress levels of Wnt activity
controlled by the action of CBP and p300. If PCAF is related
to CBP/p300-mediated Wnt activity, we hypothesize that PCAF
will be associated with CBP-mediated Wnt activity, because
previous findings suggest that higher levels of Wnt activity in
CRC cells is more dependent on CBP, compared with p300,
action [3]. Thus, knockdown of PCAF would be expected to
inhibit CBP-mediated Wnt activity and enhance the repression
of that activity by the small molecule inhibitor ICG-001.

Interpretation of Results
For Aim 1, we expect to find that cells with higher levels of
Wnt activity, and higher levels of induction of Wnt activity by
HDACis, will exhibit a greater proportion of CBP-beta-catenin
complexes compared with p300-beta-catenin complexes. If this
expected result is observed, the major findings of Aim 1 would
be correlated as follows. The greater increase in Wnt activity
(measured by luciferase reporter assays) and apoptosis
(measured by the Annexin V-PE Apoptosis Detection Kit I or
the Caspase-Glo luciferase system) achieved in HWA cells
treated with HDACis will be associated with a greater degree
of CBP-beta-catenin complex formation (measured by
co-immunoprecipitation) compared with LWA cells. Conversely,
the weaker response of LWA cells to HDACis is expected to
be correlated to a relatively higher association of p300 to
beta-catenin compared to CBP-beta-catenin complexes.
ICG-001, which interferes with the association of CBP and
beta-catenin would therefore be expected to strongly suppress
the marked upregulation of Wnt activity and apoptosis observed
in HDACi-treated HWA cells; it is expected that ICG-001 and
HDACi cotreatment would result in the following set of results:
inhibition of CBP-beta-catenin complex formation, increased
p300-beta-catenin complex formation, lower levels of Wnt
signaling, and lower levels of apoptosis.

The weak induction of Wnt signaling and apoptosis by HDACis
in LWA cells would be relatively unaffected by ICG-001,
because the LWA cells are expected to have minimal CBP Wnt
activity even in the absence of ICG-001. However, treatment
of HWA cells with HDACis and ICG-427/IQ-1, which inhibit
p300 signaling and potentiate CBP- mediated Wnt activity,
would be expected to enhance the induction of Wnt activity and
apoptosis by HDACis; this would be correlated with an increase
in CBP-beta-catenin complexes and a decrease in
p300-beta-catenin complexes. It is possible that inhibition of
p300-mediated Wnt activity by ICG-427/IQ-1 may enhance the
sensitivity of LWA cells to HDACis by increasing
CBP-beta-catenin complex formation and action. SW620 cells,
which exhibit a phenotype midway between that of HWA and
LWA cells, would also be expected to exhibit moderate
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upregulation of CBP-beta-catenin complex formation and
activity after exposure to HDACis, and would be also expected
to exhibit a moderate response to the small molecule inhibitors.
These expected results would be generally consistent with our
preliminary data, which showed that expression of a dominant
negative form of p300 significantly enhanced Wnt activity in
SW620 CRC cells, possibly by shifting Wnt complexes to
CBP-mediated activity. Increased Wnt activity can be reasonably
expected to be associated with enhanced levels of BCT
complexes, and we have found that HDACis can enhance BCT
complex formation in some CRC cell lines [1,2]. We also expect
that the inhibition of CBP-mediated Wnt activity will suppress
the hyperactivation of Wnt activity in CRC cells treated with
HDACis.

However, the interactions between HDACis and the CBP and
p300 signaling pathways are likely to be complex because (1)
HDACis such as butyrate stimulate CRC cell differentiation
and apoptosis, which is more consistent with the p300 Wnt
pathway, (2) CBP-mediated Wnt activity is likely to be
correlated with higher expression of survivin, cyclinD1, and
EphB4 [3,67], which is expected to favor proliferation and
suppress apoptosis, while paradoxically (3) the hyperactivation
of Wnt activity induced by HDACis is more likely associated
with CBP-mediated Wnt activity, because blockade of CBP-Wnt
signaling by ICG-001 reduces overall Wnt activity in CRC cells
[3]. Therefore, the relationship between CBP/p300 signaling
and the induction of Wnt activity by HDACis cannot be
accurately predicted and will be determined empirically. For
example, if p300- mediated Wnt activity, and not CBP-mediated
activity, is responsible for the marked upregulation of Wnt
activity and apoptosis in HDACi-treated HWA cells, then the
expected correlations described above would be reversed. Thus,
for example, treatment of HWA CRC cells with HDACis would
upregulate p300-beta-catenin complex formation, Wnt activity
and apoptosis, and possibly downregulate levels of survivin,
cyclinD1, and EphB4, which require CBP activity for
expression. If the effects of HDACis on CRC cells are dependent
on p300-mediated Wnt signaling, then it is reasonable to expect
the induction of Wnt activity and apoptosis by HDACis would
be suppressed by ICG-427 and potentiated by ICG-001.

Aim 2. Determination of the Role of CBP and p300 in
the Maintenance of High Wnt and Low Wnt Fractions
in CRC Cell Lines
The existence of high- and low-Wnt fractions in CRC cells in
culture is a stable and reproducible phenomenon [1], which may
be related to the known heterogeneity of in vivo tumors with
respect to distribution of nuclear beta-catenin and, hence, of
Wnt activity, likely of clinical significance [54,55]. It is
important to distinguish high and low Wnt fractions within CRC
cells (Aim 2) from the existence of HWA and LWA cell lines
(Aim 1). The distinction between HWA and LWA cell lines,
studied in Aim 1, evaluates the relative response of the total
cell population to HDACis, with respect to induction of Wnt
activity and apoptosis. In contrast, high- and low-Wnt fractions,
studied in Aim 2, evaluate the different subpopulations that
exist within each cell line. Thus, for example, Aim 1 is focused
on evaluating the role of CBP/p300-mediated Wnt activity in

the response of HWA HCT-116 cells compared with LWA
HT-29 cells; Aim 2 focuses upon the role of CBP/p300-mediated
Wnt signaling in maintaining the existence of separate high-
and low-Wnt fractions within the HCT-116 cell population. Our
hypothesis is that high- and low-Wnt cell fractions within single
CRC cell lines in vitro are characterized by distinctive profiles
of relative CBP- or p300-mediated Wnt activity, and that
disruption of CBP/p300-mediated Wnt activity by the small
molecule inhibitors ICG-001, ICG-427, or IQ-1 will significantly
alter the distribution of high- and low-Wnt fractions
characteristic of defined CRC cell lines.

Flow cytometry will be used to separate HCT-116 cells into
their constituent high- and low-Wnt fractions in the presence
or absence of butyrate [1]. This cell line exhibits a marked
upregulation of the proportion of high-Wnt activity cells after
exposure to the HDACi butyrate [1]. The green fluorescent
protein vectors EGFP-TOP and EGFP-FOP, with wild- and
mutant-type Wnt-responsive promoters will be transfected into
the cells. Transfections will be performed with 20 μg of
EGFP-TOP or EGFP-FOP (10-cm dishes). In some cases, to
confirm that the sorted fractions do in fact differ in levels of
Wnt activity, cells will be cotransfected with 4 μg of the Wnt
reporter vectors LEF-OT or LEF-OF and 0.8 ng of pRLnull, a
fraction of the sorted cells will be lysed in passive lysis buffer,
and luciferase expression measured as described above. Six
hours after transfection, cells will be harvested by scraping and
transferred to 15-cm dishes. Twenty-four hours after
transfection, cells will be treated with 5 mM NaB or 10 μM
vorinostat, or left untreated, and collected 24 hours later for
analyses.

Flow cytometric sorting of HCT-116 cells into high (“Wnt
positive”) and low (“Wnt negative”) Wnt fractions based upon
Wnt-specific GFP expression will be performed essentially as
described [1,2]. Cells will be harvested, their density will be

adjusted to 5 × 106 cells per milliliter of alpha-minimal essential
medium (αMEM), and samples analyzed by flow cytometry
based upon fluorescence. Representative plots of relative cell
numbers (counts) versus fluorescence in EGFP-TOP and
EGFP-FOP transfected HCT-116 cells will be overlaid. The
relative levels of CBP-beta-catenin and p300-beta-catenin
complexes in each of the cell fractions will be ascertained
through coimmunoprecipitation; the association of CBP and
p300 with Tcf1 and Tcf4, as well as the formation of BCT
complexes, will be similarly ascertained. Subsequently, the
original mixed-cell populations will be cotreated with the
HDACis and ICG-001, ICG-427, and/or IQ-1 (eg, ICG-001 and
IQ-1 together), or with each of the small molecule inhibitors
alone, followed by separation by flow sorting to determine if
the proportion of cells in each fraction is altered when the CBP-
or p300-mediated Wnt activity is repressed. The association of
CBP and p300 with beta-catenin, Tcf1, and Tcf4, as well as the
formation of BCT complexes, will be determined by
coimmunoprecipitation assays in these cotreated cells. Levels
of Wnt activity in the cell fractions will be ascertained using
the OT/OF reporter system; we will calculate the Wnt fraction
metrics described shown in Table 1 (Preliminary Studies) to
determine if modulation of CBP or p300 activity alters Wnt
activity per cell and/or the fraction of cells exhibiting Wnt
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activity [1,2]. Levels of cell proliferation, apoptosis, and
differentiation in the fractions will be measured as described
above.

In Table 1. T/F measures total Wnt activity in the cell
population, determined by transfection with TOPFlash or
FOPFlash luciferase reporter. To determine the percent Wnt
positive cells (%W), cells were transfected with EGFP-TOP or
EGFP- FOP vectors, and processed by flow cytometry as
described in to obtain overlay plots of relative cell numbers
versus fluorescence in EGFP-TOP and EGFP-FOP transfected
cells. Cells with Wnt activity are those defined by high

fluorescence present only in EGFP-TOP and not in EGFP- FOP
samples. T/F/W is the T/F ratio divided by the percent Wnt
positive cells, which provides a relative determination of Wnt
activity on a per Wnt positive cell percentage basis. No NaB
represents measurements of untreated cells, while NaB
represents measurements after 24-hour exposure to 5 mM NaB.
ΔT/F is the fold-upregulation of total Wnt activity after treatment
with NaB (NaB/No NaB), Δ%W is the fold-upregulation of the
percent Wnt positive cells after NaB treatment, and ΔT/F/W is
the fold increase in the T/F/W ratio resulting from exposure to
NaB.

Table 1. Upregulation of Wnt activity in NaB-treated CRC cells occurs by both an increase in the percent cells with Wnt activity and the levels of Wnt
activity per cell.

NaB/No NaBNaBNo NaB

ΔT/F/WΔ%WΔT/FT/F/W%WT/FT/F/W% WT/FCell line

4.74.721.82.346.0104.60.499.84.8HCT-116

7.62.115.44.720.595.50.6210.06.2DLD-1

6.62.013.34.840.4193.60.7319.814.5LS174T

2.21.43.21.116.517.90.4911.75.7LoVo

1.71.32.20.9534.632.70.5626.414.7SW48

Interpretation of Results
We expect that CBP-mediated Wnt activity will be associated
with the high-Wnt fraction in untreated cells, and p300-mediated
Wnt activity with the low-Wnt fraction. If so, the correlated
findings will be similar to that described in Aim 1; the high-Wnt
fraction of the cell population will be associated with higher
levels of CBP-beta-catenin complexes, Wnt activity, and
sensitivity to HDACis. However, as explained in Aim 1, it is
possible that the induction of apoptosis through hyperactivated
Wnt activity may occur through either CBP- or p300- mediated
Wnt signaling, which needs to be determined empirically.
Therefore, it is difficult to predict which of the two Wnt
coactivators will be predominantly involved in changes in the
proportion of high and low Wnt fractions induced by HDACis.
This will be determined empirically, through the experiments
outlined in Aim 2. Discovery of an association between CBP-
or p300-mediated Wnt activity and the maintenance of high-
and low-Wnt fractions in CRC cells in vitro would suggest the
possibility of modulating CBP- and/or p300-mediated Wnt
activity in vivo, to either repress Wnt signaling and proliferation
at the invasive front of CRC tumors, which constitutes a high
Wnt fraction component of the neoplasm, or in conjunction with
HDACis, hyperactivate Wnt signaling in the high-Wnt activity
fraction at the tumor’s invasive front, in order to target these
potentially metastatic cells [57,58] for apoptosis [1,2]. Therefore,
understanding the roles of CBP- and p300-mediated Wnt
signaling in intra-CRC heterogeneity, particularly, heterogeneity
of Wnt activity, is expected to lead to therapeutic approaches
targeting the more invasive and metastatic components of CRCs.

Aim 3. In Vitro Determination of the Role of CBP and
p300 Wnt Modulation in the Progression of Colonic
Neoplasia In Vitro
Aim 1 of the current proposal focuses upon the role of CBP-
and p300-mediated Wnt activity for the upregulation of Wnt
signaling and apoptosis in CRC cells treated with HDACis; the
major objective of Aim 2 is to determine the role of
CBP/p300-mediated Wnt signaling in the maintenance, and
response to HDACis, of high- and low-Wnt fractions within
CRC cell populations. Thus, after determining the activity of
CBP- and p300-mediated Wnt activity, and response to HDACis,
between (Aim 1) and within (Aim 2) established carcinoma cell
lines, Aim 3 extends these findings to evaluate CBP- and
p300-mediated Wnt activity across four colonic cell lines
ranging from normal to metastatic and thus representing an in
vitro model of tumorigenic progression, and as a mechanism
by which the tumorigenic phenotype of colonic cells can be
modulated by altering the relative levels of CBP- versus
p300-mediated Wnt signaling.

Therefore, to contrast and compare the effects of CBP- and
p300-mediated Wnt activity on colonic neoplastic progression
(normal cells to adenoma to carcinoma to metastasis), we will
use, as an in vitro model system, the normal colon cell line
CCD-841CoN, the adenoma line LT97 [7,8], as well as the
primary colon carcinoma cell line SW480 and the lymph node
metastasis cell line SW620, which was derived from the same
patient as SW480 cells. The LT97 cell line is of especial use
for these experiments; the LT97 human adenoma cell line was
isolated from a microadenoma [7], the earliest possible neoplasm
that can be surgically isolated, from a human patient with
hereditary familial adenomatous polyposis (FAP). Therefore,
as expected, LT97 cells are characterized by the presence of
C-terminus truncated APC protein and a lack of full-length,
wild-type protein [7,8]. While we expect LT97 cells to exhibit
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both endogenous Wnt activity as well as significant upregulation
of this activity by HDACis, a recent study has suggested that
early APC mutant adenomas may not exhibit nuclear
beta-catenin and Wnt signaling, which occurs later in later
adenomas and in progression to carcinoma [73]. Thus, the level
of Wnt signaling in LT97 cells has not been formally
documented, and this determination, which is important in and
of itself, with be a component of Aim 3.

Unlike colon carcinoma cells, LT97 cells are incapable of
growing in soft agar [3]; the LT97 line exhibits an early
premalignant phenotype, quite distinct from that of the typical
carcinoma cell lines used as in vitro models of CRC. Thus,
LT97 cells are a unique model of the early stages of APC
mutation-initiated human colonic tumorigenesis [7]. Based upon
both our findings on the effects of HDACis on CRC cells and
on the literature, we believe that butyrate, and hence, dietary
fiber, would be more effective in suppressing CRC during the
earlier stages of tumorigenesis. Consistent with this, it has been
shown that the LT97 cells are more sensitive to the
growth-suppressing effects of butyrate than are CRC HT-29
cells [8]. Likewise, the nonmetastatic SW480 cell line [74]
exhibits greater sensitivity to the effects of butyrate on Wnt
activity and apoptosis than the metastatic cell line SW620,
derived from the same patient [1,2]. This suggests that
early-stage neoplastic colonic cells are more sensitive to
HDACis than their later-stage counterparts. The CCD-841Con
normal colonic cell line is also of particular interest for this
project; our collaborators have observed that while the CBP-Wnt
inhibitor ICG-001 induced caspase activity, indicative of
apoptosis, in SW480 and HCT-116 CRC cells, it did not do so
in the CCD-841CoN line [3]. Therefore, there is a clearly
demonstrated difference between the normal colonic line
CCD-841CoN and CRC cell lines in the physiological response
to ICG-001. Thus suggests differences between normal and
neoplastic CRC cells in CBP-Wnt-mediated signaling and
downstream phenotypic effects; differences in the association
between CBP/p300-Wnt activity and cellular phenotype will
be a fundamental focus of Aim 3 of this proposal. Therefore,
we hypothesize that (1) the four cell lines to be tested in Aim
3 differ in their relative levels of CBP- versus p300-mediated
Wnt activity, and (2) these differences in CBP/p300-Wnt activity
influence the phenotypic characteristics of these cell lines,
characteristics associated with each cell line’s position along
the pathway of neoplastic progression.

The first part of Aim 3 is to delineate the phenotypic
characteristics of the four cell lines. SW480, SW620 cells and
LT97 cells will be cultured as previously described [1,2,7].
CCD-841CoN cells will be cultured as described in the relevant
information sheet available from the American Type Culture
Collection. Cell growth/proliferation, differentiation, and
apoptosis will be measured as described above; the effects of
the HDACis butyrate and vorinostat on these processes will
also be measured as described above. Growth in soft agar will
be measured as previously described [7]. We will also confirm
that culture of normal CCD-841CoN cells and LT97
microadenoma cells in the culture medium typically used for
CRC cell lines (ie, αMEM plus 10% fetal bovine serum) will
result in significantly reduced cell proliferation and viability,

demonstrating a dependence of these less tumorigenic cells on
additional growth factors. Wnt activity, in the presence and
absence of HDACis, will be measured through the TOP
Flash/FOPFlash reporter assay as well as the accumulation of
active, dephosphorylated beta-catenin [1,2]. These
measurements will form the core set of evaluations with respect
to phenotypic differences in cell physiology and Wnt activity
between the four cell lines studied in Aim 3.

Coimmunoprecipitation will be used to determine the levels of
CBP- and p300-beta-catenin complexes in these four cell lines
in the presence and absence of the HDACis, treated as described
above. The association of CBP and p300 with Tcf1 and Tcf4,
as well as the formation of BCT complexes will also be
measured by coimmunoprecipitation assays. Cells will be
cotreated with HDACis (butyrate or vorinostat, as described
above) and with ICG-001, ICG-427, and/or IQ-1 (eg, ICG-001
and IQ-1 together), or with each of the small molecule agents
alone, and the levels of Wnt activity, apoptosis, proliferation,
differentiation, CBP- or p300-beta-catenin binding, and
expression of survivin, c-myc, cyclin D1, EphB2, and EphB4
will be measured as described above. The same
coimmunoprecipitation experiments will be performed to
ascertain if the formation of complexes between CBP and p300
and Tcf proteins are altered in these cell lines. The levels of
Wnt signaling present in each cell line will be measured using
the luciferase reporter system. Repression of Wnt activity by
one of the small molecule inhibitors would provide information
as to whether the Wnt activity present in the cells is
predominantly CBP- or p300-mediated, as explained previously.
For example, repression by ICG-001 would specifically repress
CBP-mediated Wnt activity; ICG-427 would specifically repress
p300-mediated Wnt activity. In addition, determination of
growth in soft agar will be performed as described [7], to
determine whether tumorigenicity can be altered through
modulation of CBP- and p300-specific Wnt transcriptional
programs. Therefore, we will be correlating the phenotypic
measurements of progression and tumorigenicity with (1)
complex formation between CBP or p300 and beta-catenin and
Tcfs, (2) Wnt activity as evaluated by reporter assays, and (3)
expression of survivin, c-myc, cyclin D1, EphB2, and EphB4.

Consistent with our underlying hypothesis for Aim 3, we expect
to observe differences between the four cell lines in the relative
levels of CBP- versus p300-mediated Wnt activity, both in the
presence and absence of HDACis. Thus, the relative levels of
CBP–beta-catenin complexes versus p300–beta-catenin
complexes will differ between the four cell lines, as will effects
of the small molecule inhibitors on both endogenous- and
HDACi-stimulated Wnt activity. For example, one of the cell
lines may exhibit relatively higher levels of CBP–beta-catenin
complexes compared with the other lines; it would be expected
that the Wnt activity present in this cell line would be sensitive
to, and repressed by, ICG-001, because most of the Wnt
signaling in this cell line would be CBP mediated. In contrast,
another cell line showing relatively higher levels of
p300–beta-catenin complexes would exhibit greater sensitivity
to the Wnt activity-repressing effects of ICG-427, which targets
p300-mediated signaling. Differential sensitivity of the cell lines
to HDACis, with respect to CBP/p300-Wnt activity, would also
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be revealed by treatment with the small molecule inhibitors.
For example, if ICG-001, but not ICG-427, represses induction
of Wnt activity usually observed by treatment of a cell line with
HDACis, that finding would support the hypothesis that HDACis
predominantly influence CBP-mediated, but not p300-mediated,
Wnt activity in those colonic cells.

Therefore, one possibility is that as cells progress along the
neoplastic continuum, CBP-mediated Wnt activity will
predominate over p300-mediated activity, which is consistent
with the finding that the CBP-Wnt inhibitor ICG-001
specifically inhibits the growth of neoplastic as opposed to
normal colonic cells [3]. This is also consistent with increased
expression of the CBP-Wnt target EphB4, which is associated
with more advanced tumorigenic phenotypes [67]. Thus, it is
reasonable to assume both enhanced CBP-Wnt activity and
EphB4 expression (and, possibly, decreased EphB2 levels)
comparing cells with increasing neoplastic phenotypes (eg,
CCD-841Con to LT97 to SW480 to SW620).

However, the greater sensitivity of LT97 adenoma cells to
butyrate compared with carcinoma cell lines [8], suggests the
possibility that changes in the relative levels of CBP- and
p300-mediated Wnt activity may favor CBP-Wnt activity in the
earlier stages of colonic carcinogenesis. Thus, phenotypic
differences between cell types representative of phases in
colonic neoplastic progression may be altered by
CBP/p300-mediated Wnt activity. If so, we will attempt to use
modulation of the levels of CBP- and p300-mediated Wnt
activity as a tool to alter the phenotype of LT97 cells in the
direction of the less tumorigenic normal cell line CCD-841CoN
or the more tumorigenic CRC cell line SW480. Both
CCD-841CoN normal colonic cells and SW480 CRC cells have
been shown by our collaborators to significantly differ in their
phenotypic response to ICG-001, with SW480, but not
CCD-841CoN, cells showing enhanced apoptosis when treated
with this agent. This approach will determine whether
modulation of CBP- and p300-mediated Wnt activity can
transition an early colonic neoplasm (represented by LT97 cells)
to phenotypes with greater or lesser tumorigenicity. The strategy
will use molecular and pharmacological tools to shift the ratio
of CBP- versus p300-mediated Wnt activity of LT97 cells
toward that observed in CCD-112CoN or SW480 cells, as
ascertained by the experiments described above. This will be
achieved using the small molecule agents ICG-001, ICG-427,
or IQ-1, as well as expression vectors for CBP, p300, and
DN300, and, if required, siRNA for CBP and p300. While
expression vectors and siRNA may be used as secondary
modulators of CBP and p300 activity, in all cases at least one
of the small molecule inhibitors will be used, so as to modify
Wnt-specific CBP- and p300-mediated gene expression and
consequent cellular phenotypes. For example, while DN300 is
expected to inhibit the totality of p300 activity, IQ-427 will
specifically disrupt Wnt-specific p300 activity.

Concentrations of agents and treatment length will be
determined empirically, until a defined phenotypic change is
observed. We will measure Wnt signaling, apoptosis and
apoptotic response to HDACis, proliferation and the growth
suppressing effects of HDACis, differentiation, as well as
growth in soft agar, as described above. We will also determine

whether LT97 cells altered in the direction of a SW480-like
phenotype are able to efficiently proliferate in the same cell
culture medium as CRC cells. An endpoint for the process of
phenotypic transition will be established; that is, a time point
will be determined at which point any observed phenotypic
modification of LT97 cells will be considered as “complete.”
For example, acquisition of the ability to grow in soft agar or
to proliferate independent of a specialized culture medium,
would be suggestive of transition to a more tumorigenic, SW480
cell-like phenotype. Further, enhanced sensitivity to the growth
suppressive and apoptosis-inducing effects of HDACis such as
butyrate are also suggestive of a more advanced tumorigenic
phenotype. Conversely, we will have established phenotypic
differences distinguishing CCD-841Con cells from LT97 cells
(see above), and evaluation of these metrics will be used to
ascertain if CBP- or p300-signaling modifications transition
LT97 cells toward a more normal, CCD-841CoN-like cellular
phenotype. Our hypothesis, consistent to our expectations in
the first part of Aim 3, is that each of the four cell lines is
characterized by its own profile of CBP- versus p300-mediated
Wnt activity, and that forcing LT97 cells to exhibit a CBP/p300
Wnt profile of CCD-841CoN or SW480 cells will promote
LT97 cells to exhibit specific phenotypic characteristics of those
cell lines, respectively.

Dependent upon the differences that are observed between the
four cell types, we expect that modulation of
CBP/p300-mediated Wnt activity of LT97 cells, toward either
that characteristic of CCD-841CoN cells or SW480 cells, will
shift the LT97 cellular phenotype in those two directions,
respectively. Once we have established a CBP/p300-mediated
treatment regimen that is able to transition LT97 cells to lesser
or greater tumorigenicity, we will conduct microarray analyses
to determine the global changes in gene expression responsible
for these CBP- or p300-mediated changes. LT97 cells will be
treated with the particular combination of agents found to alter
cell phenotype in the required directions (toward the
CCD-841Con and SW480 phenotypes), or left untreated. Wnt
signaling, apoptosis, and apoptotic response to HDACis,
proliferation, differentiation, as well as growth in soft agar will
be measured as described above. Measurements of the
expression of survivin, cyclinD1, c-myc, EphB4, and EphB2
will also be performed; we would expect that transition of LT97
cells to a more tumorigenic phenotype would be characterized
by increased expression of the first four genes and decreased
expression of EphB2; this pattern would be expected to be
reversed with transition of LT97 cells to a more normal colonic
phenotype. However, this expectation is dependent upon whether
a more tumorigenic phenotype is associated with increased
CBP-mediated Wnt activity (see above).

At the defined time point at which phenotypic transition is
considered complete, mRNA will be isolated with Oligotex
mRNA Direct Kit. Genus Biosystems will perform the
microarray processing and data analyses for these experiments,
using the Agilent human whole genome (41,000+ human genes)
oligo microarray. Targeted genes will be validated by Northern
blot analyses or quantitative reverse transcription polymerase
chain reaction (RT-PCR). A small set of selected discovered
genes that are reasonably seen as major candidates for mediating
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the observed changes in cellular phenotype, particularly those
genes that are known to be Wnt pathway targets, will be further
analyzed. These three microarray measurements (original LT97,
CCD-112CoN-like LT97 and SW480-like LT97) will be
repeated eight times to yield statistically significant quantitative
data on changes in gene expression underlying the observed
changes in cellular phenotype.

We will determine, by Western blot analyses, whether
expression of these genes are modulated by treatment of LT97
cells by the small molecule inhibitors; further, using DN-Tcf4
to block Wnt activity, we will determine whether expression of
these selected genes are directly or indirectly dependent upon
Wnt signaling. The expression of selected genes will then be
directly up- or downregulated through overexpression
(expression vectors) or knockdown (siRNA) in order to
recapitulate the phenotype changes resulting from the treatments
(small molecule inhibitors, expression vectors/siRNA for CBP
or p300) above. If changes in the expression of specific
CBP/p300 Wnt target genes can mimic phenotypic changes
induced by modulation of CBP- or p300-mediated Wnt
signaling, this will strongly suggest that the relevant genes are
downstream effectors of CBP- or p300-mediated Wnt signaling,
and are at least partially responsible for the changes in cellular
phenotype induced by the CBP- or p300-targeted treatments.

Interpretation of Results
We expect that LT97 cells will exhibit Wnt activity and
modulation of this activity by HDACis, consistent with the
general literature; however, this would be inconsistent with the
controversial possibility that the earliest stages of colonic
initiation do not exhibit Wnt activity [69]. We also expect to
identify a subset of CBP- or p300-target genes that differ in
expression between the original LT97 cells and the LT97 cells
with modified phenotypes, and that subsequent directed
modulation of selected genes will at least partially recapitulate
the changes in LT97 cell phenotype induced by the methods
for up- or downregulating CBP/p300-mediated Wnt activity.
Given that CCD-841Con cells were shown to be relatively
insensitive to the apoptosis-inducing properties of the CBP-Wnt
inhibitor ICG-001 [3], it is possible that those cells already have
sharply downregulated CBP-Wnt signaling. For example, it has
been shown that inhibiting CBP-Wnt activity by CBP siRNA
represses the ability of ICG-001 to downregulate CBP-Wnt
signaling. This repression is due to the fact that most of the
downregulation of CBP-Wnt activity had already occurred due
to the siRNA [3]. By analogy, if CBP-Wnt signaling is naturally
low in normal colonic cells, it is reasonable to expect that an
inhibitor of that signaling will have little or no effect [3].
Therefore, it is possible that inhibition of CBP-Wnt activity to
very low levels is associated with the CCD-841CoN phenotype;
if so, a combination of ICG-001 and CBP siRNA, perhaps
coupled with overexpression of p300, would be the optimal
treatment regimen for transitioning LT97 cells to a more
CCD-841CoN phenotype. In this case, the ICG-001 and CBP
siRNA would both repress CBP-Wnt signaling and promote
p300-Wnt signaling; overexpression of p300 would perhaps
synergize to facilitate the switch from CBP- to p300-mediated
Wnt activity. On the other hand, the promotion of CBP-Wnt

activity over p300-Wnt activity may be more effective in
inducing a more tumorigenic phenotype in LT97 cells.

The initial evaluation of functional significance of identified
genes will be performed as Aim 3 of the current proposal, and
more in depth analyses of physiological relevance of these genes
will be incorporated into future projects that will build upon the
findings of the present study. Future studies will also determine
whether observed differences in gene expression are observed
in a broad spectrum of CRC cell lines, characterized by different
Wnt pathway activating mutations. The development of
treatment regimens that can either promote or inhibit
tumorigenesis of early stage colonic neoplasms, and the
determination of the patterns of gene expression that mediate
these changes in tumorigenic potential, may lead to novel
chemopreventive and therapeutic approaches against CRC.
Thus, for example, a treatment regimen identified that induces
LT97 cells to transition to a more CCD-841Con phenotype can
serve as the basis for in vivo studies aimed at developing
CBP/p300-targeted therapeutics effective at suppressing colonic
tumorigenesis, reversing early stage tumorigenesis, or treating
established CRC.

Research Design: Pitfalls and Alternative Approaches
We have extensive experience with the methodologies to be
used in this proposal. The potential pitfalls for the specific aims,
and alternative approaches that will be used, is outlined as
follows. Aim 1: Some effects of HDACis on CRC cell
physiology are independent of the modulation of Wnt activity.
Wnt-mediated effects of HDACis, working through CBP/p300,
may be obscured by opposing non-Wnt effects of HDACis. If
necessary, CRC cells stably transfected with an inducible form
of DN-Tcf4, which represses Wnt activity, can be used to
separate Wnt-specific and non-Wnt-specific effects of HDACis
on cell physiology [1,2]. The repression of Wnt activity in
DN-Tcf4 transfected cells can be used to ascertain the proportion
of HDAC-induced apoptosis mediated by Wnt activity [1,2],
including CBP- and p300-specific effects. It is possible, although
unlikely, that we will observe that neither blockade of CBP-Wnt
activity (ICG-001] or of p300-Wnt activity (ICG-427] influences
the upregulation of Wnt activity and of apoptosis by HDACis.
If this occurs, the results of the ICG-001/IQ-1 and
ICG-001/ICG-427 combinatorial cotreatments will be further
analyzed. In the unlikely event that HWA HCT-116 and DLD-1
cells do not exhibit CBP and p300 HAT activity due to their
MSI status, which would be inconsistent with previous reports
[3,60-63 and refs therein], we will substitute these cells with
the HWA Colo201 cell line, which does not exhibit the MSI
phenotype [60-63 and refs therein]. However, if HCT-116 and
DLD-1 cells do exhibit, as expected, CBP and p300 activity,
they are preferable to Colo201 cells because (1) Colo201 cells
are semiadherent and more difficult to culture and transfect, (2)
our collaborators have already established that HCT-116 cells
are sensitive to the proapoptotic action of ICG-001, and (3) it
is useful to evaluate the role of CBP/p300-mediated Wnt
signaling in the action of HDACis in MSI-positive cells, such
as HCT-116 and DLD-1, compared with non-MSI cells such
as SW480 and SW620. Aim 2: CRC cell lines transfected with
inducible DN-Tcf4 will be used if the findings suggest that
effects of HDACis on cellular physiology (eg, apoptosis) that
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are independent of Wnt activity are masking the Wnt-dependent
effects measured here. If so, the DN-Tcf4 cell lines can be used
to determine the effects of non-Wnt-mediated events through
effective suppression of endogenous and HDACi activated Wnt
activity as described in Aim 1 [1]. In the unlikely event that the
MSI status of HCT-116 cells makes them unsuitable for the
experiments of Aim 2, they will be substituted with the SW480
cell line. Aim 3: It is possible that LT97 cells will not exhibit
Wnt activity, consistent with a recent report suggesting a lack
of nuclear beta-catenin in early stage APC mutant neoplasms,
but inconsistent with the predominant view in the literature that
activated Wnt signaling is the earliest initiating event in colonic
tumorigenesis. If this unexpected finding is observed, we will
change the focus of Aim 3 from modulating CBP/300-mediated
Wnt activity in LT97 cells to altering that activity in SW480
cells in order to transition these cells to a more (SW620)
tumorigenic or less (LT97) tumorigenic phenotype, respectively.
Therefore, if LT97 cells do not exhibit the expected endogenous
Wnt activity, we will use SW480 cells as the model system for
CBP/p300-Wnt induced changes in cellular phenotype, instead
of the LT97 cell line. All experiments will be as outlined above,
with the exception of the change in cell type. We fully expect
that the well characterized, Wnt-positive SW480 cell line to
effectively represent a suitable model system for the experiments
of Aim 3, because these cells lie in between LT97 and SW620
cells in the continuum of colonic neoplastic progression, and
the Wnt signaling pathway in these cells has been studied in
detail in our laboratory. However, we believe that LT97 cells,
if they exhibit Wnt activity, would represent a more effective
model given that they are more sensitive to HDACis and are
derived from an earlier stage of tumorigenesis that may be more
amenable to treatment. However, the SW480 cell line represents
a reasonable and effective alternative for the successful
completion of Aim 3, if the LT97 cells prove unsuitable for
these experiments. Assuming that LT97 cells exhibit Wnt
activity as we expect, is possible that we will be unable to
transition LT97 cell phenotypes into those more similar to
CCD-841CoN and SW480 cells or that we will be unable to
identify the gene expression profiles associated with any
observed phenotypic changes. If so, we will change the
objectives of the second half of Aim 3 and instead examine the
patterns of CBP/p300-Wnt-mediated gene expression altered
by treatment of colonic cells with HDACis. Our collaborators
have already demonstrated that SW480 CRC, but not normal
colonic, cells exhibit Wnt-mediated changes in cell physiology
upon treatment with ICG-001, an agent which specifically
disrupts interactions between CBP and beta-catenin and inhibits
Wnt transcriptional activity [3]. Thus, SW4840 CRC and
CCD-841CoN normal colonic clearly exhibit differences in
CBP/p300-mediated Wnt signaling. Further, it is likely that
HDACis, which preferentially induce apoptosis in neoplastic
cells and upregulate Wnt activity [1,2], will modulate CBP/p300
signaling differently in SW480 and CCD-841CoN cells. Thus,
this approach represents a reasonable alterative for the second
part of Aim 3. However, if we are successful in modifying LT97
cell phenotypes and in identifying the CBP/p300- mediated Wnt
targeted gene expression profiles responsible for the altered
phenotypes, then the experiments outlined in the preceding
paragraph will be performed as part of future, more in depth

studies designed to determine the patterns of gene expression
modulated by CBP and p300 throughout the entire process of
colonic neoplasia, with an emphasis on those phenotypically
relevant genes whose expression is modulated by HDACis.

Statistics
Student’s t-test will be used to determine statistical significance
(P<.05). We have successfully used this biostatistical method
to evaluate data from our previous studies on Wnt signaling
that were generated by experimental methodologies identical
to, or similar to, those proposed in for the current project [1,2].
When appropriate, normality of data will be ascertained using
the Kolmogorov-Smirnov test (with Dallal-Wilkinson-Lilliefor
P values), the D’Agostino and Pearson test, or the Shapiro-Wilk
test. Choice of normality test will depend upon sample, size; in
most cases, Kolmogorov-Smirnov will be used. In the event
that the data do not follow a normal distribution, the
nonparametric Mann-Whitney U test will be used.

Results

Research on this proposal is ongoing. To date, findings from
this proposal, which cover all three specific aims, have been
published in the Journal of Cancer [61,62,63]. Thus, we have
shown that CBP and p300 activities influence butyrate-mediated
Wnt hyperactivation, that CBP activity is absolutely required
for efficient hyperactivation of Wnt activity by butyrate, that
the maintenance of high-Wnt activity cell fractions requires
CBP-mediated Wnt activity, and that there are significant
cell-type differences among neoplastic colonic cell lines,
including early stage LT97 microadenoma cells, in the manner
in which CBP versus p300 activity influences Wnt signaling
and colonic cell physiology. Experiments are ongoing.

Discussion

This manuscript describes a R15 AREA grant proposal funded
by the National Institutes of Health (National Cancer Institute)
upon initial submission. Our findings with respect to this
research [61,62,63] clearly demonstrate that CBP- and
p300-mediated Wnt activities affect Wnt signaling
hyperactivation, and influence apoptosis and proliferation of
neoplastic colonic cells; further, CBP and p300 differ in how
they affect these processes, and these differences likely influence
colonic neoplastic initiation and progression.

The ultimate objective of this line of research, and its clinical
relevancy, is to determine whether modulators of
CBP/p300-mediated Wnt signaling, in combination with
HDACis such as butyrate and the FDA, vorinostat, exert more
efficacious antineoplastic effects against CRC than the small
molecules or HDACis alone. We therefore envision the possible
use of combinatorial treatment with HDACis and small molecule
inhibitors of CBP/p300-mediated Wnt signaling in the role of
chemoprevention (eg, dietary fiber/butyrate) of therapy to
suppress tumor progression and/or as novel chemotherapeutic
agents against advanced disease. This possibility would be
advanced by in vivo studies demonstrating that specific
combinations of HDACis and modulators of CBP/p300-Wnt
activity result in marked suppression of intestinal tumorigenesis
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in mouse models of human CRC. Future in vitro experiments
will be aimed at dissecting the molecular mechanisms by which
CBP and p300 modulate Wnt activity, and promote cell
differentiation and apoptosis, in a large range of CRC cell lines.
Further, we will also dissect the mechanisms, whereby HDACis
influence CBP/p300-mediated Wnt activity. More in depth
microarray analyses will be used to determine the full genetic
programs up- or downregulated by HDACis through the CBP-
or p300-mediated Wnt signaling, and identify downstream
targets of CBP-Wnt versus p300-Wnt signaling. Further, we
propose that mouse models of CRC initiation and progression,
such as the Cre-Lox model of APC inactivation [74] be used to
ascertain the in vivo chemopreventive efficacy of cotreatment
with HDACis and ICG-001, ICG-427, and/or IQ-1, compared
with these agents used in isolation. Because this mouse model

can progress to carcinoma, it can be used to determine the role
of CBP versus p300 Wnt signaling in the in vivo progression
from normal cell to adenoma to carcinoma. Analyses of primary
cells derived from human patients will be used to determine the
relationship between relative levels of CBP- or
p300-beta-catenin complexes and the expression of genes that
are targets of CBP- versus p300-mediated Wnt activity. These
studies will strengthen the clinical relevancy of our initial
findings, to determine whether combinatorial use of HDACis
with modulators of CBP/p300-mediated Wnt signaling
represents an effective chemopreventive and therapeutic strategy
against CRC. Therefore, the findings of the proposed study have
the potential to lead to novel pharmacological agents that can
enhance the antineoplastic action of HDACis for CRC
chemoprevention and/or therapy.
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HAT: histone acetyl transferase
HDACis: histone deacetylase inhibitors
HWA: high-fold induction of Wnt activity and apoptosis
LWA: low-fold induction of Wnt activity and apoptosis
MSI: microsatellite instability
MSS: microsatellite stable
NaB: sodium butyrate
PCAF: p300/CBP-associated factor
RT-PCR: reverse transcription polymerase chain reaction
SAHA: suberoylanilide hydroxamic acid
siRNA: small-interfering RNA
Tcf/Lef: transcription factor/lymphoid enhancer-binding factor
TSA: trichostatin A
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Abstract

Background: Dynamic risk estimations may enable targeting primary prevention of overweight and overweight-related adverse
cardiometabolic outcome in later life, potentially serving as a valuable addition to universal primary prevention. This approach
seems particularly promising in young children, as body mass index (BMI) changes at a young age are highly predictive of these
outcomes, and parental lifestyle interventions at a young age are associated with improved long-term outcome.

Objective: This paper describes the design of our study, which aims to develop digitized tools that can be implemented in the
Dutch Child Health Care (CHC) system or by pediatricians for children up to 6 years of age. These tools will enable (1) dynamically
predicting the development of overweight, hypertension or prehypertension, low high-density lipoprotein cholesterol (HDL-C)
values, and high total cholesterol to HDL-C ratio by early adolescence and (2) identifying children who are likely to have poor
cardiometabolic outcome by the age of 5-6 years and by the age of 10 years.

Methods: Data will be obtained from the Generation R (n=7893) and Prevention and Incidence of Asthma and Mite Allergy
(PIAMA; n=3963) cohorts, two Dutch prenatally recruited cohorts. We will select candidate predictors that can be assessed during
the first visit and/or during subsequent visits to the CHC center or pediatrician, including sex; parental age, education level, and
BMI; smoking exposure; ethnicity; birth weight; gestational age; breastfeeding versus formula feeding; and growth data through
the age of 6 years. We will design dynamic prediction models that can be updated with new information obtained during subsequent
CHC visits, allowing each measurement to be added to the model. Performance of the model will be assessed in terms of
discrimination and calibration. Finally, the model will be validated both internally and externally using the combined cohort data
and then converted into a computer-assisted tool called ProCOR (Prediction Of Child CardiOmetabolic Risk).

Results: This is an ongoing research project financed by the Dutch government. The first results are expected in 2016.

Conclusions: This study may contribute to the national implementation of digitized tools for assessing the risk of overweight
and related cardiometabolic outcome in young children, enabling targeted primary prevention, ultimately yielding relevant health
gains and improved resource allocation.

(JMIR Res Protoc 2016;5(2):e85)   doi:10.2196/resprot.5158

KEYWORDS

overweight; (pre-)hypertension, High-Density Lipoproteins, forecasting, dynamic risk estimation; Child Health Services; pediatrics,
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Introduction

The prevalence of childhood overweight and obesity is
increasing worldwide, including the Netherlands [1,2].
Hypertension or prehypertension and low high-density
lipoprotein cholesterol (HDL-C) values are related adverse
cardiometabolic risk factors that are also highly prevalent in
children. The prevalence of hypertension is approximately 3.5%,
9%, and 19% among normal weight, overweight, and obese
children, respectively [3-5]. Moreover, 6.2% of normal weight
children have low HDL-C levels [6]. Overweight, hypertension,
and low HDL-C level in childhood generally persist into
adulthood, but are usually asymptomatic. Importantly, the
presence of these risk factors in childhood can be detrimental,
increasing the lifetime risk of developing severe health
complications such as coronary heart disease and type 2 diabetes
[7-14].

Once an individual becomes overweight, this condition is usually
difficult to reverse, even among children, as changing one’s
lifestyle is difficult, and people often revert to their old habits
resulting in even poorer health due to weight fluctuations [15].
Therefore, the European Society of Cardiology states that
primary lifelong prevention of overweight and related poor
cardiometabolic outcome deserves high priority beginning at
birth [16]. Primary preventive interventions are particularly
important in children aged less than 6 years, as changes in body
mass index (BMI) below this age are more predictive of later
overweight and poor cardiometabolic outcome than BMI
changes after this age [17,18]. Moreover, parental lifestyle
interventions when the child is young are associated with
improved long-term outcome [19]. In addition, the American
Academy of Pediatrics found that early intervention can yield
better success in children with high cardiometabolic risk [20,21].

The EPODE (Ensemble Prévenons l’Obésité Des Enfants)
program in northern France is a universal primary approach
designed to prevent overweight in children by involving the
family unit and society as a whole, for example, by changing
the environment and influencing social norms. The merits of
this approach have clearly been demonstrated [22]. Therefore,
the program was successfully adopted, converted, and
implemented in the Netherlands as the Youth on Healthy Weight
(in Dutch: Jongeren op Gezond Gewicht, or JOGG) program
[23]. Despite the introduction of this program, however, the
prevalence of overweight remains relatively high, particularly
among children from a low socioeconomic background [24].
Therefore, in addition to this universal approach, there is
increasing interest in targeting primary prevention to children
with the highest risk of becoming overweight and developing
related poor cardiometabolic outcome. These risks may be
estimated using prediction models or so-called “clinical
prediction rules,” which use the best possible combination of
risk factors to calculate the likelihood of a specific outcome.

Prototypes of such prediction models have been developed in
the Netherlands within two Dutch cohort studies - the Prevention
and Incidence of Asthma and Mite Allergy (PIAMA) birth
cohort study and the Terneuzen cohort study - and in other
countries, including India [25]. The two aforementioned Dutch

prototypes are based on the presence of several predictors at
birth, including paternal and maternal BMI [26], and on the
trajectory of BMI standard deviation scores (BMI SDS) from
2 to 6 years of age [27]. Both Dutch prediction models have
fair performance, indicating that targeted primary prevention
of overweight and related poor cardiometabolic outcome is
feasible with the help of evidence-based prediction models
[26,27].

Here, we present the design of our study, which aims to develop
dynamic prediction models to estimate the risk of young children
(up to 6 years of age) developing overweight, hypertension or
prehypertension, low HDL-C levels, and/or a high total
cholesterol to HDL-C ratio by early adolescence. The resulting
prediction models will be converted into easy-to-use tools called
ProCOR (PRediction Of Child CardiOmetabolic Risk), which
can be applied both in the Dutch preventive Child Health Care
(CHC) system and by pediatricians.

Because the Dutch CHC reaches more than 95% of all children
of all ethnicities through 16 regular visits from birth until the
age of 6 years, this approach will enable targeted primary
prevention for children in this age group. The ProCOR tools
will provide risk estimations by taking into account the
accumulation and changes in exposure to multiple risk factors
throughout life, including familial risk factors [28], smoking
exposure, physical inactivity, and changes in BMI [29].

Because we cannot exclude the possibility that children may
already have an adverse cardiometabolic profile at this young
age, thereby indicating the need for treatment, our secondary
aim is to develop risk estimation models to assess the need for
further diagnostics of poor cardiometabolic outcome at age 5-6
years and at age 10 years, two ages at which regular visits are
made to the Dutch CHC centers.

The study design includes (1) data collection; (2) the
development, external validation, and, if required, updating of
dynamic prediction rules within two large Dutch cohort studies;
and (3) an assessment of whether the resulting tools can be
implemented in practice. Therefore, the study will also focus
on risk communication, as this is an important aspect that can
affect the likelihood of successful implementation.

The outcomes of the prediction rules will be assessed in early
adolescence, because BMI SDS values measured between 10
and 18 years of age are highly correlated with adult BMI SDS
values and body fat mass [17]. Moreover, as discussed above,
hypertension/prehypertension, low HDL-C levels, and high total
cholesterol levels often persist from childhood into adulthood,
particularly from adolescence [10-12]. Our study proposal has
been awarded a TOP Prevention Grant from ZonMw (title:
“Targeted primary prevention of overweight and
cardiometabolic risk using dynamic risk assessments from
infancy onward in Child Health Care”; 200500006) , offering
the opportunity to innovate in terms of both content and
collaboration. See Multimedia Appendices 1, 2 and 3 for the
reviewers’ comments on the original version of the research
proposal.
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Methods

Stakeholder Group
For the study results to be useful, the developed tools must
ultimately be implemented in practice. Therefore, a group of
stakeholders has been established and comprises CHC
physicians and nurses, pediatricians, general practitioners,
dieticians, epidemiologists, programmers, scientists, and policy
makers. In several phases of the study, parents will also be
involved to ensure maximum communication regarding risk
assessments with parents and maximum implementation of the
ProCOR tools in the CHC.

Design and Setting
This study is embedded in the Generation R (n=7893) and
PIAMA (n=3963) cohorts. These large, longitudinal Dutch
cohorts provide independent datasets with many uniform
variables regarding fetal life, pregnancy, birth, and early growth.

The Generation R study is a population-based, multiethnic
cohort study composed of children born to 9778 mothers living
from 2002 through 2006 in Rotterdam, the Netherlands [30].
Of all children who were eligible at the time of birth (n=7893),
61% participated in the follow-up study. In this cohort, children
of diverse ethnic origins are well represented, including
Caucasian (56%), Surinamese (9%), Turkish (7%), and
Moroccan (6%) children. Three questionnaires were sent to the
participating mothers during their pregnancy. Questionnaires
were also sent when the child was 2, 6, 12, and 18 months of
age and 2, 3, 4, 5, and 7 years of age. During pregnancy, the
participants visited the research center in early, mid, and late
pregnancy. From birth through 5 years of age, data regarding
growth, development, and medical conditions among the
Generation R participants were collected during their routine
visits to the CHC centers. At the age of 5-6 years, all
participating children and their parents were invited to visit the
research center for a medical examination. The data collection
of children 9-10 years of age was recently completed.

The PIAMA birth cohort is a population-based prospective
cohort comprising 4146 women who were pregnant at baseline
[31]. Because 183 women were lost to follow-up before any
data regarding the child were collected, the study began with
3963 newborn children who were born in 1996-1997 in various
regions of the Netherlands. Questionnaires were sent to the
participants during pregnancy, when the child was 3 months of
age, annually thereafter from 1 through 8 years of age, and at
11, 14, and 17 years of age. At 8, 12, and 16 years of age,
subgroups of participating children were invited for a medical
examination. The cohort consists primarily of Caucasians and
includes children from both urban and rural areas [31].

Both the Generation R study and the PIAMA study were
conducted in accordance with the guidelines established by the
Declaration of Helsinki and were approved by the respective
medical ethics committees (MECs). Written informed consent
was obtained from all participating parents. The MEC for the
Generation R study was the MEC of Erasmus Medical Center
(MEC 217.595/2002/202). The MECs of the participating
institutes for the PIAMA cohort were MEC Rotterdam

(132.636/1994/39, 137.326/1994/130 and P04.0071C/MEC
2004-152), MEC Groningen (94/08/92, P04.0071C/ M 4.019912,
June 28, 2004, and 12-019/K), and MEC-TNO Utrecht (95/50,
February 28, 1996, CCMO Utrecht P000777C, 2000,
P04.0071C, 2004, 07-337/K, May 20, 2008, and 12-019/K, May
25, 2012).

Overweight and Poor Cardiometabolic Outcome
The outcomes of the dynamic prediction models measured at
age 10-15 years are as follows:

• overweight, defined using the International Obesity
TaskForce (IOTF) cutoff values [32];

• abdominal overweight, defined based on the findings of the
Fifth National Growth Study in the Netherlands, which will
be available in the near future [2];

• hypertension or prehypertension, based on systolic and
diastolic blood pressure and defined by the National High
Blood Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents [33]; and

• low HDL-C level or high total cholesterol to HDL-C ratio,
in which low HDL-C is defined as <0.9 mmol/L and high
total cholesterol is defined as >6.3 mmol/L. Because total
cholesterol to HDL-C ratio in childhood quite accurately
predicts subclinical adult atherosclerosis, including coronary
heart disease, it will be useful to obtain both total cholesterol
and HDL-C values [13,14].

The outcomes of the risk estimation models at ages 5-6 years
and 10 years are hypertension or prehypertension and a low
HDL-C level and high total cholesterol to HDL-C ratio,
according to the aforementioned definitions.

Candidate Predictors
The candidate predictors that were used to develop the two
Dutch prototypes [26,27] will also be used to develop the new
prediction models. In addition, other candidate predictors will
be selected from the literature, including relatively novel risk
factors such as child’s height and gross motor skills [34,35].
The stakeholder group will also provide advice—via discussion
rounds—regarding the final selection of clinically relevant
candidate predictors. The candidate predictors can be divided
into the following two categories: (1) predictors that are
currently routinely collected by the CHC and (2) predictors that
may be routinely collected by the CHC in the near future.

The candidate predictors for the dynamic prediction models are
as follows:

• Demographics and general characteristics

Sex and ethnicity of the child, urbanization grade, parity of the
mother, and the education level and age of both parents.

• Prenatal/perinatal factors

• Child characteristics: birth weight, gestational age, head
circumference, Apgar scores (at 1 and 5 minutes),
meconium in the amniotic fluid, formula feeding
immediately after birth.

• Parent characteristics: cesarean or vaginal delivery, use of
vitamins and/or minerals by the mother, smoking (including
second-hand smoke exposure), BMI of the mother before
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and after pregnancy, BMI of the father, and blood pressure
of both parents.

• At the age of 3 months

Body weight and body length, smoking exposure, and breast
milk and/or formula.

• At the age of 1 year

Body weight and height, smoking exposure, breast milk and/or
formula, data from the food frequency questionnaire (FFQ),
dietary salt, and BMI of the mother.

• At the age of 5-6 years

Body height and weight, smoking exposure, FFQ, dietary salt,
and physical activity.

• Between birth and the age of 6 years

• Periodic measurements of height and weight, collected by
the CHC.

• Periodic measurements of gross motor skills, collected by
the CHC.

For the prediction models to estimate the risk of poor
cardiometabolic outcome, with the aim to assess the need for
further diagnostics (blood pressure measurements and blood
tests), the aforementioned candidate predictors will be used at
the age of 5-6 years. At 10 years of age, the growth
measurements and any other variables that can vary over time
such as passive smoking between 6 and 10 years of age will be
included as well.

Development of the Prediction Models
Dynamic risk prediction models will be developed in both
cohorts. Missing values will be taken into account using
advanced imputation techniques [36].

To design the dynamic risk prediction models, we will choose
a statistical technique that can account for clustering of the data
due to the collection of repeated measurements over time within
children. This approach makes it possible to introduce repeatedly
assessed risk factor information for children between birth and
the age of 6 years into the model. For comparison purposes, the
initial model (created at birth) will be updated with new
information obtained at each visit, including the age of the child
[37].

The statistical technique used in this study will be determined
based on a comparison between existing simple and advanced
statistical methods in order to handle repeatedly measured
independent variables and a non-time-varying outcome variable
in a prediction model, as described by Chen et al [38] and Tu
et al [39]. We will compare the applicability of these methods
for the development of prediction models for use by
epidemiologists and clinical practitioners, and we will test the
predictive quality of these models.

Backward selection will determine the final risk prediction
models. The initial regression model, including all potential
predictors, will be fitted in the dataset. To ensure sufficient
power during the modeling process, we will optimize the balance

between the number of variables and outcome “events” in the
models [40].

Next, variables that have weak associations will be omitted
from the model. We will use the Akaike information criterion
(AIC) as a stopping rule to determine which variables should
be removed from the model. For a single predictor, AIC equates
to selection at P=.157 [40]. This relatively high P value results
in the inclusion of weaker predictors in the model at the cost of
potentially selecting a nuisance variable. Such a model usually
performs well in new subjects [40].

Performance of the Prediction Models
The performance of the prediction models will be studied in
terms of both discrimination and calibration. Discriminative
ability expresses how well the model can distinguish between
preadolescent children with the outcome and preadolescent
children without the outcome. Discriminative ability will be
assessed with the area under the receiver operating characteristic
curve [41]. To reflect how well the predicted and observed
values agree, the calibration slope will be estimated in a
regression model using the linear predictor as the sole variable.
The linear predictor is calculated by multiplying the model’s
regression coefficients with the predictor values for each child
and then summing these values (including the intercept). Under
ideal conditions, this slope is 1, which means that the predicted
and observed probabilities agree over the entire range of
predictions [42]. Furthermore, the explained variability will be
assessed, providing an overall measure of performance [43].
We will also decide on the cutoff values to be used in practice,
taking into account sensitivity, specificity, and positive and
negative predictive values for different categories of predicted
probabilities.

Validation and Updating
We will use bootstrapping techniques to internally explore the
need to correct for optimism in regression coefficients and
performance measures of the dynamic risk prediction models.
The dynamic risk prediction models, which will be developed
in the oldest cohort (PIAMA), will be externally validated in
the youngest cohort (Generation R). Validation is essential in
order to determine the ability of a model to reliably predict the
outcome in other populations and settings. If necessary, the
models will be updated based on the validation results in both
cohorts. Thus, we will study whether the models either remain
stable or improve by removing or adding predictors that are
available in the validation data. Finally, the model will be fit to
the combined PIAMA and Generation R data, with the goal of
achieving optimal precision of the estimated coefficients.

Development and Pilot Testing of the Prediction Tools
After the models have been developed, they will be converted
into computer-assisted tools (the ProCOR tools). These tools
will be easily applicable in CHC, providing for repeated risk
assessments, thereby aiding CHC professionals in their decision
to give advice, offer extra follow-up consults, and/or refer
children and their parents for preventive intervention or further
diagnostics. By consulting with experts in a Delphi study, we
will determine which cutoff values will be used for these actions,
with the aim of achieving the optimal balance between

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e85 | p.319http://www.researchprotocols.org/2016/2/e85/
(page number not for citation purposes)

de Kroon et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


sensitivity, specificity, positive and negative predictive values,
and the perceived diagnostic and therapeutic burden for the
parents and their children. Finally, the feasibility of the
implementation will be assessed in a pilot study to be conducted
in three CHC centers within the Netherlands. In this pilot, we
will study the reach, frequency, and percentage of children with
a predicted high risk of overweight and/or poor cardiometabolic
outcome, acceptability of risk communication and risk
assessments, satisfaction, the potential for stigmatization,
protocol compliance, advice and referrals, maintenance, and
time spent. For this purpose, questionnaires will be developed
both for parents and for CHC professionals. Approval will be
requested from the MEC before the start of the pilot study.

Results

This is an ongoing research project, and the first results are
expected in 2016. The study began in December 2013 and is
funded by the Health Research and Development Council of
the Netherlands (ZonMw Grant no. 200500006).

Discussion

Our study will provide an individualized approach for primary
prevention of overweight and poor cardiometabolic outcome
by combining risk estimates with the existing general approach.
This individualized, targeted approach will bridge an existing
gap in the primary prevention of overweight and related adverse
cardiometabolic outcomes. This is likely both important and
relevant, given that the effects of secondary prevention of
overweight and obesity have been disappointing—even among
younger children—particularly over the long run [44]. Moreover,
the success of universal primary prevention has been less
pronounced in groups from lower socioeconomic backgrounds
[22,24]. Importantly, the ProCOR tools will also enable the
identification of children who already have high blood pressure
and an abnormal lipid profile, thereby offering these children
additional diagnostics and treatment options by their
pediatrician; this is particularly relevant, as these adverse
cardiometabolic outcomes tend to persist into adolescence and
even adulthood, and are usually asymptomatic [10-12].

The success of the ProCOR tools when applied in early
childhood will be reflected in the possibility to refer children
with increased risk to a primary preventive program. Although
such primary preventive interventions are relatively scarce, and
although the majority of efforts have focused on developing
secondary preventive interventions, several studies have
demonstrated the potential benefit of applying primary
preventive interventions in this extremely young age group
[45-47]. In addition, primary preventive interventions aimed at
the most susceptible individuals are often more effective than
interventions that target the entire population [48]. Therefore,
participating JOGG cities in the Netherlands have opted to
implement interventions that are similar to Mini-MEND, a
program aimed at children and families with increased risk at
the age of 2-4 (or 5) years; this program is currently being
evaluated in Australia and the United States [49-51].
Mini-MEND is the younger-age equivalent of MEND (Mind,
Exercise, Nutrition, Do It!), a family-based intervention that

was designed for older children and was found to be
cost-effective in a randomized controlled trial [52].

The ProCOR tools can also be linked to Web-based content,
including educational materials, advice, and/or referrals to
evidence-based intervention programs, thus stimulating a healthy
lifestyle and/or health care–seeking behavior. Finally, the risk
estimates generated by the ProCOR tools can also be used to
study the effectiveness of interventions, as a risk assessment of
future overweight and related cardiometabolic outcomes is likely
to be more predictive than the currently used definition of
overweight using the cutoffs established by the IOTF [53].

Other methods have been developed to identify children who
are at high risk for becoming overweight and/or developing
adverse cardiometabolic outcome; such methods include the
use of a single risk factor, combining risk factors, and
developing risk models, risk algorithms, and risk charts. For
example, in both Sweden and the United States, risk charts have
been developed to predict adult overweight based on a single
BMI measurement during childhood [54,55]. Another study
performed in the United States reported crude risk estimates of
being overweight by the age of 12 years based on one, two, or
three BMI values measured between 2 and 4½ years of age [56].
In the United Kingdom, an overweight risk algorithm was
developed to identify at-risk children at age 3 years based on
predictors that were assessed in the first year of life [57]. To
date, however, most risk models have not been dynamic and
barely took into account individual BMI development.
Moreover, extremely high-performance prediction models are
required before acceptable large-scale implementation is
possible in practice.

A strength of our study is that we will include additional
candidate predictors, thereby helping optimize the
performance—and hence the cost-effectiveness—of these
models. Moreover, performing repeat risk assessments enables
clinicians to both adapt to and individualize the strategies for
each child based on new findings. This approach may contribute
to the realization of more tailor-made primary prevention
programs, with the aim of reversing the high risk of overweight
and adverse cardiometabolic outcome in preadolescence.

One potential limitation of our study is that the outcomes of the
prediction models were examined in early adolescence;
moreover, the cohort data do not currently offer the opportunity
to study these outcomes at adulthood. However, the timing of
puberty is associated with adult obesity and poor
cardiometabolic outcome [58]. On the other hand, the correlation
between BMI SDS at age 10 years and BMI SDS at young
adulthood is high (>0.7), suggesting that preventing high BMI
SDS by the age of 10 years is relevant in terms of health
outcome at adulthood [17]. In future studies, we will expand
the prediction models with health outcomes at later ages.

By providing longitudinal guidance to children, the Dutch CHC
is highly specialized with respect to the growth and development
of children, suggesting that performing dynamic risk
assessments is a very feasible approach in this setting. Therefore,
the Dutch CHC is ideally positioned to help improve resource
allocation by identifying high-risk children and excluding
children with relatively low risk.
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Finally, the tools that emerge from this study will be made
available via the Internet, provided that stakeholders—including
parents and/or their representatives—voice the need for
Web-based access to the tools.

A potential disadvantage associated with applying the ProCOR
tools is that it may cause harm due to stigmatization and parental
and/or individual concerns. Therefore, we will investigate the
effects of risk communication on possible unwanted side effects
in the pilot study. At the same time, we must bear in mind that

any potential harm due to the application of current cutoff points
for overweight and/or obesity are currently unknown; moreover,
the effectiveness of interventions that are based on risk
assessments can only be studied after the prediction tools have
been developed. Therefore, assuming that prediction tools with
high sensitivity, specificity, and negative and positive predictive
values can be developed, the next logical step would be to
perform a randomized controlled trial designed to evaluate the
effects of the prediction tools in combination with primary
preventive intervention programs.
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Abstract

Background: Older adults experiencing multiple chronic illnesses are at high risk of hospitalization and health decline if they
are unable to manage the significant challenges posed by their health conditions. Goal-oriented care approaches can provide better
care for these complex patients, but clinicians find the process of ascertaining goals “too complex and too-time consuming,” and
goals are often not agreed upon between complex patients and their providers. The electronic patient reported outcomes (ePRO)
mobile app and portal offers an innovative approach to creating and monitoring goal-oriented patient-care plans to improve patient
self-management and shared decision-making between patients and health care providers. The ePRO tool also supports proactive
patient monitoring by the patient, caregiver(s), and health care provider. It was developed with and for older adults with complex
care needs as a means to improve their quality of life.
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Objective: Our proposed project will evaluate the use, effectiveness, and value for money of the ePRO tool in a 12-month
multicenter, randomized controlled trial in Ontario; targeting individuals 65 or over with two or more chronic conditions that
require frequent health care visits to manage their health conditions.

Methods: Intervention groups using the ePRO tool will be compared with control groups on measures of quality of life, patient
experience, and cost-effectiveness. We will also evaluate the implementation of the tool.

Results: The proposed project presented in this paper will be funded through the Canadian Institute for Health Research (CIHR)
eHealth Innovation Partnerships Program (eHIPP) program (CIHR–143559). The expected completion date of the study is
November, 2019.

Conclusions: We anticipate our program of work will support improved quality of life and patient self-management, improved
patient-centered primary care delivery, and will encourage the adoption of goal-oriented care approaches across primary health
care systems. We have partnered with family health teams and quality improvement organizations in Ontario to ensure that our
research is practical and that findings are shared widely. We will work with our established international network to develop an
implementation framework to support continued adaptation and adoption across Canada and internationally.

(JMIR Res Protoc 2016;5(2):e126)   doi:10.2196/resprot.5756

KEYWORDS

eHealth/mHealth solutions; complex care needs; seniors; patient-centered care; goal-oriented care; primary health care;
implementation; pragmatic trial; health outcomes; cost-effectiveness analysis

Introduction

Background: Understanding Seniors With Complex
Care Needs and Their Challenges
Canadian and international health care systems require solutions
on how to address the needs of a relatively small population
that take up a large portion of health care resources. In Ontario,
10% of the population accounts for 79% of total system costs
[1], with similar trends found in other parts of Canada [2] and
internationally [3-5]. Most high-cost users are seniors, older
adults, with multiple chronic conditions and complex care needs
who are living in the community [6]. Beyond the cost issues,
older adults experiencing multimorbidity are at higher risk of
poor health outcomes and experience lower quality of life as
compared with individuals experiencing a single illness only
[7,8].

Understanding complex older adults, however, goes beyond
how much they cost the health system or the number of chronic
conditions they experience. It is important to understand the
challenges faced by older adults from a bio-psycho-social
perspective, which acknowledges broader social, environmental,
and contextual issues that impact on the health care needs of
these patients as well as their ability to manage [9]. A systematic
review of the literature revealed that over half of the elderly
population experiences multimorbidity, with a higher prevalence
among those in the lower socioeconomic strata [7]. These social
and contextual factors increase older adults’vulnerability, which
has been found to be associated with low quality of care delivery
[10].

It is difficult for providers to support older adults with complex
care needs because they have few (if any) tools, like clinical
practice guidelines, to guide decision making [11]. This is
problematic because providers are trying to help patients manage
multiple conditions, many with discordant, competing symptoms
and treatments that potentially run counter to each other [12].
It has been argued that these patients greatly benefit from
patient-centered care approaches, which allow for individualized

and holistic methods to address their highly variable needs
[13,14]. At the provider level, patient-centered care approaches
require a strong patient-provider relationship built on
communication, respect, shared responsibility, and support for
the patient as a whole person [13,15-17]. At the system level,
patient-centered care can address poor care coordination issues
experienced by complex patients [18].

Patient-centered care approaches are viewed as crucial to address
the needs of this patient population [19,20], and can be
supported by adopting goal-oriented care approaches [21]. Goal
setting is also a key feature of coordinated care plans intended
to support coordination and continuity of care for older adults,
and others, with complex needs [22]. Goal-oriented approaches
can help patients to prioritize their competing issues to help
improve quality of life, while supporting primary health care
providers and clinicians who have little evidence to draw on to
support their older adult patients with complex care needs.
However, clinicians find the process of ascertaining goals “too
complex and too-time consuming” [23]. Additionally, goals are
often not agreed upon between complex patients and their
providers [24]. It is not surprising then that complex patients
report not feeling engaged with their primary care provider in
the management of their health conditions [25].

Primary health care providers require tools to overcome barriers
to adopting goal-oriented care approaches to address the needs
of a growing population of older adults with complex needs.
Since April 2013, we have undergone a multiphased,
user-centered design evaluation approach to develop the
electronic patient reported outcomes (ePRO) mobile app and
portal; a tool designed to meet the needs of older adults with
complex care needs and their primary care providers. This study
will evaluate the use, effectiveness, and monetary value of the
ePRO tool through a cluster randomized controlled trial with
an embedded case study of implementation and will answer the
following primary research questions: (1) Does ePRO improve
quality of life, care experience, and self-management in older
adults with complex needs? (2) Is ePRO cost-effective for older
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adults with complex needs from the perspective of the health
care system? (3) What are the most important implementation
factors to effectively scale and spread ePRO in primary health
care settings?

The ePRO tool’s focus on improving goal-oriented care for
seniors experiencing complex chronic disease and disability
living in the community marks a new contribution to the
mHealth space. The proposed project will additionally provide
instructive advances in rigorous evidence from a trial.

The Electronic Patient Reported Outcomes Tool: An
eHealth Solution for Community-Dwelling Complex
Seniors

Electronic Patient Reported Outcomes Tool Development
To develop and test the ePRO tool, we have drawn on the
principles of design research, which suggest that the
development and adoption of technologies into real world
environments requires an iterative approach where designs are
progressively adjusted and refined based on emerging design
principles, evolving needs, and end-user feedback [26,27].
User-centered technology development emphasizes the need to
incorporate user feedback as part of the design, testing, and
implementation process [28], while design research highlights
the need to use rigorous research methods and evaluations in
order to support capturing and incorporating user feedback [29].
We then iteratively engaged in end-user codevelopment of the
tool through a mutliphased approach.

At the outset of the development process we broadly intended
to develop a solution to support community-dwelling patients,
including older adults, with complex needs and their providers
in primary health care settings. Figure 1 provides a visual
depiction of our iterative design and development method, which
included patient, caregiver, and primary health care provider
input at each phase. The proposed eHealth Innovation
Partnerships Program (eHIPP) grant will support the final phase
of this work, the full evaluation, scale, and spread phase depicted
in Figure 1 (Adapted from [30]).

In Phase 1, we conducted a user-needs assessment using
qualitative interpretive descriptive data collection and analysis
methods. Focus groups were conducted with patients and
caregivers with findings being published last year [31]. In Phase
2, we conducted a tool development phase in which we used
findings from Phase 1 to develop a prototype, which was tested
with three working groups: (1) patient and caregiver working
group, (2) primary health care provider working group, and (3)
expert and research team working group. The working groups
assessed the feasibility and usability of the first prototype, and
another round of redesign was conducted based on user and
expert feedback [30]. We next conducted a usability pilot in
Phase 3, with 11 patients and six primary health care providers
from one Family Health Team in Toronto, Canada. The aim of
the usability pilot was to determine the utility, functionality,
and usability of the ePRO tool. Findings from this study
informed further modification to the tool to improve usability
[32]. The exploratory trial, Phase 4, began September 2015 and
will be completed by August 2016.

Figure 1. Development approach.

The Electronic Patient Reported Outcomes Tool
The ePRO tool includes two features: My Goals and Outcome
Measures. See Multimedia Appendix 1 for wire frames of the
portal and mobile system.

Feature #1: My Goals

The My Goals feature allows patients and providers to
collaboratively create goal-oriented patient care plans, and helps
patients to track outcomes related to their goals using a mobile
device. To set up goals patients (and caregivers if the patient
chooses) sit down with their primary care providers during a
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visit in the physician’s office or in the patient’s home in the
case of home visiting patients, and use a portal to create goals.
Once a goal is added to the patients’ care plan, their mobile app
will prompt them to report on outcomes related to that goal
using the mobile device. Caregivers can enter data into the
mobile device or on the portal on behalf of the patient if the
patient requires assistance. Patients would either share their
login information or caregivers can be given their own login to
provide them with access. Specified-measureable-
attainable-realistic-time specific (SMART) goal principles are
used to guide goal set-up as this is an approach often used by
primary care providers. We additionally incorporate
goal-attainment scaling to create consistent goal attainment
measures [33], which can then be used as a standardized patient
outcome measure for patients with complex needs [21].

To create a SMART goal, the patient (with or without a
caregiver) and primary care provider collaboratively specify
the goal itself (eg, walk 20 minutes each day), the importance
of that goal to the patient, perceived achievability of the goal,

the timing of the goal (eg, achieved in 2 weeks), and any
supports and resources available and/or required (eg, referrals
needed or community services available like walking programs).
Once the properties of the SMART goal are established, the
patient and provider set up the monitoring protocol to allow the
patient to report on their progress. Monitoring questions can be
written by the patient and provider using question templates (ie,
Likert scales, 10-point scales, visual analogue scales, open
comment boxes, photos), or can be selected from the question
bank created by the provider or any other provider in a single
practice using the system.

In addition to the customizable monitoring questions, there are
two established monitoring questions asked of each goal. The
first asks patients to comment on how they are doing generally
in relation to the goal to provide contextual information on their
progress (patients or caregivers type into an open text box). The
second is a modified standard goal attainment scale [33] to
assess goal progress depicted in Table 1.

Table 1. Goal attainment scale monitoring.

Goal achievementScore

Much better than expected+2

Better than expected+1

Goal (expected goal specified by patient and provider)0

Less than expected−1

Much less than expected−2

Goal set-up can be completed in a 30-minute care planning
appointment, which includes the time required to engage in a
collaborative discussion between the provider and the patient
to identify appropriate goals. Typically providers and patients
will only focus on one or two goals at a time, which is more
manageable for the patient.

Feature #2: Outcome Measures

The Outcome Measures feature is intended to help patients,
their caregivers, and primary care providers to monitor patients’
symptoms and outcomes that were identified as important by
patients with complex care needs in the first phase of our tool
development [31]. Similar to the My Goals feature, once
symptom monitoring is added to the patient’s Outcome
Measures their mobile app will prompt them to report on
symptoms on the mobile device.

The health status scales included were chosen in earlier stages
of development of the tool based on: (1) patient, caregiver, and
provider identification of the symptoms and outcomes most
important for patients with complex needs to measure, (2)
psychometric properties of the tools, and (3) relevance and
demonstrated use of the tools in primary health care delivery.
We included the patient reported outcome measurement
information system (PROMIS) global health scale (GHS), pain
interference, and health assessment questionnaires (HAQ) all
of which are valid and reliable for patients with chronic illness
[34-36]. The PROMIS and HAQ instruments have undergone
rigorous validity and reliability testing, which include

psychometric assessments as well as qualitative, quantitative,
and mixed-methods research [36]. A systematic review of
patient-reported outcome measurement tools funded by the
Canadian Institutes of Health Research identified the PROMIS
tools, in particular the GHS, to be among the more effective
tools used to measure patient health outcomes [37]. The patient
health questionnaire (PHQ9) and the generalized anxiety
disorder (GAD7) tool were included as these are often used in
primary health care practice, with demonstrated reliability and
validity [38,39]. We also included monitoring protocols
identified as important to these patients including: weight, blood
pressure, heart rate, blood glucose, mood and emotion, sleep
patterns, diet, and physical activity and walking logs. These
protocols had been previously developed and tested with seniors
by our technology partner.

Patients, their caregivers, and providers can track patient
progress on goals and view their symptoms, vitals, and outcome
data on the portal. Monitoring frequency is up to the patient and
provider and can occur daily, weekly, or monthly depending
on the goal or symptom being monitored. Patients are also able
to track their progress on their mobile device and can then make
adjustments to their routines if declines or low health status are
indicated. Patients also have the option to monitor and track
progress using the portal only rather than mobile device if they
prefer to work on the computer. Providers can use monitoring
data at the point-of-care to focus discussion on key patient
concerns/issues, which can help to prioritize patient needs and
support improved decision-making. As a clinician stated after
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participating in our usability pilot “you get that snapshot just
before [the patient] comes in. You have a whole lot of data that
is very efficient.”

Electronic Patient Reported Outcomes Tool Technology
Readiness Level
The ePRO tool is at a Technology Readiness Level 7 as it has
already undergone early implementation and acceptability
testing through the usability pilot. By August 2016, we will
have moved to a Level 8 after the completion of our exploratory
trial in which we began integration of the system into family
health teams (FHTs) with early testing of outcomes. The Could
Connect platform used to deliver the ePRO solution is at a
Technology Readiness Level 9, actual technology proven
through operations. The Cloud Connect platform is fully built
and has been validated in several studies with different patient
populations. This readiness level has been validated through a
vendor preapproval process through the Canadian Federal
Government.

Electronic Patient Reported Outcomes Electronic Patient
Reported Outcomes Data Security
All data captured within the ePRO tool and by extension on the
QoC Health, Inc. platform, where the ePRO tool is housed, is
secured through industry standard encryption mechanisms,

which are compliant with Canadian and American data security
standards as legislated under the Personal Information Protection
and Electronic Documents Act, 2015 (in Canada) [40] and
Health Insurance Portability and Accountability Act, 1996 (in
the United States) [41].

Change Management and Implementation Plan
We will adopt Canada Health Infoway’s Change Management
Framework [42] to support adoption of the ePRO tool for this
study. This framework was designed to support the
implementation of eHealth technologies, and identifies six core
elements that should be addressed when implementing new
eHealth solutions in health care settings including: governance
and leadership, stakeholder engagement, communications,
workflow analysis and integration, training and education, and
monitoring and evaluation. These elements have guided our
development to date as implementation considerations should
be an ongoing process aligned with the development of eHealth
solutions [43]. Table 2 provides an overview of the framework
and how we have and will address each element as part of our
development and implementation of the ePRO tool for this
project. Our focus is on change management at the intervention
sites with emphasis on organizational leaders and providers. In
developing the ePRO tool, we have found that health care
provider buy-in is among our greatest challenges and as such
this will be a large focus of our change management strategy.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e126 | p.330http://www.researchprotocols.org/2016/2/e126/
(page number not for citation purposes)

Steele Gray et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. ePRO tool change management strategy.

Activities/strategies for adopting ePRO toolChange management element

With support from the decision-making partners and academic leads, site leads will be identified
who will support the implementation process at the two intervention sites. These individuals will
be engaged early in the process and will be informed about the value and need for the solution, in-
cluding identifying the potential for the technology to improve outcomes, and reduce resource use.
Decision-making partners and site leads will ensure that this message is shared with providers and
other key stakeholders, will meet with the research team regularly, and will provide guidance on
the change management activities outlined below.

Governance and leadership: mechanisms used
to guide, steer or regulate the project. Also in-
cludes leadership activities in relation to change
management.

Stakeholder engagement with providers and patients has been integral to the design and development
of the ePRO tool. We have learned that ongoing and continuous engagement with providers is par-
ticularly important to support uptake. As such we will:

1. Schedule several early meetings with providers at each site to introduce technology and field
questions.

2. Leverage our civic partnerships as well as existing relationships with intervention sites to improve
provider and patient engagement throughout the project.

Stakeholder engagement: activities that will
support involvement by stakeholders expected
to change. Behaviors must be defined, under-
stood, and considered.

We will use regular meetings, as well as our online messaging portal to track system errors, concerns,
and suggestions for improvement from the research team to the technology partner (called the issue
tracker), and short report/communications to update provider stakeholders on the progress of the
project as needed. Providers, and patients, who are enrolled will have been provided with contact
information for the team so they can easily share concerns, thoughts, and ideas on the tool at any
time.

Communications: how stakeholders will be in-
formed of the change to initiate appropriate ac-
tions/behaviors.

We will conduct a workflow analysis as part of this study to assess feasibility and usability of the
ePRO tool into Ontario primary care practices. We will draw on methods and analysis from the
workflow analysis, which was conducted as part of the usability pilot. Workflow analysis will be
taken into consideration when interpreting our findings, and inform iterative changes to the tool to
improve usability and uptake.

Workflow analysis and integration: understand-
ing the current work process so that new tools
can be sustainably embedded.

Training and education are built into the research design. We plan on running at least one training
session for providers and patients who are enrolled in the study and more as needed. Findings from
the usability pilot indicated the need for ongoing information and potential training opportunities.
As such we have developed user manuals for providers and patients. Refresher training sessions
will be offered at 3, 6, and 9 months to all participants.

Training and education: activities needed to
build capacity and skills among stakeholders
expected to change.

As part of our broader implementation plan we will include an evaluation of the change management
process as part of our study. We will conduct readiness assessments prior to piloting, and will include
questions regarding the change management approach in our follow-up interviews with organiza-
tional leaders and providers at intervention sites.

Monitoring and evaluation: reviewing and eval-
uating the change management process.

Capacity for Integration of Electronic Patient Reported
Outcomes Into Existing Models of Care
The ePRO tool is designed to work within existing models of
primary health care in Ontario such as FHTs, which are made
up of an interprofessional team of physicians, nurse
practitioners, and other health care providers delivering primary
health care services to patients [44]. The ePRO tool can further
be adopted by any integrated primary health care teams and/or
primary health care models adopting care coordination plans as
part of usual care. The decision-making partners for this project,
Health Quality Ontario (HQO) and the Association of Family
Health Teams of Ontario (AFHTO), will support integrating
ePRO into existing models of primary health care. HQO is
mandated, in part, to support quality improvement of the primary
care sector through supporting the adoption of a standardized
care coordination plan among other change ideas. AFHTO is
similarly dedicated to supporting the sharing and implementation
of best practices to FHTs across Ontario as a means to deliver
better health and value to patients.

Methods

Developmental Evaluation of the Electronic Patient
Reported Outcomes Tool
To address our three research questions, we will conduct a
pragmatic cluster randomized controlled trial with an embedded
case study of implementation at four sites. We will adopt a
developmental evaluation approach in which evaluation
questions are used to support decision-making and modifications
to improve interventions and programs [45]. As is consistent
with developmental evaluations, we seek to capture outcome,
process, and context measures to identify how the ePRO tool
impacts on patient, provider, and system outcomes, identify
processes and contexts that may be influencing outcomes, and
implementation of the tool to support scale and spread. The
literature on telemedicine assessment suggests the need to
capture both the impact of interventions but also the contextual
factors that influence outcomes [46]. Additionally, eHealth and
mobile technology adoption can be understood as a complex
health intervention [47], which are highly influenced by
contextual factors [48]. Developmental evaluations such as ours
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proposed here are particularly important in assessment of
complex systems [49].

Setting and Site Recruitment
We will use FHTs in Ontario, Canada as cluster sites to test the
ePRO tool. Working with AFHTO we will identify 22 FHTs
that vary in terms of geographic location and then randomly
assign sites as either intervention or control. Using our change
management framework as a guide, we will seek ongoing
engagement through weekly or biweekly communication with
executive directors and lead physicians at each intervention and
control site. Posters and pamphlets describing the technology
and trial will be delivered to providers and patients at the
intervention sites. Communication both written and electronic,
including a question and answer portal system, will be used at
both intervention and control sites to ensure ongoing
engagement as a means to minimize loss to follow-up for
comparative measurement.

Sample Size Calculation
We will recruit 30 patients from each site, resulting in a total
of 660 patients enrolled in the study. This sample size will
provide 80% power derived from a power calculation based on
a minimal clinically important difference of our core measure
of quality of life (the assessment of quality of life, AQoL-4D)
of 0.06 [50], an expected standard deviation in AQoL of 0.22
[51], an expected intraclass correlation coefficient of 0.01
(calculated based on total primary care use over a 1-year period
among a 10% sample of the Ontario population, which served
here as a proxy measure for patient outcomes), and an expected
attrition rate of 10%. The expected attrition rate is derived from
the recent study of the Change Foundation Partnership
Advancing Transitions in Healthcare, which employed a very
similar technology platform through a collaboration between
QoC Health and the Health System Performance Research
Network.

Population and Patient Recruitment
Eligible patients will need to be rostered at FHTs recruited to
participate, over age 65, have two or more chronic conditions,
and have had 10 or more visits to their primary health care
provider within the last 12 months. These variables have been
associated with a high complexity score [52] and can be pulled
from most primary practice electronic medical record (EMR)
systems without the need for a full chart review. Given that the
smallest FHTs have three or four physicians with a roster of at
least 6000 patients, we anticipate more than 300 eligible patients
in each practice from which to recruit patients, as has been found
in the FHT practice where the ePRO tool was developed,
therefore requiring no more than a 10% participation rate.
Patients deemed eligible based on EMR records will be
randomly selected and placed on an ordered list of eligible
patients for recruitment into the study that will be used to recruit
patients until our required complement of patients is enrolled
at each team.

Patient recruitment will occur either during a scheduled visit or
by phone within 1 month of the study start date. Administrators
at the FHTs will seek permission from eligible patients to be
contacted by a member of the research team. Contact

information for patients who agree will be provided to the
research team to obtain consent and enrolment. To enroll in the
study, patients must: (1) be able to provide informed consent,
(2) be willing to complete surveys at baseline, 3-, 6-, 9-, and
12-month intervals, (3) allow the researchers to extract health
information from the EMR, (4) allow use of their health card
number to link their study data to health administrative data,
and (5) for patients at intervention sites, be willing to keep track
of their health on an ongoing basis for a period of 12 months
with an electronic device or via a Web-based portal if they are
selected to be a part of the intervention group. Patients at
intervention sites will also need to have the physical capability
to use a tablet or smartphone or have a caregiver who is willing
to use the device with them. At this time our tool is only English
enabled so either the patient or caregiver will also need to speak
and read English.

Controlling for Bias and Contamination to Optimize
Internal Validity
The clustered trial will control for contamination by clinical
teams who are engaging with patients in setting goals with the
ePRO in the intervention arm. We will ensure that providers
who engage in this study do not provide care in multiple
practices that are included in intervention and control arms of
the study. Patient contamination should be prevented by
selecting patients who are enrolled to the FHTs and have
received most care within the team. Our random assignment of
FHTs to intervention and control arms will occur after teams
have consented to participate in the study; however, there may
be a bias from teams who agree to participate from those who
decline. We will compare participating from nonparticipating
sites on practice geography, size (number of patients and number
of physicians), and other characteristics based on membership
information held by AFHTO. Patients who enroll in the study
at intervention sites will likely be more technologically advanced
than similar multimorbid patients who do not participate. We
cannot measure technological literacy for nonparticipating
patients at intervention sites but we will compare intervention
and control patients to ensure comparability on study measures
of technology use included in our baseline patient surveys.
Patients in both intervention and control sites will also be asked
to report on other disease management programs and activities
that they are using. Similarly providers in both arms will be
asked to report on other patient monitoring and goal-setting
tools that they are using. We may expect that providers and
patients already using such tools would have reasons to be both
more but also less interested to participate in this study. The
study design itself does not encourage bias in either direction.

Training
Providers and patients recruited at intervention sites will receive
training on how to use the ePRO tool prior to the start of the
trial. Intervention patients will receive one-on-one training with
a research assistant; this typically takes 30 minutes (as was
found in our usability pilot). Provider training will occur in a
group setting. Training will be led by a member of the research
team and will take between 30 and 60 minutes. In our usability
pilot, we found that a single training session was not sufficient
for either patients or providers to fully learn to use the tool. As

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e126 | p.332http://www.researchprotocols.org/2016/2/e126/
(page number not for citation purposes)

Steele Gray et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


such, we will provide patients and providers with a manual and
training video on how to use the tool and portal, and offer
refresher training for patients at intervention sites at 3, 6, and
9 months.

Outcome, Process and Context Measures

Pragmatic Trial Measures
The pragmatic trial will address research questions 1 and 2:
does ePRO improve patient quality of life, care experience, and
self-management in older adults with complex needs? Is ePRO
cost-effective for older adults with complex needs from the
perspective of the health care system? It should be noted that
evaluation of the current tool will focus on whether the goal
setting and patient use of the tool results in changes in health
outcomes. We will not be able to assess whether changes in
specific activity was associated with changes in health outcomes.

Patient quality of life, experience, and self-management will
be captured using validated scales. Our primary measure of
patient-oriented outcome is health-related quality of life
measured by the AQoL-4D. The AQoL-4D takes only minutes
to complete, has been validated in a community-dwelling older
adult population, and has demonstrated responsiveness and
predictive validity with regard to entrance to long-term care
[51]. The AQoL-4D captures four core dimensions of
health-related quality of life (independent living, relationships,
mental health, and senses) that map closely onto factors that
are identified in the ePRO tool [30]. Patient experience will be
captured using measures from the patient-experience survey
deployed to all FHTs from AFHTO and our other collaborating
partner HQO. Using these measures would allow us to compare
our findings with patient experience scores from FHTs across
Ontario.

We will measure patient self-management using the 13-item
patient activation measure (PAM) [53]. PAM classifies
self-management capability into one of four categories ranging
from only belief that their role as a patient is important, to
certainty that they can take action even when under stress [54].
The PAM has been associated with better primary care
experience [55] and improved health outcomes among
multimorbid patients [56]. Finally we will look at
goal-attainment scaling as captured by the ePRO tool for
intervention patients, comparing outcomes captured at the start
of the intervention to the end. Goal-attainment has been argued
to be one of the most important outcome measures for complex
patients [21].

With regard to our second research question, efficiency will be
assessed using a cost-effectiveness analysis from health care
system and societal perspectives. For the health care system
perspective, only costs that are borne to the government, such
as costs of intervention and costs of health services incurred
during the 1-year follow-up period, will be considered. Costs
of the intervention will be estimated based on anticipated
real-world licensing and ongoing access costs for software,
hosting and data management costs, program support, managed
device costs, application support, training, incremental data
plan costs (depending on volume of use in the intervention
group), and costs for the Cloud Connect platform. These

estimates will include any costs provided as in-kind
contributions to the present study that would be recovered in a
real-world adoption.

We will collect health care numbers from all participants and
link all study measures with health administrative data (HAD)
housed at the Institute of Clinical Evaluative Sciences (ICES;
a research institute that collects a wide array of linked health
datasets in Ontario). We will use HAD to follow total 1-year
use and measure total direct costs to government for all health
care services in both the intervention and control groups. Over
85% of total direct costs can be measured using a cost
methodology for HAD implemented at ICES by WW [57]. For
costs for which there is a service- or product-specific claim and
a charge (eg, for prescriptions, fee for service physician visits)
we will use the payment charge that is provided on those claims.
For acute care hospitalization and emergency department (ED)
costs we will multiply visit records in the Discharge Abstract
Database and National Ambulatory Care Reporting System with
encounter-specific resource intensity weights (also known as
ambulatory cost weights in ED) and a provincial cost per
weighted case.

Ontario also has separate databases to track post-acute
rehabilitation and complex continuing care as well as inpatient
mental health. In each case, we will use the appropriate resource
intensity weight for that particular care setting but multiply,
where necessary, by Ontario-specific weighted costs where
these are not calculated and available through the Canadian
Institute for Health Information. These cost weightings have
been employed by our team in prior and current studies,
following our costing methodology and using administrative
data [1]. Capitation payments for primary care physicians in
Ontario will also be calculated based on the payment rate and
the particular model of primary care for each patient’s physician
in each month of the study period. This method has been used
in published studies of population-based health care costs [6,58].

From a societal perspective, administrative data will be
combined with patient-reported health service use and costs
(with patient-reported costs reported in the final 3-month period
assumed to be representative for the last 6 months of the study)
to provide an estimate of 1-year societal costs. Caregiver time
costs will be estimated using the average industrial wage. We
will also include patients’ and their caregiver(s’) time and
expenditures related to health care for the past 3 months using
measures that have been implemented as part of a standardized
patient survey across 12 primary care research teams in the
Canadian Institute for Health Research (CIHR)
Community-Based Primary Health Care Team Grant
competition (WW is a primary investigator for one team using
this tool).

We will capture patient and provider demographic and
characteristic information such as age, gender, ethnicity, chronic
illness profile, socioeconomic status, and information technology
(IT) skills to provide contextual information about our users to
support our analysis. From the patient perspective, this will
allow us to do case matching to control group. These contextual
factors have also been found to impact the adoption and
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implementation of eHealth tools [59] and as such should be
included in our analysis of barriers and facilitators.

Case Study Measures
Our third research question (What are the most important
implementation factors to effectively scale and spread ePRO in
primary health care settings?) will be answered through our
case study design. A subset of four intervention sites will be
selected to capture process and additional context measures to
develop an implementation framework to support scale and
spread of the ePRO tool. Cases will be selected based on a most
different design, ensuring that we capture practices that differ
in terms of location (rural vs urban) and organizational design
(ie, the number of diversity of providers at the practice).
Implementation relates to the processes required to put an
intervention or new model of care into use [60]. Implementation
factors are important to assess to determine how best to scale
and spread (ie, increasing coverage, range, and sustainability
[61] of the ePRO tool). In terms of scale, we are interested in
what additional features/capabilities could be added to the tool
to meet patient and provider needs not yet addressed, and in
terms of spread we seek to determine provider, organizational,
and health system enablers and barriers to adopting the tool in
primary care practices broadly across Canada and
internationally.

Given the importance of patient-centered care delivery for
seniors with complex care needs we will additionally capture
provider level effectiveness through provider interviews guided
in-part by the Assessment of Chronic Illness Care (ACIC) tool.
The ACIC has been used to help health care teams improve care
delivered to patients with chronic illness [62], and it can also
be used to measure change in care delivery. We will draw on
the self-management and clinical information systems scales

of the ACIC to craft interview questions as these are most
relevant to our intervention.

Process measures will be captured through the post-study system
usability questionnaire (PSSUQ) to assess use and experience
using the ePRO by patients and providers. The PSSUQ is a
19-item usability questionnaire comprised of three subscales
(system usefulness, information quality, and interface quality)
[63]. The PSSUQ has demonstrated reliability and validity [64],
and has been used to assess satisfaction and experience with
similar mHealth technologies [63], which are key aspects of
innovation model testing [65]. Patient and provider experience
with the ePRO will additionally be captured through patient
focus groups and provider interviews.

We will capture organization and system level context measures
related to implementing the ePRO through post-intervention
interviews with providers and organizational leaders. Factors
such as supportive resources (ie, IT support), logistical issues
(ie, integration of the tool into provider workflows), appropriate
training and time to learn new systems, and organizational level
support have been found to be pivotal in adopting new eHealth
systems [59,66,67]. These factors are reflected in the change
management framework used to guide development and
implementation of ePRO (outlined in Table 2). The framework
will be used to help shape interview guides and inform analysis.
System level factors found to impact eHealth adoption, such as
noncentralized systems, lack of standardization of data systems,
legal requirements, and financial incentives (or disincentives)
[66], will also be captured.

Outcome, process, and context measures that will be captured
as part of the pragmatic trial and case study are outlined in Table
3 below.
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Table 3. Outcome, process, and context measures for the developmental evaluation of ePRO.

Data collectionTool/methodVariableMeasurement levelConcept

Outcome: intervention and control sites

Baseline, 3, 6, 9, and 12 monthsAQoL-4DaQuality of LifePatient

Baseline, 3, 6, 9, and 12 monthsPAMbSelf-management

Baseline, 3, 6, 9, and 12 monthsPatient experience survey

(from AFHTOc and HQOd)

Patient experience

Over 12 monthsGoal attainment scaling.
Completed as part of the inter-
vention.

Goal-attainment captured by
ePRO tool–intervention sites
only

Pre and post-interventionCost-effectiveness analysis:

data from AQoL-4D, ICESe,
patient self-report, and pub-
lished literature

EfficiencySystem

Process: intervention sites

3, 6, 9, and 12 monthsPSSUQf post-study system
usability questionnaire

Tool experiencePatient

6 months and post-interventionPatient focus groups

6 and 12 monthsPSSUQfTool experienceProvider

6 months and post-interventionProvider interviews

6 months and post-interventionProvider interviews–drawing
on Assessment of Chronic Ill-
ness Care tool

Delivering patient-centered
care

Post-interventionProvider interviewsProvider workflowsOrganization

Context: intervention and control sites

BaselineEMRg extraction; patient in-
formation sheet

Demographic characteristicsPatient

BaselineProvider information sheetDemographic characteristicsProvider

6 months and post-interventionDocument analysis; provider
and leaders interviews

Size; description of the orga-
nization; resources; support;
training

Organization

6 months and post-interventionDocument analysis; provider
and leaders interviews

Structure; standardization of
data systems; legal require-
ments; funding

System

aAssessment of Quality of Life-4D
bpatient activation measure
cAssociation of Family Health Teams of Ontario
dHealth quality Ontario
eInstitute of Clinical Evaluative Sciences
fPost-study system usability questionnaire
gelectronic medical record

Data Collection
As can be noted from the Table 3 data collection will happen
at baseline, 3-, 6-, 9 and 12-month time-points in the study, as
well as post intervention (within 2 months of the end of the
trial) at case study sites. Patients will not be asked to complete
all surveys in a single sitting and will be given up to 2 weeks
to complete surveys with the help of a research assistant at a
location of the patients choosing (ie, in their home or at their
FHT) at each data collection time point. Qualitative data

collection will occur at 6 months and post intervention as four
case study sites. Patient focus groups will have between three
and four focus groups at each site with six to eight patients and
caregivers participating in each. Keeping focus groups to a
maximum of eight participants is a standard recommendation
in focus group methodology [68] as it provides ample
opportunity for each participant to voice their insights and
perspectives. Focus groups will last between 60 and 90 minutes.
Interviews will be conducting with the providers participating

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e126 | p.335http://www.researchprotocols.org/2016/2/e126/
(page number not for citation purposes)

Steele Gray et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


at the four case study sites and will last up to 60 minutes. Figure 2 visually depicts the data collection method.

Figure 2. ePRO evaluation data capture diagram.

Data Analysis Strategy
Our data analysis strategy is broken up into our pragmatic trial
analysis and case study analysis. The pragmatic trial analysis
focuses on answering research questions 1 and 2 while our case
study analysis will address question 3.

Pragmatic Trial Analysis
Comparisons between intervention sites and control sites across
measures of location, practice size, academic affiliation, and
other practice measures will be conducted. Similarly, we will
compare patients on all baseline measures of age, sex, morbidity,
socioeconomic circumstances, social roles (ie, caregiver
availability and responsibility) and ethnicity, IT capability, and
experience. Cohen’s-D and statistical differences will be used
to determine differences in practice and patient measures that
may need to be controlled for in statistical regressions if there
are any such differences.

Statistical analyses will be undertaken to address the research
study question 1. ePRO tool effectiveness will be determined
by analyzing patient outcome data. Overall domain scores for
AQoL-4D, patient experience, and PAM, will be calculated,
including changes in scores between baseline and follow-up
periods within groups and between intervention and control
groups. Statistical comparisons between the intervention and

control groups will be made using mixed-effects regression
models to account for the clustering effect of patients within
FHTs.

To address research study question 2, total cost for each patient
including costs of the intervention and costs of health services
over the 1-year follow-up period after the start of the
intervention will be compared between intervention and control
groups. Additional analyses will use patient-reported costs to
estimate costs from the societal perspective. Results of the
cost-effectiveness analysis will be expressed as the incremental
cost per quality-adjusted life years (QALYs) gained, calculated
as the difference in costs divided by the difference in QALYs
between intervention and control groups. QALYs will be
calculated using the total area under the curve approach, with
linear interpolation between assessment points and baseline
adjustment for comparisons [69]. We will use mixed-effects
regression analyses to separately estimate the difference in
health care costs between the intervention and control groups,
and include any covariates that are observed to be different
between groups in baseline comparisons.

In addition, we will calculate an incremental net benefit (INB)
by subtracting incremental costs from a product of willingness
to pay and incremental health benefits. If the INB is greater than
zero, ePRO is considered as a cost-effective option. The 95%
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confidence interval will be calculated using a nonparametric
bootstrapping method. Results from the simulations will also
presented as cost effectiveness acceptability curves, which show
the probabilities that ePRO being cost-effective over a range of
potential willingness to pay [70]. We will conduct a scenario
analysis, whereby the effect of a complete case only will be
used to estimate the cost-effectiveness. Because of the 12-month
follow-up during the study, costs and health outcomes will not
be discounted. We will also conduct a budget impact analysis
to estimate the financial consequences of implementing ePRO
for a primary care provider and at the system level across a
province depending on the number of primary providers.

Case Study Analysis
Single case and cross-case comparative analysis will be used
to assess process and outcome measures captured at intervention
sites in order to answer research question 3. Experience with
the tool and feasibility of adopting the tool will be captured by
analyzing data from the PSSUQ, patient focus groups, and
provider interviews. Standard descriptive statistics will be used
to analyze the PSSUQ across the three subdomains captured by
the tool and comparisons between intervention sites will be
made using t tests or Mann-Whitney tests as appropriate.

Focus group, interview, and field note data will be analyzed
using qualitative descriptive methods [71]. Focus groups and
interviews will be recorded and transcribed verbatim by an
external source. Transcripts will be checked for accuracy against
the audio record and analyzed through the assistance of NVivo
11 software. Two researchers trained in qualitative research will
read the transcripts and record key themes, compare, and discuss
findings.

Through comparing findings across the four FHTs and by
engaging international research partners to discuss
implementation factors of health care systems in Scotland and
at Kaiser Permanente Colorado, we will aim to refine the change
management and implementation frameworks used to guide the
study to inform the development of an implementation strategy
for the ePRO tool internationally.

Results

The proposed project presented in this paper will be funded
through the CIHR eHIPP program (CIHR–143559). The
expected completion date of the study is November, 2019.

Discussion

Impact

Anticipated Outcomes From Adopting the Electronic
Patient Reported Outcomes Tool
Using innovative technology to support the adoption of
goal-oriented care for older adults with complex needs in
primary care settings can have a significant impact on patient,
provider, and health system outcomes. Our primary outcome
of interest at the patient level is quality of life. For older adults
with complex needs and their caregivers, an easy to use tool
that supports goal-oriented patient care can support

individualized discussions between providers and patients, can
simplify patient- and joint-decision making processes,
particularly for individuals with multiple chronic conditions,
and can help patients to understand and articulate their needs
[21]. By supporting goal-oriented care, the ePRO tool can
enhance the quality of primary health care delivery by improving
patient-provider interactions at the point of care, which has been
found to improve health-related quality of life, and support
positive health behavior change in chronic disease patients [72].

For health care providers the tool can help to address the
challenges associated with delivering goal-oriented care [23,24],
while providing patient-centered data to help make decisions
about their care. The system can help providers to improve
chronic illness management for their older adult patients with
complex care needs by giving them a tool to help support patient
self-management, as well as offer a clinical information system
that provides monitoring data to help manage these patients;
two key aspects of chronic illness care management in Wagner’s
Chronic Care Model [73].

For the health system, our tool has the potential to increase
access to primary health care services through mobile
monitoring, and reduce unnecessary health care use. Our
usability findings show early evidence of the tools ability to
support patient self-management, which has been shown to help
avoid declines and unnecessary health care use for patients with
chronic disease [74,75]. With scale and spread of the tool it
could further support system integration by allowing providers
across the system to communicate about patient care plans,
goals, and outcomes, which could lead to better management
and slower decline over the longer term.

Anticipated Ethical, Social, and Legal Issues That May
Arise
Given the multiphased nature of our design, we have received
four separate ethics approvals from all appropriate Research
Ethics Boards to develop and test our tool. Among concerns we
have addressed are (1) data security, which is addressed by
ensuring our tool is PHIPA compliant, (2) provider liability for
monitoring, which is addressed by ensuring participants are
aware that the tool is not an emergency device nor is it
monitored on a regular basis by providers, and (3) ensuring
providers do not deny needed care. This last issue is addressed
as our studies do not require that control patients be denied
engaging in goal setting or monitoring with their providers
should it be done as part of their usual care. We can draw on
our experience running the usability pilot and exploratory trial
to ensure we address, monitor, and evaluate our performance
in relation to these important issues.

National and International Scalability of the Electronic
Patient Reported Outcomes Tool
We have developed and tested the ePRO tool in FHTs, an
interprofessional primary care delivery model prominent in
Ontario [44]. There are currently 184 FHTs across Ontario
serving over 3 million Ontarians in over 200 communities [76].
The ePRO tool could be rolled out to any of these FHTs, and
would be particularly useful to those serving older adults with
complex care needs. Furthermore, as we designed the ePRO
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tool to align with the goal-setting section embedded in the
Coordinated Care Plan, the tool can be scaled further to any
primary care team adopting Coordinated Care Plans as part of
their management of chronically ill patients. Additionally, the
Coordinated Care Plan being used in Ontario is derived from
common elements found in care planning from other
jurisdictions including: British Columbia, Nova Scotia, Ireland,
Scotland, England, the Netherlands, Sweden Australia, and the
United States [22], suggesting the potential for international
applicability.

International scalability is further supported through our
partnerships developed with support from a CIHR Planning and
Dissemination Grant awarded in 2014. The grant supported the
development of a partnership between the Health System

Performance Research Network and the Bridgepoint Campus
of the Lunenfeld-Tanenbaum Research Institute (formerly
Bridgepoint Collaboratory for Research and Innovation) in
Ontario, with Kaiser Permanente Colorado in the United States
and the Universities of Glasgow and Edinburgh and the National
Health Service in Scotland. The international partnership was
founded on a shared interest in supporting older adults with
complex care needs in primary care settings in all three
countries. Through site visits, and knowledge sharing via team
teleconferences and reporting we identified an interest and
opportunity to adopt the ePRO tool in Scotland and Kaiser
Colorado, and plan to run feasibility pilots in these two settings.
Findings from the pilots will further support spread and
scalability of the tool nationally and internationally.
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Abstract

Background: Mobile phoned–based interventions have been increasingly used in clinical populations to improve health and
health care delivery. The literature has shown that mobile phone–based text messages (short message service, SMS) are
instantaneous, cost effective, and have less chance of being misplaced. Studies using mobile phone based–text messages have
reported text messages as effective reminders that have resulted in increased appointment attendance, adherence to treatment,
and better self-management. There have been no reports of adverse events when using text messaging in terms of misreading or
misinterpreting data, transmitting inaccurate data, losing verbal or nonverbal communication cues, privacy issues, or failure or
delay in message delivery. However, the literature has cited a need for personalized messages that are more responsive to individual
needs. In addition, there has been a dearth of information on the use of reminders in nonclinical populations.

Objective: The goal of this study is to assess the effectiveness of adding reminders in the form of text messaging versus reminder
calls versus text messages and reminder calls to increase use of service referrals provided through community outreach.

Methods: A total of 300 participants will be recruited for the study. Each participant will be randomized to one of three arms:
a group that receives only reminder calls (CALLSONLY); a group that receives only text message reminders (TEXTONLY);
and a group that receives both reminder calls and text messages (CALLS+TEXT). All groups will receive their reminder intervention
on the 15th and 45th day after baseline when they receive medical and social service referrals from the community health workers
(CHWs). A standard script will be used to administer the call and text reminders and a 15-item telephone-based satisfaction
survey will be administered to assess the participant satisfaction with the process of receiving periodic reminders.

Results: The study is in the recruitment and follow-up phase. The authors anticipate completion of recruitment, interventions,
and data entry by July 2016. Preliminary results are expected to be available by September 2016.

Conclusions: This study will provide an opportunity to test the effectiveness of mobile-based interventions on nonclinical,
community-recruited populations. In particular, such a protocol would increase the effectiveness of a community-based engagement
program by instating a formal reminder system for all program members who receive social and/or medical service referrals
during outreach in the community. Findings from this study would guide the development and implementation of reminder
protocols for community-based engagement programs nationwide.

(JMIR Res Protoc 2016;5(2):e133)   doi:10.2196/resprot.5854
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Introduction

Background
There has been a significant increase in the literature on mobile
phone–based interventions (mHealth) to improve health care
among clinical populations. At the end of 2014, over 3.6 billion
people had at least one mobile subscription. It is estimated that
by 2020, 4.6 billion people will have a mobile subscription [1].
Recent studies have expressed the need for harnessing the
increasing availability and acceptability of mobile phones in
health care to enhance contact with health services,
self-management, and broadening the scope of mHealth
applications [2,3]. Mobile phone–based text messages (short
message service, SMS) have been described as ‘instantaneous’,
‘direct’, ‘mobile’, and ‘not invasive and ubiquitous’. They also
have less chance of being misplaced [4,5]. Other benefits of
text messages include the ability to deliver the message wherever
the person is, reducing dependence on health care professionals
[6,7]. The interventions are also reported to be cost effective
and more economical than telephone or postal reminders [6-8].
Studies have shown text messages as effective health care
appointment reminders that can result in increased attendance,
adherence to treatment, self-management, and maintenance of
chronic conditions such as cardiovascular health, asthma,
diabetes, obesity, and hypertension [5,6,9-12]. Research on
missed health care appointments with a clinical population has
shown that mobile phone–based interventions such as periodic
phone call reminders and text messages increase the rate of
attendance [13].

A study on improvement in attendance in primary care found
the text messaging reminder group attended the clinic at a higher
rate compared with the control group (odds ratio (OR) 1.59,
95% confidence interval (CI) 1.17-2.17, P=.005) [8]. Another
study among persons with chronic disease showed the
nonattendance rates in the text messaging (OR=0.62, 95%CI
0.41-0.93, P=.020) and telephone reminder groups (OR=0.53,
95%CI 0.35-0.81, P=.003) were significantly lower than the
control group [14]. Text messaging, in weekly intervals, was
found to be an effective strategy to enhance adherence to
antiretroviral therapy compared with standard care among
human immunodeficiency virus (HIV) patients and in improving
HIV viral load suppression [15]. Text messaging interventions
for smoking cessation and for effective health care service
delivery processes were also found to be effective [16,17]. A
study on treatment compliance among obstructive sleep apnea
patients showed that message reminders via a mHealth
application not only resulted in significantly higher treatment
compliance but also was satisfactory to patients [18]. A
block-randomized control study using a website and SMS-based
reminder system among adolescents with asthma has found
improvements in self-reported medication adherence (P=.011),
quality of life (P=.037), and self-efficacy (P=.016) [19].

There have been no reports of adverse events when using text
messaging in terms of misreading or misinterpreting data,

transmitting inaccurate data, losing verbal or nonverbal
communication cues, privacy issues, or failure or delay in
message delivery [6]. Qualitative studies on content and type
of text messages highlight the need for tailored and personalized
messages that are “responsive to individual needs” [10,20,21].
The literature has captured the use of mHealth applications and
reminders systems among clinical populations; however, there
has been a dearth of information on the use of reminders in
nonclinical populations.

Based on the literature, we proposed and were funded by the
University of Florida’s Clinical and Translation Science Award
Program to carry out a pilot study aimed to apply the qualities
of mobile phone–based interventions to improve the utilization
rate of medical and social service referrals provided to
community members by the community health workers (CHWs)
at HealthStreet–the community engagement initiative at the
University of Florida. HealthStreet aims to bridge the gap
between the community and research by providing medical and
social service referrals based on their individual needs and
concerns while providing opportunities for community members
to become involved in research. CHWs from HealthStreet assess
community members at laundromats, grocery stores, libraries,
hair salons, bus stops, senior centers, community centers, health
fairs, and other places. The assessment includes demographic
characteristics, medical history, health and neighborhood
concerns, access to care, attitudes toward research, history of
research participation, drug and alcohol history, and current
medication use. Community members are then followed-up
with at 30 and 60 days to assess use of services. Approximately
63% of HealthStreet’s participants are African American, 30%
did not see a doctor in the last 6 months in spite of having at
least one health concern, and approximately 41% of
HealthStreet’s participants report having no medical insurance.
Therefore, the medical and social service referrals provided by
the CHWs are especially important to this population. Prior data
on use of service referrals at HealthStreet showed that 81% of
participants who received at least one referral did not use any
relevant referrals. Nearly 1/3 of participants indicated a barrier
to service use that would be resolved with a simple reminder.
Several of them mentioned that they would have used the
services, if they had had the referral details available when
needed.

Using Fogg’s Behavior Model [22], based on the persuasive
power of technology for behavior changes [23], we hypothesize
that simple mobile phone–based reminders will act as a
“motivator” and a “trigger,” thereby encouraging the individual
to use the provided referral service. Further, by sending the
details of the referrals during the reminder text or the call will
also solve the barrier of losing the referral slip and/or not having
the referral details at hand when required.

HealthStreet data also showed 72% of HealthStreet participants
regularly use text messaging, which made mobile phone–based
interventions an ideal choice for a pilot study. With the
decreasing cost of mobile phones and text messaging services
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and increasing availability of different service providers, mobile
phone–based interventions could be considered an economical
and efficient way to communicate.

We proposed to develop and test the effectiveness of a mobile
phone–based intervention–referral reminder calls
(CALLSONLY) versus text message reminders (TEXTONLY)
versus both text message and reminder calls (CALLS+TEXT)–
to increase the rate of service referral usage among HealthStreet
participants. Additionally, this pilot study provided an
opportunity to assess the HealthStreet participant’s satisfaction
receiving reminder text messages.

Overall Aim
The aim of this study is to increase use of service referrals
provided through community outreach using a mHealth
intervention (adding reminders in the form of text messages or
reminder calls or text messages and reminder calls).

Specific Objectives
The specific objectives for this study are to: (1) develop an
effective and personalized text messaging system to increase
use of referrals given by HealthStreet CHWs, (2) compare the
effectiveness of three new interventions on referral use
(TEXTONLY vs CALLSONLY vs CALLS+TEXT) at 30 and
60 days post baseline, and (3) deconstruct the intervention
through a satisfaction/feasibility survey to understand

HealthStreet participants’ satisfaction with these periodic
reminders.

Methods

Study Design
A 12-month study is being conducted with 300 eligible
community members from Alachua and Duval counties in North
Central Florida. The study has three arms: a group that receives
only reminder calls (CALLSONLY); a group that receives only
text message reminders (TEXTONLY); and a group that
receives both reminder calls and text messages (CALLS+TEXT)
(Figure 1). All groups receive their reminder intervention on

the 15thand 45th day after baseline when they receive referrals
from the CHWs. All groups then receive HealthStreet’s usual
30 and 60 day follow-up call that assesses use of the referrals

provided at baseline. The 15thand 45thday, which falls in the
middle of 0 to 30 days and 31 to 60 days, was decided for
reminders because that will provide adequate number of days
to use the referral from the baseline assessment date and/or the
previous follow-up call date. All follow-up calls are made using
the existing institutional review board–approved HealthStreet
referral tracking protocol. Additionally, a satisfaction survey is
also administered to all participants at 60 days to assess
satisfaction with the different types of reminders and follow-up
processes.

Figure 1. Study flow chart: recruitment and intervention groups.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e133 | p.345http://www.researchprotocols.org/2016/2/e133/
(page number not for citation purposes)

Varma et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Measures
To develop and implement a reminder call and text messaging
protocol intervention to improve use of medical and social
referrals provided to HealthStreet members by CHWs. The
following measures are used:

Reminder calls: a standard script (Multimedia Appendix 1) is
administered to remind the participant about the location, the
date of contact with the HealthStreet CHWs as well as the
service referrals provided to them at baseline. The call
specifically reminds the person to use the referrals that were
provided to them. Data on the use of referrals are collected only
during the 30- and 60-day follow-up calls.

Text messaging: text messaging is conducted using the Qualtrics
SMS (Figure 2) service, which is widely used in higher
education research. The Qualtrics SMS service is compliant
with the Health Insurance Portability and Accountability Act
for data security and uses a secure local server for the data as
it pushes out messages through an encrypted server. All data
are stored in an internal secure server and only phone numbers
and text messages are housed in the secure Qualtrics server.
Once messages have been approved, and scheduled, they are
sent out to their intended audience through an encrypted server
that Qualtrics itself has the inability to track.  Ultimately, this
tool is a one-way directional message service, with only a
confirmation text from the participants coming back to the
researchers.  This information, coupled with the backend
analytic tools of Qualtrics, allows for data to be collected on
who received the messages, which can then be compared with
participant reported use of referrals.

This text messaging software is installed for this project on a
computer at HealthStreet, Gainesville. An excel spread sheet
with the participant’s name, date of contact, and referral details
generated by the REDCap database, is synchronized with a
service that pushes out and tracks the messages. The secure
encrypted database houses the participant’s name, phone
number, and service referral record, while separating it by
various cohorts based on the date of referral and follow-up. On
the designated day for text reminders, a predesigned template
message (Figure 3) reminding them of their contact with the
CHWs is used by the study coordinator to enter the participant’s
date, venue of contact with the CHW, and the list of referrals
provided to him/her during the health intake. This message also
prompts the participant to call HealthStreet in case they need
more information regarding the referrals. This text messaging
service is confidential and has the ability to also be embedded
as a social media message, to use Quick Response codes if
required, as well as track the delivery and receipt of messages
through back-end analytic tools.

Satisfaction survey: a brief 15-item telephone-based survey is
administered to assess the satisfaction with the process of
receiving periodic reminders from HealthStreet. This survey
assesses the participant’s opinions regarding the content of the
text message reminders received in this study, apart from the
usual 60-day follow-up questions on use of the referrals received
from HealthStreet. In particular, this survey aims to gather
feedback about the participant’s overall satisfaction with the
reminder call and/or reminder text. The survey also assesses
the participant’s perception of the reminder length, frequency,
and helpfulness. Finally, this survey evaluates if the participant
used their referrals because of the reminders.

Figure 2. Qualtrics SMS surveys.
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Figure 3. Script for text message reminder.

Staff Recruitment and Training
The study coordinator was trained on the scripts for reminder
calls, administering the telephone-based satisfaction survey,
randomization procedures, and study recruitment and
intervention protocols. All CHWs and staff members were
trained on administering the study informed consent and
randomization letter distribution. The Qualtrics SMS software
was also beta-tested using the proposed text reminder scripts.

Data Collection
There is no risk of this study interfering with HealthStreet data,
because exporting this data does not affect the value of any data
in HealthStreet’s dataset. In addition to using data already
collected by HealthStreet, this study collects data on the results
of 15/45 day texts/calls reminders, and from the satisfaction
survey. This data is kept separate from HealthStreet data, and
is accessible to the Principal Investigator (PI), Co-PI, research
statistician, and study coordinator.

Data Management
The data manager at HealthStreet along with the study
coordinator assists the PI in all aspects of data management.
All data are stored at HealthStreet, Gainesville and available

only to the PI, Co-PI, research statistician, and the study
coordinator. This study follows a data management process that
is similar to what is being currently followed at HealthStreet
using Microsoft Access on secured local servers. Data needed
for the text messaging software are generated from a report run
on HealthStreet data, without any risk of interfering with
HealthStreet data quality. All data is stored in locked filing
cabinets or on secure computer servers with security passwords.

Interventions
Every Monday, the research statistician generates a list of the
names, participant’s unique study identification (ID) number,
contact numbers, and the list of referral services of participants
who need to be contacted, either for a reminder call, text
message, or for 30- or 60-day follow-up. The list is handed over
to the study coordinator who takes the appropriate action for
each participant, after verifying this list with the intervention
tracking database to ensure that all participants on the list are
indeed due for their assigned intervention. The same list and
procedure is used for the program algorithm that sends text
messages to the participants. All participants are assigned a
HealthStreet personal identifier which is used to generate an
excel sheet with the participant’s date of contact, study ID,
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randomization number, and 15th, 30th, 45th, and 60th day due
dates for intervention.

Sample Size
The sample size for this study is 100 participants in each arm
of the study. The planning compliance rate difference is 16%
for a pair of treatments (22% vs 38%). The key nuisance
parameter that affects planning is the probability of the second
visit being compliant given the first visit is compliant.  We shall
presume a strong association for an individual, half way between
independence and full dependence.  Thus, for a treatment group
with a compliance rate of 22%, the distribution would be 17%
comply with one of two, and 13.5% comply with both.  Under
independence (complete dependence), 22% (5%) would comply
to both, with the average 13.5%.  For a treatment group with a
compliance rate of 38%, the distribution would be 47.1% would
comply with one of two, and 14.4% comply with both. With
N=100 per group, and the above repeated measures structure,
we have 80% power to detect a difference of 16% (22% vs 38%)
(ie, personal means for two-trials of 0.44 vs. 0.76) at P=.017
(two-sided). Please note that we took a conservative approach
using a strong within subject association. If it was weaker, power
would be somewhat better.

Eligibility
Eligibility was determined by the following criteria: all
community members between 18 and 80 years of age; all who
complete a HealthStreet health intake with the CHWs in Alachua
and Duval counties in North Central Florida; must use the text
messaging feature on their mobile phone; and have received
two or more medical or social service referrals.

Recruitment
Approximately 40 new community members are enlisted each
week and 71% of them report using text messaging. We are
recruiting 300 participants from Alachua and Duval counties
and considered a 15% attrition rate at the 60-day follow-up.
CHWs screen each participant for text capability during the
health intake using the HealthStreet intake form. All eligible
participants are informed about this study after the
administration of the health intake. Those who express interest
are given the study-specific informed consent that requests
consent for receiving reminder phone calls and text messages
by the CHW. All those who give consent are randomly assigned
to one of three groups (n=100 each) to receive one of the
interventions. The randomization letters, generated by a
statistician blinded to the assignment, are sealed and all CHWs
carry these letters and are trained on dispersing them. The CHW
opens the letter in the presence of the participant and explains
the assignment. Thereafter, the participant dates and initials the
letter. The study coordinator and PI ensure appropriate
implementation of the proposed recruitment and randomization
procedures throughout the study period. A detailed tracking log
is being maintained to track the date on which the text messages
were sent and/or reminder calls were made and the participant’s
response to each of these interventions. This study has been
reviewed and approved by the institutional review board at
University of Florida.

Data Analysis
Data analysis will be performed using SAS 9.4. The primary
outcome of this study is use of service referrals as reported at
the 30- and 60-day follow-up calls. At each time point,
participants will have either used no referrals, or used one or
more referrals. The data will therefore be displayed in a 3 × 2
contingency table with treatments as columns and the use of
referrals as rows. Chi-square tests will be used to analyze the
use of referrals by treatment group.

Secondary analysis will include ordinal logistic regression with
the use of referrals as the dependent variable and predictors
including age, gender, race/ethnicity, access to health care, and
others as dependent variables.  This will be done separately
within treatment categories. Logistic regression will also be
used to analyze the number of referrals used at each time point.
Additionally, the satisfaction survey data will be analyzed with
respect to gender, age group, education, and type of reminders
received to understand the acceptability of mobile phone–based
interventions among community members.

Results

Current Status
Currently, the study is in the participant recruitment and
follow-up phase. The authors anticipate completion of
recruitment, interventions, and data entry by July 2016. The
analysis of all data and the preliminary results should be
available by September 2016.

Dissemination Policy

Study results will be published in high impact, peer-reviewed
scientific journals.

Discussion

Trial Implications
This study aims to test the feasibility of using text messages
and reminder calls to improve the use of social and medical
service referrals provided to community members by CHWs.
A second objective is to understand community member’s
satisfaction regarding receiving text messages and calls as
reminders and obtain their suggestions for improving this
channel of communication.

Previous data from HealthStreet has indicated “losing the
referral slip” or “forgetfulness” as one of the important reasons
for not using the medical and social service referrals provided
by the CHWs to HealthStreet participants. These reminders will
assist in removing the above mentioned barriers to utilization.
Additionally, HealthStreet is currently planning to integrate
reminder texts and calls to remind HealthStreet participants of
their referrals, and various events organized at HealthStreet.
Findings from this study will help to understand which type of
reminders–TEXTONLY, CALLSONLY, or TEXT+CALLS–are
most effective, useful and acceptable to the participants. The
satisfaction survey administered in this study also gives us
detailed information on participant’s preferred frequency of
reminders. Further, this pilot study will assist in calculating the
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additional personnel and infrastructure including software
related-cost involved in implementing a reminder protocol at
HealthStreet. Most importantly, findings from this study could
be applied to other community engagement initiatives around
the country.

Conclusions
The aim of this pilot study is to assess the effectiveness of
adding reminders in the form of text messaging versus standard
reminder calls to increase use of service referrals provided
through community outreach. This pilot project would provide
an excellent opportunity to test the effectiveness of mobile-based

interventions on a nonclinical, community-recruited population
such as those served by HealthStreet. Currently, HealthStreet
does not have a formal reminder system regarding the referrals
provided during the initial contact by the CHWs. Based on the
findings from this study HealthStreet would develop and
implement a reminder protocol for all HealthStreet members
who receive social and/or medical service referrals during
community outreach, thereby increasing the effectiveness of
HealthStreet in the community. Additionally, the findings from
this study would be also beneficial to similar community-based
engagement programs nationwide.
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Abstract

Background: Studies of many geographical settings and agricultural commodities show that low back disorders are an important
public health issue among farmers, who represent a special rural population. However, few studies have examined the impact of
low back disorders on farmers’ work or the strategies that they adopt to avoid associated pain and disability.

Objective: This study protocol will investigate 3 issues related to low back disorders in Saskatchewan farmers: (1) the vibration,
heavy lifting, and awkward postures farmers encounter during their work that might contribute to low back disorders; (2) the
impact low back disorders have on farmers in terms of their ability to work; and (3) the types of preventative measures and
solutions that farmers implement to reduce the occurrence of low back pain.

Methods: To answer these questions, researchers will travel to 30 farms to make measurements of vibration, lifting, and posture
during the farmers’ regular work tasks. Farmers will be interviewed about any pain and/or disability using standardized interview
questions. Farmers will also be asked about safety measures they have implemented at their farm, such as modified tools or
equipment, to reduce the occurrence of low back disorders or pain.

Results: Data collection is currently underway for this study, with the intention to complete all data collection and analysis by
the end of 2018.

Conclusions: Occupational determinants of health such as vibration, heavy lifting, and awkward postures are important in the
development and progression of low back disorders, and the results of this study will allow for cost-effective epidemiological
studies of these determinants in the future. In identifying prevention strategies, this study will also facilitate future research
evaluating the effectiveness of safety measures.

(JMIR Res Protoc 2016;5(2):e111)   doi:10.2196/resprot.5573
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Introduction

Low back disorders are a prevalent and expensive public health
problem. Estimates of point prevalence of back pain in the US
general population range from 12% to 33%, 1-year prevalence
from 22% to 65%, and lifetime prevalence up to 84% [1-3]. In

the Netherlands, the estimated total societal cost of back disorder
is 1.7% of the country’s gross national product [4]. There is an
even greater impact in the agricultural industry; a recent
systematic review found that the prevalence of musculoskeletal
disorders was consistently higher in farmers than nonfarmer
populations, with low back disorders being the most common
regional musculoskeletal problem reported [5]. Most
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surveillance studies have focused on low back disorders, which,
as in other industries, represent the bulk of musculoskeletal
disorders in farming [5-7]. Across studies of many types of
farming, the average lifetime prevalence of low back pain was
75% (95% CI 67-82) and average 1-year prevalence was 48%
(95% CI 42-55) [5]. Over the whole working population, low
back injuries show particularly high disability, loss of work
time, and economic burden [8]. Musculoskeletal disorders have
been shown to decrease productivity in construction and
industrial workers even when workers do not take time off [9],
and farm income is lower when operators have
musculoskeletal-related disability [10]. A survey of Iowa
farmers showed that they had twice the risk of low back pain
compared with the general working population and were 8 times
more likely to make major changes in their work activities as
a result of low back pain [11].

Reducing the occurrence of low back disorder requires
high-resolution, cost-effective exposure assessment techniques
to both study disorder mechanisms and identify any changes in
exposure that may result from interventions. Epidemiological
studies have identified some broad categories of working
exposures that are probable risk factors for low back disorders
in farmers. Manual material handling or “heavy lifting,” has
been shown to be a strong risk factor, with odds ratios ranging
from 1.59 to 2.74 [6,12]. Driving tractors has been shown to
increase the prevalence of sciatic pain (ie, leg pain associated
with low back disorder), unspecified low back pain [13], and
the prevalence of lower back and hip joint diseases [12]. This
is suspected to be due to whole-body vibration (WBV) and
twisted postures during farm vehicle operation, but previous
studies have not assessed exposure adequately to determine
potential mechanisms. Other categories of work exposure
include awkward postures, independent of vehicle operation
[6,12,14,15], high work pace and workload [16], and preexisting
injury or working with an injury [6]. And, finally, agricultural
work tasks have been identified as having high exposure to
biomechanical risk factors, although this has yet to be confirmed
epidemiologically [17].

However, multiple reviews have cited low-quality exposure
assessments as a limiting factor in furthering the understanding
of the relationship between farming and work-related
musculoskeletal disorders [5,18-21]. Many epidemiological
studies characterize exposure via job title or simple self-report,
which lack the precision needed to characterize
exposure-response relationships, and observation categories
such as “low,” “medium,” and “high” are inadequate to detect
changes in intervention studies. Some notable exceptions are
studies using objective, directly measured exposure, identifying
peak and cumulative muscle activity as independent contributors
to injury [22], and inclinometer-assessed shoulder posture
related to shoulder disorders [23]. Although these objective
measures provide a lot of insight, such studies have been rare
because of the cost and challenges associated with detailed
exposure assessment. When multiple employers or worksites
are involved, recruitment and travel can contribute substantially
to the cost of on-site electronic data collection [24,25], rendering
such measurements impractical for large-scale epidemiological
research in the context of traveling to rural farms.

Where direct objective measurements are costly or not feasible,
exposure modeling offers an alternative method to extend the
utility of direct objective measurements and allow cost-efficient,
quantitative exposure assessment for large numbers of workers.
Exposure modeling involves concurrent direct objective
measurement of exposure and collection of workplace,
production, and other characteristics (via observation or surveys)
that directly or indirectly increase or decrease physical
exposures. The data are used in development of empirical
statistical models where characteristics associated with exposure
are used to predict exposures in situations where direct
measurements cannot be made but where data on the other
important work characteristics can be obtained instead. Because
surveys are cheaper and allow for multiple measures, the models
may provide better estimates of long-term average exposures
than direct measurements, which are usually collected for a
short time on a small number of individuals. This methodology
has long been used in industrial hygiene to estimate a wide
variety of airborne exposures [26] such as wood dust [27].
Exposure modeling has also been used successfully for physical
exposures, including trunk posture [28], electromyography [29],
and WBV [30,31]. An additional benefit of these models is that
they identify important determinants of physical exposure and
tasks or equipment associated with lower exposures, providing
an insight into development of interventions and prevention
strategies.

The need for injury prevention research in agriculture has been
widely acknowledged [17,32]. Despite this, very few ergonomic
interventions have been systematically evaluated in agricultural
contexts. Most intervention studies examine exposures with and
without modified tools or equipment during lab-based or
simulated work [33-35], or in small, uncontrolled field studies
[36,37]. Prerequisite for any systematic evaluation of an
intervention is an intervention capable of having a substantial
effect on adverse working exposures. Existing ergonomic
interventions for agriculture (mostly unproven via scientific
study) have been primarily targeted toward market fruit and
vegetable, nursery, and dairy production [38] rather than
large-scale crop farming operations. When identifying workplace
controls and interventions, workers are an acknowledged source
of information, through both the participatory ergonomics
approach [39] and their independent work on equipment
modifications and prototypes. It is anticipated that this will be
particularly true among farmers given their self-direction and
vested interest in productivity; many farmers also have
fabrication capacity (ie, skills and equipment for carpentry,
welding, and metal fabrication).

This paper describes the design and rationale of a field-based
investigation of the risk factors for low back disorders in
farmers. This study will quantify the level, duration, and
frequency of whole-body (vehicle) vibration, awkward postures,
manual material handling, and psychosocial risk factors
encountered by farmers at work, then determine whether these
exposures can be cost-effectively predicted, evaluated, and
modeled using observed and self-reported farm and work task
characteristics. Additionally, the study will explore the degree
of severity of low back disorder–related pain and disability
experienced by farmers, as well as farmer-initiated ergonomic
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preventative measures, and opportunities for self-initiated
prevention of low back disorders identified by farmers.

Methods

To meet its exposure assessment aims, researchers will travel
to rural farms throughout the year to collect direct and

self-reported exposure data, as well as low back health and
information on farmer-initiated interventions. The relationship
of collected data to research objectives is shown schematically
in Figure 1.

Figure 1. Research design schematic showing the relationship between research questions the data collected in the study (white boxes), the research
questions (striped boxes), and contributions to state of knowledge and future research (grey boxes).

Study Population, Recruitment, and Sampling Strategy
Farmers in the Canadian province of Saskatchewan are a unique
rural population whose low back disorders are largely
underserved by both research and occupational prevention
efforts. There are 44,329 farms in Saskatchewan, producing
commodities like grain, oil seeds, and pulses, as well as poultry,
dairy, beef, and pork [40]. These farms require a variety of work
tasks: operation of planting and harvesting machinery,
equipment and building maintenance, and animal care. The
physical demands of these tasks involve exposure to risk factors
associated with low back disorders, and farmers have a large
cumulative lifetime dose and one of the highest rates of point
prevalence for low back pain. Farm work often starts at a very
young age and continues beyond typical retirement age [5,41];
52.7% of Canadian farm operators work more than 40 hours
per week on their farm, and 48% also work off the farm [40].

The study will consist of a sample of 24 farms participating in
the Saskatchewan Farm Injury Cohort Study. The first phase
of this postal survey found that many Saskatchewan farms have
mixed production; almost 89% produce grain, 52.7% produce
beef, and 6.8% produce other animals [42]. For practical
purposes, all eligible farms will reside within 400 km of
Saskatoon. Adult principal farm operators will be invited to
participate, first by post and then with a follow-up phone call.
If farm operators decline to participate, the next randomly
selected farm will be invited. In addition to principal farm
operators, we will attempt to recruit an additional adult farm
worker on each farm for measurement in order to expand the
work roles and task types included in the study. Additional

workers will be eligible if they perform farm tasks at least 12
weeks of the year. Given the occupational structure indicated
by prior surveys of this group, we anticipate being able to assess
2 people on at least 50% of farms [42] for a total of 36
participants in the study. Each farm will be visited for on-site
data collection 3 times during a calendar year for a total of 108
farm measurements. Measurements will be scheduled throughout
a 1-year period to account for seasonal variability in work tasks
and exposures: spring (planting, April-June), fall (harvest,
August-September), winter (land and equipment maintenance,
November-March).

Data Collection
Three types of data collection will be performed during
measurement visits: direct measurement of exposure using direct
objective measurements of physical exposures; a structured
in-person interview on back health and occupational exposures;
and a semistructured interview to identify any ergonomic or
safety-related measures designed to reduce or mitigate exposure
to low back risk factors. This data collection will be quite
intensive. The recruitment, scheduling, and travel involved in
on-farm data collection will be substantial but will provide an
opportunity to collect information that will support hypothesis
generation and evaluate measurement strategies for feasibility.
Measurement protocols will be developed, pilot-tested, and
refined with the collaboration of the Prairie Agricultural
Machinery Institute (PAMI) and University of Saskatchewan
research farms; this will ensure that the methods are feasible in
farming contexts and minimize disruption of work activities.
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Direct objective measurements of WBV, trunk posture, and
manual material handling and a brief exposure self-report will
be made on all 3 seasonal farm visits for the duration of farm
work activities. Mounting, calibrating, and removing equipment
will take approximately 20 minutes. Measurement visits will
be scheduled by phone to determine a start time and the
anticipated duration of measurements.

Direct Exposure Measurements
Whole-body vibration from vehicles will be measured according
to the ISO 2631 guidelines [43] with triaxial accelerometer
(Series 2A triaxial accelerometer, NexGen Ergonomics,
Montreal, Canada) placed at the seat-operator interface.
Vibration data will be recorded using a MWX8 DataLOG
(Biometrics Ltd, Newport, UK) with a sampling rate of 1000
Hz, then analyzed using custom software to determine standard
exposure metrics including time-weighted 8-hour
root-mean-square (RMS) A(8); 8-hour vibration dose value,
VDV(8); and 8-hour static compressive dose, Sed(8).

Trunk posture will be quantified using wearable, data-logging,
battery-powered inertial sensors (I2M Inertial Measurement
Unit, Human Motion Analysis), which allow for dynamic
assessment and high-resolution data logging in 3 dimensions:
flexion-extension, lateral flexion, and spinal rotation. These
data will be analyzed using Human Motion Analysis software
to develop common research exposure metrics: amplitude
probability distribution function percentiles (10th, 50th, and
90th), rest periods, and percentage of time spent above key

exposure levels: >15, >30, > 45, >60, and 90 degrees of trunk
flexion [44].

Observation of Manual Handling
Manual material handling tasks, including vehicle and building
maintenance, animal care, and seed preparation, will be
video-recorded using a digital video camcorder (Sony Handycam
HD). Exposure to manual handling will be summarized by
reviewing the data with Observer XT event-logging software
(Noldus Information Technology Inc, Leesburg, USA) into
daily counts and durations, and then compared with risk
assessment guidelines such as the National Institute for
Occupational Safety and Health (NIOSH) lifting equation,
American Conference of Industrial Hygienists (ACGIH) Lifting
threshold limit value (TLV), University of Michigan’s
Three-Dimensional Static Strength Prediction Program
(3DSSPP) and psychophysical acceptability tables [45,46].

In-Depth Interview on Exposure and Low Back Health
A structured, in-person, on-farm interview will be conducted
once during the winter visit, at periods that will not be disruptive
to workflow. The interview will include sections on working
exposures to risk factors associated with low back disorders
and adverse low back health. Farm, vehicle, and task
characteristics potentially related to exposures (see Table 1)
will be assessed using previously published questionnaire items,
where available [28,30,47,48]. Exposure questions will assess
“typical” exposures and the variability of exposures throughout
the year.

Table 1. Directly measured exposure categories and potential determinants of exposure.

Potential determinants of exposureProposed measurement sampleExposure

Vehicle characteristics: type of vehicle or other vibrating equipment used, operating duration,
vehicle weight, type of tire, type of transmission, seat type, seat and cab suspension. Driving
surface characteristics. Driving tasks: duration of operation, typical speeds of operation.

21 farms × 6 vehicles each=126 ve-
hicle measurements (anticipate 2
vehicles per visit)

Whole-body
vibration

Duration and frequency of farm tasks such as shoveling, vehicle maintenance, animal feeding
and watering, birth and veterinary care, vehicle operation, and other tasks identified during the
pilot phase. Horizontal reach distances, frequency and extent of bending or twisting and
reaching overhead.

36 farmers × 3 days=108 posture
measurements

Back posture

Duration and frequency of farm tasks such as shoveling, vehicle maintenance, animal feeding
and watering, birth and veterinary care, vehicle operation, and other tasks identified during the
pilot phase. Dimensions and estimated weights of materials handled, the heights over which
they are transported, the use of lifting aids, horizontal distance of load from ankles, vertical
distance of load from floor, movement distance, amount of twisting, lift frequency and duration,
presence of handles.

36 farmers × 3 days=108 hours of
video (anticipate 1 hour of manual
tasks per visit)

Manual han-
dling

Farmers will also be asked about psychosocial risk factors using
Karasek’s Job Content Questionnaire [49]. The low back health
portion of the interview will use existing, validated instruments
to collect in-depth information on the presence and extent of
pain, and any interruption of work, family, leisure, and activities
of daily living [50-53]. As part of inclinometer assessment of
back posture, spine range of motion will be directly measured.
These data will be used to characterize back structure and
function. The in-depth, on-farm interview and assessment is
anticipated to take 60-75 minutes. Items will use terms familiar
to the workforce, refined during consultations with industry
partners and during pilot testing. Images of key postures, tasks,
and lifting activities will be offered to assist recall.

Developing an Intervention Inventory
An inventory of farmer-initiated interventions will be assembled
using targeted questions during the in-depth, on-farm interview,
anticipated to take 10-45 minutes depending on the number of
safety measures in place. The focus will be on engineering
interventions that involve physical changes to tools, equipment,
machinery, or workstations, but administrative interventions
such as work rest and micropause schedules will also be
considered, as well as self-care strategies. Engineering
interventions are preferred because they have been shown to
have the greatest economic benefit [54] and, in contrast to
administrative controls, are not as reliant on the farmer to
remember to take action. Qualifying interventions may be
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modifications currently or previously used by the farmer,
repurposed or custom-built tools or equipment, interventions
that are in the planning or fabrication stage, as well as
interventions that have only been identified as a need but not
yet implemented. When an intervention is identified, additional
information will be collected to determine the nature and utility
of the intervention; for example, what prompted implementation;
how the device/practice was acquired or developed; strengths
and limitations of the device/practice; satisfaction with the
device/practice; and a “wish list” of any improvements to the
device/practice. When possible, photographs of a device and
video of its use will be collected and will be accessible on the
project website. During pilot testing, a semistructured interview
will be used to collect qualitative data on these topics. It is
anticipated that this process will allow identification of critical
intervention characteristics (low, medium, and high cost; short,
medium, and long time frame for implementation/adoption) to
provide more structure during study data collection.

Analysis

Direct Exposure Measurements
Analysis of these exposure data will include descriptive
summaries for all measurement days combined as well as for
each commodity, season, and other categories. Differences
between categories will be assessed using mixed models with
“farmer” and “farm” as random-effects terms. Repeated
measures from all 3 visits will be used to estimate within-worker
variability and compare it with between-worker variability,
which can be used to develop cost-efficient sampling strategies
as suggested by Burdorf and Van Riel [55]. Self-reported
“typical” exposure and “annual variability” will be compared
with direct measurements using linear regression modeling to
determine the suitability of “overall” exposure estimates to
represent daily exposures that are anticipated to be highly
variable.

Exposure Prediction Modeling
All potential prediction variables will be summarized
descriptively and tested for association with measured exposures
using simple linear regression. Some example variables are
listed in Table 1. As done in previous work, variables with a P
value of less than .10 will be retained for further consideration
[28-30]. Colinearity will be assessed before offering to the
multiple regression model. Interactions will be considered where
there is a theoretical basis or published evidence. Similar to
prior work [28,56], hierarchical multiple linear regression
models (ie, mixed-effects models) will be developed using
“farmer” and “farm” as random-effects terms and potential
predictor variables as fixed effects. Manual stepwise backward
regression will be conducted and significant variables will be
retained in the final model.

Intervention Inventory
Identified interventions will be cataloged into an inventory
according to their application (ie, relevant commodities, tasks,
and equipment). After a heuristic review by trained ergonomists
(Drs PJ and CT), the cataloged interventions will be published
on the project website. Interventions characteristics such as cost,
time commitment, and associated barriers and facilitators will

be summarized into frequencies. The NIOSH agricultural best
practices guide [38] and International Labour Organization’s
Ergonomics Checkpoints guide [57] will provide a model for
an intervention inventory, tailored to farming conditions
encountered in Saskatchewan.

Sample Size
With regard to statistical power, Mathiassen et al [58]
demonstrated that in relatively constrained industrial work, the
number of subjects needed to detect significant differences
depended on the sizes of the within- and between-subject
variability components. In order to detect a 10% difference with
80% power, 15 subjects are required when measuring joint angle
(using posture sensors as proposed in this study). Given that
the work tasks involved in Saskatchewan farming are much less
constrained than in most industrial settings, considerable
heterogeneity in work exposures is expected, therefore 36
individuals with 3 repeated measurements are expected to
provide an adequate sample size. The number of measurements
(~36 subjects times 3 days=~108) is likely to limit the number
of potential determinants in each empirical model of exposure.
However, previous determinants of exposure studies required
only 4 variables to predict posture [28] and 3 variables to predict
vehicle vibration [30]. The proposed research anticipates
including no more than 7 variables in the exposure prediction
models, which should be well supported by the proposed sample
size [59].

Because the primary research aims do not test typical
exposure-response hypotheses, we cannot perform power
calculations. We acknowledge that sample size will not make
a representative sample of low back disorder prevalence or
implementation of ergonomic interventions; however, these are
preliminary explorations of this area intended to generate
hypotheses and evaluate the feasibility of the methods for further
study.

Ethics
The biggest potential burden for participants will be the amount
of time required to set up and remove measurement equipment
during busy workdays (approximately 15-25 minutes in total).
Data collectors will thoroughly practice equipment preparation
to mitigate this. The longer in-person interview (60-75 minutes
in total) will be scheduled during the less busy winter season
to minimize disruption of work activities. The study protocol
and consent forms have been approved by the University of
Saskatchewan Behavioural Research Ethics Board.

Results

Data collection is currently underway for this study, with the
intention to complete all data collection and analysis by the end
of 2018.

Discussion

Research Benefits: a Foundation for Future Studies
Outcomes of the proposed study will have value by providing
methods for future research and immediate applicability to
farmers and agricultural health and safety organizations. This
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project will provide objective, high-quality, directly measured
exposure information in the understudied population of rural
famers. Providing high-quality data on the physical exposures
in agriculture allows for comparison with exposures in other
industries and occupations and, where available, exposure
guidelines. Such comprehensive measurements of these
determinants of health status are rare in agriculture and have
not been conducted in Saskatchewan, where farm and agriculture
revenue makes substantial contributions to the local economy.
This study will also provide estimates of the extent and nature
of low back disorder–related pain and disability in farmers; by
better characterizing the scope of the problem of low back
disorder it will provide rich information on low back disorders’
effect on work and home life and back function.

The study will also contribute to future research by providing
descriptive data on exposures and low back disorder health that
will support development of hypotheses, methodologies, and
designs for future research. In terms of epidemiology,
developing statistical modeling techniques for cost-effective
exposure assessment will allow for higher-quality, lower-cost,
large-scale studies in the future. Poor exposure assessment is a
persistent problem in prevention of low back disorders. A major
outcome of this project will be the development of a
parsimonious, cost-effective exposure prediction model to
identify determinants of back health status during large,
prospective epidemiological studies. By developing an exposure
prediction model, the proposed study will determine if farmers
can report farm tasks and working conditions accurately enough
to develop empirical models of WBV, back posture, and manual
material handling to make quantitative predictions of working
exposures. For example, this model could identify a simple set
of questions that are demonstrably related to exposure for a
baseline exposure assessment via postal questionnaire. This
would be an advance over current self-reported exposure
questionnaires that have face validity but without a quantified
relationship between reported and measured exposures. It should

be noted that this type of model develops a relationship based
on exposures measured on a specific day. However, many
musculoskeletal disorders, including low back disorders, develop
from long-term exposures accumulated over time. Therefore,
models that rely on predictors that vary over time may be less
representative on relevant long-term exposures than those
predictors that are relatively fixed.

Many of the applications of the findings could be translated to
other industries. For example, mining is one industry where
many of the same exposures (WBV and lifting) exist. In
addition, identifying the determinants of exposure will allow
for better targeting of prevention efforts, because these
workplace factors can be modified or controlled.

Perhaps most relevant to immediately applicable prevention
efforts will be the creation of an ergonomic intervention
inventory describing existing and potential farmer-initiated
preventative measures. This will provide a great deal of
quantitative and qualitative information to support future
prevention research. In addition to identifying promising designs
and strategies for exposure control, the inventory can provide
insight into why these interventions are implemented, including
barriers and facilitators that can predict the success of future
intervention designs; this will be published on the study website.
This inventory will facilitate identification of promising designs,
strategies, and opportunities for future research that investigates
effectiveness of interventions.

Relevance
This project directly addresses an important health issue in an
understudied population with high anticipated risks for the
development of low back disorders. It represents the first phase
in a longer-term research program to investigate the etiology
of back disorders in this group. The results of this research will
ultimately provide evidence to inform policy and prevention
program decisions.
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Abstract

Background: Undercarboxylated osteocalcin (ucOC) increases insulin sensitivity in mice. In humans, data are supportive, but
the studies are mostly cross-sectional. Exercise increases whole-body insulin sensitivity, in part via ucOC, while acute glucocorticoid
treatment suppresses ucOC in humans and mice.

Objectives: A single dose of prednisolone reduces the rise in ucOC produced by exercise, which partly accounts for the failed
increase in insulin sensitivity following exercise.

Methods: Healthy young men (n=12) aged 18 to 40 years will be recruited. Initial assessments will include analysis of fasting
blood, body composition, aerobic power (VO2peak), and peak heart rate. Participants will then be randomly allocated, double-blind,
to a single dose of 20 mg of prednisolone or placebo. The two experimental trials will involve 30 minutes of interval exercise
(90%-95% peak heart rate), followed by 3 hours of recovery and 2 hours of euglycaemic- hyperinsulinaemic clamp (insulin
clamp). Seven muscle biopsies and blood samples will be obtained at rest, following exercise and post-insulin clamps.

Results: The study is funded by the National Heart Foundation of Australia and Victoria University. Enrollment has already
commenced and data collection will be completed in 2016.

Conclusion: If the hypothesis is confirmed, the study will provide novel insights into the potential role of ucOC in insulin
sensitivity in human subjects and will elucidate pathways involved in exercise-induced insulin sensitivity.

(JMIR Res Protoc 2016;5(2):e78)   doi:10.2196/resprot.5119
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Introduction

Insulin resistance is characterized by impaired insulin action in
target tissues. Skeletal muscle is a major site of glucose uptake
and disposal in response to insulin and skeletal muscle can
become insulin resistant in obese individuals and those with
type 2 diabetes mellitus (T2DM). In mice, the skeleton is partly
involved in determining insulin secretion, insulin sensitivity,
and glucose tolerance via the undercarboxylated form of
osteocalcin (ucOC) [1,2]. UcOC- deficient mice have insulin
resistance and in obese mice recombinant ucOC treatment
reduces glucose levels and increases insulin secretion and
sensitivity [2,3]. Moreover, recombinant ucOC increases muscle
glucose uptake post ex vivo contraction in mice [4].

In humans, ucOC may influence glycemic control but most
evidence is based on cross-sectional studies [5,6]. For example,
patients with T2DM have lower serum ucOC than controls. A
lower serum ucOC is associated with a higher fasting glucose
and fat mass, and lower insulin sensitivity [7,8]. This suggests
ucOC participates in glucose homeostasis in humans; however,
prospective interventional studies are required [9].

Exercise increases insulin sensitivity in nonobese and obese
subjects and in patients with T2DM independent of weight loss
[10] Even a single bout of exercise increases glucose handling
and insulin sensitivity [11]. Acute exercise also increases ucOC,
which is associated with improved glycemic control and
increased insulin sensitivity post exercise [7,12,13]. Thus, ucOC
may contribute to the regulation of insulin sensitivity in humans.

To explore this, we have designed a prospective study aimed
at inhibiting the rise in ucOC using a single dose of a
glucocorticoid (GC). GC treatment is used regularly as an
anti-inflammatory and immunosuppressive agent [14,15].
Long-term GC treatment causes bone loss, obesity, insulin
resistance, and T2DM[16]. The detrimental long-term effects
of GC on insulin resistance are partly mediated via osteoblasts,
the bone cells responsible for the production of ucOC [14,15,17].
The reduction in insulin sensitivity following short-term GC
treatment is related to an acute reduction in osteoblastic function
and ucOC levels and not to the GC effects on skeletal muscle
or liver, at least in mice [17]. As such, we will use a single dose
of a GC, prednisolone, as a tool to acutely suppress ucOC and
examine the consequent effect on whole-body insulin sensitivity
and muscle metabolism, including measuring GC signaling in
muscle. The regulation of GC-target genes,
glucocorticoid-induced leucine zipper (Gilz)[18] and
FK506-binding protein 5 (Fkbp5)[19] will be analyzed by
polymerase chain reaction (PCR) and Western blot from muscle
biopsies of humans with and without an acute dose of
prednisolone. We hypothesize that the protein levels of these
GC-targets will not be altered in the short time frame, even if
gene expression is altered. Other studies in mice and humans
confirm a 40% to 50% reduction in circulating OC within 12
to 24 hours after the commencement of GC treatment [20]. On
the other hand, 5 days of prednisone treatment had minimal
effect on muscle protein synthesis, breakdown, mitochondrial
function, strength, and resting energy expenditure in men [21].
Thus, evidence from mice and humans indicates that a reduction

in serum OC and ucOC following GC treatment occurs prior to
muscle atrophy signaling changes in skeletal muscle. We
hypothesize that insulin sensitivity will be partly reduced due
to changes in insulin signaling proteins subsequent to a reduction
in circulating ucOC levels.

No previous research has used GC (prednisolone) as a tool to
examine the effect of ucOC on insulin sensitivity post exercise.
Thus, the aim of this study is to test the hypothesis that
attenuation of the increase in ucOC following exercise by a
single dose of prednisolone reduces insulin sensitivity post
exercise, as measured by euglycaemic-hyperinsulinaemic clamp,
as well as impairing skeletal muscle insulin signaling. We also
hypothesize that markers of muscle damage will not be increased
by a single dose of prednisolone.

Methods

Study Design and Participants
This is designed as a double-blind, randomized controlled,
cross-over study. We aim to recruit 12 healthy young men.
Volunteers will be recruited via several advertisement strategies
including flyers, global emails to staff and students from
Victoria University, and Web-based advertisements.

Criteria
Healthy young men aged 18 to 40 years, body mass index range

between 19 and 27 kg/m2with fasting blood glucose ≤ 5.6

mmol/L1will be recruited for the study. Men with bone disease
(such as osteoporosis), metabolic or cardiovascular disease,
and/or those who are taking any medication known to affect
bone metabolism, insulin secretion, or insulin sensitivity will
be excluded. Also, those with a musculoskeletal and/or
orthopedic condition (such as severe osteoarthritis) that prevents
normal daily function (such as walking) will be excluded.
Conversion of ucOC to OC is dependent on vitamin K [22]. As
such, volunteers on warfarin therapy or vitamin K
supplementation or restriction will be excluded.

Sample Size and Data Analysis
The sample size is based on our previous work where exercise
significantly increased ucOC by approximately 6.5% and insulin
sensitivity by approximately 35% during a
euglycaemic-hyperinsulinaemic clamp (n=11) [7,12]. As such,
we estimate that the sample size needed in this cross-over design
(power of 80%, alpha=0.05) is 12 individuals.

Descriptive statistics will be used to describe the volunteers’
characteristics as well as the study measurements. Changes from
pre-to-post exercise within each trial and between trials will be
analyzed by paired t-tests. General linear model analysis of the
variance will be use to compare multiple time-points within and
between interventions. Multilinear regression model will be
used to determine associations between selected measurements.
All data will be reported as mean ± standard error of mean and
all statistical analyses will be conducted at the 95% level of
significance ( P≤.05).
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Screening
Fasting blood test: a blood sample will be collected following
an overnight fast. Blood will be analyzed at Austin Health
pathology using the standard hospital assay protocols for
glucose, HbA1c, insulin, triglyceride, low-density lipoprotein,
and high-density lipoprotein.

Body composition: dual-energy x-ray absorptiometry (DXA)
will be used to assess total body fat and lean body mass. In
addition, the DXA will be used to assess fat mass in the
abdominal region as well as bone mineral density to exclude
osteoporosis [23,24].

Aerobic power (VO2peak) will be assessed during a sign and
symptom-limited graded exercise test as we previously described
[23]. The exercise will be performed on a cycle ergometer and
VO2for each 15-second interval will be measured by a gas
analyzer that will be calibrated as per the manufacturer’s
instructions before each test. Participants will be asked to refrain
from physical activity (48 hours), and alcohol and caffeine
ingestion (24 hours) prior to the screening session and trial days.

Randomization and Blinding
At the conclusion of the baseline/screening assessments
volunteers will be randomly allocated (block allocation) in a
double-blind fashion to determine the order of the treatments
(prednisolone or placebo). Randomization will be performed
using sealed opaque envelopes. The person responsible for the
randomization, the investigators and the participants will not
be aware of the intervention (prednisolone or placebo). The
code for the randomization will be held by the medical
practitioner who will supervise the insulin clamp to allow
medical intervention in case of adverse responses during the
exercise or insulin clamps.

Intervention
Volunteers will attend our laboratory twice for the experimental
trials (Figure 1). On the day prior to the first trial, participants
will be asked to record their daily diet in a food diary, which
will then be replicated the day prior to their second trial. The
two trials (prednisolone or placebo) will be performed 1 to 3
weeks apart. This ensures that the effect of the single dose of
prednisolone is “washed out” [25]. Twenty-four hours prior to
the first trial day, and a minimum of 1 week after the
VO2peaktest, a single muscle biopsy and 15 ml of blood will be
obtained. To avoid an additional biopsy, data from this resting
biopsy will be used as the “24 hour prior” time-point for both
the placebo and prednisolone trials. Then, at 7 PM (12 hours
before the trial) on the day prior to each experimental trial
participants will ingest a 20-mg capsule of prednisolone or
placebo orally (Avicel- microcrystalline Cellulose NF PH105)
(Figure 1).

The timing of the prednisolone ingestion is based on previously
published data on the suppressive effect of acute GC treatment
on osteocalcin [20]. The prednisolone dose that will be used in
this study is slightly higher compared with the dose used by
Nielsen et al [20] (10 mg), but is lower compared with doses
used in clinical practice to treat inflammatory conditions (30-70
mg/day). Both the prednisolone and placebo will be purchased

from the same pharmacy and look and taste identical. Avicel is
widely used as a placebo in a variety of drug trials [26].

The following day (the trial day) participants will attend our
laboratory in the morning (7 AM) after an overnight fast for the
experimental trial (Figure 1). The participant will lie down on
a bed and a cannula will be inserted to the antecubital vein.
Then a resting blood sample will be obtained. In addition, a
resting muscle biopsy will be obtained from the vastus lateralis,
under local anesthesia (Xylocaine 1%), using the percutaneous
needle biopsy technique as previously described [12]. Exercise
will commence 10 to 20 minutes after the resting muscle biopsy.
The high intensity exercise will be performed as previously
described and will consist of a 6-minute warm-up at 50% to
60% of peak heart rate followed by 4 × 4-minute intervals at
90% to 95% peak heart rate (HRpeak) and a 2-minute warm-down
at 50% to 60% of peak heart. The high-intensity intervals will
be separated by 2 minutes of active recovery consisting of
cycling at 50% to 70% of peak intensity [12]. Peak heart rate
will be defined as the highest heart rate measured during the
incremental test.

After completing the exercise, participants will recover for 3
hours and blood samples will be taken immediately, 30 minutes,
1, 2, and 3 hours post exercise (Figure 1). Then, a 2-hour
euglycaemic-hyperinsulinaemic clamp (insulin clamp) will be
performed. During the clamp blood samples (∼1-1.5 ml) will
be taken every 5 minutes to monitor blood glucose levels. A
10-ml blood sample will be taken every 30 minutes during the
clamp (see Figure 1) for the analysis of OC, ucOC, insulin, and
other markers of bone formation and resorption (the hormones
CTX and procollagen 1 N-terminal propeptide (P1NP)). Blood
will be centrifuged (10 min at 3500 rpm, 4°C) and serum and
plasma will be immediately stored in aliquots at −80ºc until
assayed. In addition, a total of three muscle biopsies from the
vastus lateralis will be undertaken in each experimental session.
Muscle will be analyzed for insulin signaling proteins, markers
of muscle inflammation and atrophy signaling proteins. In total,
seven muscle biopsies will be obtained during the study. Four
biopsies will be obtained during the first session (−24, baseline
and pre and post insulin clamp) and three during the second
session (baseline and pre and post insulin clamp).

A euglycemic-hyperinsulinemic clamp (insulin clamp) will be
performed as previously reported [12,27,28]. Prior to the insulin
clamp a single slow release tablet of potassium chloride (600
mg) will be given to reduce the risk of potassium depletion
during the insulin clamp. Venous blood samples, from a heated
arm vein, will be collected prior and during each session. Insulin

will be infused at 40 mU.m-2per minute for 120 minutes
generating an elevated, stable insulin concentration in the last
30 minutes of the clamp. Insulin sensitivity will be assessed by

the glucose infusion rate (GIR, mg·kg-1·min-1) during the last
30 minutes of the insulin-stimulated period and the GIR per
unit of insulin (M-Value) [29]. During both
euglycemic-hyperinsulinemic clamp sessions, exogenous
glucose will be variably infused to achieve the target blood
glucose of approximately 5 mmol/L for the duration of the
clamp.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e78 | p.363http://www.researchprotocols.org/2016/2/e78/
(page number not for citation purposes)

Levinger et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Experimental design. Participants will perform the protocol twice. Prednisolone (GC), or placebo (Pla) orally in a double-blind, randomized,
cross-over design. The two experimental days will be separated by 1 to 3 weeks. The -24 hour biopsy will be obtained only once, prior to the first
treatment. We will use the data from this biopsy for comparison across the 2 trial days.

Analysis
Total serum OC will be measured using an automated
immunoassay. Serum ucOC will be measured by the same
immunoassay after adsorption of carboxylated OC on 5 mg/mL
hydroxyl-apatite slurry, following the method described by
Gundberg et al [30]. β-isomerized C-terminal telopeptides (a
bone resorption marker) and P1NP (a bone formation marker)
will be analyzed at Austin pathology.

Muscle insulin signaling proteins, markers of muscle
inflammation and atrophy signaling proteins (see below for
details) will be measured by PCR and immunoblotting.
Glucocorticoid signaling in muscle will be also monitored by
quantitative reverse-transcription PCR analysis of
glucocorticoid-target genes, Gilzand Fkbp5. Protein expression
of the GILZ and Fkbp5 will also be analyzed by
immunoblotting. Muscle mitochondrial respiration will be
measured using Oxygraph O2k, to assess the effects of
prednisolone and exercise on mitochondrial function.

Safety Consideration
This is an invasive study that includes seven muscle biopsies
(in total), two insulin clamps, blood sampling, high intensity
exercise, and administration of a single dose of prednisolone.
To reduce the risk associated with the study, only healthy young
individuals will participate. In addition, only those who meet
the inclusion criteria (as described above) will participate.
During the initial graded exercise test participants will be
monitored via a 12-lead electrocardiogram (ECG) to identify
cardiac abnormalities that may exclude them from the study. A
12-lead ECG will also be used during the insulin clamps.
Participants will be asked to report side effects associated with
the administration of prednisolone (and placebo). In case of an
adverse response/event the participant will be seen by the
medical practitioner involved in the study. All the participants
will receive a copy of their results (blood tests, body
composition, and aerobic fitness).

Ethical Considerations
This study was approved by Victoria University Human
Research Ethics Committee (Application ID: HRE14-099). The
trial has been registered in the Australian New Zealand Clinical
Trials Registry [ANZCTR, ID ACTRN12610000943044]. The

investigator, regardless of the outcome, will publish the results
of the study.

Outcomes Measurements
Primary outcomes are changes in serum ucOC and changes in
insulin sensitivity (glucose infusion rate per unit of insulin).
Secondary outcomes are measures of skeletal muscle insulin
signaling proteins for total and phosphorylated forms of protein
kinase B, Akt substrate of 160 kDa, and Insulin receptor
substrate 1 and 2, mitochondria function and markers of muscle
inflammation including interleukin-6, tumor necrosis
factor-alpha, monocyte chemotactic protein 1, interleukin 1
beta, atrogin, signal transducer and activator of transcription 3,
nuclear factor kappa-light-chain-enhancer of activated B cells,
forkhead box protein O1, and Muscle RING-finger protein-1.
In addition, glucocorticoid-target genes, gilzand Fkbp5will be
measured. G protein-coupled receptor class C group 6 member
A will also be measured as it is the likely receptor for ucOC in
skeletal muscle. In blood, changes in bone remodeling markers
include total osteocalcin, P1NP, and beta-isomerized C-terminal
telopeptides.

Discussion

Principal Findings
In mice, ucOC is a modulator of insulin sensitivity and ucOC
treatment reduces the risk for type 2 diabetes [2,3]. In humans,
data are supportive but are based on cross-sectional studies. If
this study shows that suppression of ucOC with a single dose
of prednisolone leads to suppression of insulin sensitivity post
exercise, this suggests that ucOC is likely to participate in the
modulation of insulin sensitivity in humans.

Insulin resistance is characterized by impaired insulin action in
insulin target tissues. However, muscle glucose uptake is normal
during and following exercise in patients with type 2 diabetes
[31,32]. As such, understanding the mechanism/s behind the
insulin sensitizing effect of exercise on muscle and whole-body
glucose uptake can open the door for new therapeutic treatments
for T2DM. In this study we focus on ucOC as acute exercise
increases ucOC and higher ucOC correlate with an improvement
in insulin sensitivity and glycemic control after exercise in obese
men [7,12,13].
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A single dose (10 mg) of prednisone suppresses OC and ucOC,
an effect that lasts for at least 12 hours [20]. We hypothesize
that prednisolone will attenuate the increase in ucOC in response
to exercise and that this will coincide with reduced insulin
sensitivity compared with placebo. This design will enable us
to examine whether changes in ucOC levels are related to
changes in insulin sensitivity in young healthy men. We also
aim to determine the fraction of the observed reduction in insulin
sensitivity that is modulated by ucOC in humans.

A potential limitation of the current study is that GC are known
to effect several other organs/tissues and not only osteoblasts.
As such, it is plausible that a reduction in insulin sensitivity
following acute GC treatment may not be entirely due to the
reduction in ucOC. However, in mice the reduction in ucOC
and insulin sensitivity occurred prior to the GC-induced effects
in muscle, liver, and adipose following short-term GC treatment
suggesting that the changes in insulin sensitivity are related to
the reduction in ucOC levels and not to the GC effects on
skeletal muscle, fat, or liver [17]. Nevertheless, in the current
study we will be able to identify if acute GC treatment has
immediate effects on GC-target genes ( gilz, Fkbp5, fatty acid

binding protein 4, hydroxysteroid (11-Beta) dehydrogenase 1,
peroxisome proliferator-activated receptor gamma, and
CCAAT/enhancer-binding protein alpha), and any detrimental
effect on skeletal muscle, as markers of muscle atrophy and
degradation will also be measured.

Another limitation is that the current study will investigate
young, healthy men rather than patients with T2DM. As such,
it will not be possible to generalize the results to this population.
Follow-up studies will be required to confirm that changes in
ucOC following interventions are related to changes in insulin
sensitivity in patients with T2DM.

Conclusions
Current evidence connecting ucOC to insulin sensitivity in
humans is supportive, but driven by cross-sectional studies. The
current dynamic study will add important knowledge concerning
the role of ucOC in insulin sensitivity in humans post exercise.
The project is relevant to understanding pathway/s involved in
exercise-induced insulin sensitivity and the potential for using
osteoblast altering drugs as a target to improve insulin sensitivity
in diseases like diabetes and obesity.

 

Acknowledgments
Associate Professor IL is supported by Future Leader Fellowship (ID: 100040) from the National Heart Foundation of Australia,
and Dr TCB-S is supported by an NHMRC Early Career Research Fellowship (ID: 1013295).

Conflicts of Interest
None declared.

References
1. Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K, et al. The fat-derived hormone adiponectin reverses insulin

resistance associated with both lipoatrophy and obesity. Nat Med 2001;7:941-946. [doi: 10.1038/90984] [Medline: 11479627]
2. Lee NK, Sowa H, Hinoi E, Ferron M, Ahn JD, Confavreux C, et al. Endocrine regulation of energy metabolism by the

skeleton. Cell 2007;130:456-469 [FREE Full text] [doi: 10.1016/j.cell.2007.05.047] [Medline: 17693256]
3. Ferron M, Hinoi E, Karsenty G, Ducy P. Osteocalcin differentially regulates beta cell and adipocyte gene expression and

affects the development of metabolic diseases in wild-type mice. Proc Natl Acad Sci U S A 2008;105:5266-5270 [FREE
Full text] [doi: 10.1073/pnas.0711119105] [Medline: 18362359]

4. Levinger I, Lin X, Zhang X, Brennan-Speranza TC, Volpato B, Hayes A, et al. The effects of muscle contraction and
recombinant osteocalcin on insulin sensitivity ex vivo. Osteoporos Int 2016;27:653-663. [doi: 10.1007/s00198-015-3273-0]
[Medline: 26259649]

5. Liu D, Guo X, Tong H, Tao B, Sun L, Zhao H, et al. Association between osteocalcin and glucose metabolism: a
meta-analysis. Osteoporos Int 2015;26:2823-2833. [doi: 10.1007/s00198-015-3197-8] [Medline: 26089135]

6. Kunutsor SK, Apekey TA, Laukkanen JA. Association of serum total osteocalcin with type 2 diabetes and intermediate
metabolic phenotypes: systematic review and meta-analysis of observational evidence. Eur J Epidemiol 2015;30:599-614.
[doi: 10.1007/s10654-015-0058-x] [Medline: 26085114]

7. Levinger I, Zebaze R, Jerums G, Hare DL, Selig S, Seeman E. The effect of acute exercise on undercarboxylated osteocalcin
in obese men. Osteoporos Int 2011;22:1621-1626. [doi: 10.1007/s00198-010-1370-7] [Medline: 20734028]

8. Kanazawa I, Yamaguchi T, Yamauchi M, Yamamoto M, Kurioka S, Yano S, et al. Serum undercarboxylated osteocalcin
was inversely associated with plasma glucose level and fat mass in type 2 diabetes mellitus. Osteoporos Int 2011;22:187-194.
[doi: 10.1007/s00198-010-1184-7] [Medline: 20165834]

9. Brennan-Speranza TC, Conigrave AD. Osteocalcin: an osteoblast-derived polypeptide hormone that modulates whole body
energy metabolism. Calcif Tissue Int 2015;96:1-10. [doi: 10.1007/s00223-014-9931-y] [Medline: 25416346]

10. Duncan GE, Perri MG, Theriaque DW, Hutson AD, Eckel RH, Stacpoole PW. Exercise training, without weight loss,
increases insulin sensitivity and postheparin plasma lipase activity in previously sedentary adults. Diabetes Care
2003;26:557-562. [Medline: 12610001]

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e78 | p.365http://www.researchprotocols.org/2016/2/e78/
(page number not for citation purposes)

Levinger et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1038/90984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11479627&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0092-8674(07)00701-5
http://dx.doi.org/10.1016/j.cell.2007.05.047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17693256&dopt=Abstract
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=18362359
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=18362359
http://dx.doi.org/10.1073/pnas.0711119105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18362359&dopt=Abstract
http://dx.doi.org/10.1007/s00198-015-3273-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26259649&dopt=Abstract
http://dx.doi.org/10.1007/s00198-015-3197-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26089135&dopt=Abstract
http://dx.doi.org/10.1007/s10654-015-0058-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26085114&dopt=Abstract
http://dx.doi.org/10.1007/s00198-010-1370-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20734028&dopt=Abstract
http://dx.doi.org/10.1007/s00198-010-1184-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20165834&dopt=Abstract
http://dx.doi.org/10.1007/s00223-014-9931-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25416346&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12610001&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


11. Wojtaszewski JF, Hansen BF, Gade, Kiens B, Markuns JF, Goodyear LJ, et al. Insulin signaling and insulin sensitivity
after exercise in human skeletal muscle. Diabetes 2000;49:325-331. [Medline: 10868952]

12. Levinger I, Jerums G, Stepto NK, Parker L, Serpiello FR, McConell GK, et al. The effect of acute exercise on
undercarboxylated osteocalcin and insulin sensitivity in obese men. J Bone Miner Res 2014;29:2571-2576 [FREE Full
text] [doi: 10.1002/jbmr.2285] [Medline: 24861730]

13. Kim Y, Nam JS, Yeo D, Kim KR, Suh S, Ahn CW. The effects of aerobic exercise training on serum osteocalcin,
adipocytokines and insulin resistance on obese young males. Clin Endocrinol (Oxf) 2015;82:686-694. [doi:
10.1111/cen.12601] [Medline: 25174991]

14. Cooper MS, Seibel MJ, Zhou H. Glucocorticoids, bone and energy metabolism. Bone 2016;82:64-68. [doi:
10.1016/j.bone.2015.05.038] [Medline: 26051468]

15. Henneicke H, Gasparini SJ, Brennan-Speranza TC, Zhou H, Seibel MJ. Glucocorticoids and bone: local effects and systemic
implications. Trends Endocrinol Metab 2014;25:197-211. [doi: 10.1016/j.tem.2013.12.006] [Medline: 24418120]

16. Moghadam-Kia S, Werth VP. Prevention and treatment of systemic glucocorticoid side effects. Int J Dermatol
2010;49:239-248 [FREE Full text] [doi: 10.1111/j.1365-4632.2009.04322.x] [Medline: 20465658]

17. Brennan-Speranza TC, Henneicke H, Gasparini SJ, Blankenstein KI, Heinevetter U, Cogger VC, et al. Osteoblasts mediate
the adverse effects of glucocorticoids on fuel metabolism. J Clin Invest 2012;122:4172-4189 [FREE Full text] [doi:
10.1172/JCI63377] [Medline: 23093779]

18. Mittelstadt PR, Ashwell JD. Inhibition of AP-1 by the glucocorticoid-inducible protein GILZ. J Biol Chem
2001;276:29603-29610 [FREE Full text] [doi: 10.1074/jbc.M101522200] [Medline: 11397794]

19. Davies TH, Ning Y, Sánchez ER. A new first step in activation of steroid receptors: hormone-induced switching of FKBP51
and FKBP52 immunophilins. J Biol Chem 2002;277:4597-4600 [FREE Full text] [doi: 10.1074/jbc.C100531200] [Medline:
11751894]

20. Nielsen HK, Charles P, Mosekilde L. The effect of single oral doses of prednisone on the circadian rhythm of serum
osteocalcin in normal subjects. J Clin Endocrinol Metab 1988;67:1025-1030. [doi: 10.1210/jcem-67-5-1025] [Medline:
3263379]

21. Short KR, Nygren J, Bigelow ML, Nair KS. Effect of short-term prednisone use on blood flow, muscle protein metabolism,
and function. J Clin Endocrinol Metab 2004;89:6198-6207. [doi: 10.1210/jc.2004-0908] [Medline: 15579778]

22. Szulc P, Chapuy MC, Meunier PJ, Delmas PD. Serum undercarboxylated osteocalcin is a marker of the risk of hip fracture
in elderly women. J Clin Invest 1993;91:1769-1774 [FREE Full text] [doi: 10.1172/JCI116387] [Medline: 8473517]

23. Levinger I, Goodman C, Hare DL, Jerums G, Selig S. The effect of resistance training on functional capacity and quality
of life in individuals with high and low numbers of metabolic risk factors. Diabetes Care 2007;30:2205-2210. [doi:
10.2337/dc07-0841] [Medline: 17563342]

24. Levinger I, Goodman C, Matthews V, Hare DL, Jerums G, Garnham A, et al. BDNF, metabolic risk factors, and resistance
training in middle-aged individuals. Med Sci Sports Exerc 2008;40:535-541. [doi: 10.1249/MSS.0b013e31815dd057]
[Medline: 18379218]

25. Heuck C, Wolthers OD. A placebo-controlled study of three osteocalcin assays for assessment of prednisolone-induced
suppression of bone turnover. J Endocrinol 1998;159:127-131 [FREE Full text] [Medline: 9795350]

26. Kumar N, Crocker T, Smith T, Pow-Sang J, Spiess PE, Connors S, et al. Prostate cancer chemoprevention targeting high
risk populations: model for trial design and outcome measures. J Cancer Sci Ther 2012;2011 [FREE Full text] [Medline:
22422102]

27. Hutchison SK, Stepto NK, Harrison CL, Moran LJ, Strauss BJ, Teede HJ. Effects of exercise on insulin resistance and
body composition in overweight and obese women with and without polycystic ovary syndrome. J Clin Endocrinol Metab
2011;96:E48-E56. [doi: 10.1210/jc.2010-0828] [Medline: 20926534]

28. Stepto NK, Cassar S, Joham AE, Hutchison SK, Harrison CL, Goldstein RF, et al. Women with polycystic ovary syndrome
have intrinsic insulin resistance on euglycaemic-hyperinsulaemic clamp. Hum Reprod 2013;28:777-784 [FREE Full text]
[doi: 10.1093/humrep/des463] [Medline: 23315061]

29. Howlett KF, Mathews A, Garnham A, Sakamoto K. The effect of exercise and insulin on AS160 phosphorylation and
14-3-3 binding capacity in human skeletal muscle. Am J Physiol Endocrinol Metab 2008;294:E401-E407 [FREE Full text]
[doi: 10.1152/ajpendo.00542.2007] [Medline: 18042670]

30. Gundberg CM, Nieman SD, Abrams S, Rosen H. Vitamin K status and bone health: an analysis of methods for determination
of undercarboxylated osteocalcin. J Clin Endocrinol Metab 1998;83:3258-3266. [doi: 10.1210/jcem.83.9.5126] [Medline:
9745439]

31. Kingwell BA, Formosa M, Muhlmann M, Bradley SJ, McConell GK. Nitric oxide synthase inhibition reduces glucose
uptake during exercise in individuals with type 2 diabetes more than in control subjects. Diabetes 2002;51:2572-2580
[FREE Full text] [Medline: 12145173]

32. Devlin JT, Hirshman M, Horton ED, Horton ES. Enhanced peripheral and splanchnic insulin sensitivity in NIDDM men
after single bout of exercise. Diabetes 1987;36:434-439. [Medline: 3102297]

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e78 | p.366http://www.researchprotocols.org/2016/2/e78/
(page number not for citation purposes)

Levinger et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10868952&dopt=Abstract
http://dx.doi.org/10.1002/jbmr.2285
http://dx.doi.org/10.1002/jbmr.2285
http://dx.doi.org/10.1002/jbmr.2285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24861730&dopt=Abstract
http://dx.doi.org/10.1111/cen.12601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25174991&dopt=Abstract
http://dx.doi.org/10.1016/j.bone.2015.05.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26051468&dopt=Abstract
http://dx.doi.org/10.1016/j.tem.2013.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24418120&dopt=Abstract
http://europepmc.org/abstract/MED/20465658
http://dx.doi.org/10.1111/j.1365-4632.2009.04322.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20465658&dopt=Abstract
http://europepmc.org/abstract/MED/23093779
http://dx.doi.org/10.1172/JCI63377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23093779&dopt=Abstract
http://www.jbc.org/cgi/pmidlookup?view=long&pmid=11397794
http://dx.doi.org/10.1074/jbc.M101522200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11397794&dopt=Abstract
http://www.jbc.org/cgi/pmidlookup?view=long&pmid=11751894
http://dx.doi.org/10.1074/jbc.C100531200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11751894&dopt=Abstract
http://dx.doi.org/10.1210/jcem-67-5-1025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3263379&dopt=Abstract
http://dx.doi.org/10.1210/jc.2004-0908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15579778&dopt=Abstract
http://europepmc.org/abstract/MED/8473517
http://dx.doi.org/10.1172/JCI116387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8473517&dopt=Abstract
http://dx.doi.org/10.2337/dc07-0841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17563342&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e31815dd057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18379218&dopt=Abstract
http://joe.endocrinology-journals.org/cgi/pmidlookup?view=long&pmid=9795350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9795350&dopt=Abstract
http://europepmc.org/abstract/MED/22422102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22422102&dopt=Abstract
http://dx.doi.org/10.1210/jc.2010-0828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20926534&dopt=Abstract
http://humrep.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=23315061
http://dx.doi.org/10.1093/humrep/des463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23315061&dopt=Abstract
http://ajpendo.physiology.org/cgi/pmidlookup?view=long&pmid=18042670
http://dx.doi.org/10.1152/ajpendo.00542.2007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18042670&dopt=Abstract
http://dx.doi.org/10.1210/jcem.83.9.5126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9745439&dopt=Abstract
http://diabetes.diabetesjournals.org/cgi/pmidlookup?view=long&pmid=12145173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12145173&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3102297&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
DXA: dual-energy x-ray absorptiometry
ECG: electrocardiogram
Fkbp5: FK506-binding protein 5
GC: glucocorticoid
Gilz: glucocorticoid-induced leucine zipper
GIR: glucose infusion rate
P1NP: procollagen 1 N-terminal propeptide
PCR: polymerase chain reaction
T2DM: type 2 diabetes mellitus
ucOC: undercarboxylated osteocalcin

Edited by G Eysenbach; submitted 09.09.15; peer-reviewed by N Smart; comments to author 22.01.16; revised version received
24.01.16; accepted 25.01.16; published 03.06.16.

Please cite as:
Levinger I, Brennan-Speranza TC, Stepto NK, Jerums G, Parker L, McConell GK, Anderson M, Garnham A, Hare DL, Ebeling PR,
Seeman E
A Single Dose of Prednisolone as a Modulator of Undercarboxylated Osteocalcin and Insulin Sensitivity Post-Exercise in Healthy
Young Men: A Study Protocol
JMIR Res Protoc 2016;5(2):e78
URL: http://www.researchprotocols.org/2016/2/e78/ 
doi:10.2196/resprot.5119
PMID:27259402

©Itamar Levinger, Tara C Brennan-Speranza, Nigel K Stepto, George Jerums, Lewan Parker, Glenn K McConell, Mitchell
Anderson, Andrew Garnham, David L Hare, Peter R Ebeling, Ego Seeman. Originally published in JMIR Research Protocols
(http://www.researchprotocols.org), 03.06.2016. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information
must be included.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e78 | p.367http://www.researchprotocols.org/2016/2/e78/
(page number not for citation purposes)

Levinger et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.researchprotocols.org/2016/2/e78/
http://dx.doi.org/10.2196/resprot.5119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27259402&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Proposal

Why We Belong - Exploring Membership of Healthcare
Professionals in an Intensive Care Virtual Community Via Online
Focus Groups: Rationale and Protocol

Kaye Rolls1,2,3, B AppSc, RN; Margaret Hansen4, RN, MSN, CNL, EdD, Professor; Debra Jackson5,6,7, RN, PhD,

Professor; Doug Elliott2, RN, PhD, Professor
1Agency for Clinical Innovation, Intensive Care Coordination and Monitoring Unit, Chatswood, Australia
2University of Technology Sydney, Faculty of Health, Sydney, Australia
3University of Syndey, Sydney Nursing School, Sydney, Australia
4University of San Francisco, School of Nursing and Health Professions, San Francisco, CA, United States
5Oxford Brookes University, Faculty of Health and Life Sciences, Oxford, United Kingdom
6NHS Foundation Trust, Oxford University Hospitals Foundation Trust, Oxford, United Kingdom
7University of New England, School of Health, Armidale, Australia

Corresponding Author:
Kaye Rolls, B AppSc, RN
Agency for Clinical Innovation
Intensive Care Coordination and Monitoring Unit
Sage Building, Albert Avenue
Chatswood, 2067
Australia
Phone: 61 +61294644666
Fax: 61 61294644728
Email: kaye.d.rolls@student.uts.edu.au

Abstract

Background: Many current challenges of evidence-based practice are related to ineffective social networks among health care
professionals. Opportunities exist for multidisciplinary virtual communities to transcend professional and organizational boundaries
and facilitate important knowledge transfer. Although health care professionals have been using the Internet to form virtual
communities for many years, little is known regarding “why” they join, as most research has focused on the perspective of
“posters,” who form a minority of members.

Objective: Our aim was to develop a comprehensive understanding of why health care professionals belong to a virtual community
(VC).

Methods: A qualitative approach will be used to explore why health care professionals belong to an intensive care practice-based
VC, established since 2003. Three asynchronous online focus groups will be convened using a closed secure discussion forum.
Participants will be recruited directly by sending emails to the VC and a Google form used to collect consent and participant
demographics. Participants will be stratified by their online posting behaviors between September 1, 2012, and August 31, 2014:
(1) more than 5 posts, (2) 1-5 posts, or (3) no posts. A question guide will be used to guide participant discussion. A moderation
approach based on the principles of focus group method and e-moderation has been developed. The main source of data will be
discussion threads, supported by a research diary and field notes. Data analysis will be undertaken using a thematic approach and
framed by the Diffusion of Innovation theory. NVivo software will be used to support analyses.

Results: At the time of writing, 29 participants agreed to participate (Focus Group 1: n=4; Focus Group 2: n=16; Focus Group
3: n=9) and data collection was complete.

Conclusions: This study will contribute to a growing body of research on the use of social media in professional health care
settings. Specifically, we hope results will demonstrate an enhancement of health care professionals’ social networks and how
VCs may improve knowledge distribution and patient care outcomes. Additionally, the study will contribute to research methods
development in this area by detailing approaches to understand the effectiveness of online focus groups as a data collection method
for qualitative research methods.
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Introduction

Contemporary organizational [1] and learning theories [2] that
highlight learning and behavior are influenced by social
networks [3,4]. Many of the current challenges of
evidence-based practice [3] are related to the ineffective social
networks [5] created by professional and organizational
boundaries [6,7]. While there is significant potential within
multidisciplinary virtual communities (VC) to facilitate the
transfer of research and best practice [6,8] and support the
professional development of clinicians [9], at this time we know
little of why health care professionals (HCPs) join or how they
use a VC. The purpose of this paper is to present a research
protocol for a study that aims to develop an understanding of
why HCPs join a practice-based VC and how they use it.

Influence of Local Social Networks on Clinical Practice
For 30 years, evidence-based practices have been viewed as the
gold standard. However, significant clinical practice variation
and evidence-practice gaps persist [10-12]. According to Rogers’

Diffusion of Innovation theory [13], the adoption of an
innovation, such as new practices, research, or technologies, is
mediated by characteristics of the innovation, an individual’s
adoption style and their social network, the broader social
context, and time (see Figure 1 and Multimedia Appendix 1).
Access to novel information requires a heterogeneous social
network (where members may not have similar values and
characteristics) where communication channels cross
organizational and/or professional boundaries [14]. Furthermore,
trials and final adoption decisions are strongly influenced by
opinion leaders and peers [13,15-18]. However, current research
suggests that the preferred information sources of many
clinicians are a function of perceived credibility and ease of
access [19-21] and that professional networks shape and limit
clinical behaviors [4]. If clinicians do not have communication
channels beyond local networks, they will not have access to
novel knowledge and may be under the illusion that local
practices reflect the majority [22]. Social media have the
potential to improve HCP social networks by creating
multidisciplinary VCs that facilitate knowledge exchange
regardless of geography or time [6-8].

Figure 1. Diffusion of Innovation 5, 13.

Virtual Community Use by Health Care Professionals
Health care professionals have been using VCs since the early
1990s with long-term success stories including (1) Critical care
mailing list launched in 1994 [23], (2) NurseNet founded in
1993 [24], and (3) MEDLIB started 1991 [25]. These VCs were
created using early social media technologies including listserv

and discussion forums [26]. The advent of Web 2.0 and the
newer technologies of social networking and microblogging
platforms have expanded the possibilities of professional
networking and perhaps virtual communities [8]. While reasons
for establishing a discrete VC vary, the most common
motivation was to create a professional forum where relevant
professional and academic issues may be discussed and
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knowledge shared [27-39]. Unfortunately at this time,
membership of many health care VCs is often homophilic (ie,
the tendency to associate with individuals who share similar
values and characteristics [13]) where members are commonly
from a single health care discipline and usually work in a
specific clinical specialty area [25,31,37,40-42]. Additionally
there are limited population-based data describing how different
types of HCPs are using the variety of social media platforms.
In 2011, as few as 1.7% of emergency physicians were using
Twitter [43] and 13.4% of Korean emergency physicians were
using a Facebook page [44], whereas up to 20% of intensive
care nurses [14], occupational health practitioners [45], or nurse
practitioners [34] were using a professional listserv established
for their use. These differences in uptake, and that each
technology will be seen as an innovation, indicate a possible
mediating factor related to the social medium itself [46] as well
as the influence of peers [14,47].

The most common online activities undertaken by VC members
are the solicitation and supply of experiential domain-specific
knowledge [30,45,48]; however, 60-89% of members rarely
post online [42,45,48,49]. A limited number of studies suggest
that HCPs view VCs as valuable knowledge portals, enabling
members to remain clinically current [50] with relevant and
quality information [49,51], develop workplace resources [41],
and benchmark practice [41,50]. This suggests HCPs use VCs
to establish virtual professional networks [13] to enhance access
to colleagues and best practice knowledge.

A reliance on readily available data and use of online
observation has limited our understanding of how or why HCP
use social media because this gathers data on a limited number
of members. Given this, what motivates HCPs to join a VC,
and what do they value that influences them to remain members?
The absorption and diffusion of knowledge or innovation into
and around an organization is the role of boundary spanners

(eg, nursing unit managers or project officers) [52] and
knowledge brokers (eg, nurses in education or advanced practice
roles) [53]. Do these individuals see membership as part of
personal professional development or as a tool for their
substantive position, as preliminary data suggest [41]?
Additionally, understanding these phenomena will assist health
care leaders in understanding how to develop VC to optimally
leverage social media to improve knowledge diffusion and
patient care.

Online Focus Groups
Focus groups are used by researchers to gather qualitative data
on specific group experiences by capitalizing on group dynamics
to synergistically develop a deeper, richer understanding of a
phenomenon of interest [54,55]. Moreover, the collective
conversation between participants facilitates the gathering of
individual and group voices, which may uncover an
understanding not available via other data collection modes (eg,
surveys or interviews) and democratizes the research by
decentering the researcher [54]. A moderator guides participants
through a discussion commonly using a guide based on the core
research questions and objectives and evolves as data emerge
[55]. While face-to-face focus groups are acknowledged as a
strong method for gathering qualitative data [55], there can be
significant logistical challenges, such as convening the focus
group on a specific date and time and at a location that facilitates
maximal participation. Online or virtual focus groups are
becoming more common as they enable participation of
geographically distributed and time-poor individuals and are
less expensive to conduct [55,56]. Online focus groups have
been used to examine a diverse range of health-related questions,
with considerable variation in methods used across studies (see
Table 1). While the term “virtual focus group” is more
commonly used, we use the term “online focus group” to avoid
confusion with the term “virtual community.”
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Table 1. Use of virtual focus groups in healtha.

Data analysisRunning the virtual focus group
(VFG)

Focus group + participantsAimAuthor, year,
country

Inductive con-
tent analysis

Asynchronous using discussion
forum and a question guide (11)

4 VFG (2-6 participants); nurs-
es; 2 weeks

What motivates associate degree and diploma-
prepared RN to pursue a baccalaureate degree
through an RN-to-BSN program

Alonzo, 2009,
USA [61]

Thematic
analysis

Asynchronous using discussion
forum; 10-question guide

4 face-to-face (27participants);
1 VFG (33 participants) over 2
months

Compare face-to-face and VFG for people with
multiple sclerosis & relatives regarding needs,
experiences, preferences, and values when in-
tegrating evidence-based health information
into their decision making about the manage-
ment of their health

Synnot, 2014,
Australia [62]

Content analy-
sis

Asynchronous using discussion
forum; all questions posted at
start with instructions for stu-
dents to respond to each question
plus 2 peer responses

2 VFG based on stratification
to pediatric & adult practice
settings (10 participants); over
2 weeks; credit incentives for
participation

To explore fieldwork educator motivations for
working with students and the kind of support
needed from the academic institution (occupa-
tional therapists enrolled in master’s program)

Hanson, 2011,
USA [63]

Not describedAsynchronous using discussion
forum; daily questions over 1
week

3 VFG grouped by type (7 cur-
rent patients, 11 parents of
these patients; 18 survivors)

Determine what constitutes good quality of
communication with a diagnosis of childhood
cancer, in terms of participation and role delin-
eation from their point of view

Tates, 2009,
Netherlands
[64]

Thematic
analysis

Asynchronous using discussion
forum; predetermined topics in-
troduced daily with open ques-
tions; anonymous

8 VFG; 5 non-vaccinators
(n=39; 7-9); 3 partial (n=21; 7
each); running over 5 days

Gain insight into factors that influence parents
to not vaccinate their children

Harmsen, 2013,
Holland [65]

Not explainedAsynchronous using listserv2 VFG   Educators and listserv
experts (N not provided); 4
weeks

To test method and gather data to inform inter-
views; part of a mixed methods study to gather
data & test method

Murray, 2001,
International
[66]

Content analy-
sis for themat-
ic coding

Asynchronous using listserv;
Question guide – 6 (semistruc-
tured, open ended)

1 FG (7); 4 weeksVFG as mode of data collection; lived experi-
ence of women confined to best rest because
at risk of preterm labor; value of VFG as peer
support

Adler, 2002,
USA [67]

Thematic
analysis

Asynchronous using Web CT
starting with one question; ran
for 2 months

1 FG with census sampleWhether active engagement and group interac-
tion could be captured in an online environ-
ment in an EN conversion program

Kenny, 2005,
Australia [51]

Not describedSynchronous using Blackboard;
anonymous; highly structured
feedback on predetermined script

1 VFG (5 participants); fol-
lowed by 3 delphi rounds (19
participants)

Develop recommendations for implantation of
ICE in physical therapist education to promote
ethical practice

Pechak, 2002,
USA [68]

Not describedSynchronous using chat room (4
by 1 hr); switched to asyn-
chronous due to low numbers –
7 days with daily questions (9 in
total)

4 synchronous FG (7,5,4,2 par-
ticipants); 1 asynchronous (18
participants)

Involve youth of color in design of program-
matic content and formats for an Internet inter-
vention for sex education

Levine, 2011,
USA [69]

Synchronous using semistruc-
tured discussion guides

2 FG grouped by research-expe-
rience or research-naive (12 in
total); study protocol also in-
clude 14 face-to-face FG

Gather information about women’s knowledge
and attitudes regarding research participation

Brubaker, 2012,
USA [70]

Qualitative
content analy-
sis

Synchronous using Web confer-
encing and a question guide (5
questions); over 45-60 minutes

4 FG (2-5 participants); regis-
tered nurses

Capture travel nurses’ perceptions of boarding
experiences

Tuttas, 2014,
USA [71]

aBSN baccalaureate science nursing; EN enrolled nurse; FG focus group; ICE  international clinical education; RN registered nurse; VFG virtual focus
group.

Two modes of online focus groups are possible: synchronous
and asynchronous. The synchronous mode closely matches
face-to-face groups where participants meet in real time using
chat rooms or discussion boards. While this mode may promote
a more dynamic discussion with high levels of feedback, an
individual’s typing speed, connection bandwidth, and thought
speed may impact users’ ability to effectively participate [55].

Asynchronous groups have been conducted using either listserv
or discussion forum technology, providing participants with
time to consider their posts or responses, and enable posting at
a time of their convenience. Other advantages of the
asynchronous mode include immediate creation of a threaded
discussion facilitating review by members as well as data
collection and analysis [55,57]. Study credibility is enhanced
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[58] by participant-controlled, real-time data collection. While
the asynchronous mode may facilitate the development of more
reflexive answers [56], large participant numbers may create
two methodological issues: (1) the quality of interaction, and
therefore data, may be limited because the volume of posts is
off-putting and/or too high for participants to review properly,
and (2) moderation is more challenging. A high volume of data
also may make data analysis more difficult.

As noted above, considerable variation exists regarding how
researchers structure online focus groups (see [55]. In addition,
most VC members do not actively post online and the decision
to post is complex [59,60]. Focus group participants may be
more inclined to disclose their experiences and opinions where
they feel they share values and beliefs with other group members
and there is no group hierarchy [61]. This homogeneity along
with efficient moderation can lead to effective group interactions
resulting in quality data [55]. The ideal moderator understands
both the context of the research and the cultural world of
participants [62,63]. However, effective online moderation
requires additional skills and interventions that socialize
participants to the online space and encourages posting [64].
Two other important considerations are that the platform chosen
is user-friendly (ie, easy to access and use and esthetically
pleasing) [65] and the posts are confidential [66].

A key component of a focus group is the discussion guide that
frames and focuses discussions and ensures collection of rich
in-depth data [55,62]. Questions should reflect the study
questions and funnel discussions through introductory,
transition, and key questions to ensure consistent data where
multiple groups are used and aid data analysis [67]. Introductory
questions encourage participation and provide participants and
researchers with an understanding of individual perspectives
[55]. These are similar to activities undertaken as part of an
e-moderation process to support effective online learning,
including establishing an effective group, introduction of the
research phenomena, and induction of participants to the online
environment [64].

Focus Groups and Virtual Communities
While focus groups are frequently used to collect data for
qualitative or mixed-methods studies, only two studies [31,68]

were identified that examined HCP experiences of virtual
communities or computer-mediated communication. In a
mixed-methods study exploring how and why occupational
therapists used a virtual community of practice (VCoP), two
face-to-face focus groups (stratified by use or not of the VCoP)
were used to develop a survey instrument [31]. In earlier work
[68], two online asynchronous focus groups were convened
using listserv technology to explore current practice and future
potential of text-based computer-mediated communication as
a mechanism for qualified nurses to meet their formal and
informal continuing professional development needs. In this
latter study, questions were introduced at the beginning of the
focus group, with the author later reflecting that this was
overwhelming for some participants [69]. While listserv
technology is the most straightforward and accessible of all VC
platforms, it may not result in a chronologically ordered
discussion thread. This may be difficult for both the participants
and moderator to follow the discussion, especially those with
multiple posts, and could therefore limit interaction and
conversation development with probable negative effects on
data. Data analysis is also more complicated because of
difficulties in understanding the chronology and/or evolution
of a discussion.

The aim of this study is to explore why HCPs belong to an
intensive care practice-based VC. The main objectives are to
(1) understand why members join and remain members, (2)
identify what purpose the VC serves in in their professional
lives, (3) identify how a member uses the VC, and (4) identify
how they have used the knowledge or resources shared on the
VC.

Methods

A qualitative approach will be used to collect data using three
asynchronous online focus groups, with participants allocated
to a group based on their posting behaviors in the past 2 years.
The study is framed by the Diffusion of Innovations theory [13].
A summary of the protocol is provided inFigure 2.
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Figure 2. Study protocol summary.

Ethics
Approval has been granted by a University Human Research
Ethics Committee (UTS HREC REF NO. 2014000378).
Participant confidentially will be ensured using two measures:
(1) a group rule, covering non-disclosure of participant names
or sharing the content of posts, will be developed and
participants will be asked to agree to it on participant
registration, and (2) focus groups will be convened within a
secure website using a closed, password-protected discussion
forum with any social media sharing function disabled. These
layers are designed to protect participant anonymity and prevent
forum posts from being searchable via the Web [66].

Setting
The VC is a professional listserv established in 2003 by an
Australian state health department to reduce the sense of
professional isolation and improve knowledge distribution
between the 43 intensive care units [51]. By mid-2014, there
were more than 1700 members from more than 225 health care
facilities, universities, and industry partners, spread throughout
several countries with most being Australian intensive care
clinicians and nursing being the largest professional group.
Analysis of the social network of the VC suggests that it is
highly valued by members because the majority of HCP who
join choose to remain members for extended periods and
recommend the VC to colleagues [14]. The VC would be
classified as a VC with an interdisciplinary culture and stable
membership, a medium geographic distribution, and an open
and voluntary enrollment [70].

Participants and Sample
A purposive sampling method will be used to recruit between
24 and 36 participants for the three focus groups. The sample
size is based on recruiting 8-12 participants per group, which

is the current recommendation for both traditional [55] and
online [65] focus groups. Members of the VC will be invited
to participate via a recruitment email posted to the VC, providing
all participant information, and an invitation to contact the
research team for further information, and a link to the online
recruitment form (Google forms). The online recruitment form
will include participant information, consent, participant
demographics, and a short survey covering group rules (see
Multimedia Appendix 2). Once a potential participant has
completed the online registration and consent, their posting
behavior will be checked, they will be assigned to a focus group,
and they will be notified of the details regarding this focus
group.

To develop an understanding of a range of member types, we
chose to undertake three focus groups based the online activity
of a VC member. Participants will be purposely assigned to a
focus group based on their posting activities on the VC in the
last 2 years (onlist posting) (September 1, 2012, to August 31,
2014): (1) more than five times, (2) five times or less, and (3)
not posted. We will not cap the number of participants as
dropouts or inabilities to participate have been identified as
limitations by previous researchers [71,72]. The only exclusion
criteria will be non-availability over the 3-week time frame for
each focus group.

Recruitment challenges are anticipated. As the majority of VC
members do not post, this reduces the number of potential
candidates for the posting groups particularly for Groups 1 and
2. A review of 12 months of activity identified at least 25
members eligible for focus Groups 1 and 2. While there are a
high number of potential members for the non-posting group,
these members are reluctant to post for a variety of reasons,
especially about how their contribution might be received by
members of the virtual community. We hope that by convening
focus groups where the shared characteristic is posting,
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behaviors will create an online space where individual members
feel comfortable and confident that their contributions will be
met in a positive and supportive environment [56].

Moderation
The approach to moderation of the focus groups is based on
principles from moderating traditional focus groups [55] and
facilitating learning online or e-moderating [62-64]. The first
author will be the moderator and is an experienced intensive
care nurse and was the previous moderator of the VC. Author
4 will be a non-participant observer. To facilitate access to and
understanding of the focus group platform, a “how-to” guide
has been developed as an important component of providing
access and motivation to post in an online forum [64].

Running the Online Focus Groups
The focus groups will be run over 3 weeks using a closed
discussion forum (IPBoard version 3, Invision, Powerboard)
hosted on a secure jurisdictional health department website.
The focus groups will be held consecutively, which will allow
for refinement of the question guide based on data from a
previous group [73]. This approach was developed to enable
optimal participation and interaction, safeguarding participant
confidentiality, facilitating moderation and effective data
collection. The host site was chosen as it was accessible and
useable across fixed and mobile technologies. A discussion

forum was chosen for a number of reasons. Discussion forums
are asynchronous and create a chronological electronic record
where participants will be able to review what has been posted,
have time to consider and formulate a response, and then post
at a time convenient to them [57]. This should promote a more
egalitarian focus group as all participants will have the
opportunity to provide input. This enhances participant control
and may encourage more detailed and reflective answers, and
thus potentially richer data [55]. As the discussion moves
forward, a record is created providing participants with
chronological discussion points and data collection is facilitated
through the development of discussion threads.

Question Guide and Discussion Schedule
A question guide (see Table 2) was developed with questions
based on the research questions and the theoretical framework
of diffusion of innovations [13]. A schedule will be developed
with new questions posted every 2-3 days depending on how
the discussion is developing. To facilitate visibility of the study
and new questions, an email using a standardized subject
heading will be sent to participants alerting them to new content.
The moderator will access the forum at least twice each day for
promoting interaction (eg, reviewing posts, answering questions,
or adding additional questions to clarify participants’ views)
[71,72], regularly thank and encourage participants, and
re-inforce the value of posting [64].

Table 2. Question guide.

Possible aspect of diffusion of innovationa,bQuestionsType of question

Please introduce yourself and tell the group about your professional role
and experience.

Introductory
question

Type of adopter; homophily; influence of peersYou were invited to this focus group because you are a member of ICU-
Connect. Could you explain what prompted you to join?

Transition ques-
tion

Type of adopter; external orientation; interconnected-
ness; Innovation characteristics of social media

Do you use any other social media or online communities for professional
networking and development?

Access to colleagues (homophily), external orienta-
tion; interconnectedness; Innovation characteristics
of social media

What do you value most about ICUConnect?Key question

Innovation characteristics of social mediaWhat are the least valuable aspects of ICUConnect?

See aboveWhat advantages or disadvantages does ICUConnect have over other social
media?

Type of innovator: role of individual in local social
network

Current research indicates that there are active users of virtual communities
(individuals who post) and passive users (individuals who mainly read
&/or share). How would you describe how you use ICUConnect?

Role of individual in local social network; external
orientation

Do you share ICUConnect posts with other professional colleagues?

Knowledge (innovation) on IC-VC is credibleIs there a post in the past 3 months that has been of high relevance to you?

As aboveHave you been able to use any posts from the last 6 months of discussions?

As aboveAre there any other important aspects of ICUConnect that we have not
discussed?

Concluding ques-
tion

a[5,13].
bSee Figure 1 and Multimedia Appendix 1.
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Data Analyses
Study data will include (1) demographic data describing
participant characteristics, (2) categorical data describing
discussion forum participation, (3) discussion threads
documenting focus group discussion, and (4) field notes.
Discussion threads will be extracted from the Forums using
NCapture (QRS International). NVivo (QRS International) will
be used to manage data analyses. A research diary and field
notes will be maintained to support analyses. Initial analyses
will be conducted by KR, supported by scheduled reviews with
the research team to evaluate progress and reach consensus
regarding themes and other interpretations. Analysis of the
discussion threads will be undertaken using a thematic approach
[74], framed by the diffusion of innovation [13]. Thematic
analysis is a 6-phase process allowing the researcher to
systematically identify, analyze, and report patterns found in
qualitative data [74]. During Phase 1, KR will be immersed in
the data through active reading of discussion threads and looking
for meanings or patterns. This familiarization will commence
during data collection because of the dual role of
researcher-moderator. DE also will be familiar with the data in
his role as researcher-participant observer. During Phase 2, the
initial codes will be generated; these codes will be theory driven
and will represent the most basic element of the raw data that
is meaningful. Additionally, code descriptors will be developed
to ensure systematic coding. In Phase 3, we will look for themes
by grouping codes into candidate themes. In Phase 4, we will
refine this list of themes by reviewing the coded extracts and
looking for a coherent pattern within each theme and ensure
there is sufficient data to support it. Once we have achieved
this, we will move on to developing the thematic map, which
reflects how well the themes represent the data as a whole.
Re-reading the whole dataset is essential, and some recoding
may be required at this point. During Phase 5, we will define
and refine the themes by identifying the essence of the theme
and determining which aspect of the data it captures. This
involves developing a detailed analysis of each theme and its
associated subthemes. In the last phase, we will provide a written
report of our analyses.

Diffusion of innovation [13] was chosen as the theoretical lens
because the research team felt it was a better match for both the
broad problem of inadequate social networks limiting knowledge
diffusion in health care and the current gaps in the literature.
While other behavioral models, including theory of reasoned
action [75], theory of planned behavior [75], and technology
acceptance model [46], have been used and produced important
insights, they are focused on an individual’s behavior.

Study Quality
Rigor in qualitative research is a contentious area [58,76,77].
The preferred terms of “trustworthiness” or “confirmability”
reflect accuracy and comprehensiveness in how data were
collected, analyzed, and reported. For this study, several
strategies will be used. Credibility of data will be enhanced as
participants have direct control over their contributions that will

be recorded in real time, and by use of NVivo software as the
major study file repository for the research diary, field notes,
and data, thus establishing a clear audit trail [78]. A “thick”
description of the research context will be provided by
describing the participants (using the recruitment survey), virtual
community, and research process (p. 69 [58]). Auditability will
be supported by field notes, recording impressions arising from
focus groups, and NVivo to manage data analyses. Data
credibility will be enhanced by presenting preliminary themes
to participants for early review (member checking) [56].

Field notes record what the researcher experiences during data
collection and includes (1) both a description of and reflection
on what occurred, (2) a reflective journal that includes personal
thoughts and feelings, and (3) any insights, judgments, and
interpretations made in the field [76,78]. Field notes will
facilitate both data collection (eg, aid in development of
elaboration and clarification questions) and analysis (eg, through
the development of preliminary themes).

Researcher Bias and Relationship With Participants
The potential for bias in qualitative research may be significant
when the research team fails to understand and then manage
their assumptions and biases. In addition, where there is an
unequal or prior relationship between the research team and
participants, data collected may not reflect the reality of
participant experience. In this study, KR was a long-term
moderator of the VC and DE is a member. However, the other
authors are not members or associated with the VC. To manage
any potential for bias during data collection and analyses, a
number of procedures will be implemented: (1) KR withdrew
from the moderator role several months prior to VC members’
being aware of the research (all stages of the study), (2) to
minimize coercion in all communications, KR will describe
participants in a passive research guise and will not make any
direct communications with individual members, (3) KR will
undergo a bracketing process prior to the first focus group,
outlining the researcher position by documenting any
assumptions and therefore identifying potential sources of bias
[79,80], and forming part of the research diary, (4) assumptions
will be revisited during data analyses, (5) during focus group
moderation, the roles as researcher (KR) and non-participant
observer (DE) will be explicitly described, (6) to minimize bias
and enhance credibility, all researchers will be responsible for
data analysis, and (7) member checking will be undertaken by
posting preliminary results in the discussion forums for
participants to provide feedback.

Results

At the time of writing, 29 VC community members have been
recruited and the focus groups were conducted October to
December 2014 with these participants. Table 3 shows focus
group recruitment outcomes and professional roles of
participants. There was mixed participation across the focus
groups (3, 9, and 7 respectively), which may create challenges
for data analyses.
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Table 3. Focus group recruitment outcomes.

TotalFocus group 3: Non postersFocus group 2: Low posters (1-5)Focus group 1: Frequent posters (>5)Type of member

624Clinical nurse-internala

211Clinical nurse-externalb

9243Knowledge broker nursec

4121Clinical unit managerd

514Academic nursee

11Physiotherapist

11Physician

11Bureaucratf

299164Total

1-4 (mode 1; median 1)6-19Post range

aClinical nurse internal provides clinical services within a clinical unit.
bClinical nurse external provides clinical services across multiple clinical unit.
cKnowledge broker job role could include advanced practice, education, research, or practice development.
dClinical unit manager manages a defined ward or clinical area.
eAcademic nurse is employed by a tertiary education institution.
fBureaucrat is employed in a non-clinical or managerial role in health service.

Discussion

Principal Considerations
Like the rest of the community, HCPs are adopting social media
platforms, although uptake varies considerably [14,34,43,44].
Despite positive attitudes towards social media, this has not
translated to significant professional use [81]. There are some
data suggesting this is influenced by individual characteristics
[46], peers [46,82], and perceptions of the platform as an
innovation [46]. At this time, however, the research base on
why or how HCPs use these communities or social media is
limited because online observation reveals the perspective of a
minority of VC members [25,27,32,42,45,49,83] and
measurement [25,36,44,49,84-87] and sample [31,49,84,88-92]
bias in surveys. It has been suggested that a comprehensive
understanding of VCs requires a mixed-methods approach that
includes a member survey, content analysis, and social network
analysis [93]. Social network analysis has revealed that members
have more complex reading than posting behaviors [39];
however, this will not reveal member motivations and will be
limited to platforms where these data are available.

The aim of this study is therefore to develop a comprehensive
understanding of why members belong to an intensive care
practice-based virtual community for HCPs. This includes
understanding why they join and remain members, identifying
the purpose of the VC in their professional lives, and
understanding how they use the VC, and what they do or how
they use the knowledge or resources obtained. By using focus
groups, we will be able to examine the experiences of all types
of VC members, leading to a more complete understanding of
why HCPs join and use social media. By using the diffusion of
innovation as a theoretical lens, we also examine the phenomena
from several perspectives including social media as an

innovation, the VC as an IC-VC, VC member adopter type, and
VC as a social network. We hope to show that VC membership
enhances the professional (social) networks of HCPs and access
to valuable knowledge, to improve clinical practice, and by
extension patient outcomes.

There are a number of possible benefits arising from this study.
The study will provide data about participation in this VC,
particularly as a method to support evidence-based practice and
professional development [8] and address patient care challenges
[6]. As this VC is part of a jurisdictional health department
initiative, the health system and broader community may benefit
by demonstrating the viability and value of social media to
improve the social networks of intensive clinicians and as a
knowledge diffusion and adoption initiative. Findings may also
allow the development of a survey instrument to gather data
from a larger sample of VC members and on other VCs. This
study will also contribute understanding on the efficacy of online
focus groups as a data collection method for qualitative research
methods.

Strengths and Limitations
There are several strengths and limitations of this study. Two
elements limit generalizability to the broader population of
HCPs, namely the qualitative design using focus groups and
the Australian intensive care setting. However, in the current
literature, generalizability of surveys is hampered by sampling
bias [31,49,84,88-92]. Our design leverages the advantages of
online focus groups with learnings from virtual tertiary
education [64] to facilitate participation by a broad range of
members thus providing an extensive understanding of the
experiences of all types of members, especially the non-posting
majority. Our recruitment has been moderately successful in
gaining adequate participants for the low and non-posting focus
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groups but not for the high-posting group [65]. This may limit
the quality and quantity of data arising from this focus group.

Conclusions
This study aims to contribute to the growing body of research
on the use of social media; specifically we hope it will

demonstrate this by enhancing access to social networks for
HCPs. VCs may improve collegiality, data sharing, knowledge
distribution, and ultimately patient care and health outcomes.
Additionally, the study will contribute to qualitative research
methods by evaluating the utility of online focus groups as a
data collection approach.
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Abstract

Background: Evidence from high income countries shows mothers who are supplemented with folic acid in their periconceptional
period and early pregnancy have significantly reduced adverse outcomes like birth defects. However, in India there is a paucity
of data on association of birth defects and folic acid supplementation. We identified a few important questions to be answered
using separate scientific methods and then planned to triangulate the information.

Objective: In this paper, we describe the protocol of our study that aims to determine the association of folic acid and pregnancy
outcomes like neural tube defects (NTDs) and orofacial clefts (OFCs). We decided to fill the gaps in knowledge from India to
determine public health consequences of folic acid deficiency and factors influencing dietary and periconceptional consumption
of folic acid.

Methods: The proposed study will be carried out in five stages and will examine the questions related to folic acid deficiency
across selected locations in South and North India. The study will be carried out over a period of 4 years through the hierarchical
evidence-based approach. At first a systematic review was conducted to pool the current birth prevalence of NTDs and orofacial
clefts OFCs in India. To investigate the population prevalence, we plan to use the key informant method to determine prevalence
of NTDs and OFCs. To determine the normal serum estimates of folic acid, iron, and vitamin B12 among Indian women (15-35
years), we will conduct a population-based, cross-sectional study. We will further strengthen the evidence of association between
OFCs and folic acid by conducting a hospital-based, case-control study across three locations of India. Lastly, using qualitative
methods we will understand community and health workers perspective on factors that decide the intake of folic acid supplements.

Results: This study will provide evidence on the community prevalence of birth defects and prevalence folic acid and vitamin
B12 deficiency in the community. The case-control study will help understand the association of folic acid deficiency with OFCs.
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Conclusions: The results from this study are intended to strengthen the evidence base in childhood disability for planning and
policy initiatives.

(JMIR Res Protoc 2016;5(2):e129)   doi:10.2196/resprot.5722

KEYWORDS

folic acid; neural tube defects; orofacial clefts; periconceptional folic supplement; key informant method

Introduction

Background
Folic acid is a micronutrient with a vital role during human
reproduction and in a variety of physiological processes [1,2].
A report from the World Health Organization [3] indicated that
the percentage of pregnant women with a serum folic acid level
less than 3 ng/mL was highest among pregnant women in Sri
Lanka (57%), followed by India (41.6%). Poor serum folic acid
levels are linked with negative health outcomes in pregnancy
like abruptio placentae, preeclampsia, spontaneous abortion,
congenital heart defects, stillbirth, preterm delivery, low birth
weight, and serious birth defects of the brain and spine [4].
Studies from developed countries have shown folic acid
deficiency is strongly associated with birth defects, particularly
neural tube defects (NTDs) and orofacial clefts (OFCs) [1,5].
Evidence from some countries shows that mothers who are
supplemented with folic acid in their periconceptional period
and early pregnancy have significantly reduced adverse
outcomes compared with mothers who are not similarly
supplemented [6].

The review of the 4th Millennium development goal (reduce
child mortality) shows that the global under-5 child mortality
has drastically dropped by more than half [7]. In India, the
current under-5 child mortality is estimated to be 48 per 1000
live births, a little over the set target [8]. However, this decline
is attributed to a fall in the number of deaths from infectious
diseases and malnutrition; while the mortality attributed to birth
defects remains constant [9]. The most common birth defects
in India are NTDs [8]. OFCs are also an important birth defect
in India.

There are currently no large studies from India that report the
normal folate levels among Indian women and periconceptional
dietary consumption or supplementation of folic acid. The
periconceptional folic acid supplementation is challenging to
incorporate in the national programs. In the absence of baseline
evidence, planning and monitoring will be difficult. There are
no large studies on knowledge of folic acid and its importance
among laypersons in India. Only one small study demonstrates
that the awareness is poor, 10 of 50 women knew of folic acid,
and none of them linked it with birth defects [10]. Studies have
also shown that awareness among health providers about
periconceptional supplements is inadequate [11,12], while many
physicians were generally aware of the linkage between folic
acid and birth defects, their knowledge of timing and dosage
was found to be lacking.

India also does not have evidence for population prevalence of
NTDs or OFCs and association of low folic acid levels and birth
defects. India is one of the many countries of the world where

population estimates of the prevalence of birth defects are not
routinely collected [13]. Currently, there is no national registry
for birth defects. Hospital-based surveys or studies are the most
common source of information on birth defects like NTDs and
OFCs in India. These studies have reported inconsistent results.
We conducted a systematic review to determine the current birth
prevalence of NTDs and OFCs in India [14]. Our review
revealed that there was just one population-based study reporting
prevalence of NTDs from a rural district of North India [15].
There have been no population-based, high-quality studies
reporting prevalence of NTDs and OFCs from South India. The
review also pointed out significant regional differences in pooled
prevalence of both NTDs and OFCs [14].

The only population-based prevalence study from North India
used the door-to-door survey method to identify cases of NTDs
[15]. A door-to-door survey is time consuming and expensive
[16]. The key informant method (KIM) [17] may be a faster
and more cost-effective method to estimate population
prevalence’s. KIM has been successfully used in the past in
identifying children with disabilities in various low- and
middle-income countries like Bangladesh, China, Ethiopia, Iran,
Malawi, and Nigeria [18-26]. In India, only a few studies have
considered Integrated Child Development Service (Anganwadi)
workers and other community-based personnel as key informants
(KIs) to identify childhood disability [27,28].

We decided to fill the gaps in knowledge from India to
determine public health consequences of folic acid deficiency
and factors influencing dietary and periconceptional
consumption of folic acid. We identified a few important
questions to be answered using separate scientific methods and
then we plan to triangulate the information. To investigate the
population prevalence and to capture regional differences, we
plan to carry out a population-based prevalence study of birth
defects (NTDs and OFCs) in a rural community of South India
and urban community from North India using KIM. As a part
of the prevalence study, we will elicit history of specific dietary
practices and folic acid intake during the affected pregnancy.
This will provide evidence on association between dietary folic
acid and birth defects. We will also conduct a population-based,
cross-sectional study among women in the reproductive age
group (15-35 years) in South India, to determine normal serum
estimates of folic acid, iron, and vitamin B12.

A review of literature on association of folic acid and OFCs
shows there is some suggestive evidence for the role of folic
acid in prevention of OFCs [29]. However, the observational
case-control studies conducted so far have limitations of recall
bias and biased report of use based on the pregnancy outcome
of OFCs [29]. Yet, many studies have shown that knowledge
about consuming folic acid periconceptionally among women
is poor [30-34]. To build on the evidence gathered in our study,
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we will conduct a hospital-based, case-control study to look at
the association between folic acid deficiency during pregnancy
and OFCs. We are not including NTDs in the case-control study
as the child survival until 4 months of age is very low [35]. In
order to prevent recall bias, we will be eliciting history of folic
acid intake and dietary practices among cases within 4 months
of birth and from controls within 48 hours of birth. One
case-control study has been previously conducted in India, and
shows no significant association between the serum folate levels
of mothers of children with or without clefts [36]. However, in
this study, cases were included until the age of 14 months, by
which time the maternal folate levels would have fluctuated as
well as recall bias would have set in. The sample size of this
study was very small with just 28 cases of nonsyndromic clefts.

In order to triangulate the information, we will conduct a
qualitative study to determine the community and the health
provider's perspective to the factors that decide the intake of
folic acid supplements, and the health-seeking behavior among
pregnant women in the community.

Study Aim
The aim of this study is to determine the public health
consequences of folic acid deficiency among mothers in India.

Also, to study the association of folic acid deficiency with
pregnancy outcomes especially NTDs and OFCs.

Ethical Approval
The ethics committee of the Public Health Foundation of India
(TRC-IEC-117/11) has granted favorable ethical approval for
this study. Ethical approval was obtained in June 2012.

Methods

Design
The research proposed in five stages will examine the questions
related to folic acid deficiency across selected locations in South
and North India and its related consequences through the
hierarchical evidence-based approach. The overall study duration
will be 4 years. All data will be archived in an anonymized
format at the end of the study and will be password protected
to ensure that access is restricted to the investigators. Table 1
shows an overview of the five stages of this study with the
expected outcome and analysis plan.
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Table 1. Overview of study stages.

Analysis planExpected outcomeTools usedStudy loca-
tion

Study
method

Stage

Meta-analysis using Review
manager. Random and fixed- ef-
fect model to calculate pooled
prevalence

Birth prevalence of NTDs and
OFCs in India

Review managerIndiaSystematic
review

Stage 1

Database will be developed in
MS Access. STATA 14.0 will be
used for analysis

Population prevalence of NTDsb,

OFCsc, microcephaly, hydro-
cephalus, visual impairment,
hearing impairment, motor im-
pairments and intellectual impair-
ments among children less than
6 years of age

Prevalence of stillbirths in the
community

Descriptive statistics

Flip book for training KIsa, KI
profile, line listing format, and
semistructured questionnaire for
cases on: sociodemography, ante-
natal, intrapartum history, and
life style behavior

Mahbubna-
gar district,
Telangana
and North
east Delhi

Quantitative/
prevalence
study

Stage 2

Analysis of blood sample by sol-
id phase radioimmunoassay
method

Normative values for serum folic
acid, ferritin and vitamin B-12
among women in 15 to 35 years
age group

Body mass index of women in
the age group 15 to 35 years

Prevalence of folic acid and Vita-
min B12 deficiency

Hemoglobin estimation

Semistructured questionnaire on
sociodemographic and reproduc-
tive history, and blood samples;
anthropometric measurements

Mahbubna-
gar district,
Telangana

Estimation
of serum
folic acid,
ferritin and
vitamin B12
levels

Stage 3

Computer assisted thematic
analysis (Atlas-Ti software)

Community perspectives on
NTDs and OFCs

Sociocultural factors that affect
the uptake of folic acid supple-
ments

Health-seeking behavior during
pregnancy

Attitudes on periconceptional
folic acid supplementation

National Program and policy
perspectives from experts

Topic guide for focus group dis-
cussions, semistructured question-
naire for case studies, and inter-
view schedule for in-depth inter-
views

Mahbubna-
gar district,
Telangana

Qualitative
study

Stage 4

STATA 14.0 will be used for
analysis, and calculation of odds
ratio

Association between folic acid
supplementation and OFCs

Semistructured questionnaire on
sociodemographics, reproduc-
tive, medical, occupational histo-
ry and consumption of pericon-
ceptional folic acid supplements

Hyderabad
Bangalore
and Delhi

Case control
study- hospi-
tal based

Stage 5

aKey informants.
bNeural tube defects.
cOrofacial clefts.

Stage 1: Systematic Review
At the outset, a systematic review was conducted to summarize
the existing research evidence on the prevalence of NTDs and
OFCs among live births and stillbirths in India using data from
all available community- and hospital-based observational
studies [14]. A comprehensive literature search for observational
studies was conducted on MEDLINE and EMBASE databases
using medical subject heading terms (neural tube defects OR
cleft lip OR cleft palate AND prevalence AND India). We
included all hospital- or community-based studies determining
the birth prevalence of OFCs or NTDs. Nineteen studies met
our inclusion criteria, with only one community-based study.

Subgroup analysis was performed for region, time period,
consanguinity, and gender of newborn.

Meta-analysis was performed using Review Manager software.
We obtained a pooled birth prevalence of 4.5 per 1000 total
births (95% confidence interval [CI] 4.2-4.9) for NTDs and 1.3
per 1000 total births (95% CI 1.1-1.5) for OFCs using the
random-effect model. There was a significant variation in the
prevalence of both NTD and OFCs across regions of India [14].
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Stage 2: Population Prevalence study (KIM)

Objectives
1. To estimate the prevalence of specific birth defects: NTDs,
OFCs, microcephaly, hydrocephalus, visual impairment, hearing
impairment, motor impairment (cerebral palsy, club foot,
muscular dystrophy, poliomyelitis, phocomelia), and still births
among children less than 6 years of age in the community using
the KIs and health workers in Mahbubnagar district (Telangana)
and Northeast Delhi (Delhi)

2. To determine the proportion of disability caused by OFCs
and NTDs among all the specified birth defects in children less
than 6 years in Mahbubnagar district (Telangana) and Northeast
Delhi (Delhi)

3. To assess whether key informants can identify birth defects
that are visible to the naked eye

4. To describe epidemiological characteristics (maternal
characteristics such as age, parity, consumption of folic acid
supplements, residence, etc) of specified birth defects in
Mahbubnagar district (Telangana) and Northeast Delhi (Delhi).

Study Population
Children in the age group 0 to 6 years (born between 2008 and
2013), both live and stillbirths with any birth defect will be
recruited in the study. The respondent will be the mother of the
child. If she is not present (unavailable inspite of three visits or
dead), the child will be included in prevalence but will not be
recruited for eliciting the detailed history.

Sample Size and Study Sites
We used a combined prevalence of NTDs and OFCs of 10 per
10,000 births [37,38], 20% precision and alpha of 0.1 to estimate
the sample size. We calculated a total sample size of 44,824 for
the study. We plan to include two regions of India to conduct
the community-based prevalence study. One site is in North
India (Delhi) and the other in South India (Telangana).

Purposive sampling has been used to identify our study sites
within the two states. In Telangana, we have included seven
rural mandals (smallest administrative unit) of Mahbubnagar
district (Addakal, Bhoothpur, Bijinapalle, Jadcherla, Ghanpur,
Mahbubnagar (rural), and Thimmajipet). As per Census 2011,
the total population of these seven mandals is 355,043 [39] and
the population of children aged 0 to 6 years is 48,016 [40].

In Delhi, we have included seven urban regions from Northeast
Delhi (Shahadra, Seemapuri, Seelampur, Babarpur, Gautam
vihar, Wazirabad, and Anand mansarovar). The total population
from these seven regions is 335,805 [39] and the population of
children aged 0 to 6 years is 38,407 [41].

Study Design
The KIM [17] will be used to identify children (0-6 years) with
birth defects in the community. The KIs will be Anganwadi
workers, Accredited Social Health Activist, members of
Disabled Peoples Organization, and self-help groups from within
the study sites. We will recruit one KI for every 1000 population.
The KIs will undergo a 1-day training on identification of
specific birth defects among children: NTDs, OFCs,

microcephaly, congenital hydrocephalus, visual impairment,
hearing impairment, motor impairment (cerebral palsy, clubfoot,
muscular dystrophy, poliomyelitis, and phocomelia), and
intellectual impairment. Using a flipbook and a PowerPoint
presentation, our research team will conduct the training. We
are training the KIs on identifying birth defects other than NTDs
and OFCs so that we can determine the proportion of children
with NTDs and OFCs among all the visible birth defects in the
community.

The flipbook consists of 60 images depicting the various birth
defects mentioned above. The flipbook also consists of images
depicting foods rich in folic acid, images of folic acid tablets
and ways to prevent NTDs, OFCs, and other birth defects. From
each administrative region (approximately 100,000 population),
two to three batches of 20 to 22 KIs will be trained. The flipbook
has been pretested in the community and changes incorporated
in the images to make it culturally appropriate. The flipbook is
for training purposes only and will not be given to KIs for use
in the field. The pictures in the flipbook are thought to be
disturbing if showed to the layman in the field. However,
sketches of all the disabilities will be provided in a handout for
their reference in the field.

The KIs will do line listing for the 1000 population in which
she usually caters her community services too. The KIs will be
given 2 weeks to complete listing of cases of birth defects and
stillbirths from their specified population, after the training is
completed. The completed line listing forms will be handed
over to the field investigator, who will confirm and verify the
addresses of all the children listed. After the listing is completed,
a trained medical doctor will visit each of these children’s homes
and examine them to confirm the diagnosis. Written informed
consent will be obtained from the mother for examining the
child. For all the confirmed cases of specified birth defects, the
field investigator will document sociodemographic-, pregnancy-,
and birth-related history and risk factors using a prestructured
questionnaire from the mother of the affected child.

The mother of each child identified with birth defects will also
be asked if she is aware of any other child with a similar birth
defect in the vicinity. This will help in identifying any case,
which may have been missed by the KI. In order to triangulate
the data, a list of children with birth defects will be obtained
from the Society for Elimination of Rural Poverty in Telangana
and Smile Train Project. This will be used to compare and
identify the missed cases if any.

Prevalence will be calculated as the number of cases of birth
defect identified in the district using the KIM divided by the
estimated number of children (0-6 years) alive in that district
as per the Census data.

Statistical Analysis
A database will be developed in MS ACCESS. STATA 14.0
will be used for data analysis.

Stage 3: Estimation of Serum Folic Acid, Ferritin, and
Vitamin B-12
This study is being conducted in association with National
Institute of Nutrition (NIN) at Hyderabad. It is part of a
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concurrent study at NIN looking at the nutritional status of
women in the age group 15 to 35 years of age in Mahbubnagar
district of Telangana.

Objective
1. To estimate normative values of serum folic acid, ferritin,
and vitamin B12 among women in the age group 15 to 35 years
in Mahbubnagar district, Telangana

2. To estimate the prevalence of folic acid and vitamin B-12
deficiency among 15 to 35 years women in the community
(Mahbubnagar district, Telangana).

Sample Size and Study Site
For calculating the sample size, we used unpublished data from
NIN on mean folic acid levels and standard error for women in
the reproductive age group. Using the mean folic acid level of
10 ng/mL and standard error of 1.1, and a precision of 0.1 and
0.05 alpha, we calculated a sample size of 465. Thus, for this
study, we will recruit 500 women in the reproductive age (15-35
years) from Mahbubnagar district, Telangana.

Study Design
This is a community-based, cross-sectional study. Women in
the age group 15 to 35 years, irrespective of their marital,
pregnancy, and lactation status, will be recruited in the study.
Written informed consent will be obtained from the participants
before registering and conducting any interview or blood
examination. Any woman who is seriously ill or refuses to
participate will be excluded from the study. A multistage,
stratified, two-stage, random sampling method will be used. To
get a representative sample, we will randomly select one mandal
from each revenue division of the Mahbubnagar district. Thus,
five mandals will be randomly selected. From each mandal,
three villages will be randomly selected. Within each selected
village, we will randomly select 30 to 35 households with
women 15 to 35 years. From each household, only one woman
will be randomly selected for the study.

The field investigator will administer a semistructured
questionnaire eliciting sociodemographic and reproductive
history and take anthropometric measurements. A trained lab
technician will then draw 5 to 10 mL of blood from the
participants under aseptic conditions. The blood sample will be
centrifuged in the field, within 6 hours and stored at −20° C in
a laboratory in the mandal. The samples will be transported to
NIN, Hyderabad thrice a week for analysis.

At NIN, plasma levels of vitamin B12 and folic acid will be
measured by solid phase radioimmunoassay method using a
commercially available kit designed for simultaneous
measurement of vitamin B12, ferritin and folic acid [42].
Hemoglobin estimation will be done. We will estimate the
prevalence of folic acid and vitamin B12 deficiency among the
women.

Statistical Analysis
The data will be analyzed using SPSS and a normogram will
be plotted. The mean and median level of folic acid, ferritin,
and vitamin B12 levels will be ascertained. Appropriate
adjustments for potential confounder effects will be made.

Stage 4: Community and Program Perspectives on
NTDS, OFCs, and Periconceptional Folic Acid
Supplementation

Objectives
1. To explore community perspectives among both men and
women, on birth defects like NTDs and OFCs, using case studies
and focus group discussions (FGDs) in Mahbubnagar district,
Telangana

2. To examine sociocultural factors and their effect on uptake
of folic acid supplementation during the periconceptional period
by using interviews with health care staff in Mahbubnagar
district, Telangana

3. To examine program perspectives on periconceptional folic
acid supplementation by using in-depth interviews (IDIs) among
personnel working in National program against anemia.

Study Design
This is a qualitative study. Data for this aspect of the study will
be collected through a mix of qualitative data collection tools
such as FGDs, IDIs, and case studies. In order to get a holistic
picture of the knowledge and perceptions of NTDs and OFCs
and the link of these with folic acid, data will be collected from
the community as well the health system. Then the results will
then be triangulated.

Study Site
The study will be conducted in the four Mandals of
Mahbubnagar district of Telangana. These mandals have been
purposively chosen to cover a diverse population that is
depictive of the natural setting in this region: Bijinapalle
(majority population is Scheduled caste and tribes), Jadcherla
(majority tribal population), Mahbubnagar (predominantly
Muslim population with easy access to health care), and
Ghanpur (predominantly Muslim population with poor access
to health care).

Sampling and Data Collection Methods
For objectives 1 and 2, data will be collected from the
community using FGDs and case studies. Because some of the
themes are gender-sensitive, FGDs will be conducted separately
with men and women. The FGDs are intended to elicit
community perceptions on local ideas of causation, prevention,
and treatment of NTDs and OFCs. FGDs with women also
include themes on practices during pregnancy and childbirth
that might have repercussions on NTDs/OFCs.

The composition of persons participating in the FGDs will be
purposively selected. The study population we cover includes
a mix of scheduled castes, tribes, Muslim minorities, and persons
who reside in the semiurban regions. We intend to conduct
discussions with each of these four groups. An indicative
number of FGDs in each of the mandals is given in Table 2.
The principle of data saturation will be used to guide the actual
number of FGDs conducted.

In addition to the FGDs with the community, we will be doing
individual interviews (case studies) with families having affected
children and with affected adults. Here, we chose to do
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interviews because we felt that responses to certain questions
such as stigma, testing, and ways through which the disease
affects their life, may be personal and people may be hesitant
to share such ideas in a group. The participants for case studies
will also be purposively chosen so as to elicit rich and illustrative
perspectives on themes such as living with OFCs, coping with
a child having NTDs/OFCs, stigma in different stages of live,
gender differences in coping, and access to care. We intend to
do approximately 10 to 15 case studies in the four mandals.

For objective 2, we will be collecting data through IDIs with
health system staff including doctors, nurses, auxiliary nurse
midwife (ANM), and other community level workers. These
interviews will help us understand issues pertinent to the

knowledge of NTDs/OFCs among health workers and issues
with the supply of folic acid and its supplementation. Here, we
choose the interview method over FGDs due to the logistic
difficulties in getting health system staff together in one place.
We will supplement this information with data from interviews
with personnel working in the National program against anemia
(objective 3). Overall, this set of interviews will help us envisage
barriers to the supplementation of folic acid from the perspective
of the health system; and the feasibility of a periconceptional
folic acid program in India. All interviews will be conducted
in the local language (Telugu and Deccani Hindi). Table 2 gives
an indicative number of the number of interviews to be
conducted within the health system; the concept of data
saturation will be used to guide the actual numbers.

Table 2. Data collection for qualitative study (indicative numbers).

Case StudiesFocus group discus-
sions

Focus group discus-
sions

In-depth interviewsIn-depth interviews

Type of population

Families with affected chil-
dren/Adults with

NTDa/OFCb

Community (women
in reproductive age
group)

Community (Gener-
al)

Experts and person-
nel in National ane-
mia program

Health system

Name of mandal

Scheduled Tribe -1

Scheduled Caste -2

Scheduled Tribe- 1

Scheduled Caste-2

Doctor -3

Nurse-3

ANMc/ASHAd- 6

Bijinapalle

Scheduled Tribe-2Scheduled Tribe -2Doctor -1

Nurse-1

ANM/ASHA- 2

Jadcherla

Muslim-1

Semiurban-2

Muslim-1

Semiurban-2

Doctor -1

Nurse-1

ANM/ASHA- 2

Mahbubnagar

Muslim-1Muslim-1Doctor -2

Nurse-2

ANM/ASHA- 4

Ghanpur

Total

To choose depending on
number/ type of cases from

the KIe study –approximate-
ly 10-15

8 FGDs8 FGDsAs required (5-10)Doctor -7

Nurse-7

ANM/ASHA- 14

aNeural tube defects.
bOrofacial cleft.
cAuxiliary nurse midwife.
dAccredited social health activist.
eKey informant.

Data Analysis
Data analysis for this study will be initiated concurrently with
the data collection process, so as to allow the team to refine the
questions, develop hypothesis, and pursue emerging avenues
of inquiry for IDIs subsequently. All the FGDs, case studies,
and IDIs will be translated into English and transcribed. Generic
thematic analysis techniques will be used for the study. Analyses
will be initiated with a list of predefined themes and new themes

will be incorporated as these emerge. For data reduction, the
qualitative analysis software ATLAS-TI will be used.

Stage 5: Case Control Study (Hospital-Based)

Objectives
The objective is to determine if mothers of children with OFCs
are more likely to have folic acid deficiency during the
periconceptional period and early pregnancy (first trimester) in
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hospital-based settings in Delhi, Hyderabad, and Bangalore. In
order to prevent recall bias among the respondents, we will be
eliciting history of folic acid intake and dietary practices among
cases within 4 months of birth and from controls within 48 hours
of birth. In this study, we did not include NTDs, as it was not
logistically feasible to capture cases at the time of birth. If we
increased the case population to less than 4-months old then
due to high mortality of NTDs we will not get the required
sample size.

Sample Size and Study Site
In terms of power and sample size, it is estimated with 90%
power assumed to detect a 50% increase in risk (odds ratio=1.5)
associated with a risk factor (periconceptional folic acid intake)
present in the controls group at a prevalence of approximately
20% and assuming nonresponse rate of 5%. The required sample
size would be 150 cases and 600 controls. Hence, this total
sample size will be recruited cumulatively from three sites.

Study Design (Recruitment of Cases and Controls)
This is a hospital-based case control study that will be conducted
simultaneously in three cities of India: Hyderabad, Delhi, and
Bangalore. From each city, we will select two treatment centers

and two delivery centers (hospitals). The cases and controls will
be recruited over a period of 6 months from each site.

Any child with cleft lip with or without cleft palate or only cleft
palate visiting the hospital for treatment (treatment center)
within 4 months of birth will be recruited in the study. Clefts
may occur in the lip, the roof of the mouth (hard palate), or the
tissue at the back of the mouth (soft palate). The mother of this
child will be considered as a case. Cases will be recruited only
if they belong to the catchment area of the hospital. We will
define the catchment area of the hospital by reviewing the
statistics of the previous years. Controls will be matched based
on the parity of the mother (primigravida or multigravida).

Controls will be recruited from the maternity hospitals (delivery
centers) nearby to the treatment centers with a delivery load of
10,000 deliveries. Also, district level tertiary hospitals
(government) will be considered for recruitment of controls.
Controls will be recruited and interviewed within 48 hours of
the birth of the baby.

A researcher will be stationed round the clock at the treatment
and recruitment centers in all the three cities. They will recruit
a case only after the physician has confirmed the diagnosis.

Textbox 1. Inclusion and exclusion criteria for the selection of cases.

Inclusion criteria

• Mothers of babies born with nonsyndromic OFCs

• Mothers of babies visiting the treatment center within 4 months of birth of baby and from the center’s catchment area

Exclusion criteria

• Not belonging to treatment center’s catchment area

• Syndromic cases of OFCs

• Mothers who are currently a part of another ongoing research study receiving any intervention

Textbox 2. Inclusion and exclusion criteria for the selection of controls.

Inclusion criteria

• Mother of babies born at the delivery center and from the same geographical location

• Mother of a live birth without any birth defect

Exclusion criteria

• Mothers who are currently a part of any other ongoing research study receiving any intervention

• Any maternal complication that requires immediate emergency care

Study Tool
A semistructured questionnaire will be administered to cases
and controls by our research team. This will gather details on
sociodemographic aspects and details of reproductive, medical,
and occupational history.

The primary exposure for the study is folic acid consumption
in the periconceptional period in a mother. History of intake of
folic acid tablets during the periconceptional period and dietary
history would help elicit the exposure status. Other exposures
likely to be associated with OFCs, such as intake of drugs during

pregnancy, sex selection practices, and exposure to pesticides
would be elicited from history.

Statistical Analysis
A database will be developed in MS Access. Data analysis will
be done using STATA 14.0. Descriptive and inferential statistics
output will be generated. The prevalence of exposure will be
compared between cases and controls using logistic regression,
adjusting for potential confounder effects as appropriate.
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Results

This research was supported by a Wellcome Trust Capacity
Strengthening Strategic Award to the Public Health Foundation
of India and a consortium of United Kingdom universities. The
results from the individual studies will be available between
2016 and 2017.

Discussion

Trial Implications
This paper outlines the rationale and design of a multistage
study including a systematic review determining the current
trends in birth prevalence of OFCs and NTDs across India,
followed by a cross-sectional, population-based study to
determine prevalence of specified birth defects and deficiency
of folic acid and vitamin B12 in the community and by a case
control study to study association of folic acid deficiency with
OFCs. The outcomes from this study will help inform the

research community about the feasibility of involving grass root
level functionaries for screening cases of OFCs and NTDs.

We anticipate certain challenges in conducting this study.
Identification of some of these is likely to be an intermediate
outcome of this study as well as help in addressing the
challenges involved in implementation of national programmes
for early identification and early intervention.

Challenges
Birth defects being considered a social taboo in India, we may
have difficulty in getting mothers to participate in the study.
Also, the prevalence of some of the specified birth defects is
low and it may be difficult to identify these children in the
community. For the case control study, it may be very difficult
to get cooperation from the cases, as they may want to tend to
the child. The deliverables and the outcomes from this research
will drive strategies in minimizing the adverse public health
consequences of folic acid deficiency among mothers in India
and strengthen the evidence base in childhood disability for
planning and policy initiatives.
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Abstract

Background: Polypharmacy and inappropriate continuation of medicines can lead to a significant risk of adverse drug events
and drug interactions with patient harm and escalating health care costs as a result. Thorough review of patients’ medications
focusing on the need for each drug can reduce the potential for harm. Limitations in performing effective medicine reviews in
practice include consultation time constraints and funding for pharmacy services. We will aim to overcome these problems by
designing an automatic electronic decision support tool (the medicines optimization/review and evaluation (MORE) module) that
is embedded in general practice electronic records systems. The tool will focus on medicines optimization and reducing
polypharmacy to aid prescribers in reviewing medicines and improve patient outcomes.

Objective: The objectives of this study are: (1) to develop an electronic decision support tool to assist prescribers in performing
clinical medication reviews with a particular focus on patients experiencing multimorbidity and polypharmacy, and (2) evaluate
and assess the use of the electronic decision support tool, providing pilot data on its usefulness in supporting prescribers during
consultations with patients.

Methods: The first three study phases involve development of clinical rules outlining clinical interventions and the creation
and validation of the MORE decision support tool. Phase four is a community-based, single-blind, prospective, 6-month controlled
trial involving two interventions and two control general practices, matched for practice demographics. We will be measuring
the number of times prescribers engage with the tool, total number of interventions suggested by the tool, and total number of
times prescribers change medicines in response to recommendations. There will also be prospective follow-up of patients in the
intervention group to examine whether changes to medications are upheld, and to determine the number of hospitalizations or
emergency department visits within 6 months of a medicine intervention. Comparisons between control and intervention practices
will measure the changes in proportions of patients with polypharmacy and inappropriately prescribed medicines before and after
the introduction of the electronic decision support tool, proportions of patients receiving appropriate treatment in each practice,
and changed, maintained, or improved health status, hospitalizations, and deaths in the study year. Initiation rates of inappropriately
prescribed medicines will be measured as a secondary outcome. As well as external assessment of the extent of use and application
of the tool, prescribers will receive monthly practice progress reports detailing the proportion of their patients experiencing
polypharmacy and taking inappropriately prescribed medicines identified for review.

Results: Phase one has now been completed and the decision support tool is under development. Final data analysis is expected
to be available in December 2016.
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Conclusions: This study will establish whether the MORE decision support tool stands up to real world conditions and promotes
changes in prescribing practice.

(JMIR Res Protoc 2016;5(2):e105)   doi:10.2196/resprot.5543

KEYWORDS

polypharmacy; decision support systems; clinical, drug-related side effects and adverse reactions; drug interactions; primary
health care; inappropriate prescribing; medication therapy management

Introduction

Background
As the New Zealand population is rapidly ageing, there are
increasing numbers of patients with more long-term conditions
and taking more medicines. With declining organ function and
introduction of comorbidities, increasing age may also influence
the suitability of a patient’s long-term medications. Periodic
assessment of patients’ medications should be undertaken,
keeping in mind their remaining life expectancy, time until
benefit of treatment, treatment targets, and goals of care [1].

Polypharmacy can be defined as the concurrent use of five or
more medicines, and excessive polypharmacy, the use of 10 or
more concurrent medicines [2]. Inappropriate polypharmacy
occurs when more medicines are prescribed than are clinically
indicated or when medicines are inappropriately continued [3].
Increasing the number of prescribed medicines greatly increases
the risk of drug interactions and adverse drug events, resulting
in iatrogenic patient morbidity [3-5]. The medical mantra of
‘First do no harm’ is at risk when patients’ are in danger of
multimorbidity from cumulative prescribing of inappropriate
medicines, particularly when this is compounded with altered
pharmacodynamics from declining renal and hepatic function
with age. Overall, there is a danger that patients’ medication
regimens may begin to pose more risks than benefits to their
health [5]. Between 2013 and 2014, 8.5% of the New Zealand
population received five or more medicines and 2.6% received
11 or more medicines [2]. These proportions of the population
with polypharmacy and hyperpolypharmacy are increasing in
all age groups every year [2], particularly for 40- to 60-year
olds [6].

Thorough review of patients’ medications focusing on the need
for each drug can reduce the potential for harm [5,7]. A 2014
Cochrane review found that interventions to improve appropriate
polypharmacy are beneficial in reducing inappropriate
prescribing [3]. Despite the evidence, most people taking
multiple medicines do not receive an annual comprehensive
medicines review due to general practitioners’ limited
consultation times. Tools exist to assist a review but are
infrequently used due to being complex and time-consuming
[8,9]. A scheme for collaborative medications reviews involving
pharmacists exists in New Zealand (Medicines Therapy
Assessment) but is funded in few regions. This deficiency is
similar worldwide as many international models of primary care
do not promote intensive medication reviews by a clinical
pharmacist.

This study will attempt to overcome the problems in completing
medication reviews by designing an automatic electronic

decision support tool. These tools have been shown to influence
prescriber performance, improve quality of care and patient
outcomes [10], and reduce inappropriate prescribing [3]. The
medicines optimization/review and evaluation (MORE) decision
support tool will focus on medicines optimization to aid
prescribers in reviewing medicines and improve patient
outcomes while reducing inappropriate polypharmacy. The
electronic decision support software will also provide continuous
and reproducible medication reviews [11].

Recent studies have demonstrated benefits of electronic decision
support tools, but the technology itself can become a burden on
physicians’ time and patient management [12-15]. For successful
implementation, decision support tools must be fast, reliable,
and able to integrate into existing systems used in practice.

The 2012 review by Clyne et al [12] demonstrated that clinical
decision support has potential to improve safe and effective
prescribing in many different health care settings. Likewise, the
review by Topinkova et al [16] from the same year found that
decision support reduces prescribing errors. However, they also
concluded that the real effect of these systems requires further
study, focusing on health outcomes such as overall health care
cost and patient morbidity and mortality. Further research is
required to evaluate the acceptability of alerts to prescribers’
[16]. The 2014 Cochrane review, examined studies using
specific validated screening tools or instruments, but did not
include research on how doctors interact with the specific
interventions, and based their recommendations for
implementation of change on the recommendations presented
to them [3].

This study will use an electronic decision support platform
currently available in over 80% of New Zealand general
practices and compatible with the most common patient
management system in use. We expect that prescribers’
familiarity with the decision support platform will enable
immediate uptake and application of the MORE tool. We will
also investigate the interaction of the doctor with the decision
support tool to evaluate its’ effectiveness and usefulness in
practice.

In summary, the significance of this study is the development
of a new decision support tool that uses each patient’s medical
information to automatically undertake a medicines review and
assist prescribers with patient management. Personalized
medicine management strategies help ensure that patients receive
the most appropriate care and avoids the risk of ‘alert fatigue’.
Broad use of our tool is intended to improve clinical outcomes,
and reduce health care use and cost. The evaluation and review
of users’ feedback will enable the production of a practical and
efficient decision support tool.
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Research Aims
The purpose of this study is to develop and test an electronic
decision support tool (the MORE module) designed to assist
prescribers in performing clinical medication reviews for
patients experiencing multimorbidity and polypharmacy. The
study will (1) provide pilot data on its usefulness in supporting
prescribers during consultations with patients, and (2) test the
hypothesis that there is no difference in the identification and
management of patients with multiple medicines between the
practices implementing the MORE decision support tool and
usual care practices.

Methods

Phase One: The Development of the Clinical Rules for
the MORE Decision Support Tool
Phase one involved the development of the intervention
components to be incorporated into the MORE decision support
tool. Literature reviews, internationally validated tools, and
prescribing resources were used to identify possible intervention
components (see Figure 1). A clinical advisory group was set
up to provide expert opinion and direction for the development
of the intervention components. This group consisted of 10
clinicians.

The intervention components focused on specific areas for
change, including:

1. Reducing polypharmacy by targeting medicines with limited
effectiveness, such as long-term use of benzodiazepines for
insomnia, or antipsychotics in dementia

2. Stopping duplicate medication classes, such as duplicate
antidepressant therapy

3. Reviewing doses and monitoring certain medications such
as proton pump inhibitors, anticoagulants, and analgesia

To prioritize the list of interventions, medicines dispensing data
were reviewed using the Pharmaceutical Collection, a national
database of all community pharmacy dispensed medicines.
Possible interventions for medicines not dispensed in large
numbers (<5000 dispensing’s a year nationally) were excluded.
Possible interventions remaining were reviewed by the clinical
advisory group to determine the appropriateness of the
recommendations for the New Zealand context. The group
assessed the importance of each medicine intervention using a
list of references provided and their own clinical expertise.
International specialist opinion was also sought. Descriptions
of the interventions were modified following comments by the
group, and the proposed medicine interventions with the greatest
consensus of agreement were selected as the final intervention
components.

These final medicine intervention components are expected to
have the most impact on patient care and polypharmacy, and
were used to form the clinical rules of the MORE decision

support tool. See Figure 1 for an outline of the intervention
development process.

Phase Two: Development of the MORE Decision
Support Tool
Decision support programmers (from BPAC Inc) will use the
medicine intervention components generated in phase one to
create the clinical rules in the MORE decision support tool.
This tool will automatically interact with the prescribing
component of general practice electronic records systems and
access individual patients’demographic and clinical information
to make recommendations to prescribers. The program
developers have previously built the Best Practice Advocacy
Centre (BPAC) decision support tools, ensuring that the look,
feel, and function of the MORE tool are similar to that of the
current BPAC decision support tools that are in widespread use
in New Zealand. These tools are also currently in use in
Australia and soon to be introduced into the United Kingdom.

The decision support architecture will be using open electronic
health record (open EHR) for the patient object model, which
is an open international standard. This allows for the inclusion
of any coding system from any underlying patient management
system (PMS) to be integrated into the patient object model.
The patient object model also allows for integration with any
PMS application program interface (API), allowing for rapid
international roll out. Interoperability is also enabled through
the mapping of drug codes, medical classification, laboratory
codes, and measurement parameters to the systematized
nomenclature of medicine clinical terminology (SNOMED CT)
using an in-house ontology service. Furthermore, the clinical
rules driving the prescribing advice reside in a rules engine,
allowing additional rules and functionality to be added
independently of any programming interfaces. Figure 2 shows
the platform architecture of the decision support module. Not
all components will be used for this study, such as the SMS text
messaging (short message service, SMS) function, but will be
available for future roll out. This platform architecture enables
rapid scalability.

The MORE decision support tool will alert prescribers through
the patient prompt: this analyses patient records at the time of
consultation, notifying clinicians of any areas where action may
be required. Recommendations will be based on individual
patients’ data and therefore are specific for each patient.

Simple representation of targeted advice and prescribing
alternatives is more effective than highlighting a medicine that
may be inappropriate [17]. Therefore, this decision support tool
will alert prescribers to medicines within patient records that
are potentially inappropriate with suggested action based on
each patient’s individual data. There will also be a link to
electronic information supporting recommended actions, where
relevant. The decision support tool will also allow linking to
patient information and advice that can be printed.
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Figure 1. Development of the clinical rules for the MORE decision support tool.

Figure 2. Platform architecture of the decision support tool.
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Phase Three: Validation of the MORE Decision
Support Tool
The MORE decision support tool will be validated by
challenging it with data from a de-identified historical database.
This will ensure that the clinical rule set is working correctly.
The decision support tool will be applied to a variety of patients
in the database (patients with ≥10 medicines and patients with
only a few medicines) to confirm that patient data are
autopopulated into the decision support tool correctly and
whether an alert is triggered by the appropriate information.
This phase will also allow technical checks such as the linking
to external information and printing functionality. Personal
practitioner progress reports will also be generated to ensure
this functionality works correctly.

Phase Four: Application of the MORE Decision
Support Tool
Phase four is the feasibility study of the MORE decision support
tool using MORE care versus usual care to reduce unnecessary
or inappropriate prescribing. The MORE decision support tool
will be piloted for 6 months in two intervention general
practices. A comparison in prescribing behavior and outcomes
will be made between the practices and two matched control
practices. This will establish whether the decision support tool
stands up to real world conditions and causes a change in
prescribing practices.

During the 6 months that the MORE decision support tool is
active, prescribers will receive individual monthly progress
reports that have been extracted remotely by BPAC analysts
using the MORE decision support tool. The reports will detail
the proportion of patients at their practice experiencing
polypharmacy, and patients taking prescribed medicines
identified for review.

This information will include patient demographics and the total
number of times prescribers in the practice have engaged with
the MORE decision support tool with resulting changes they
may have implemented. They will also be informed of the
clinical rules that, following the alert, have resulted in changes
to patients’ therapy the most and the least number of times.

As the study progresses the reports will depict the changes in
these variables over time. Using the decision support tool query
builder, prescribers will also be able to access lists of patients
experiencing polypharmacy and those taking prescribed
medicines identified for review, any time during the project.

Study Setting
The MORE decision support tool will be provided to two
intervention general practices recruited by invitation. In order
for a practice to be considered for inclusion, it must be using
the MedTech software, which is in use in over 80% of New
Zealand practices. Practices will be excluded from the study if
they are specialist practices (eg, a sexual health clinic, student
health clinic), or if they have less than 1500 registered patients.

Of the practices wishing to participate, two will be randomly
assigned as the MORE decision support practices and two
control practices will be matched according to practice patient
demographics (mean age, gender, ethnicity, and geography
(urban/rural)).

The MORE decision support tool will be added to the
intervention and control practices’ suite of BPAC decision
support tools, although in the control practices, the alerts will
not be revealed at point-of-care. Instead, the type and frequency
of the alerts that would have been shown will be recorded for
comparison against those in the intervention group. The decision
support tool can be added to the decision support platform
remotely because it is a Web-based system that allows upgrades
or revisions to existing decision support tools to be implemented
through one centralized server. This will minimize disruption
to the daily activities of study general practices.

Sample Size
Between 2013 and 2014, 11% of the New Zealand population
used five or more medicines [2]. A sample size of 367 patients
for each arm (the intervention and the control) will have 80%
power to detect a difference in patients with polypharmacy of
20% at the 5% level of significance.

We intend to recruit four practices with 1500 or more registered
patients. The average number of patients per practice in New
Zealand is approximately 4000 [18], so our goal of practices
with 1500 or more registered patients is achievable. Ethical
approval has been obtained from the Health and Disability ethics
committee (16/STH/7).

Measures
This study will test the hypothesis that there is no difference
between the practices using the MORE decision support tool
and usual care practices in the identification of patients with
polypharmacy and the identification and review of patients who
have inappropriately prescribed medicines.

Due to the nature of the study, it is not possible to blind the
general practices to the intervention. However, the data retrieval
from the general practices is through an automated Web-based
system and a blinded analysis of the measures comparing
intervention and control groups will be undertaken. This allows
for unbiased assessment of these outcomes.

We plan to assess the use of the MORE decision support tool
by seeing how often general practitioners use the tool and follow
its recommendations. We will calculate how often the alert for
review was raised and compare this with changes in prescribing.
The number of patients experiencing inappropriate medicines
(as defined by the clinical rules in the decision support tool)
and polypharmacy before and after the study will also be
reviewed, as a proxy measure of effectiveness of the
intervention. See Table 1 for detailed descriptions of study
measures and timeframes.
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Table 1. Study Outcomes and How They Will be Measured.

Timeframe will this be measuredHow this will be measuredOutcomes

Every month during the 6-month pilot phaseThe number of times prescribers engage with the
MORE decision support tool in the intervention prac-
tices (how many times prescribers choose to look at
possible interventions)

Practitioners use the tool

Every month during the 6-month pilot phaseThe total number of interventions suggested by the
MORE decision support tool in the intervention prac-
tices (how many instances of unnecessary or inappro-
priate medicines)

After completion of pilot phaseInterview and questionnaire containing the standard-
ized System Usability Scale and qualitative questions
on usability and usefulness

Every month during the 6-month pilot phaseThe total number of times prescribers change
medicines in response to the MORE decision support
tool in the intervention practices (ie, remove unneces-
sary or inappropriate medicines)

Practitioners follow the recommen-
dations

Six months after completion of pilot phaseThe number of changes sustained or reverted to origi-
nal prescribing methods within 6 months of the inter-
vention in the intervention practices

Every month during the 6-month pilot phaseThe difference in number of laboratory tests ordered
between intervention and control practices in line with
suggestions from the MORE decision support tool

At baseline and at end of the 6-month pilot phaseThe change in the proportion of patients with inappro-

priately prescribed medicinesa before and after the in-
troduction of the decision support tool (adjusted for
age and comorbidities) between intervention and con-
trol practices. Specifically:

1. The number and proportion of patients with hyper-
polypharmacy (more than nine medicines [2]) before
and after intervention

2. The number and proportion of patients with
polypharmacy (more than four medicines [ 2]) before
and after intervention

3. The average number of medicines per patient before
and after intervention

Reduction in inappropriate pre-
scribing and polypharmacy

At baseline and at end of the 6-month pilot phaseThe percentage of patients receiving appropriate
treatment based on the developed clinical rules in each
practice between intervention and control practices

Every month during the 6-month pilot phaseInitiation rates of inappropriately prescribed medicines
based on the developed clinical rules in each practice
between intervention and control practices

Every month during the 6-month pilot phaseInitiation rates of appropriately prescribed medicines
according to the developed clinical rules in each prac-
tice between intervention and control practices

From 6 months before study enrolment to 6 months
after completion of the pilot phase

Changed, maintained, or improved health status mea-
sured by number of patient visits to general practices
and hospital or emergency department admissions be-
tween intervention and control practices

Improvement in patient health

From 6 months before study enrolment to 6 months
after completion of the pilot phase

Deaths in the study year between intervention and
control practices

During the 6-month pilot phase and for 6 months after
completion of the pilot phase

The number of related referrals, emergency department
visits or hospitalizations within 6 months of the inter-
vention in the intervention practices

aThis assumes that on consideration of the MORE decision support tool guidance, only inappropriately prescribed medicines will be stopped (therefore,
a decrease in inappropriate polypharmacy will occur).
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Cost Analysis
Potential cost savings through analysis of reduced
hospitalizations, emergency department visits, and visits to the
general practitioner following implementation of the decision
support tool will be calculated after 6 months. The costs
associated with stopping or starting medicines as recommended
by the MORE decision support tool during the study period will
also be evaluated. This will be balanced against any consultation
slow down’s due to using the tool. There will also be an
estimation of the time saved using the MORE decision support
tool compared with alternative methods of medicine review.

Interviews
The intervention group will be interviewed to elicit feedback
on the usefulness of the decision support tool and its usability
and presentation. This will provide the basis for future
improvements for the decision support tool. During the interview
a questionnaire will be completed containing the system
usability scale, a validated tool for measuring a systems usability
[19], to elicit participants’ satisfaction with the decision support
tool. Reasons for and against following the decision support
tool’s interventions and the differences in managing patients
with multiple medicines before and during the use of the MORE
decision support tool will also be explored. This will determine
whether the decision support tool improves identification of
patients with polypharmacy and those who have inappropriately
prescribed medicines.

The control group will also be interviewed to understand how
they regularly identify and manage patients with polypharmacy.
Also, to see who has inappropriately prescribed medicines, what
percentage of their patients they estimate belong to these groups,
and how often they would undertake a medicine review in an
average week.

Results

Phase one has now been completed and the decision support
tool is under development. See Textbox 1 for the clinical rules
to be built into the decision support tool. Phases two and three
are expected to be finalized early 2016 with implementation
and analysis of the decision support tool by October 2016.
Results will be reported in December 2016.

Discussion

Reducing Inappropriate Polypharmacy
New Zealand general practice is facing increasing challenges
in caring for a growing number of patients with long-term
conditions. This increases the complexity of primary care
interactions and makes high quality medicines review more
difficult to achieve within available consultation time frames.
It is well recognized that the quality use of medicines leads to
decreased medicine interactions, reduced health care use
(including hospitalizations), and improved quality of life [72,73].
Therefore, the individualized approach to medicine review
undertaken in this study will promote a safe and effective means
of practicing.

The premise of optimizing medicines and the reduction of
inappropriate polypharmacy is about finding the best available
medication at the right dosage and for the shortest possible
duration on a case-by-case basis. This decision support tool will
assist prescribers in achieving these goals by collating relevant
patient information automatically using the prescribing patient
management system and making individual recommendations
for these complex patients. This will reduce the need for manual
processing, the gold standard for reviewing medicines, which
is a costly and timely enterprise.

The project partnership with BPAC Inc will allow the transfer
of this study from evidence to practice as, if successful, the
electronic decision support decision support tool could be
directly rolled out to most general practices in New Zealand,
through existing BPAC systems and networks. If the MORE
module is successful in achieving its goals, the clinical rules
could be applied across primary care settings, internationally.

Study Strengths and Limitations
Using a full range of clinical rules rather than focusing on one
condition or drug class is a strength of this study. It allows for
inclusion of rules applicable to the whole population and for a
wide variety of therapeutic interventions. It also enables further
development of the tool without restriction to a singular
therapeutic condition. Using real-world locations ensures clinical
relevance and applicability of the tool.

This is a fully automated and prepopulated tool. There is no
manual data entry required by general practitioners and the
patient management system will be one they are currently using
in their practice. This will ensure minimal time for setup and
the practitioners’ time can be focused on the clinical
interventions rather than the technical aspect of inputting data.
Moreover, training of practitioners will not need to be extensive
and they will already have working knowledge of how this type
of alert works.

An extra strength and uniqueness of the study is the content of
the tool. It will provide suggested actions for prescribers rather
than just highlighting a potentially inappropriate medicine. It
is believed this will improve the use of the clinical rules by
giving prescribers evidence-based guidance on how these rules
should be applied to their patients. The tool will also contain
links to patient information and options for printing patient
information sheets.

One limitation is the inability to blind the clinicians to the
intervention. However, because the analysis of the data will be
blinded, objective assessment of results will be possible and is
an additional strength.

A further limitation of the study is that the tool is being designed
for use with a specific PMS in New Zealand. However, our
patient object model allows integration with any PMS API,
allowing for the solution to be rolled out internationally. If
international roll out is an outcome of this pilot study, further
usability studies will be necessary for users of different systems.

The measures of effectiveness are not able to capture the reasons
why an alert may be dismissed by a practitioner at the time of
consultation. It is hoped that the main reasons alerts are being
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ignored will be captured through feedback and the user survey.
The initial results will help shape the questionnaire and interview
of the practitioners so these issues can be explored.

It will be difficult to specify patient deaths and hospital
admissions that are not related to the intervention. However,
we can investigate the causes of deaths and admission to hospital
for those with a medicine-related diagnosis for the purposes of
the study.

There is a risk of alert fatigue, particularly if a patient with
extensive polypharmacy is triggering many alerts. We have
tried to minimize this by ensuring alerts are specific to patients’
characteristics. Furthermore, we will investigate complaints of

this nature highlighted in the user feedback reports and work
to reduce or eliminate them.

Conclusions
Optimizing medicines use is not necessarily about reducing the
number of medicines below an agreed threshold, but about
finding the best available medication at the right dosage and
for the shortest possible duration on a case-by-case basis.
Measuring reductions in the number of patients experiencing
polypharmacy and the average number of medicines per patient
will indicate removal of unnecessary medicines and the
‘inappropriate polypharmacy’ from their regimen. This study
will establish whether the MORE decision support tool stands
up to real world conditions and promotes changes in prescribing
practice.
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Textbox 1. Clinical Rules to be Built Into the Decision Support Tool.

Duplicate therapy [8]

Stop if duplication of drug class or therapy:

• H2-receptor antagonists with proton pump inhibitors

• Duplication of benzodiazepines

• Duplication of antipsychotics

• Duplication of selective serotonin receptor antagonists

Gastroprotectants [7,8,20,21]

• Stop proton pump inhibitors if they were prescribed for gastroprotection with nonsteroidal anti-inflammatory drugs, aspirin, or corticosteroid
therapy, which has now been stopped

• Consider stopping or reducing dose of proton pump inhibitors prescribed for uncomplicated peptic ulcer disease or erosive peptic esophagitis
for >8 weeks

Chronic constipation [8,9,22]

In patients with chronic constipation, stop drugs likely to cause constipation if nonconstipating alternatives are appropriate

Antiplatelets and anticoagulants [8,9,23-28]

Stop vitamin K antagonist, direct thrombin inhibitor, or factor Xa inhibitors:

• if prescribed for first deep venous thrombosis without continuing provoking risk factors for >6 months

• if prescribed for first pulmonary embolus without continuing provoking risk factors for >12 months

Stop aspirin if taken for primary prevention of cardiovascular disease if risk is <20% and there is no personal history of cardiovascular disease (ie,
angina, myocardial infarction, percutaneous coronary intervention, coronary artery bypass grafting, transient ischemic attack, ischemic stroke, or
peripheral vascular disease)

Medicines in the elderly [8,9,29-37]

• Stop long-term treatment with loop diuretics treating gravitational edema (unrelated to congestive heart failure) in the elderly. If pharmacological
treatment necessary, prescribe as required

• Reduce spironolactone if >25-mg daily in elderly patients with congestive heart failure or with creatinine clearance less than 30 mL/min

• Review patients >85 years taking statins for >5 years for primary cardiovascular prevention

• Stop benzodiazepines or zopiclone if taken for treatment of insomnia, agitation, or delirium in adults aged >65 years

• Stop antipsychotics for behavioral problems of dementia unless nonpharmacological options have failed, and patient is a threat to themselves or
others

• Stop first-generation antihistamines in patients >75 years

• Stop orphenadrine in patients >75 years

Antipsychotics, antidepressants, and hypnotics [8,9,27,31,38-40]

• Stop all antipsychotics (except for quetiapine and clozapine), metoclopramide, prochlorperazine, and promethazine in patients with Parkinson's
disease

• Reduce citalopram doses  40-mg daily

• Stop benzodiazepines or zopiclone if taken for ≥4 weeks (unless for seizure disorders, rapid eye movement sleep disorders, benzodiazepine
withdrawal, alcohol withdrawal, severe generalized anxiety disorder, periprocedural anesthesia, end-of-life care)

Analgesics [31,41-47]

• Review opioids if being prescribed long term (>3 months) for nonmalignant pain

• Stop two different types of long-acting opioid

• Stop codeine or tramadol if prescribed with a strong opioid

• Stop combination paracetamol and codeine products and prescribe individual components based on the World Health Organization pain ladder

Nonsteroidal anti-inflammatory drugs [8,9,27,48,49]

• Review stopping nonsteroidal anti-inflammatory drugs:
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• if used for  3 months in patients over 75 years

• if used for  3 months in patients for symptom relief of osteoarthritis pain where paracetamol has not been tried

• Stop nonsteroidal anti-inflammatory drugs:

• if prescribed with concurrent antiplatelet or prescribe proton pump inhibitor prophylaxis

• in patients with heart failure

• in patients being treated with a diuretic or an Angiotensin Converting Enzyme inhibitor or Angiotensin Receptor Blocker

• if patients already taking a nonsteroidal anti-inflammatory drug (ie, duplicate therapy)

Gout [8,50-52]

• Prescribe allopurinol for patients with a history of recurrent episodes of gout (recurrent nonsteroidal anti-inflammatory drug or colchicine
prescriptions), or a suitable alternative if allopurinol contraindicated

• Alert if patient is on allopurinol and no uric acid levels or renal function tests for >1 year

• Maximize dose of allopurinol or add additional therapy if uric acid not  0.36 mmol/L

Bisphosphonates [8,53,54]

• Consider stopping bisphosphonate treatment or a ‘drug holiday’ after continuous use for >5 years (for treatment or prevention of osteoporosis)
if bone mineral density stabilized

• Consider initiating bisphosphonates in patients taking long-term systemic corticosteroid therapy

Metformin [31,55]

Adjust dose of metformin in renal impairment

Seasonal influenza vaccine [8,56-59]

Recommend an annual seasonal influenza vaccine to:

• patients ≥65 years of age

• patients with ischemic heart disease

• patients with congestive heart failure

• patients with rheumatic heart disease

• patients with Transient Ischemic Attack/Stroke

• patients with asthma, if on a regular preventative therapy

• patients with chronic obstructive pulmonary disorder

• patients with diabetes

• patients with any cancer, excluding basal and squamous skin cancers if not invasive

• patients with human immune deficiency virus

• transplant recipients

• pre and post splenectomy patients

• pregnant patients

Interactions [8,27,31,60-64]

Alert for the following interactions:

• Tricyclic antidepressants and selective serotonin receptor blockers

• Beta-blocker with verapamil or diltiazem

• Concomitant use of two or more antimuscarinics

• Concomitant drugs that prolong the QT-interval

Monitoring [8,65-71]

• Monitor potassium levels if not done >6 months in patients taking spironolactone with potassium sparing drugs

•
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Stop potassium supplements if serum potassium >4.0 mmol/L and if cause of hypokalemia resolved. Consider follow up potassium levels after
cessation

• Alert if on lithium and no thyroid function tests, renal function tests, serum lithium levels, or sodium levels for >6 months, or no calcium levels
or electrocardiogram undertaken for >1 year

• Alert if on an Angiotensin Converting Enzyme inhibitor and no renal function or serum potassium for >1 year

• Alert if on an atypical antipsychotic for schizophrenia and no CV assessment, full blood count, urea and electrolytes, liver function tests, lipid
profile, weight measurement, fasting blood glucose, or prolactin levels for >1 year
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Abstract

Background: A variety of eHealth services are available and commonly used by the general public. eHealth has the potential
to engage and empower people with managing their health. The prerequisite is, however, that eHealth services are adapted to the
sociocultural heterogeneity of the user base and are available in a language and with contents that fit the users’ preference, skills,
and abilities. Pakistani immigrants in the Oslo area, Norway, have a much higher risk of Type-2 diabetes (T2D) than their
Norwegian counterparts do. In spite of having access to information and communication technology (ICT) and the Internet, ICT
skills in this population are reported to be relatively low. Further, there is insufficient information about their use of and attitudes
toward eHealth services, necessitating investigation of this group in particular.

Objective: This study targets first-generation immigrants from Pakistan living in the Oslo area and examines their use of and
attitudes toward eHealth services, specifically: information searches, communication using ICT, and use of ICT for self-management
or decision making, all concerning T2D.

Methods: Due to a high prevalence of low literacy among the target population, we employed questionnaire-based individual
interviews. The questionnaire was developed by implementing potentially relevant theoretical constructs (technology acceptance
model (TAM) and health belief model (HBM)) as measures. To explore issues around language, culture, and general ICT skills,
we also implemented questions that we assume were particularly relevant in the context studied but do not appear in any theoretical
frameworks. The questionnaire was revised to reflect results of a pilot study involving 10 participants. We employed culturally
sensitive sampling methods to reach informants who could otherwise fail to be included in the survey.

Results: This paper presents a survey protocol. The data collection is ongoing. The aim is to collect 200 responses in total by
March 2016.

Conclusions: For eHealth to become an influential social innovation, equal access to eHealth services regardless of users’
language, culture, and ICT skills is a prerequisite. Results from this study will be of importance for understanding how people
who may not maximally benefit from eHealth services today could be targeted in the future.

(JMIR Res Protoc 2016;5(2):e79)   doi:10.2196/resprot.5468
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Introduction

Use of eHealth as a Common Practice
In light of the rapidly increasing number of people having access
to Internet and mobile-broadband subscriptions [1], eHealth has
a great potential to be a platform for social innovation that
mitigates social disparity. eHealth is defined as “all kinds of
information and communication technology used for supporting
health care and promoting a sense of well-being” [2]. Today,
massive amounts of information about health care and
well-being are available via the Internet, from multiple sources
and in many languages. Studies have shown that using the
Internet to seek information relevant to health care and wellness
is a widespread practice [3-7]. In Norway, 96% of the population
(between 9- and 79-years old) had access to the Internet, 98%
to a mobile phone, and 80% to a smartphone in 2014 [8]. In
2015, 62% of the Norwegian population (16- to 79-years old)
had sought the Internet for health-related information during
the last 3 months [6]. Health-related use of the Internet was
highest in the age group 25 to 34, where it reached up to 79%.

Included in eHealth is technology supporting self-care, or “what
people do for themselves to establish and maintain health,
prevent and deal with illness” [9]. In addition to health-related
information searches, the use of information and communication
technology (ICT) for the purpose of self-care includes
communication with health care providers, peer-to-peer support,
self-management by recording and tracking relevant data, and
decision making. It is not yet so common to use ICT for these
purposes as a Web-based health information search [7,10-12].
However, eHealth for self-care has been gaining increased
attention from both the academic research field and consumer
health market, especially for chronic diseases, such as diabetes
[13-16].

Immigrants from Pakistan in the Oslo Area – Diabetes
and ICT Experiences
One of the advantages of eHealth is that each user can actively
choose the eHealth services that best fit their individual needs.
eHealth services in the user’s primary language, adapted to
cultural preferences, thus appear to be helpful tools. This
advantage applies in particular to ethnic minority populations,
such as immigrants, to supplement other health services where
language and cultural barriers can be of note. In Norway, the
number of immigrants has been steadily increasing over the last
40 years. At the beginning of 2015 [17], immigrants and
Norwegians born to immigrant parents comprised 15.6% of the
whole population. Of those, more than one-half (8.7% of the
entire population) originated from Asia, Africa, Latin America,
Oceania (except Australia and New Zealand), and Europe
(except the European Union) and European Economic Area.
Oslo municipality has the largest proportion of immigrants
(first-generation immigrants and those born to first-generation
immigrant parents) in the country (32%). For example, of
first-generation immigrants from Pakistan in Norway, 69.5%
live in Oslo [18]. Suburbs of Oslo also have higher proportions
of immigrants than the country average [18,19].

A study among four immigrant groups in the Oslo area [20]
showed that Pakistanis had the highest prevalence rates of
diabetes (women: 26.4%, men: 20.0%). These rates are
alarmingly high and much higher than the rates of ethnic
Norwegians (women: 2.7%, men: 6.4%). Most of the diabetes
cases are Type 2 diabetes (T2D), where leading a healthy
lifestyle, including diet and physical activity, plays an important
role in self-care. For Pakistani immigrants, barriers to being
physically active [21] and maintaining a healthy diet [22] are
different from those of ethnic Norwegians. They have also
reported experiences of problems in communication with health
care providers regarding dietary advice, both due to language
barriers and to cultural differences in food traditions [23].
Culturally adapted interventions to the population have been
shown to have a positive effect on reducing levels of T2D risk
factors [21,24,25].

To date, there is no sufficient information available about the
extent to which immigrants with Pakistani background in the
Oslo area are using or benefiting from eHealth resources for
self-care of T2D, and what their preferences are. Knowledge is
scarce regarding their access to and usage of ICT devices and
the Internet in general as well. A survey of digital skills and
access to ICT among five immigrant groups (Pakistani, Polish,
Iraqi, Somali, and Vietnamese) in 2010 [26] showed that 74%
of the respondents with a Pakistani background used a personal
computer (PC), and 69% also used the Internet. Pakistanis scored
lowest among the five immigrant groups surveyed regarding
ICT skills. This survey also showed that among Pakistanis,
being female, aged over 40, or having an education from only
primary school or less were associated with significant reduction
in ICT skills scores. Among Pakistani respondents, 56% had
an education from primary school or less. Also, the survey report
identified that the barriers to strengthening ICT skills were
mostly related to knowledge about ICT and lack of available
courses, while access to ICT devices or the Internet was little
mentioned by the survey participants.

These results suggest that many individuals among immigrants
with a Pakistani background may not have been able to benefit
from using eHealth services, despite having ICT devices and
access to the Internet. Because of a high proportion of the
Pakistani population with low educational level [3,19],
information written in Urdu may also be inaccessible or difficult
to read. We speculate that even those with sufficient ICT skills
may have experienced that eHealth services fitting their context
are limited compared with those for the ethnic Norwegian
population living in the same area. Providing eHealth services
that meet the ability and needs of this population, combined
with specific training in ICT use, may trigger the motivation
for using ICT in general, as well as for health purposes. As
Townsend et al [27] argue, “access alone, if not accompanied
by services, support, and resources designed to reach and appeal
to diverse populations, will not automatically improve an
individual’s eHealth use, or their health outcomes” and “issues
of equity need to be considered regarding disparity in access to
skills, education, and opportunities to develop them.”

The existing knowledge so far [18,26,28] implies that the
Pakistani immigrant population is highly heterogeneous when
it comes to, among many other factors, ICT skills, literacy levels
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in their native language, attainment of Norwegian language,
attachment to the culture of origin, and acculturation to the
environment of Norway. We need to identify subgroups of this
demographic group that would benefit most from eHealth use
for self-care of T2D and support.

Aim of the Study and Research Questions
Today there is a digital divide that goes beyond access to ICT
resources among Pakistani immigrants in Norway. This gap
needs to be addressed to realize the potential in eHealth to
mitigate social disparity.

This study aims to provide new insights into the use of and
attitudes toward relevant eHealth services to self-care of T2D
in this group. Types of eHealth use studied are information
searches, communication using ICT, and use of ICT for self-care
or decision making. Information searches include using search
engines by entering search terms, visiting specific websites to
read relevant information, and use of look-up applications.
Communication using ICT includes closed communication such
as voice or video conversation as well as text messaging, use
of social network services, and online consultation to peers or
health care professionals. ICT for self-care or decision making
includes applications and similar to either record and track data
of oneself, such as diet, physical activity, or blood glucose level,
or assess user’s health condition or risk based on input data.

The following research questions will be addressed:

1. What are the traits of informants concerning the use of and
attitudes toward eHealth for their self-care of T2D?

2. How do informants describe barriers and facilitators of
using eHealth services for their self-care of T2D in general?

3. What are their experiences of eHealth services for their
self-care of T2D concerning their language and culture?

The survey will help us to break down the problem areas and
provide a necessary overview of the status quo in eHealth use
for self-care of T2D and attitudes among the target population.
Once complete, the study will contribute to defining target users,
their requirements and experiences with eHealth services for
self-care of T2D.

Theoretical Framework
It is important to use theoretical frameworks when designing
studies on predicting factors of technology use [29]. We,
therefore, based our work on well-established theoretical
frameworks relevant to ICT use and health behaviors. Many
recent studies [30-36] have used technology acceptance model
(TAM) [37] and its derivatives [38,39] as a basis to analyze the
general public’s or the users’ acceptance of eHealth. TAM has
been very well documented and widely used to analyze users’
acceptance of ICT-based tools. TAM predicts users’ acceptance
of technology by behavioral intention (BI) to use the technology.
BI is explained by users’ perceived ease of use (PEOU) and
perceived usefulness (PU). PU is partly explained by PEOU.
The studies using TAM to analyze acceptance of eHealth
typically attempt to extend TAM to find out antecedent factors
of BI, PEOU, and PU or combine with other models.

Tested antecedent factors on the user side are mainly categorized
into personal factors, organizational factors, and social factors.

Personal factors include factors related to being a patient (or
ones relevant to the purpose of using eHealth), to being an ICT
user, and factors potentially related to both issues such as
sociodemographic variables. Organizational factors include
users’ relationship with health care personnel or institute, users’
satisfaction with them and available support in using technology.
Social factors mostly refer to extrinsic motivation by others.

Given that use of eHealth has the potential to enhance or trigger
positive health behaviors, if not improve health condition or
prevent diseases by itself, it is reasonable to assess eHealth use
as a component of relevant health behavior theories (HBTs). A
well-known model of individual health behavior is the Health
Belief Model (HBM) [40]. In HBM, individual behaviors are
predicted by individual beliefs and triggered by cues to those
behaviors. For example, it is reasonable to see searching the
Internet for health information as a health behavior in HBM
because it increases health knowledge. An integrated model of
TAM and HBM has been tested and proven to be able to predict
Internet use for health purpose by working women living in an
urban area of Malaysia [35].

In this study, we do not intend to suggest a new model of
eHealth acceptance or to test the applicability of existing models
to our settings. Instead, we use relevant established theories as
a framework to investigate eHealth use and to identify users’
background traits depending on eHealth use and attitudes to it.
Therefore, we implemented questions that supplement measures
in the theoretical frameworks to explore areas that those
frameworks do not cover. Such questions are especially
concentrated on cultural and language oriented traits of the
target population.

Methods

Sample and Recruitment
We are particularly interested in how language barriers and
cultural background of the target population are associated with
their eHealth use for self-care of T2D. Due to this focus, we
employ purposive sampling and use culturally adopted recruiting
methods to assure inclusion of otherwise “hard-to-reach”
informants. The following inclusion criteria were set: (1)
immigrated from Pakistan after the age of 18 and living in the
Oslo area, (2) speak Urdu (the official language of Pakistan) as
the primary language in their private life, (3) are aged between
25 and 59, (4) have access to or interest in ICT-tools (PC, tablet,
or smartphone), connected to the Internet in daily life, and (5)
are motivated for and capable of activities for self-management
or prevention of T2D.

Before finalizing the inclusion criteria and the questionnaire to
use, we carried out a pilot testing with 10 informants who
satisfied all the inclusion criteria above but “after the age of 18”
in the first criterion. The pilot testing included two informants
who immigrated to Norway at an early age. Although they
claimed that their primary language was Urdu, they had received
primary educations in Norway and did not have any difficulties
in using ICT and eHealth in the Norwegian language. Given
the fact that many Pakistani people immigrate by marriage to
Pakistani-Norwegians [18], we decided to add age at the time
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of immigration to 18 and above. The lower age limit in the third
criterion aligns inclusion criteria employed in previous
intervention studies for prevention of T2D among the
Norwegian-Pakistani population. [21,22,24,25].

The upper age limit and the last two inclusion criteria are set to
highlight issues of language barriers and cultural differences
beyond the access to ICT by eliminating common issues between
the target population and the ethnic Norwegian population.
Figures from 2010 show a significant drop in the percentage of
the Norwegian population over the age of 55 that use the Internet
to seek health-related information [6]. The proportion of the
population using the Internet for such purpose among those
aged between 55 and 64 increased by 20 percentage points in
2013, so upper age limit of 59 in 2015 and 2016 is reasonable.

Regarding the last criterion, activities in concern include having
a healthy diet and being physically active. We employ a question
asking about informant’s intention to change lifestyle for
self-care of T2D used in a relevant study [25]. The question is
related to trans theoretical model [41]. We include those who
consider changing behavior or already have done so as
informants. Although we use this question as an inclusion
criterion, an answer to it corresponds to a stage of lifestyle
change and is an important personal factor related to his/her
health. Therefore, we will include a given answer to this
question in the analysis of results.

For recruitment, we follow multirecruitment strategies
recommended from the experience of difficulties in recruiting
South-Asian people [42]. Intervention studies among the
Norwegian-Pakistani population also used these strategies
[21,22,24,25]. Two research assistants who have an established
connection to the Norwegian-Pakistani community in the Oslo
area will be in charge of recruitment. Due to expected low
literacy level, recruitment is done verbally, by phone calls and
house visits in areas with high proportions of Pakistani
immigrants (mainly southeast of the Oslo area [18]). A written
invitation is used additionally. The recruitment strategy includes
snowball sampling [43] where people who are invited to the
study also contribute to disseminate the study through their
networks.

We aim to recruit 200 informants in total for the survey. We
consider this sample size is reasonable given the project budget
and the following reasons. Sample sizes varied a lot in relevant
studies that quantitatively assessed acceptance of an eHealth
service using theoretical frameworks: 101 [34], 132 [32], 163
[30], 250 [31], 293 [35], and 1071 [33]. Besides two studies
[30,34] where informants were selected among all the
individuals having access to the eHealth service of their interest,
justification of sample size was not shown. Sampling methods
also varied among these studies. A study of users’ perception
of social media as a part of chronic disease management also
found the situation similar and set the aim of its sample size as

200 to 250 [44]. The informants will receive compensation of
a gift card with a value of 500 Norwegian Krone (approximately
US$60) at the completion of the survey.

Data Collection – Survey by Questionnaire-Based
Interview
We collect data in the form of questionnaire-based structured
individual interviews. One research assistant asks questions
orally, and the other assistant fills out the orally given answers
on an answer sheet. Answers to open questions are written down
in English by one assistant, and the other assistant assures the
expression in English is reasonable.

The primary reason for using individual interview was that
low-literacy and -education level is prevalent among the target
population. This method has the potential to increase response
rate as well as provides possibilities to explain questions and
alternative answers for closed questions to assure the quality of
data. To keep the condition of data collection consistent, we
decided to use only the form of individual interview for all the
informants regardless of their literacy levels.

Survey Questions
Figure 1 shows the structure of the designed survey
questionnaire. They are divided into three broad categories:
personal factors (sections 1-3 in Figure 1), experiences of using
eHealth services and attitudes toward them (sections 4-6 in
Figure 1), and interests in eHealth services targeted to
immigrants from Pakistan in Norway (section 7 in Figure 1).

Questions were first formulated in English by the research
members. Our approach to developing the questions in the Urdu
language was concept driven [45]. We had a workshop where
research members and the research assistants who are fluent in
both English and Urdu confirmed concepts of questions. After
the workshop, the two assistants independently developed
questions in Urdu. They confirmed consistency of expression
of questions in Urdu language or discussed until they reach
consistent results.

In the pilot testing, we tested the questions expressed in the
Urdu language and the agreed procedure of the survey. We
iteratively improved the questions and the question structure.
By the sixth informant in the pilot testing, the questions and the
question structure were finalized.

Multimedia Appendix 1 shows the entire set of the survey
questions. The final version of the questionnaire consists of
seven sections and 102 main questions in total. The number of
questions an informant will answer is fewer due to the logic
tree structure. All the questions asked by Likert-scale employed
a 5-point scale. This decision reflects the feedback from the
pilot study and Dawes’ study [46] showing that there is very
little difference in data characteristics between 7- and 5-point
Likert scales.
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Figure 1. Structure of the questions to use in the survey.

Personal Factors
Questions under this category are divided into three sections
corresponding to three subcategories: demographics and
language proficiency (section 1), health (section 2), and ICT
experiences (section 3).

The “demographics and language proficiency” subcategory
includes an educational level in both Pakistan and Norway, the
period of being in Norway and their confidence in writing and
reading in Urdu script, Roman Urdu, and Norwegian. Roman
Urdu is the Urdu language written in Roman letters. We included
Roman Urdu because the pilot study revealed that Roman Urdu
is often used among the target population, especially for text
communication using ICT devices.

The “health” subcategory includes measurement items for
theoretical constructs within relevant HBTs. We considered
various validated measures used in relevant studies
[24,30,33-35,38,47-49] and agreed on employing measures of
theoretical constructs that were shown to predict BI of the
studied eHealth service directly or indirectly. Included measures
are; self-efficacy (adopted from [49]), perceived health risk,
and health consciousness (adopted from [35]), health anxiety
and optimism (adopted from [33]), and health knowledge scale

(adopted from [30]). For knowledge about risk factors, we based
our questions on an intervention study to the
Pakistani-immigrant women at a high risk of T2D in the Oslo
area [24]. Besides them, we have employed measures concerning
their relationship with health care providers from [50] as
organizational factor explained in the “theoretical framework”
section above.

The “ICT experiences” subcategory is further divided into two
parts. The first part, subsection 3-1, consists of questions asking
about access to ICT in general including indirect access. Here,
indirect access means that another person operates ICT devices
on behalf of an informant. The second part, subsection 3-2,
consists of questions asking informant’s experience in using
ICT for different types of purpose that correspond to the types
of eHealth services in this study. Therefore, these questions
serve as a filter to ask further questions about the use of eHealth
service.

eHealth Use and Attitudes
This category is divided into three sections corresponding to
the three types of eHealth services the study is addressing
(information searches (section 4), communication using ICT
(section 5), and use of ICT for self-management or decision
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making (section 6)). All the questions asking about experiences
of using ICT include subquestions asking which languages
informants use for each purpose. The informants in the pilot
testing used a variety of methods for both text typing/input and
reading. Therefore, we implemented subquestions asking about
methods to use for each purpose of ICT use of our interest. To
those who have experiences of using the specific types of
eHealth services, we prepared an open question to ask about
the experiences in detail. For each open question, we prepared
a series of keywords and phrases as hints to make it easier for
informants to remember the experiences. The key words and
phrases include among others content fitness to informants’
culture, lifestyle, language, gender, and age, concern about
information security and privacy, and trustworthiness of
services. We employed this way to explore any relevant issues
to their eHealth use originating from their personal background
rather than increasing the number of questions to ask informants
about potentially irrelevant issues. During the pilot study, we
identified several cases that theoretical constructs within TAM
and its derivatives were not applicable to explain not using
eHealth services. Thus, we also included questions asking
reasons for not using each type of eHealth services as well as
their attitudes toward using the eHealth services.

For section 4, the subcategory of information searches, we added
a group of questions (subsection 4-2) that ask about informants’
strategy for learning about T2D regardless of using ICT. These
questions will be asked regardless of the experience of ICT use
for any information searches in general.

Interest in eHealth Services Targeted to Immigrants
from Pakistan in Norway
Section 7 includes measurement items for theoretical constructs
within TAM and its derivatives. These measure are BI, PEOU
(adopted from [33]), PU (adopted from PU2, PU3, and PU4 in
[38]), subjective norms (adopted from SN1 in [38]) and intrinsic
motivation (adopted from [33]), and image (adopted from IMG2
in [38]). The technologies in concern for these measures are the
three types of currently available eHealth services for self-care
of T2D. Due to the difficulty in differentiating expressions in
Urdu language and the reported frustration of being asked very
similar questions more than once in the pilot testing, we decided
to ask one question for a measure of BI, subjective norms, and
image. While we employed open questions to ask the reasons
for no experience of using eHealth services in the previous
sections, we implemented an open question to ask what would
make them interested in using each type of eHealth service in
a constructive manner. Also, we designed two questions that
ask level of their interest in eHealth services designed for the
target population in this study and in being involved in the
design process of such services. Finally, we set questions asking
their awareness of the Norwegian Diabetes association’s services
provided in the Urdu language including eHealth services and
the level of their interest.

Analysis
The data analysis process will start by examining the validity
of measurement models and measurements by using
confirmatory factor analysis. Due to a potential for high
heterogeneity of given answers and the inclusion of originally

formulated questions, we will primarily employ a qualitative
approach in data analysis and corroborate with results of
quantitative data analysis. We will use descriptive statistics first
to find out central tendencies. We will carefully examine the
distribution of data for applicability of parametric analysis. If
a parametric analysis is not suitable, we will use a nonparametric
analysis. Because it is very likely that informants’ backgrounds
vary a lot, we expect that answers given to open questions will
provide hints of unforeseen factors that may partly explain
theoretical constructs. Thus, we will follow the framework of
thematic analysis proposed by Braun and Clarke [51] to identify
repeatedly emerging themes at the semantic level.

Ethical Approval
This study collects sensitive data such as diagnosis of T2D and
educational levels in Pakistan and Norway. Even though the
study does not collect any directly identifiable personal data, a
relatively small sample size in a limited area of Norway and
the inclusion criteria may compromise their anonymity. Ranges
rather than exact values were used to record information
regarding the informants’age and the period of being in Norway.

At the recruitment, the research assistants explain informants
the purpose of this study, what types of questions are included
in the survey, that the data is handled anonymously and kept in
secured storage, who will attend the interview, and who will
have access to the anonymized data. Informants will receive
this information in a written format as well at the beginning of
an interview. Informed consent is given verbally, which is
allowed by the institutional review board, the Norwegian Social
Science Data Services (NSD) [52]. The project protocol
including the ethics of sampling and recruitment procedures
was approved by NSD in June 2015 (project number: 43549).

Results

This paper is a protocol paper and data collection from the main
survey is still in progress at the time of submission. The main
survey started in September 2015. By the end of November, we
collected responses from 103 informants. The expected time to
complete data collection is the end of February 2016.

Discussion

Challenges to Include Immigrant Populations
This paper presents the protocol of a survey on eHealth use
concerning T2D among first-generation immigrants from
Pakistan in the Oslo area. Our focus is on their eHealth
experience in relevance with language barriers and cultural
differences. Although eHealth has a great potential for
immigrant populations for easy access to culturally sensitive
health information, knowledge on status-quo of eHealth use in
immigrant populations is scarce [7,12,53-56]. Also, such
knowledge cannot be generalized because of the diversity of
immigrants, including the combination of their country of origin
and the country they immigrated to. Failure in involving
immigrant populations in research studies is not limited to
surveys, which often requires literacy in the language of the
survey, but is also common in clinical intervention studies in
general unless they specifically target such populations [42,57].
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Ensuring inclusion of immigrant populations requires culturally
sensitive methods regarding recruitment and data collection.
We have adopted such a strategy, aiming especially to include
those who may be excluded or may feel reluctant to participate
if we took other methods, such as a Web- or paper-based survey
with probability sampling and invitation by letter only [58,59].
However, our chosen methods have the challenges and
limitations.

First of all, the methods for recruiting and data collection are
time-consuming and resource-demanding. Due to the language,
the methods rely on the Urdu-speaking research assistants who
recruit informants and collect data. One interview takes 1 to 1.5
hours, so the number of interviews per day is limited.

Secondly, informants’ background variables, such as gender
and age range, potentially have a skewed distribution. This
challenge is not only related to chosen methods, but to general
challenges in the group and other. From very early phases of
the study design, we were aware of a potential challenge for
recruiting male participants. Our research assistants have
relevant experiences from an intervention study to prevent T2D
among women with Pakistani background in the Oslo area
(InnvaDiab study) [25,60]. Thus, their connection to the female
society is strong but they have a weak connection to male
society. Further, we were informed of a general tendency that
Pakistani men do not feel comfortable being asked personal
questions and talking about their health. A large proportion of
Pakistani men are engaged in shift-time work in transportation
service [18], work extraordinarily many hours, and have little
flexibility. We will try to overcome such challenges by offering
interviews at various times of the day as well as on weekends.
A higher response rate by female than male informants is
observed in other studies with similar context as well
[12,30,44,61]. This gender unbalance may be an interesting
finding by itself for further discussion, especially in the light
of reported lower education, lower employment rates, poorer
integration, and more health concerns among women than men
among Pakistani immigrants [28]. Higher participation by
women than men in our survey may be a consequence of
inclusion criteria, especially regarding interest in prevention
and self-care of T2D. Therefore, while we will do our best to
recruit informants with balanced gender and age distribution,
we prioritize reaching to the aimed sample size. Our study will

shed light on challenges with including both genders from the
Pakistani immigrant population, which can be useful for future
studies.

Lastly, we need to note a potential risk of selection bias, where
informants’ personal factors may differ from the represented
population. Because we do not have our sample ready yet, we
refer to a reliability of the sample in the InnvaDiab study [25,60]
recruited in the same way to justify our methods. In the
InnvaDiab study, the sample was comparable to samples in
other studies among Pakistanis in Oslo using other methods
[62], and to data from Statistics Norway [28,63], concerning
weight, education level, the number of children, and length of
stay in Norway. With the mentioned challenges and limitations
in mind, we aim to reach a representable sample of the target
population and provide an adequate overview of their eHealth
use.

Conclusions
For eHealth to be truly a social innovation, it should be readily
accessible and useful regardless of users’ ethnicity, country of
residence, or primary language. This is in line with a claim by
World Health Organization [64]. Van Gemert-Pijnen and
colleagues [2] propose a holistic framework for a development
of eHealth technologies, the Center for eHealth Research and
Disease Management roadmap. The roadmap highlights a
contextual inquiry as the first activity in a process of gathering
information about intended users and the environment where
the technology will be implemented. Although such a contextual
inquiry presumes who the “intended users” are, a demographic
group of “Pakistani immigrants in the Oslo area” is neither
sufficient nor appropriate as a definition of the “intended users”
to address the issue of digital divide. Results of this study will
identify the intended users by highlighting the importance of
understanding how people who may not benefit from eHealth
could be targeted in the future. The results will then further
inform the design of a contextual inquiry study that will be used
to design, develop, and disseminate eHealth services for
self-care of T2D adapted for the intended users.

The study will also be of importance to research and policy
makers that aim to mitigate the social disparity in health among
immigrants. In these regards, the study design described in detail
in this article will be valuable in providing a basis for designing
a survey of eHealth use by immigrants in other contexts.
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Abstract

Background: Neoadjuvant systemic therapy is offered to selected women with large and/or highly proliferative operable breast
cancers. This option adds further complexity to an already complex breast cancer treatment decision tree. Patient decision aids
are an established method of increasing patient involvement and knowledge while decreasing decisional conflict. There is currently
no decision aid available for women considering neoadjuvant systemic therapy.

Objective: We aimed to develop a decision aid for women diagnosed with operable breast cancer and considered suitable for
neoadjuvant systemic therapy, and the protocol for a multicenter pre-post study evaluating the acceptability and feasibility of the
decision aid.

Methods: The decision aid was developed through literature review, expert advisory panel, adherence to the International Patient
Decision Aid Standards, and iterative review. The protocol for evaluation of the decision aid consists of the following: eligible
women will undertake a series of questionnaires prior to and after using the decision aid. The primary endpoint is decision aid
acceptability to patients and investigators and the feasibility of use. Secondary endpoints include change in decisional conflict,
participant knowledge, and information involvement preference. Feasibility is defined as the proportion of eligible participants
who use the decision aid to help inform their treatment decision.

Results: This study has recruited 29 out of a planned 50 participants at four Australian sites. A 12-month recruitment period is
expected with a further 12-months follow-up.

Conclusions: The decision aid has the potential to allow patients with operable breast cancer, who have been offered neoadjuvant
systemic therapy, decreased decisional conflict, and greater involvement in the decision. If this study finds that an online decision
aid is feasible and acceptable, it will be made widely available for routine clinical practice.

Trial Registration: Australian and New Zealand Clinical Trials Registry ACTRN12614001267640;
http://www.anzctr.org.au/TrialSearch.aspx?searchTxt=ACTRN12614001267640&isBasic=True (Archived by WebCite at
http://www.webcitation.org/6gh7BPZdG)
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Introduction

Neoadjuvant systemic therapy (NAST) has become a routine
treatment option for selected women with operable breast cancer,
endorsed by international guidelines [1, 2], patients [3], doctors
[4], and breast cancer advocates [5]. We estimate that at least
20% of patients with breast cancer might benefit from NAST;
however, this rate varies among clinicians [6]. It has the
advantages of down-staging some larger tumors from
mastectomy to lumpectomy [7], providing prognostic
information depending on the degree of tumor response [8], and
facilitating translational research for early biomarkers of
response [9]. In tumors with higher rates of proliferation such
as triple negative and HER2 (human epidermal growth factor
receptor 2)-positive, pathological complete response is
considered a surrogate outcome for the approval of novel
therapies [10]. Additional potential benefits include additional
time for surgical decision making, genetic testing, and
downstaging of the axilla [11]. Overall survival and disease-free
survival are equivalent following either neoadjuvant or adjuvant
systemic therapy with appropriate local therapy [12]. Despite
these advantages, NAST is not frequently used for women with
operable disease, with one Australian study reporting an
estimated rate of 2.75% [4], and in the United States 3.8% [13].
Possible reasons for this low rate of NAST use include the need
for changes in workflow practices, patient expectation for
upfront surgery, patient lack of awareness of NAST, and lack
of available clinical trials [6]. Potential disadvantages to NAST
include the loss of detailed pathology to guide multidisciplinary
management; the (low) potential to delay surgery in patients
who do not respond to NAST; and reduced time between surgery
and radiotherapy, which may impact on breast reconstruction
outcomes [4].

In a series of semistructured interviews conducted by our group,
women with breast cancer expressed interest in NAST, for
down-staging, prognostication, and to allow additional time to
plan surgery [3]. However, they were not able to be as involved
as they would like in the decision to receive NAST rather than
adjuvant systemic therapy. They reported a lack of information,
meaning that they did not feel adequately informed about the
options available. They felt that clinicians tended to direct them
toward one option, rather than their preference of shared control.
This skewed distribution of decisional control was echoed in a
survey of 207 Australian and New Zealand breast cancer
specialists, where the majority of clinicians directed the decision
about whether NAST would be given for operable breast cancer.
This study, using an adaptation of the Control Preferences Scale
[14], found that no clinicians reported that their patients made
the final decision about NAST [15]. This indicates a mismatch
between patient wishes and the experience of shared decision
making [16], and suggests that strategies are required to better
involve patients in the decision about NAST.

Women with early stage breast cancer typically desire
involvement [17] and decisional control over their treatment
[18]. Those who are at least as involved as they wanted
experience better decision-related outcomes including
consultation satisfaction, satisfaction with decision making,
perception of clinician-shared decision-making skills, and
decreased decisional conflict [18]. Being involved in decision
making about breast cancer is associated with improved quality
of life up to 10 years postdiagnosis [19]. However, it may be
particularly difficult to engage women in decisions about NAST
due to the complexity of the decision, distress from breast cancer
diagnosis, perceived urgency, and an expectation that surgery
will be the first treatment offered [3]. Patients may also want
to proceed with up-front curative surgery in the hope that
chemotherapy, which is seen as toxic and intrusive [20], may
be avoided entirely.

Patient decision aids (DA) are an established method to improve
the quality of shared decision making. Patient decision aids for
treatment decisions have been shown to decrease decisional
conflict, increase knowledge about options, improve risk
perception, and improve patient-practitioner communication
[21]. Decision aids are particularly suited to decisions where
the various risks and benefits of the alternative treatment options
may be valued differently by different individuals [22]. The
choice between NAST and conventional sequencing (surgery
followed by chemotherapy) is such a decision. In a systematic
review of decision aids for patients with early stage breast
cancer, we could not find any reports of a decision aid for NAST
[23]. In our Australian survey, 86% of breast cancer specialists
expressed interest in using a decision aid for women with
operable breast cancer who are offered NAST. Women who
were interviewed endorsed the development of a NAST DA
and expressed a preference for a tool in print form that was
accessible from a trusted source. In this paper, we describe the
development of such a DA and the protocol for a study that will
evaluate that DA.

Methods

Decision Aid Development
A DA (see Multimedia Appendix 1) was developed based on a
literature review and then refined in an iterative process by an
expert advisory panel comprising medical oncologists, breast
surgeons, a psycho-oncologist, consumers, a breast care nurse,
and a breast cancer advocacy organization representative
according to the systematic process described by Coulter et al
[24]. A skilled consumer advocate with personal experience of
breast cancer reviewed the decision aid on multiple occasions
and provided constructive advice. The structure of the DA was
based on the International Patient Decision Aid Standards
Collaboration statement, to include a balanced description of
adjuvant and neoadjuvant therapy, including advantages and
disadvantages, outcome probabilities for each option, graphics,
and a values clarification exercise. The DA was then circulated
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to an additional stakeholder group with similar composition to
the first, who had not seen the DA, for further refinement. It
was then professionally formatted in portable document format
(.pdf) to be downloadable and printable in either color or black
and white.

The final DA includes an introduction, brief general information
about breast cancer and the treatments used, explanation of the
options for the timing of chemotherapy and surgery, the
advantages and disadvantages of neoadjuvant and adjuvant
therapy, a values clarification exercise, a page for notes, a
glossary, and information about where to find additional
resources. Using the readability statistics package embedded in
Microsoft Word, the decision aid has a grade 10 Flesch-Kincaid
readability level. The introduction is necessary for newly
diagnosed breast cancer patients to understand basic concepts
about treatment modalities because they may not have received
other written general information at the time that NAST is being
discussed. A diagram represents the options of either
chemotherapy followed by surgery or surgery followed by
chemotherapy. Radiotherapy (if indicated), HER2-directed
therapy (if HER2 positive), and endocrine therapy (if estrogen
[ER] and/or progesterone receptor [PR] positive) follow in the
flow diagram in Multimedia Appendix 1. The diagram is
designed to demonstrate that treatment duration is expected to
be similar with either option.

Key components of risk are presented using visual, numeric,
and narrative formats with appropriate labeling, tailored to
individual tumor characteristics [25]. The likelihood of a
pathological complete response is presented according to breast
cancer subtype: ER/PR (hormone receptor [HR]) positive, HER2
negative; HR positive, HER2 positive; HR negative, HER2
positive; and HR negative and HER2 negative (triple negative
[TNBC]). The probability of remaining alive and free of breast
cancer at 5 years is presented, based on whether a pathological
complete response was achieved, or not. These estimates are
based on a meta-analysis of neoadjuvant clinical trial results
reported by von Minckwitz et al [26] and Cortazar et al [8]. A
1000-dot diagram, with each dot representing one patient,
illustrates the likelihood of tumor progression (3%) or becoming
inoperable (0.3%) on neoadjuvant chemotherapy, based on a
case series by Caudle et al [27].

The values clarification exercise in this DA is a diagram with
statements about advantages and disadvantages of either option
[28]. Patients can nominate how important each factor is to
them and then make a mark on a linear analogue scale to show
which option they prefer and how strong their view is. Patients
are encouraged to discuss their options with friends, family,
and other health professionals if they wish. The final decision
is made at a follow-up visit with their surgeon or medical
oncologist.

Figure 1. Study schema.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e88 | p.421http://www.researchprotocols.org/2016/2/e88/
(page number not for citation purposes)

Zdenkowski et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Evaluation of Decision Aid
ANZ1301 is a multicenter study using a pre-post design to
evaluate the acceptability and feasibility of the decision aid
(Figure 1) described above. The project is being led by the
Australia and New Zealand Breast Cancer Trials Group
(ANZBCTG) in collaboration with the Psycho-oncology
Co-operative Research Group. It is funded by an HCF Research
Foundation grant with central trial coordination by the
ANZBCTG. All four sites have received ethics approval from
the Hunter New England Local Health District Human Research
Ethics Committee, under the Australian National Mutual
Acceptance multicenter ethics scheme.

Study Participants

Clinicians
In total, 26 clinicians from four ANZBCTG sites have been
recruited to identify women eligible for the DOMINO (DecisiOn
MakIng about NeOadjuvant) study. Participating sites are
Calvary Mater Newcastle, Waratah, NSW; The Breast and
Endocrine Center, Gateshead, NSW; The Mater Hospital, North
Sydney, NSW; and Royal Melbourne Hospital, Parkville, VIC.
Patients are screened at those four sites and in the private
practices of associated clinicians. All participating clinicians
and site study personnel receive training on the online system
developed for this study.

Patients
Patients are eligible to participate in the DOMINO study if they
are female and aged over 18 years; have a histological diagnosis
of invasive breast cancer; have an operable invasive breast
tumour; are considered appropriate for neoadjuvant systemic
therapy (NAST) with curative intent using chemo- and/ or
endocrine therapy; are able and agree to access study
information via the Internet; are able to comply with the study
procedures for the duration of the study; and give voluntary,
informed consent.

Patients are ineligible if they are expected to receive fewer than
3 months of NAST; have a hearing or other impairment that
would preclude a phone interview; are unable to access the
Internet using a laptop or desktop computer, or do not have an
active email address with which to participate in the study; have
insufficient English language skills for participation in online
surveys and oral interviews; have inflammatory, metastatic, or
inoperable breast cancer; or have a medical or psychiatric
condition that precludes informed consent or prevents adherence
to study procedures.

Study Design

Screening
Potentially eligible patients are identified during the planning
of their initial treatment strategy at participating Australian sites
during multidisciplinary meetings and at surgical and medical
oncology appointments. Patients are approached by their
clinician during their appointment to consider receiving
additional information about the DOMINO study via a Web
link that is sent to the patient via an auto-generated email. At
the time of the initial offer of study participation, patients are

asked to indicate written consent on a screening form for their
personal information (name, email address, and telephone
number) to be provided to the ANZBCTG. A Web link to the
study consent page and questionnaires is then sent to them by
email. Patients who consent to share personal information are
provided with a copy of their signed screening consent form
along with study-specific written information about their breast
cancer. This information is intended to aid understanding of
their diagnosis when using the decision aid. Clinicians are
required at this time to record details regarding the primary
reason for NAST, as well as an opinion of the patient’s current
distress levels and information preferences. The completed
screening consent form is sent via Teleform (Hewlett Packard)
fax to the ANZBCTG to be verified, and email contact with the
patient is established.

If the patient does not consent to share personal information,
the clinician records information on the screening consent form
so a log can be kept of each patient who is ineligible and
screened out, eligible but not offered participation, and offered
participation but declines. The number of patients who consent
to screening but do not participate in the study will also be
recorded. Screening data will be used to describe feasibility of
DA use.

Registration
Patients are registered to the study through the following
process. The screening form is received at the ANZBCTG for
validation and confirmation of eligibility criteria. Patients who
consent to release their details on the screening form receive an
automatically generated email. These patients are now
considered eligible for the DOMINO study. Patients who access,
read the online DOMINO Information Statement and Consent
page, and agree to participate in the study are redirected to a
series of demographic questions. On submission of responses
to demographics and consent, patients are considered registered
to the study. Patients at this stage are also given the opportunity
to opt in to a telephone interview. Eligible patients have a
6-week window in which to view and agree to participate in the
DOMINO study before being considered a screen failure. We
aim to register 50 patients to the DOMINO study.

Electronic Communication Processes
At the point of registration, patients are requested to enter a
password to access the DOMINO website. Thereafter, an
individual’s username is defined by their email address.

Site trial coordinators input dates of patient appointments and
projected treatment completion dates, which are then used to
calculate and trigger all communication with the patient and
reminders to site coordinators. Pre-designed patient and site
coordinator emails are sent automatically at specific timepoints,
as guided by information entered by sites as to the treatment
decision (either NAST or surgery), to patients. A reminder email
is sent to the patient if the survey remains unsubmitted 3
calendar days after the initial email. If after an additional 2
calendar days a patient has not submitted a questionnaire, an
automatically generated email is sent to the ANZBCTG study
coordinator prompting a telephone call to the patient. Site study
coordination staff are sent automatically generated emails
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prompting completion of data via the online system or informing
them of their patient’s submission of a questionnaire.

Outcome Measures

Primary Outcomes
DA acceptability is the first outcome. It is defined as at least
half of patients considering the DA useful for their decision and
at least half of clinicians indicating that they would use the DA
in their routine clinical practice. Acceptability will be assessed
using a single question from the DA feedback questionnaire
developed by Juraskova et al [29] about whether the patient
considered the DA useful for their decision. This questionnaire
also measures general satisfaction with the DA.

Feasibility of DA use will also be assessed as an outcome. We
define it as at least half of patients who were offered
participation in the study accessing the DA, and at least half of
those who access the DA stating that they read it.

Secondary Hypotheses and Outcome Measures
We hypothesize that with use of the DA the Decisional Conflict
Scale score will decrease [30]; knowledge about NAST, using
a custom-designed questionnaire, will increase; information
and involvement preference will increase [31]; agreement
between preferred and achieved decision control will be high,
based on an adaptation of the Control Preferences Scale to
include achieved control [14]; and the Control Preferences Scale
score will increase [14]. Further, there will be no change in cost
of health care delivery or in the 6-item State-Trait Anxiety
Inventory score [32]. Fear of cancer progression will be
unchanged while receiving neoadjuvant therapy [33]; the
Decisional Regret score after chemotherapy and after surgery
will be low [34]; fear of cancer recurrence score will be low
[35]; distress thermometer score will decrease [36, 37];
satisfaction with decision score will be high [38]; and there will
be no change in outcomes between those who decided to receive
neoadjuvant chemotherapy with those who decided not to have
neoadjuvant therapy.

Exploratory Hypotheses
Correlation will be good between baseline investigator
assessment of participant information and involvement
preference and participant report of DA acceptability.
Correlation will be good between high baseline participant
information and involvement preference and high acceptability
of DA to participants. Correlation will be good between baseline
investigator assessment of distress and participant report of
distress. Participants will be willing to complete the EuroQol
5-Dimensions (EQ-5D-5L) questionnaire, a health utility
measure.

Knowledge Questionnaire
A custom-designed 7-item knowledge questionnaire has been
developed based on the content of the DA to test recall and
comprehension (see Multimedia Appendix 2). Questions were
taken from information throughout the DA. The number of
correct responses will be transformed to a score out of 100.

Demographic, Tumor, and Treatment Information
The following demographics will be recorded: age, marital
status, level of education, health insurance, occupation, and
native language. Tumor characteristics consist of tumor size,
nodal status, estrogen/progesterone receptor, HER2
amplification, and grade. Investigations and treatment received
include duration of chemotherapy, radiotherapy, surgical
procedure(s) performed, biopsies, and imaging performed.

Telephone Interview
Participants will be asked to participate in a semistructured
interview using a pre-planned interview guide, to gain a deeper
understanding of their attitude toward the utility and
acceptability of the DA. Participants are asked at the time of
consent to tick a box indicating their willingness to be contacted
for an interview. Interviews will undergo immediate initial
analysis and will be conducted until thematic saturation is
reached, defined as no new major themes in three consecutive
interviews. Further rounds of analysis will be conducted in an
iterative fashion after all interviews are complete. Interviews
will be recorded, transcribed verbatim, and analyzed using
qualitative methodology. Qualitative descriptive methodology
will be used, as is appropriate when lived experience, views,
and preferences are the target of investigation, and there are
little existing data available. This method can be used to gain
a rich description of an experience, founded in existing
knowledge and interpreted in the context of the clinical
experience of the research group [39].

Clinician Questionnaire
After 50 patients have completed their post-DA questionnaire,
all clinicians will receive an electronic questionnaire. The
questions include specialty (surgeon or medical oncologist),
intent to use the DA in routine clinical practice, patient selection
for DA use, effect on consultation duration and number, apparent
effect on decision making, and comments on content. The DA
will be considered acceptable to clinicians if more than 50%
report that they would use the DA in routine clinical practice.

Questionnaire Administration
A series of validated questionnaires where available, and custom
designed where a questionnaire is not available, are presented
to patients at four timepoints before and after access to the
decision aid (see Table 1). Prior to access to the decision aid,
patients are asked to report demographics and to complete 6
questionnaires that address decisional conflict, decision-making
preference, information and involvement preferences, anxiety,
distress, and an optional health economic instrument.

At the completion and submission of the first set of
questionnaires, patients are able to access an electronic copy of
the decision aid. This document can be printed, saved, and
accessed by a patient at any stage of the study by logging in to
the DOMINO website. Patients are asked to complete and read
the decision aid prior to attending their next appointment with
their clinician, at which time a decision regarding treatment
may be made. At this visit, the clinician refers to the decision
aid and asks whether the patient has any questions about it.
After the attendance at an appointment where a decision was
made regarding treatment and specific data have been entered
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by the site, the patient receives an autogenerated email informing
them that a second set of questionnaires is available for
completion. Questionnaires at this timepoint ask the patient to
reflect on the information provided in the DA and its role in
their treatment decision. Patients who do not submit both
questionnaire sets 1 and 2 will be replaced to ensure that pre-post
outcomes are recorded for 50 patients.

Based on treatment details supplied by the site trial coordinator
about treatment option chosen and date of completion, an email
link to questionnaire set 3 is sent to the patient. This
questionnaire is to be completed after the initial treatment

strategy of either chemotherapy or surgery. It is expected that
most participants will then proceed with surgery or systemic
therapy respectively as their subsequent treatment strategy. This
assessment aims to determine the effect of the first treatment
strategy on decision-related outcomes, without the influence of
the alternative strategy.

Questionnaire set 4 is answered 12 months after registration, to
investigate longer-term outcomes including anxiety, distress,
regret, and recollection of pathology results. This is the last
questionnaire, and participants complete their study involvement
at this time.

Table 1. Questionnaire content according to assessment timepoint.

Posttreatment assess-

mentc
Postsurgery (non-

NAST)b
Postchemo assessment

(NAST)a
Posttreatment decision
assessmentPre-DA assessment

XXDecision conflict scale

XXXXXState-Trait Anxiety Inventory 6
Anxiety

Decision-making preference questionnaire

XXPreferred

XActual

XXXXXDistress thermometer

XXInformation and involvement
preferences

XXXXXEQ-5D-5L (optional)

XKnowledge of decision aid infor-
mation

XDecision aid feedback

XSatisfaction with decision scale

XXXFear of progression (FOP 12)

XXXDecision regret scale

XXXFear of Cancer Recurrence Inven-
tory

XParticipant-reported pathology re-
sults (NAST only)

aPostchemotherapy, before surgery.
bPostsurgery, before adjuvant chemotherapy.
c12 months (+/- 1 month) after registration.

Statistical Analysis
A sample size of 50 participants is planned. The primary analysis
will include all registered patients and clinicians as two separate
cohorts. The proportion of patients and investigators who
consider the DA acceptable will be reported with 95% exact
confidence limits. The primary outcome will be considered
positive if more than half of patients and clinicians consider the
DA acceptable, and feasible if more than half of eligible patients
who are offered participation register and subsequently use the
DA. Assuming a sample size of 50 participants, the primary
outcome of percentage of participants finding the DA acceptable
can be estimated to within ±15% based on 95% exact confidence
limits. To ensure that the lower 95% one-tailed exact confidence
limit is greater than 50%, at least 32 of the 50 participants will

need to indicate DA acceptability. Although the study is not
powered to test the secondary hypotheses, there is 80% power
to detect a change of at least 0.40 standard deviations from the
pre- to post-DA assessments using a two-tailed t-test with
alpha=.05 and a sample size of 50 participants.

Changes in secondary outcome measures from the pre-DA
assessment, including decisional conflict, information
preference, anxiety, distress, and fear of progression, will be
evaluated using repeated measures analysis of covariance
(ANCOVA). All outcomes will be described using mean and
standard deviation for continuous measures and frequency for
categorical outcomes. If data are skewed, median and
interquartile range will be reported and the appropriate
linearizing transformation will be used. Analyses will be
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performed unadjusted and adjusted for age, level of education,
information preferences, and tumor characteristics (size, grade,
node involvement, ER/PR/HER2). Agreement in decisional
control before and after using the DA, and between preferred
and actual control, will be assessed using a weighted kappa
statistic with McNemar test. Knowledge will be reported as
mean proportion of items correct with standard deviation. Cost
will be recorded using Australian Medical Benefits Scheme
item numbers and Pharmaceutical Benefits Scheme prices, and
a comparison made between those who receive surgery first and
those who receive systemic therapy first.

Missing Data
Patients are encouraged to complete all questions but are not
compelled to enter responses to any of the individual questions
within each set of questionnaires and can submit responses with
blank fields. Prior to questionnaire submission, patients will
receive a prompt informing them that not all questions have
been answered and to amend if they wish. During the study,
levels of missing data are being monitored. If data completion
rates drop below 70%, remedial action will be taken. An analysis
of missing data will be completed at the end of the study.

Results

The study is currently recruiting at four Australian centers. As
of February 2016, 29 of the planned 50 participants have been
registered to the study. Recruitment is expected to be complete
in mid-2016, with early results available late 2016.

Discussion

Principal Considerations
This study intends to evaluate the acceptability and feasibility
of a DA for women with operable breast cancer who have been
offered NAST. It is designed as a single arm pre-post study to
allow all participants access to the intervention. The population
of Australian women who currently receives NAST is relatively
small, limiting the feasibility of a larger, randomized controlled
trial with comparative outcomes. However, the proportion of
patients receiving NAST in Australia and New Zealand is
expected to increase as a result of increased awareness,
availability of neoadjuvant clinical trials, and from the results
of ongoing neoadjuvant and post-neoadjuvant trials.

The study primary endpoints are pragmatic. We expect that
some participants will not find the DA beneficial, based on their
decision-making style and information-seeking behavior.
However, we hypothesize that the number who find it helpful
in their decision-making process will be greater than the number
who do not find it useful. Because DAs have variable use across
centers and individual clinicians [40], feasibility was included
as an endpoint. A screening log is designed to quantify the
number of patients who are seen at recruiting sites who are
candidates for NAST for operable breast cancer; are eligible
for the study; are offered study participation; accept study
participation; and go on to access the DA. This will identify the
proportion of eligible patients who are not offered participation
(clinician feasibility) and the proportion of eligible patients who
do not access the DA after being offered it (patient feasibility).

Acceptability will be assessed using direct questions to patients
and clinicians.

Outcome measures were selected based on the availability of
valid, reliable questionnaires that assess outcomes relevant to
decision making in the context of a decision aid. In a systematic
review of the quality of measures to test the effectiveness of
decision support strategies, the Decisional Conflict Scale and
the Control Preferences Scale satisfied the largest number of
quality criteria [41]. These are commonly used measures of DA
effectiveness [21, 42]. Knowledge assessment necessitates a
custom-designed questionnaire. The Fear of Progression
questionnaire is suited to the neoadjuvant setting where the
primary cancer is present and has the potential to impact on
psychological and physical domains [33]. The Information and
Involvement Preferences questionnaire was included to
determine the information needs of patients and to correlate the
result with patient and clinician acceptability. The EQ-5D-5L
is a health economic utility measure [43] and was included as
an optional measure to determine patients’ willingness to
complete this additional questionnaire. If patients are willing
to complete it, then it will be considered for future comparative
studies as a health economic measure. Satisfaction with decision
is of interest as an acute measure to be assessed after the
decision has been made, but prior to experiencing the
consequences of the decision [34]. Decision regret is a
longer-term outcome measure, to be assessed after the
consequences of the decision have been experienced [38].

Increased anxiety is associated with both more effective decision
strategies and stressful health interventions, so is not a good
measure of the benefit of DA use [44]. Anxiety therefore is not
expected to decrease as a result of a DA, but nor should it
increase and therefore anxiety has been included as a safety
measure [21].

Decision aids are most beneficial if endorsed by a clinician at
the time they are offered to the patient and referred to after the
decision has been made [45]. This decision aid is introduced at
a time when patients have recently been diagnosed with breast
cancer and are faced with a number of complex decisions that
are influenced by a variety of sources including clinicians,
family, and the media [46, 47]. Patients are identified as suitable
for the decision aid by their doctor (usually a surgeon) and are
generally referred to a medical oncologist to discuss systemic
therapy. The decision aid is suited to this situation as there is
often a period of several days (or more) before an available
appointment with a medical oncologist. If the decision aid is
effective, the patient will be more prepared to be involved in
the decision when they come to the medical oncologist.
Balancing the provision of complex information with adequate
readability proved difficult, as demonstrated by a higher
Flesch-Kincaid grade than would be ideal.

Decision aids have been shown to have a variable effect on
treatment choices [21]. For selected treatment decisions, some
patients change their preferred treatment after a DA, but for
others decision aids have been shown to have a neutral effect.
We anticipate that study patients will not change their decisions
after accessing the DA, as decisions such as this tend to be made
based on a number of information sources [48].
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If shown to be feasible and acceptable, the DOMINO decision
aid has the potential to be offered to patients as part of routine
clinical practice. There is good evidence for the efficacy of
decision aids that are designed according to international
standards [22,24]. Thus, a randomized controlled trial is not
considered a prerequisite for dissemination. Clinicians who
enroll participants in this study will be asked whether they would
continue to use the decision aid as part of routine practice, as
an indicator of perceived implementability.

Conclusion
Use of the DOMINO decision aid has the potential to decrease
decisional conflict, increase knowledge, and increase patient

involvement in women who have been offered NAST. Increased
involvement in decisions by women with breast cancer is
associated with improved decision-related outcomes [18] and
long-term quality of life [19]. Neoadjuvant clinical trials are an
established drug development pathway, and the decision aid
may allow better understanding of the rationale behind
neoadjuvant therapy. The patient may then be able to be better
informed about the trial. It may also assist clinicians who are
introducing neoadjuvant systemic therapy into their practice
but have not yet become confident addressing the concept with
their patients.
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Abstract

Background: Women are disproportionately likely to assist aging family members; approximately 53 million in the United
States are involved with the health care of aging parents, in-laws, or other relatives. The busy schedules of “sandwich generation”
women who care for older relatives require accessible and flexible health education, including Web-based approaches.

Objective: This paper describes the development and implementation of a Web-based health education intervention, The
Sandwich Generation Diner, as a tool for intergenerational caregivers of older adults with physical and cognitive impairments.

Methods: We used Bartholomew’s Intervention Mapping (IM) process to develop our theory-based health education program.
Bandura’s (1997) self-efficacy theory provided the overarching theoretical model.

Results: The Sandwich Generation Diner website features four modules that address specific health care concerns. Our research
involves randomly assigning caregiver participants to one of two experimental conditions that are identical in the type of information
provided, but vary significantly in the presentation. In addition to structured Web-based assessments, specific website usage data
are recorded.

Conclusions: The Sandwich Generation Diner was developed to address some of the informational and self-efficacy needs of
intergenerational female caregivers. The next step is to demonstrate that this intervention is: (1) attractive and effective with
families assisting older adults, and (2) feasible to embed within routine home health services for older adults.

(JMIR Res Protoc 2016;5(2):e91)   doi:10.2196/resprot.5488

KEYWORDS

intergenerational relations; health education; caregivers; intervention studies; Internet

Introduction

Background
Researchers are faced with minimal operational guidance when
attempting to develop complex interventions to reduce the gap
between clinical evidence and behavioral practice [1]. There is,
however, a growing recognition that behavioral-health
interventions should be grounded upon a solid theoretical

framework [2]. Not only are theory-based interventions more
likely to be effective, they can also provide an understanding
of causal pathways for change [2]. Unfortunately, although there
are numerous behavioral-health theories to draw upon, it is
challenging to translate these theories into practical interventions
[2,3].

In an effort to address these issues, Bartholomew [4] developed
an Intervention Mapping (IM) protocol that provides a process
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for developing theory-based health education programs. In IM,
researchers use these six iterative and reciprocal tasks to create
their interventions: (1) assessing the problem, (2) specifying
program objectives, (3) identifying theory- and evidence-based
behavior change methods, (4) creating the intervention, (5)
planning the implementation, and (6) planning the evaluation
[5]. In this article, we describe the development of our Sandwich
Generation Diner intervention for intergenerational caregivers
within the context of the IM framework.

Intervention Mapping Step 1: Assessing the Problem

Prevalence and Correlates of Medication Nonadherence
in Older Adults
Older adults have more chronic medical conditions and a
corresponding higher rate of medication use, spending three
times the national average for prescription drugs [6]. Although
some do an excellent job of managing their medications, a
significant number have difficulty with this task. Medication
mismanagement and errors may have dire consequences for
seniors, including a higher risk for falls, delirium, excess
disability, hospitalizations, and death [7].

The Role of Family Involvement in Medication-Related
Behaviors
Many older adults have close reciprocal relationships with
younger members of their family, and due to physical or
cognitive limitations, receive assistance with health care visits
and medication management. There are an estimated 3.3 million
older adults in the United States who receive assistance with
both physician visits and prescribed medications, and these are
a high-need group [8]. More than 75% of this population require
aid with mobility, self-care, or household activities, and
approximately 60% have possible or probable dementia.
Involvement by a family care partner typically persists over
time, and is more likely to be a younger female family member
rather than a spouse [8]. Women make approximately 80% of
health care decisions for their families and are more likely than
men to be the caregiver when an older family member is ill [9].
Although caring for an older relative may have negative impacts
on women’s mental and physical health, caregivers often view
their role as deeply meaningful [10].

Health Education for Intergenerational Caregivers
Few community-based health education programs offer support
explicitly targeting intergenerational caregivers [10-12]. Those
that are available have significant limitations. Community-based
programs are often inaccessible or burdensome due to the care
recipient’s need for ongoing supervision. In-home programs
can affect a number of care outcomes, but also include
challenges such as the cost of individualized services and staff
travel. Psychoeducational groups may be helpful, but they
require participants to travel to the program. Consequently, the
“sandwich generation” women who care for older relatives
require more accessible and flexible health education approaches
than is generally available.

Intervention Mapping Step 2: Specifying Program
Objectives

Web-Based Health Education
Technological advances have created new opportunities for
reaching consumers through Web-based and other
distance-based health education and support [13-15]. The
Internet has become an important source of health information.
Eighty percent of internet users, and 59% of the US population,
look on the Internet for health information [16]. The proportion
of adults aged 65 and older who use the Internet to search for
information has grown to 53%; of these, 70% report using the
Internet daily [17]. As providers continue to adopt eHealth
technologies, the range of activities for consumers to participate
in their health care continues to expand and includes everything
from engaging in condition-specific discussions to entering
information in personal health records [18]. Not only does
participating in Web-based health care programs provide clear
benefits in terms of wellness, it can also result in increased
motivation and self-efficacy for managing care [19].

Receipt of Grant Award
Our team has had a long history of developing eHealth
interventions including an interactive public education exhibit,
continuing education courseware, and smartphone apps [20,21].
These efforts, along with our experience developing video-based
interventions for dementia caregivers [14,15,22] led to an award
from the authors’ university.

The primary aims for our project were to: (1) increase
caregivers’ knowledge and use of effective medication
management strategies, (2) decrease medication-related hassles
perceived by women caring for an older relative, and (3)
decrease rates of adverse medication-related events for older
care recipients. We assembled a diverse work group from units
on campus (ie, Psychological Sciences, Gerontology, and the
Missouri Institute of Mental Health) as well as a community
advisory board and an interdisciplinary panel of consultants to
assist with study content and dissemination.

Methods

Intervention Mapping Step 3: Identifying Theory- and
Evidence-Based Behavior Change Methods
In their meta-analysis of the features of effective Web-based
health promotion interventions, Lustria et al [13] describe the
importance of grounding programs in empirically supported
theories of change. Davis and colleagues [2] argue that many
of these theories provide little guidance regarding how to
translate underlying concepts into practical interventions.
Bandura’s Social Cognitive Theory (SCT) [23] is a notable
exception. Bandura states that learning occurs in a social context
and is shaped by reciprocal relationships between the person,
environment, and behavior. SCT involves a heavily agentic
perspective, in which individuals are seen as goal-directed and
exert intentional influence over their functioning; these
intentional actions then impact the course of events. A number
of principles are incorporated within this theory, including
reciprocal determinism (interaction of person, environment, and
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behavior), behavioral capacity (actual ability to perform a
behavior through knowledge and skills), observational learning,
reinforcements, outcome expectations, and self-efficacy [23].
The construct of self-efficacy is an important facet of SCT, and
refers to beliefs in one’s ability to execute courses of actions to
manage situations important within a specific life domain. In
Bandura’s theory, self-efficacy beliefs influence whether coping
efforts will be initiated, how much effort will be invested, how
long effort is sustained in the face of aversive experiences and
obstacles, and affect vulnerability to emotional distress.
Self-efficacy beliefs can be shaped by various means including
mastery experiences, social observation, and social persuasion
[24].

In the area of aging, the model has been applied to understanding
dementia family caregiving [25] and medication adherence [26].
When individuals face health-related caregiving challenges,
those with low self-efficacy focus on negative aspects of the
situation (eg, personal deficiencies, task difficulties). In essence,
they “lose heart.” This focus on negative cognitions reduces
motivation to initiate an activity, impacts task persistence, and
leads to negative affective states, which then perpetuates the
cycle [27].

Because Bandura argues that self-efficacy can be improved via
social observation, many interventions attempt to promote
behavior change by increasing self-efficacy through
observational learning of similar others. These interventions
often use dramatic enactments of scenarios that the target
audience may face in their daily lives. By identifying with and
watching others successfully master challenges, viewers gain
an improved sense of their own mastery. Using this model,
researchers have successfully used serial radio dramas to
improve human immunodeficiency virus outcomes [28,29]. Our
own work has demonstrated the benefits of video-based stories
for improving knowledge of substance abuse [30].

Based on this prior validation, we chose to ground our current
intervention on Bandura’s SCT, with a particular focus on
influencing the caregiving self-efficacy beliefs of
intergenerational caregivers. We incorporated a number of
elements of SCT, while aiming to: (1) acknowledge the
importance of social context by distinguishing among skills
needed in different caregiving situations, (2) influence
behavioral capacity through instruction in specific health care
management and interpersonal communication skills, (3) foster
observational learning through serial video narratives of
caregivers, and (4) enhance self-efficacy beliefs by developing
story lines that show characters mastering progressively more
challenging situations. We hypothesized that individuals who
viewed true-to-life vignettes of individuals successfully
overcoming difficulties providing care for their elderly family
members would demonstrate improved outcomes as compared
with individuals who received information presented in a more
didactic format.

Intervention Mapping Step 4: Creating the
Intervention

Content Outlines
We began our development efforts by creating detailed content
outlines of the information we wanted to convey to our target
audience. We had a team of expert consultants including
pharmacists and nurse practitioners, as well as social work,
psychology, and public health professionals consult with us
about the most common difficulties associated with health care
and medication management in older adults. We
cross-referenced these content areas with existing behavioral
health literature regarding best practice guidelines. We then
included the overlapping recommendations as final content to
be included in the intervention script, making sure to couch
them within the context of social cognitive theory (eg, selecting
situations identified as common challenges, developing the
vignettes to show an increase in challenge/difficulty over the
narrative, linking the behaviors of the characters to specific
skills, having the characters demonstrate mastery at the end).
This process resulted in the creation of four subject areas: (1)
medication management, (2) recognizing and responding to
alterations in cognition (delirium and dementia), (3) managing
health care appointments and communication with providers,
and (4) communication and planning strategies for family
members.

Development of Creative Approach
With the content clearly articulated, we were ready to develop
the overarching creative approach for our intervention. In past
work, we discovered that developing an underlying story or
metaphor to convey our content helped to increase participant
engagement. For example, in one of our early educational
programs designed to teach students about the biology of
addiction, we embedded our learning objectives within a
narrative story about aliens coming to Earth to learn how to
play basketball [31].

For the current intervention, we needed to develop a creative
approach that would not only engage our target audience
(middle-aged women caring for elderly family members), but
would also reflect a diverse set of demographic characteristics.
During a series of brainstorming sessions, we finally settled
upon the idea of our intervention taking place in a diner with a
wise and seasoned waitress serving as the primary character.
Through interactions with her various customers, viewers would
be able to see various health care challenges being overcome.

Script Writing
It was only after the content and creative approach were
finalized that we were able to begin writing the intervention’s
scripts. For each of the four content modules, we structured the
story to evolve over the course of five separate vignettes. Each
story began with the waitress character introducing the primary
dilemma the characters were facing. Then, in each subsequent
vignette, the characters demonstrated a growing sense of efficacy
in their ability to solve the problems they were having while
caring for their family members. In order to increase the
likelihood of participants watching the vignettes, each is less
than 4-minutes long.
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Review of Intervention Plans
When the scripts for each module were completed, we engaged
in a second round of expert consultation. Once again, we used
our interdisciplinary approach to discuss the relevance, use, and
goals of this portion of our intervention. After completing
suggested modifications to the script, we presented it to a small
group of selected “beta testers.” These individuals were lay
persons unaffiliated with the intervention who we asked to
review the scripts for readability and clarity of the dialogue.
We incorporated this group’s suggestions into the final script.

Content Acquisition
After completing the scripts, we then created detailed
storyboards for our Web-based intervention. Following these
specifications, we produced custom graphics for the program’s
logo and interface. In this way, we were able to “brand” our
intervention with an engaging appearance and name –
“Sandwich Generation Diner.” We used these graphics for all
materials associated with the intervention (eg, marketing pieces,
downloadable files, etc).

The scripts themselves called for a number of characters across
a broad set of demographic characteristics. Through
advertisements on local actor’s message boards, word of mouth,
and notes to previous actors we had worked with in the past,
we assembled a pool of candidates to appear in our production.
We then used a series of phone and live auditions to settle upon
the final cast.

In order to improve the authenticity of our production, we placed
a special emphasis on finding the perfect location at which to
shoot our videos. We eventually arranged with the management
of a local diner and were able to use their space for eight,
after-hours sessions during the course of a single month. In
addition to providing us authentic props, the management also
cooked us the food that was specified in the script.

We asked the actors to memorize their lines; prior to shooting
each scene, we had them run their lines in place. This procedure
reduced rehearsal time and facilitated the production process.
For each scene, we recorded both wide and close-up shots.
Although this process required the actors to deliver their lines
multiple times, it also provided us with multiple options for
editing the final footage.

Coding
Because we wanted to roll out our intervention to participants
across the course of a month, we needed to develop a solution
that allowed for flexibility in the way our content would be
displayed and delivered. In the end we chose to create a
WordPress site and assigned all participants a unique login. By
using the s2Member plug-in, we were able to code the site in
such a way that it would modify its display according to the
credentials we assigned each user. This procedure allowed us
to set user’s access levels in terms of being part of the control
or experimental condition and how far along they were in the
intervention protocol. Each week, we increased the participants’
access level so that they would automatically see subsequent
portions of the intervention.

Results

Program Description
Regardless of experimental condition to which they were
assigned, all participants log onto our site and are automatically
presented with the appropriate content based on their user
credentials. By manipulating user’s access levels in the website’s
control panel, we have been able to sequentially roll out the
intervention across 4 weeks (Phase I) and test impact of
accessing all intervention materials at once (Phase II). To
encourage viewing of our materials, we send weekly reminder
emails to the participants.

The overall appearance of our site is largely the same for
participants in both the Narrative Vignette and Comparison
Didactic conditions. See Multimedia Appendix 1 for a screen
shot of our site’s main menu. After clicking on one of the
primary content areas, participants are presented one of the
submenus illustrated in Multimedia Appendix 2. Although
participants in both groups have access to the didactic portable
document format (PDF) informational sheets (see Multimedia
Appendix 3) and talking head expert videos (see Multimedia
Appendix 4) presented in the left column, only participants in
the Narrative condition have access to the scripted vignettes
(described above and illustrated in Multimedia Appendix 5).
Although all links are visible throughout the entire intervention
period, we sequentially enable them throughout the course of
an individual participant’s 4-week trial. Participants are free to
choose to view the information in any order and spend as much
or little time on the site as they would like.

Health Education Content
In keeping with the self-efficacy literature, we developed
storylines consistent with common situations and needs of
intergenerational female caregivers. Actors were selected who
represented our target demographics for this study.

Managing Medications
This content area includes a discussion of adverse events linked
to medications (eg, falls, delirium, nursing home placement,
negative health outcomes), and provides information about the
most effective ways to manage scheduling of doses and refills.
This module also includes psychoeducation about the role a
pharmacist can play in medication management problem solving,
as well as a list of basic and advanced questions that can be
used to help improve medication management and organizational
skills. The module also provides further information about the
benefits of assessing interaction effects of over-the-counter
medications with prescriptions that the care recipient already
takes. The module highly encourages consultation with
pharmacy staff.

Signs of Confusion
Given that caregivers of older adults with undiagnosed cognitive
impairment may not know how thinking abilities relate to
medication management, this content area provides participants
with information about the signs and symptoms of delirium and
dementia, as well as ways to distinguish the two. Caregivers
are given information about the high rates of undiagnosed
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delirium and dementia in community-dwelling older adults and
the benefits of medical evaluation and diagnosis. The module
also presents information about the process for obtaining a
diagnosis for a progressively dementing neurocognitive illness,
including material about brief cognitive screens and
neuropsychological testing.

Health Care Visits
This content area provides caregivers with information about
how to prepare for health care visits that they attend with their
loved one. Caregivers are given a list of example questions they
can ask medical providers about current medications, newly
prescribed medications, over the counter medications, and
side-effects. This module also addresses legal and Health
Insurance Portability and Accountability Act (HIPAA) barriers
to full communication between family members and health care
professionals. The content area explains the need for signed
releases on file in the patient’s chart to allow these conversations
and provides an example of a nationally available form for
durable power of attorney for health care, named “Five Wishes.”

Talking Together
This content area focuses on developing communication skills
between the caregiver and care recipient. Caregivers are given
instruction on how to use basic communication strategies such
as eye contact, tone, and “I” language. This module also
provides examples of medication-related conflict between the
caregiver and care recipient, and offers suggestions for effective
communication strategies when negotiating these disagreements.
In addition, caregivers are encouraged to use these
communication skills when discussing potentially conflictual
topics such as housing, financial planning, driving, and health
care plans. This module also addresses legal and HIPAA
requirements for full communication between family members
and health care professionals.

Intervention Mapping Step 5: Planning the
Implementation
Our goal is to demonstrate that this intervention is (1) attractive
and effective with families assisting older adults enrolled in
home health care (a medically vulnerable population), and is
(2) feasible to embed within routine home health services for
older adults. We aim to evaluate the intervention’s impact on
family–clinician communication and reported caregiving
self-efficacy and role overload. The original funding source (an
internal grant from the investigators’ university) supported the
development of the Web-based intervention and collection of
pilot data.

Intervention Mapping Step 6: Planning the Evaluation
We first developed a preliminary evaluation with a community
sample. Initial pilot data supporting the intervention will be
valuable in developing collaborative relationships with health
care agencies and systems serving older adults.

Participants
Adult women providing informal care to an older adult are
recruited through print advertisements placed in health care and
community locations throughout a large Midwestern city, and

through study announcements posted on social media. Interested
individuals are directed to a brief Web-based screening survey.

Intervention Procedure
We email eligible participants who consent to the study a longer
preintervention survey. Upon completion of the preintervention
survey, we randomly assign participants to either the Narrative
Vignette or Comparison Didactic condition. We use block
randomization to balance dementia caregivers and nondementia
caregivers across study conditions. After randomization, we
email participants with their unique login and password along
with instructions for using the website. We also instruct them
not to allow anyone else to log in to the website using their
credentials.

During the 4-week intervention period, we send participants
weekly emails. At the end of their trial, we send participants a
postintervention assessment survey, and a 1-month follow-up
survey. We then conduct a brief phone interview to collect
qualitative data. For participants who had been in the
Comparison Didactic condition, we then allow them to have
access to the narrative vignettes. Finally, 6 months after
completing the intervention, we invite participants to complete
another brief follow-up Web-based assessment.

Participants complete Web-based assessments at preintervention,
postintervention, 1-month follow-up, and 6-month follow-up.
We collect descriptive information about the participant’s
caregiving situation and demographic information about the
caregiver and care recipient. Measures include medication risk
[32], falls, and the Centers for Disease Control Healthy Days
for the care recipient [33], caregiving medication administration
hassles [34], role overload [35], self-efficacy beliefs [25], and
family–health care provider communication [36]. We gather
qualitative data about project feedback via a brief phone
interview 1 month after completing the intervention. Participants
receive US$25 gift cards after completing each of the
assessments. Participant’s website usage is automatically tracked
including information about the dates and times of website use
and any downloads of Web-based material over the study period.

We are presently in the data collection phase of this process,
and initial participant characteristics and satisfaction ratings are
promising. Caregiver participants (N=137) are ethnically diverse
at 31% (43/137) non-White compared with 26% of US residents
being non-White. Participants predominantly care for a frail
parent, with 85% (117/137) being a daughter or daughter-in-law
of the older adult. Caregivers engaged in significant medical
management tasks for older adults with a number of chronic
and comorbid health conditions. Participants reported
satisfaction with the intervention (mean=5.65, standard
deviation= .97) on a 7-point scale with a score of 7 being most
satisfied.

Discussion

Summary
We developed and are currently evaluating an eHealth
intervention (in a randomized trial format) for female
intergenerational family caregivers actively involved with the
health care of an older relative. Both conditions are designed
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to improve medication management and related health care
behaviors in informal caregivers of older persons with physical
and/or cognitive impairments. The didactic comparison
condition contains a series of downloadable PDF “Handouts”
with information about managing medications, attending a health
care visit, causes of confusion in older adults, and
communication with the older family member. Each section
includes one video of an expert providing information in
traditional didactic voice. The narrative vignette condition
includes the same content as above, with additional serial Web
episode storylines that show caregivers interacting with their
loved one, and problem solving concerns in each of the
aforementioned domains.

Program Strengths
Strengths of our program include a solid conceptual grounding
of the intervention within self-efficacy theory [27], and creation
of a flexible Web-based format that allows caregivers to explore
health education content areas of most interest to them. We also
believe that targeting intergenerational caregivers involved in
medication management for older adults is novel and justified,
given the literature describing differences between spousal
caregivers and adult children in levels of frustration with these
types of tasks [37]. Many studies show that caregivers have
increased time constraints when compared with similar
noncaregiving individuals [10]; the Web-based availability of
our intervention materials may decrease the time investment
necessary for caregivers to obtain aid [12].

Limitations and Lessons Learned
Because this study occurs over a relatively brief period (1
month), future research may benefit by extending the amount
of follow-up contact and assessment points. This study has not
implemented specific strategies to improve access for caregivers
who are lower income or who demonstrate lower educational
attainment. Such individuals generally have limited access to
technological resources or may show lower general engagement
with health care and health-related interventions. Future studies
may explore the current barriers to technological access and
eliminate these by providing other avenues to Internet resources
(ie, library cards or rented tablets).

Conclusions
The Sandwich Generation Diner has been developed to address
some of the informational and self-efficacy needs of
intergenerational women caregivers. Within the IM framework,
development of the Sandwich Generation Diner intervention
involved: (1) assessing the problem, (2) specifying program
objectives, (3) selecting an overarching theoretical model, (4)
creating the intervention, (5) implementing the intervention,
and (6) evaluating the intervention. Bandura’s self-efficacy
theory [27] provided the overarching theoretical model. The
integration of serial narrative vignettes with multimedia
resources is intended to result in a rich and meaningful
intervention. We look forward to completion of the ongoing
efficacy trial to evaluate the extent that we have accomplished
these aims.
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Abstract

Background: The annual number of new human immunodeficiency virus (HIV) infections among men who have sex with men
(MSM) has risen in the United Kingdom and, of those who are HIV positive, the proportion undiagnosed is high.

Objective: The prospective AURAH2 study aims to assess factors associated with HIV acquisition among MSM in the United
Kingdom and to investigate changes over time within individuals in sexual behavior and HIV-testing practices.

Methods: AURAH2 is a prospective study among MSM without diagnosed HIV, aiming to recruit up to 1000 sexually active
MSM attending sexual health clinics in London and Brighton in the United Kingdom. Participants complete an initial paper-based
questionnaire, followed by online follow-up questionnaires every 4 months collecting sociodemographic, health and behavioral
data, including sexual behavior, recreational and other drug use, HIV testing practices, and pre-exposure prophylaxis use, over
a planned 3-year period.

Results: The study is ongoing.

Conclusions: The results from AURAH2 study will provide important insight into established and emerging risk behaviors that
may be associated with acquisition of HIV in MSM in the United Kingdom, changes over time within individuals in sexual
behavior, and information on HIV testing practices. These data will be crucial to inform future HIV prevention strategies.

(JMIR Res Protoc 2016;5(2):e128)   doi:10.2196/resprot.5582
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Introduction

Background
In 2014, the number of men who have sex with men (MSM)
that were newly diagnosed with human immunodeficiency virus
(HIV) continued to rise with 3360 new diagnoses in the United
Kingdom [1]. Currently, there are an estimated 43,500 MSM
living with HIV, of whom around 16% are undiagnosed [2]. It
is thought that MSM unaware of their HIV infection
disproportionately contribute to onward transmission (60-82%
of new transmissions come from people not diagnosed [3,4])
and that delay in diagnosis and treatment is associated with
increased risk to health [5]. HIV prevention approaches have
historically focused on condom use, which, if correctly and
consistently used, is a reliable and established method to reduce
transmission [6]; however, consistent condom use is difficult
to achieve [7,8]. There is a clear need for improved HIV
prevention and testing strategies targeted at HIV negative MSM
to reduce the number of new HIV infections and increase HIV
testing rates.

The AURAH study was a cross-sectional questionnaire study
that collected data from 2013-2014 in a large sample of
HIV-negative patients attending Genito-Urinary Medicine
(GUM) clinics in the United Kingdom with a focus on two
populations: black Africans and MSM [9]. It used a
self-completed questionnaire to assess knowledge of and
attitudes to HIV transmission risks and the role of antiretroviral
therapy (ART), and to assess the prevalence of medical and
psychological symptoms (eg, depression and anxiety), quality
of life, lifestyle factors (eg, drug and alcohol use), and possible
links to sexual risk behaviors. The AURAH2 study will build
on the work of the AURAH study and is the first large
prospective observational study of MSM in the United Kingdom.
It will provide longitudinal data on HIV transmission risk in a
group of HIV negative (at enrollment) MSM using online
questionnaires for data collection over a 3-year period. It will
collect baseline socioeconomic, health and lifestyle information
(including recreational drug use and chemsex) with longitudinal
information on sexual activity, HIV testing, sexual behavior,
and occurrence of new HIV infections among UK MSM.

Understanding attitudes of HIV negative or undiagnosed MSM
towards condomless sex with individuals of unknown HIV
status, and examining risk behavior in the context of
psychological or general health status, history of sexually
transmitted infection (STI), alcohol and drug use, could elucidate
reasons for the observed ongoing HIV transmission among the
UK MSM population. Studies have consistently found
associations between increased sexual risk behavior, such as
condomless anal sex and group sex [10-13], with recreational
drug use, and longitudinal data has highlighted the bi-directional
relationship between sexual pleasure and drug use [14].
Longitudinal data from Australia has demonstrated an
association between drug use and increased risk of HIV
infection, in particular the use of oral erectile dysfunction
medication in combination with methamphetamines to enhance
sexual pleasure [12], and similar evidence was recently reported
from a US study that showed a clear link between increased

sexual risk behavior and starting methamphetamine use [15].
Although not a new concept in the United States [16-18], a
recent UK report on “chemsex” [19], which is defined as the
use of certain sexually disinhibiting recreational drugs for
facilitating or enhancing sex, has highlighted a need for more
research into behaviors that put MSM at high risk of HIV and
STI acquisition as a public health priority. Longitudinal data
on recreational drug use, chemsex and associations with high
risk sexual behaviors, such as group sex, in HIV negative or
undiagnosed MSM would provide valuable insight into potential
causes for the observed increases in HIV and STI acquisition
among MSM in the United Kingdom.

Reducing the large proportion of MSM with undiagnosed HIV
that potentially contribute to onward transmission of HIV is a
public health priority [20], and data from HIV-negative or
undiagnosed MSM in the United Kingdom are currently needed
to inform and develop better provision of HIV testing options.
Despite high coverage (86%) of HIV testing among MSM
attending sexual health clinics [21], generally the frequency of
HIV testing among UK MSM remains low (estimated 30%
never tested, 75% not in past year) [4], and alternative ways to
test for HIV, other than through sexual health clinics, are
urgently required [1]. HIV self-testing (HIVST) was made legal
in the United Kingdom in April 2015 [22] and is defined by the
test being collected, performed, and interpreted in private by
the individual who wants to know their HIV status [23]. HIVST
has the potential to alleviate some of the perceived barriers to
other forms of HIV testing, such as stigma, discrimination, and
inaccessibility of health services [24], due to the environment
the test is performed in, which may encourage more people to
test. Increased HIV testing and resulting diagnoses could have
prevention benefits if newly diagnosed men are more likely to
use condoms and have fewer sexual partners after diagnosis
[25,26]. However, it is not known whether the availability of
HIVST will increase the diagnosis rates of HIV in the United
Kingdom. The AURAH2 study will seek to collect information
on the acceptability and uptake of HIVST as it becomes more
widely available.

The expansion of HIV testing options is also of particular
relevance since it was demonstrated that HIV transmission is
preventable through ART in 2011 [27]. Evidence that ART
greatly reduces onward sexual transmission of HIV in MSM
[28], as well as heterosexuals [27,29], was demonstrated through
the interim results of the PARTNER study [28]. Furthermore,
the concept of treatment as prevention (TasP) has been widely
explored as an HIV prevention strategy and is recommended in
the British HIV Association’s treatment guidelines to prevent
onward transmission [30]. However, access to and uptake of
ART is dependent on a person knowing their HIV status and,
in the United Kingdom, research has shown that although
widespread ART coverage among MSM at a population level
may reduce HIV infectivity, it is unlikely to reduce the number
of HIV transmissions in the absence of increased coverage and
frequency of HIV testing [31]. There is some evidence that
sexual risk behavior declines after an HIV diagnosis, as it has
been demonstrated that behavior is modified to prevent onward
transmission [25,26]. However, this has not been explored in
the context of TasP, and little is known regarding changes in

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e128 | p.439http://www.researchprotocols.org/2016/2/e128/
(page number not for citation purposes)

Sewell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


sexual behavior during primary HIV infection (a period
characterized by very high infectiousness) and on the variability
in sexual risk behavior over time at an individual level (eg, the
duration of periods of very high risk). There are cohort studies
of MSM that provide some information on these issues from
Europe, the United States, and Australia [32-35]; however, there
have been no follow-up studies among individuals at risk of
HIV infection in the United Kingdom, which the AURAH2
study will seek to address. The role of TasP is also critical in
HIV-negative MSM’s sexual decision making and risk reduction
behaviors and, as yet, is largely unexplored among UK
HIV-negative MSM. Further investigation is needed, particularly
in light of TasP, into the risk reduction strategies that HIV
negative or undiagnosed MSM utilize at a community level
[36], such as sero-sorting (choosing a partner of believed
sero-concordant status), negotiated safety (condomless sex with
a sero-concordant main partner), strategic positioning (choosing
a different sexual position or practice depending on the
sero-status of a partner), and withdrawal (in which the negative
partner is receptive during intercourse but without ejaculation
by his partner) [37]. To investigate the role of TasP in sexual
decision making and risk reduction strategies, the AURAH2
study will collect data to inform on these themes, including
information on knowledge of an HIV-positive partner’s viral
load. Collection of longitudinal data will help describe the sexual
behaviors and risk reduction strategies among HIV negative
MSM and assess the extent to which patterns of sexual behavior
and condomless sex change over time within individuals. This
information will play a key role when developing effective,
targeted HIV prevention strategies.

A further significant development for HIV prevention strategies
that the AURAH2 study will provide information on is
pre-exposure prophylaxis (PrEP), which has been used as an
HIV prevention tool for HIV-negative men in the United States
since 2012 [38]. Although PrEP is not currently available on
the UK National Health Service (NHS), generic formulations
have been increasingly available via websites. In 2015, the
results from the UK PROUD study [39] and the French
IPERGAY study [40] demonstrated that daily [39] and “on
demand” [40] dosing of Truvada, the antiretroviral tablet used
for PrEP, reduced the risk of HIV acquisition in HIV-negative
men by 86%. There has been increasing community [41] and
clinical [42] pressure to make PrEP available through the NHS.
New PrEP websites that have been developed by activists
[43,44] acknowledge the potential to access PrEP in a number
of different ways that include ordering it online, which may
challenge how the access and uptake of PrEP is monitored and
may lead people to obtain PrEP without the appropriate
counselling and follow-up [42]. Self-reported changes in
attitudes, access to, and use of PrEP and factors associated with
PrEP use by HIV negative men in the United Kingdom will be
vital to inform policy and inform on acceptability and uptake
of PrEP in sexually active HIV-negative gay men.

The landscape of HIV prevention is changing as concepts such
as TasP and PrEP are introduced, and advances in HIV testing
technologies potentially make testing for HIV more accessible.
In conjunction with evolving HIV prevention strategies,
emerging patterns in lifestyle choices that affect sexual behavior

are important to consider if current and effective HIV prevention
interventions are to be designed and implemented. The
information provided by the AURAH2 study will contribute to
the understanding of the social, psychological, and health-related
factors that are linked to high-risk sexual behaviors that
potentiate transmission of HIV. The study will provide data
highly relevant to HIV prevention efforts among MSM and will
help inform national policies aimed at reducing HIV incidence
and increasing HIV testing in the United Kingdom.

Study Aims and Objectives
The aim of the AURAH2 study is to evaluate the incidence and
predictors of new infections among HIV-negative MSM at risk
of acquiring HIV and to assess changes over time in risk
behavior and testing practices within individuals.

The detailed study objectives are to assess:

1. In MSM without diagnosed HIV:

(i) the prevalence and correlates of specific sexual behaviors,
including numbers of condomless sex partners, condomless sex
with casual partners and partners of unknown HIV status,
insertive/receptive condomless sex, and other specific
higher-risk sexual activities such as group sex and chemsex

(ii) the number of condomless sex partners before, during, and
after the estimated period of primary HIV-infection and time
of HIV diagnosis in men who become infected during the study,
as well as correlates of within-person changes in sexual behavior

(iii) the frequency and type of HIV testing accessed over time
(sexual health clinic, self-testing, general practitioner, surgery,
hospital, other)

2. The extent to which baseline demographic, socioeconomic,
and health and lifestyle factors (including recreational drug use
and chemsex) are predictive of subsequent levels of condomless
sex, incident HIV infection, and HIV-testing behaviors

3. The association of attitudes to HIV transmission, disclosure,
treatment, and prognosis, with high-risk sexual behaviors,
HIV-testing behaviors, and subsequent HIV acquisition

4. The associations of participant characteristics, sexual
behavior, and attitudes with reported use of, and willingness to
consider use of, post exposure prophylaxis (PEP) and PrEP

Methods and Design

Study Design
AURAH2 is a prospective cohort study of UK MSM not
diagnosed with HIV. Baseline information is collected on each
participant through the AURAH study paper questionnaire [9],
which is completed during a sexual health clinic attendance.
Follow-up questionnaires are made available online every 4
months through the study website and consist of two brief and
one extensive questionnaire per year. Online follow-up will
continue for up to 3 years from the time a participant joined the
study during the recruitment period in 2015.
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Population and Setting
HIV negative or undiagnosed MSM adults attending sexual
health clinics at three sites in the United Kingdom for STI
screening or HIV testing are eligible to take part in the study.
The three clinical sites are as follows: The Mortimer Market
Centre, London; 56 Dean Street Clinic, London; and the Claude
Nicol Centre, Brighton.

These three clinical sites were chosen based on their ability to
provide access to large numbers of MSM attending sexual health
services and previous successful collaboration with the
researchers for the AURAH study [9]. During the AURAH
study recruitment process, the three sites demonstrated their
ability to provide a broad sample of homosexually active men,
including gay, bisexual, and non-gay identified MSM.

The eligibility criteria to join the study is (1) self-reported
HIV-negative, (2) self-defining as MSM, (3) being aged 18
years or over, (4) attending or having previously attended for
routine STI or HIV testing in the study clinics, and (5) willing
to be contacted for longitudinal follow-up for up to a 3-year
period.

Sample Size
The sample size calculation was based on our objective to assess
within-person changes in sexual behavior after receiving an
HIV diagnosis. This outcome is more constrained by power
than others because it relies on comparisons of participants
within the group who are infected with HIV during follow-up.
For sexual behavior classified as whether or not a man reports
>3 condomless sex partners in the past 3 months, 85 new HIV
diagnoses would be needed to detect, with 80% power and 5%
significance level, the following changes: 17 (20%) men newly
diagnosed switching from >3 to ≤3 condomless sex partners
pre to post diagnosis, and 4 (5%) men newly diagnosed
switching from ≤3 to >3 condomless sex partners pre to post
diagnosis. With 1000 HIV-negative men initially enrolled in
the study sample, assuming an annual HIV incidence of 4% (for
high-risk MSM) and a dropout rate of 15% per year, 96 new
HIV infections would be expected to accrue over a 3-year
period. This sample size of 1000 should provide adequate power
for the other objectives.

Recruitment
Participants are recruited to the AURAH2 study through two
separate recruitment routes. The recruitment route 1 group
consists of HIV negative or undiagnosed MSM who were (1)
enrolled in the AURAH cross-sectional study [9] from the three
clinics detailed above during targeted recruitment of MSM (until
March 2015) and (2) who had indicated interest in future
follow-up on the AURAH study consent form. An email
invitation to participate in the AURAH2 study was sent to this
group from the AURAH2 study website in March 2015.
Participants who joined the AURAH2 study from AURAH were
assigned the same study number in their online follow-up as
their original AURAH study number so that online follow-up
could be linked to responses in the original cross-sectional study.

The recruitment route 2 group consists of HIV-negative or
undiagnosed MSM who are prospectively recruited in person

through the three clinic sites from March 2015 until December
2016. This group is directly consented into the AURAH2 study
in their sexual health clinic and completes the baseline AURAH
paper questionnaire during their clinic attendance. Online
registration with the study website using a personal smartphone
or iPad is explained during the consent procedure, or participants
are contacted within 2 weeks with an email invitation to register.

Consent
Consent for the study is gained through two mechanisms,
according to the recruitment route. Participants from recruitment
route 1 (contacted in March 2015) were required to complete
an online consent form for the AURAH2 study. This was
presented to them on the study website after they had read the
online patient information sheet and prior to registration.

Consent for participants via recruitment route 2 is obtained at
study enrollment in the clinic setting via a paper-based
information sheet and consent form. Participants recruited
through recruitment route 2 do not need to complete an
additional online consent form as information on the AURAH2
study is provided in the Patient Information Sheet. In both
consent processes, participants are (1) made aware of the study
aims, (2) made aware that participation means they are expected
to complete brief online questionnaires about sexual behavior
and HIV testing on a regular basis over a 3-year period, (3)
asked to provide their email address and mobile phone number
and consent to receive reminders to complete the online
questionnaires via email and/or text message, but are also told
that there will be a maximum of two reminders by email
followed by one text message if they do not respond, (4) asked
to provide their full name and date of birth and made aware that
this information will be used to link with matching data in UK
national clinical databases including the national HIV/AIDS
Reporting System (HARS) database (see clinical data), (5) made
aware that results of any HIV test results from the day they
joined the study, or that they self-report during the study period
(up to 3 years), will be recorded and stored securely and
separately from the study questionnaire, (6) made aware that
they can withdraw from the study at any point and ask for their
personal data to be deleted and that this will not affect their care
at their GUM clinic, and (7) advised that should they wish to
withdraw from the study they should send an email to a specified
contact address to make this request.

Online Registration Procedure
Participants are sent a maximum of three “invitation to register”
messages via the study website (see below). The first contact
is an email containing an individualized link, which, when
selected, allows the recipient to register an account with the
study website. A second similar reminder email is sent a week
later to participants who have not registered, and finally a text
message is sent a week after the second email (if a mobile phone
number was provided during the consent procedure). In each
email, participants are provided with information on how to opt
out of the study and any further contact. Participants who do
not register within 1 week after the two reminder emails and a
text message have been sent are removed from the study lists
and not contacted further.
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Website Design and Features
The AURAH2 website was designed to provide full information
on the study to the general public and the study participants.
The home page provides a login box that allows only registered
participants to gain access to the study questionnaires by
entering a username and password. Once a participant has
registered and completed the first online questionnaire,
automated reminder emails are sent every 4 months when
follow-up questionnaires are due. Each reminder email informs
the participant that a questionnaire is due for completion and
contains a link to the study website homepage to login and
access a questionnaire. The message also contains information
on how to receive a username and password change prompt if
login details have been forgotten. If a participant does not log
in and complete a questionnaire, a second automated reminder
email is sent 1 week after the initial email, and a final reminder
is sent by text message a week later. If a participant does not
log in and complete a questionnaire after the third reminder, no
further contact is made until the next questionnaire is due, 4
months later.

The secure website provides facilities for content management
including the ability to change information pages and add new
items and details of study publications. The administration pages
are accessible only to user accounts controlled by the study
coordinator and data manager. From the administration pages
of the website, the “invitation to register” and follow-up
messages are managed and the status reports and questionnaire
results data can be securely downloaded on a regular basis.

Study Questionnaires

Baseline Data
Extensive baseline data are collected through the pen-and-paper
AURAH baseline questionnaire, details of which have been
published elsewhere [9]. The questionnaire gathers detailed

information on demographics, socioeconomic factors, physical
and psychological health and well-being, knowledge and
understanding of HIV and antiretroviral treatment, lifestyle
factors (smoking, alcohol, and recreational drug use), HIV
testing, knowledge and use of PEP, and sexual behavior. Both
recruitment routes use the baseline AURAH questionnaire for
initial data collection, which takes approximately 20-25 minutes
to complete.

Online Questionnaires
Online data collection every 4 months will be ongoing until
2018. It consists of a brief online questionnaire that assesses
sexual risk behavior, HIV testing history, self-reported STIs,
and use and frequency of chemsex drugs from the preceding 3
months. The basic 4-monthly online questionnaire takes
approximately 5 minutes to complete. A more detailed
questionnaire is undertaken on an annual basis that includes the
information collected in the 4-month questionnaire and
additional information on use of HIV testing preferences, PEP
and PrEP, physical and psychological symptoms, and attitudes
to HIV transmission. The annual online questionnaire takes
approximately 20 minutes to complete.

Each online questionnaire commences with a question on the
most recent date and result of a participant’s previous HIV test.
If a participant consistently reports negative HIV test results or
“not tested,” then the questionnaires remain specific to an HIV
negative or unknown status. However, if a participant reports
a positive HIV test result, the questionnaire is programmed to
collect information on the number of partners, sexual behavior,
and recreational drug use pre and post diagnosis. At each
subsequent login, an HIV-positive participant will complete
questionnaires that are similar to the HIV-negative participants,
but tailored to reflect the HIV-positive sero-status of the
participant. A flowchart to demonstrate recruitment from clinic
to the online questionnaire sequence is shown in Figure 1.
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Figure 1. Flowchart of AURAH2 recruitment and questionnaire sequence.

Clinical Data
The result of any HIV test taken in clinic at the same time as
the baseline questionnaire completion is stored as part of the
study records. At each online follow-up questionnaire,
participants are asked to self-report the result of their most recent
HIV test and any diagnosed STIs. At the end of the study period,
in collaboration with Public Health England, data will be
checked against corresponding records and data in national
clinical databases such as HARS, the Genitourinary medicine
clinical activity dataset (GUMCAD), and the Office for National
Statistics. The linkage of the AURAH2 data to these databases
will provide confirmation on the self-reported HIV status of
participants as well as identify any new HIV diagnoses that
have not been self-reported through the questionnaires.

Data Processing and Security
Baseline paper questionnaires completed in clinic are collected
by the study nurses and transferred regularly to the study
management center via registered post or collected in person

from the clinic sites by the study researchers. At the study
management center, the original paper questionnaires are stored
securely in locked cabinets. Baseline questionnaires are
identifiable only by an assigned study number to maintain
confidentiality, and participant details linked with the study
number are collected in a separate study log. The study log is
maintained securely and updated daily at each clinical site. The
study log contains study numbers, clinic identifiers, and details
of consent status for all patients invited to participate in the
study, whether or not HIV and other STI tests had been done,
and the result of any HIV test. Contact details of participants
are also entered in the log. A copy of the study log (with contact
details removed for non-consenting participants) is transferred
on a regular basis to the study management center using the
NHS mail system, which is approved by the Department of
Health for the purpose of sharing personal identifiable
information and sensitive information.

Baseline questionnaires are digitized at the management center
using the REDCap data capture system for secure double data
entry. The study website is hosted in a secure data center and
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network environment, and the online questionnaire response
datasets are directly downloaded to encrypted data drives at the
study management center on a monthly basis. Linkage to Public
Health England’s datasets will be done at the end of the study
using limited participant identifiers: surname Soundex, sex, and
date of birth.

The final resulting study datasets, including scanned images of
the questionnaires, are stored on the University College London
Data Safe Haven, which is a secure technical solution for
storing, handling, and analyzing identifiable data. This has been
certified to the ISO27001 information security standard and
conforms to the NHS Information Governance Toolkit.

The contact details of any participants who did not join the
AURAH2 study after the email invitations from recruitment
route 1 were removed from the study records 1 month after their
final email reminder or the text message had been sent (if
provided). All AURAH2 participants contact details will be
erased from the study database 6 months after the completion
of the study.

Ethics Approval
The research protocol and all versions of the study documents
(information sheet, consent form, questionnaires, and versions
of the online questionnaires) were approved by the designated
research ethics committee (NRES committee
London-Hampstead, ref: 14/LO/1881 in November 2014). Based
on these documents, the study subsequently received permission
for clinical research at the three participating National Health
Service sites: Chelsea and Westminster NHS Foundation Trust,
Central and North West London NHS Foundation Trust, and
the Brighton and Sussex University Hospitals NHS Trust.

Results

Data collection commenced in March 2015 and is ongoing until
March 2018. Initial results from analysis of the baseline
questionnaires are expected in 2016, and results from
longitudinal data are expected in 2018.

Discussion

Principal Considerations
The AURAH2 study will provide important longitudinal data
on sexual risk behavior, HIV testing habits, and risk factors for
ongoing transmission of HIV in UK MSM who were HIV
negative at entry to the study but who are at risk of HIV
infection. It uses a novel approach to data collection by
combining paper-based questionnaires collected in the clinic
setting and online follow-up questionnaires that participants
access at their convenience. We applied a short recall period of
3 months in the questionnaire responses to maximize self-report
accuracy and diminish recall bias [45] and to better capture
within-person changes over time in sexual behavior. The request
to complete questionnaires was sent on a 4-monthly basis to
decrease the study burden for the participant and reduce attrition
during the long follow-up period. The online recall period is
reflective of the timeframes that are used in the paper-based
questionnaires and is closely aligned to the frequency of survey

completion in an attempt to capture ongoing and new behavioral
information. The Internet has been increasingly used as a tool
with which to collect survey data as it offers a low-cost, flexible,
and fast way to collect data while reducing participant burden
[46], and Internet surveys have been shown to be an acceptable
method in researching MSM at risk of acquisition of HIV [47].

A similar study to AURAH2 is currently being conducted in
the United States, using online follow-up over a 3-year period
in a sample of 1000 gay and bisexual men who will complete
self-administered HIV/STI tests and online surveys [48], which
may offer comparisons of survey response rates and attrition
over the 3 years. Despite some design differences, notably in
recruitment routes (ie, the One Thousand Strong study recruited
in partnership with a marketing firm via email invitation as
opposed to face to face in sexual health clinics) and methods
(ie, AURAH2 does not use biological methodologies for
HIV/STI tests [48]), both studies will demonstrate the feasibility
of using the Internet to engage MSM in online data collection
and contribute substantial insight into sexual risk behavior and
HIV testing. Longitudinal online follow-up in the HIV negative
or undiagnosed population has not been widely explored among
MSM in the United Kingdom but will be key to understanding
how individual sexual behaviors change over time. The annual
Gay Men’s Sex survey “Vital Statistics” has been successfully
conducted among participants since 1993, although the survey
is a one-off online survey [49], as opposed to the follow-up and
retention of the same group of individuals over time. The
AURAH2 study will provide valuable insight into the feasibility
of recruiting and retaining MSM in a study that requires regular
ongoing follow-up over a period of 3 years using the Internet
as a tool for data collection.

Limitations
A recognized limitation of the study is the restricted recruitment
of MSM from attendance at GUM clinics, which may not be
reflective of the wider MSM population, and in particular from
the two clinics (56 Dean Street and the Mortimer Market Clinic)
that provide services for patients seeking support for drug use.
However, recruitment is from the general clinic attendees, not
from specific drug use services. Although the majority of MSM
in London do appear to be engaged with GUM sexual health
services [50], there is less information on engagement with
these services in the rest of the United Kingdom, so recruiting
from a site outside London will allow some comparison.
Recruitment through GUM clinics was essential for this study
so that the self-reported HIV test results of participants could
be confirmed with UK national clinical HIV databases (in
collaboration with Public Health England) and so that the study
sampling frame was clearly based on MSM who had attended
a sexual health clinic. Recruitment online or through other
settings could have potentially provided larger numbers of
anonymous participants but would have been limited by the
inability to confirm HIV status during or at the end of the study
period due to participant anonymity.

We identify a further limitation of the study in the lack of
recruitment from clinical sites outside two major cities that have
large gay communities. It is recognized that this will limit the
study’s generalizability given the potential differences in

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e128 | p.444http://www.researchprotocols.org/2016/2/e128/
(page number not for citation purposes)

Sewell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


lifestyle, HIV testing opportunities, and access to sexual health
services between urban and rural settings. Future studies might
address this issue using the Internet or other digital platforms
to enroll participants so that a broader sample of MSM from
across the United Kingdom could be included.

Conclusion
Evidence that HIV incidence is increasing among MSM in the
United Kingdom [1] indicates a clear need for ongoing research
in this group. The AURAH2 study will provide detailed
longitudinal data on the incidence and predictors of new
infections among HIV-negative MSM at particular risk of HIV
infection and will further provide some of the first data on
emerging behaviors such as chemsex that have raised concern

for sexual health and well-being among MSM, as well as interest
and uptake of PrEP and expanded HIV testing options for this
group. The study completed recruitment of participants in March
2016, and it is hoped that the wide range of topics explored by
the AURAH2 study renders results that will help improve a
variety of targeted health promotion strategies that are specific
to the men that need them. The study will be highly relevant to
HIV prevention efforts among MSM, and it is planned for the
data to feed into a mathematical model that simulates different
scenarios to inform prevention strategies [4,51,52]. The results
of the study will also inform national policies aimed at reducing
HIV incidence and increase HIV testing in the United Kingdom
in this population.
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Abstract

Background: Hypertension guidelines recommend ambulatory blood pressure (ABP), central aortic pressure (CAP), and pulse
wave velocity (PWV) as parameters for estimating blood pressure (BP) control and vascular impairment. Recent advances in
technology have enabled devices to combine non-invasive estimation of these parameters over the 24-hour ABP monitoring.
However, currently there is limited evidence on the usefulness of such an approach for routine hypertension management.

Objective: We recently launched an investigator-initiated, international, multicenter, observational, prospective study, the
Vascular health Assessment Of The Hypertensive patients (VASOTENS) Registry, aimed at (1) evaluating non-invasive 24-hour
ABP and arterial stiffness estimates (through 24-hour pulse wave analysis, PWA) in hypertensive subjects undergoing ambulatory
blood pressure monitoring (ABPM) for clinical reasons; (2) assessing the changes in estimates following treatment; (3) weighing

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e137 | p.449http://www.researchprotocols.org/2016/2/e137/
(page number not for citation purposes)

Omboni et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:stefano.omboni@iitelemed.org
http://www.w3.org/Style/XSL
http://www.renderx.com/


the impact of 24-hour PWA on target organ damage and cardiovascular prognosis; (4) assessing the relationship between arterial
stiffness, BP absolute mean level and variability, and prognosis; and (5) validating the use of a 24-hour PWA electronic health
(e-health) solution for hypertension screening.

Methods: Approximately 2000 subjects, referred to 20 hypertension clinics for routine diagnostic evaluation and follow-up of
hypertension of any severity or stage, will be recruited. Data collection will include ABPM, performed with a device allowing
simultaneous non-invasive assessment of 24-hour CAP and arterial stiffness (BPLab), and clinical data (including cardiovascular
outcomes). As recommended by current guidelines, each patient will be followed-up with visits occurring at regular intervals
(ideally every 6 months, and not less than once a year depending on disease severity). A Web-based telemedicine platform
(THOLOMEUS) will be used for data collection. The use of the telemedicine system will allow standardized and centralized data
collection, data validation by experts and counseling to remote centers, setup and maintenance of the Registry, and prompt data
analysis.

Results: First follow-up results are expected to be available in the next 2 years.

Conclusions: The results of the VASOTENS Registry will help define the normalcy thresholds for current and future indices
derived from 24-hour PWA, according to outcome data, and will also provide supporting evidence for the inclusion of this type
of evaluation in hypertension management.

Trial registration: Clinicaltrials.gov NCT02577835; https://clinicaltrials.gov/ct2/show/NCT02577835 (Archived by WebCite
at http://www.Webcitation.org/6hzZBKY2Q)

(JMIR Res Protoc 2016;5(2):e137)   doi:10.2196/resprot.5619
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blood pressure telemonitoring; arterial stiffness; pulse wave velocity; augmentation index; central aortic pressure; hypertension

Introduction

Literature Review
Central aortic pressure (CAP) and pulse wave velocity (PWV)
are independent predictors for the development of cardiovascular
(CV) diseases [1-3]. Due to the large amount of epidemiological
evidence for its predictive value for CV events, carotid-femoral
PWV is currently highly indicated and useful for stratification
of total CV risk, and considered the “gold standard”
measurement of arterial stiffness [1,4,5]. Pulse-wave analysis
(PWA), including evaluation of CAP, and Augmentation Index
(AIx), may also provide additional information concerning wave
reflections and may be useful for risk stratification and
evaluation of the effectiveness of treatment, but more evidence
is needed before recommending the routine clinical use of these
vascular indices [1,5].

The most widely adopted methods for evaluating pulse
waveforms are those based on applanation tonometry and
transfer functions [1,6,7]. Notwithstanding the consistent
evidence for superior and independent prognostic value, with
respect to conventional office BP of either indices of central
hemodynamics and stiffness assessed in controlled office
condition at rest [2,3,8,9], currently there are no studies that
evaluated the long-term predictive ability for CV events of
vascular indices (ie, PWV, AIx, and CAP), measured in dynamic
conditions over the 24-hours by ambulatory blood pressure
monitoring (ABPM). However, some incomplete evidence is
available from cross-sectional studies. For example, in 629
patients with diabetes, 24-hour aortic systolic blood pressure
(SBP) was higher than in the 86 control patients, and increased
with diabetic complications, being more strongly associated to
complications than peripheral 24-hour SBP [10]. In the SAFAR
Study [11,12], both 24-hour aortic and brachial SBP were
superior to conventional office BP measurements in predicting

BP-related cardiac damage (left ventricular hypertrophy and
left ventricular diastolic dysfunction) in 230 subjects (75%
having arterial hypertension). In the same study, 24-hour
ambulatory central SBP was also more closely associated with
left ventricular hypertrophy than 24-hour ambulatory brachial
SBP. With respect to arterial stiffness, Aissopou et al [13] found
that ambulatory aortic PWV, estimated by an
operator-independent method, provided additional information
to carotid-femoral PWV regarding the association of arterial
stiffness with the retinal vessel calibers. Elsurer and Afsar [14]
found that in 339 hypertensive patients with chronic kidney
disease, serum uric acid was significantly correlated with both
24-hour PWV and AIx. However, serum uric acid was
independently associated with AIx only. Maloberti and
colleagues [15] studied 19 children with Williams-Beuren
syndrome, a genetic disorder involving the elastin gene and
adversely affecting arterial function and found that sick children
showed higher heart rate and AIx values at night than
age-matched controls, suggesting an abnormal sympathetic
cardiovascular control and an increase in small arteries
resistance. The limited evidence from the literature is completed
by two longitudinal studies. The Ambulatory Central Aortic
Pressure (AmCAP) study described a significant CAP lowering
effect on both day-time and night-time with a 12-week treatment
based on either aliskiren (300 mg) or telmisartan (80 mg)
administered once-daily [16]. Interestingly, this study also
showed relatively higher values of nocturnal aortic than brachial
BP. Karpetas et al [17] and Koutroumbas et al [18] showed a
gradual interdialytic increase in ambulatory CAP and AIx, and
to less extent in PWV, in 153 patients with end stage renal
disease treated with dialysis.

There is previous evidence that non-invasive assessment of
24-hour arterial stiffness and central hemodynamics in daily
life conditions measured by the device used in this study (BPLab
device, BPLab GmbH, Schwalbach am Taunus, Hessen,
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Germany) may help in assessing the arterial function impairment
in hypertensive patients. We recently showed larger 24-hour
CAP and peripheral AIx values in 661 patients with hypertension
compared to 142 normotensive controls [19]. In a subgroup of
137 patients with hypertension, a significantly positive
correlation was found between 24-hour PWV and left ventricular
mass index (LVMI) [20]. In another study, Kuznetsova et al
[21] provided age- and gender-specific reference diagnostic
values for 24-hour PWV, AIx, and CAP in 467 normotensive
volunteers. Minyukhina and colleagues [22] observed a
reduction in 24-hour PWV one week after kidney transplantation
in 41 patients with end-stage renal disease, with a return to
pre-transplant values after 20 weeks. Finally, in another study
the combination of hypertension and chronic obstructive
pulmonary disease was associated with an increased ambulatory
peripheral and central aortic pressure, while this was not the
case for isolated essential hypertensive subjects and
normotensive controls [23].

Rationale
Recent advances in technology enabled devices to combine
non-invasive estimation of CAP and arterial stiffness in
ambulatory conditions over the 24-hours, based on the
oscillometric method [24-28]. Such techniques are affordable
and may allow a comfortable, accurate, repeated, and prolonged
estimation of arterial stiffness and central hemodynamics over
the 24-hours in daily life conditions by ABPM. Recent studies
seem to indicate reliability and feasibility of ambulatory arterial
stiffness and hemodynamics evaluation based on analysis of
brachial oscillograms [8,29,30]. However, at present, there is
limited evidence on the clinical usefulness of such an approach
and much has to be done to prove its actual benefit in the daily
clinical management of hypertension. In particular, there are
very few data on the long-term prognostic and clinical value of
24-hour ambulatory CAP and arterial stiffness estimation, since
most studies performed so far were not sufficiently long lasting
or had a cross-sectional design [11-23]. At the moment, some
associations with CV complications have been demonstrated
for 24-hour CAP, but not for PWV and AIx. In addition, since
different algorithms are used by the different ambulatory
devices, non-invasive estimation of central hemodynamics and
arterial stiffness appears to be device- and/or
technique-dependent, and thus results obtained with one or the
other device cannot be easily confronted and interpreted.

To provide further insight on the matter, we created a large
database (or registry) of ABPM recordings obtained with the
BPLab monitor, which is able to determine CAP, PWV, and
AIx, over the 24-hours, based on a clinically validated
technology of PWA of oscillometric BP measurements [26-28].
The choice of this device was made not only because of its
proved accuracy and clinical reliability, but also because of its
compatibility with the Web-based telemedicine platform
THOLOMEUS (Biotechmed Ltd., Somma Lombardo, Varese
Italy) [31], which enables easy data collection and
communication within such a large worldwide network of study
centers.

This paper summarizes the study protocol (final version, dated
20/02/2015, available as an online supplement to this paper)

(Multimedia Appendix 1) that has been prepared following the
recommendations contained in the SPIRIT statement [32], the
most appropriate checklist for the publication of protocol papers
of observational, non-randomized, prospective studies in the
initial stage (Multimedia Appendix 2).

Study Objectives
The VASOTENS (Vascular health Assessment Of The
Hypertensive patients) Registry aims at evaluating the clinical
value and the prognostic impact of 24-hour ambulatory
non-invasive estimation of arterial stiffness and central
hemodynamics by PWA in patients with hypertension
undergoing an ABPM for clinical reasons in hypertension
clinics. Specific study objectives include (1) the evaluation of
24-hour PWV, AIx and CAP in hypertensive patients over
consecutive ABPMs performed at regular intervals, as
recommended by current guidelines, for a minimum of 2 years
(main study objective); (2) the evaluation of the changes in BP
and arterial stiffness estimates following treatment initiation or
modification, according to current guidelines; (3) the assessment
of the impact of non-invasive arterial stiffness estimation on
cardiac, vascular and renal damage and patient’s CV prognosis
(fatal and non-fatal events); (4) the definition of the normal
thresholds for PWV, AIx and CAP, in hypertensive patients,
according to outcome data; and (5) the definition of the
relationship between arterial stiffness, BP absolute level and
BP variability, and outcomes.

The outcome-based results provided by the VASOTENS
Registry will help establish a worldwide network of certified
centers performing ambulatory PWA and will help validate and
foster the use of the 24-hour PWA electronic health (e-health)
solution for hypertension screening and follow-up. Ultimately,
the study-based evidence of the clinical relevance of 24-hour
non-invasive central arterial stiffness and hemodynamics
assessment may help favor the inclusion of such evaluations
among the standard procedures made available in hypertension
centers, as well as practical recommendations for improving
hypertension management and control.

Trial Design
The VASOTENS Registry is an international, multicenter,
observational, non-randomized, prospective study.

Methods

Study Setting
A minimum of 20 hypertension centers will be involved
worldwide, each providing at least 100 participants, in order to
allow recruitment of a sufficiently consistent sample size able
to demonstrate the study objectives. A list of participating
centers grouped by countries is shown in Multimedia Appendix
3. Initially, hospitals from Italy and Russia will be enrolled
because of their proximity to the study coordinators. Attempts
will be made to select investigators among active members of
international and national hypertension societies, including
membership in the bodies specifically dedicated to blood
pressure and arterial stiffness measurement. This will ensure
high quality standards of data collection and facilitate the
dissemination of information on the project and its findings.
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Eligibility Criteria
Participants referred to the study centers for routine diagnostic
evaluation of hypertension or established hypertensive patients
will be eligible for inclusion in the study. Individuals fulfilling

eligibility criteria (Textbox 1), whose data are contained in
existing databases collected by the participating centers, and
who are regularly followed-up at the center will have priority
for enrolment.

Textbox 1. Study eligibility criteria.

Criteria

• Inclusion criteria

• Male and female

• Age ≥18 years

• Participants referred to routine diagnostic evaluation for hypertension of any severity or stage, or established hypertensive patients

• Good quality ABPM performed for clinical reasons with a BPLab device

• Availability of individual measurements for ABPM on a bpw file (BPLab format)

• Data directly uploaded on the telemedicine platform of the study

• Availability of basic clinical information (see Textbox 2)

• Availability of a signed informed consent form

• Exclusion criteria

• Age <18 years

• Atrial fibrillation, frequent ectopic beats, second or third degree atrioventricular blocks, or other conditions which might make difficult or
unreliable the automatic BP measurement with the oscillometric technique

• Upper arm circumference <22 cm

• Pregnancy

However, naïve hypertensive participants will also be enrolled,
provided that an ABPM is required for evaluating their potential
hypertension status, according to current recommendations
[5,33]. Once enrolled, participants will be visited every 6 or 12
months at the study centers (dependant on disease severity) for
a minimum follow-up of 2 years, and submitted to the
procedures detailed in the next sections.

Study Procedures
The project will not involve any type of diagnostic evaluation
or pharmacological intervention and the investigators will be
free to manage the patients included in the Registry according
to the requirements of clinical practice and current guidelines

[5]. However, as guidelines recommend, each patient will be
followed-up with visits occurring at regular intervals: ideally
every 6 months, and not less than once a year, for a minimum
follow-up of 2 years. The investigators will also be free to use
the information yielded by the ABPM tests for the clinical
management of their patients. At each study visit, an ABPM by
the BPLab device will be performed and patient’s clinical data,
such as family history, anthropometric data, habits, past and
current diseases, therapies, office BP, and laboratory tests,
including evaluation of target organ damage, will be collected
and entered on the electronic case report form (e-CRF) located
on the study website. A detailed list of the clinical data to be
collected during the study is itemized in Textbox 2.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e137 | p.452http://www.researchprotocols.org/2016/2/e137/
(page number not for citation purposes)

Omboni et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 2. Basic demographic and clinical information to be collected during the study.

Demographic and clinical information

• Age

• Gender

• Height (cm)

• Weight (kg)

• Ethnicity

• Superficial distance between jugulum and symphysis (surrogate of aortic length; cm)

• Waist circumference (cm)

• Smoking status

• Alcohol drinking

• Coffee or tea drinking

• Dyslipidemia (yes/no and indication on treatment)

• Diabetes (yes/no and indication on treatment)

• Diagnosis of hypertension (yes/no and indication on treatment)

• Family history of premature CV disease

• Medical history with particular regard to previous and/or concurrent CV diseases

• Office BP (mmHg) and heart rate (bpm) obtained in the same treatment condition as ABPM

• Electrocardiogram (ECG) indication on left ventricular hypertrophy, Sokolow–Lyon and Cornell index)

• Left ventricular mass index (LVMI, as g/m2) at echocardiogram

• When available, diameter of the aorta (aortic annulus, root and sinotubular junction, in cm) and/or cardiac output (as L/min), assessed by the
echocardiogram

• Intima-media thickness (IMT, mm) at carotid ultrasonography

• When available, ankle-brachial index

• Microalbuminuria (as mg/24h) or albumin-creatinine ratio (mg/g), and serum creatinine (g/dL), with subsequent calculation of estimated glomerular
filtration rate (eGFR) by the Cockroft-Gault equation

• When available, PWV (m/s), Aix (%), and CAP (mmHg) taken during the office visit with a validated device different from the BPLab device
(eg, Sphygmocor or Complior)

Ambulatory Blood Pressure Monitoring
Twenty-four hour ABPM will be performed with the BPLab
device, which has been found to be accurate for estimation of
both BP and vascular indices in properly conducted validation
studies [26,27,34-36]. A description of the technique used to
non-invasively assess central hemodynamics and arterial
stiffness by the BPLab device is detailed in a separate section.

Current guidelines will be followed for proper recording
performance [33,37,38]. In order to reduce patient’s discomfort
and to ensure a reliable minimum number of BP measurements
for the subsequent data analysis (particularly for the evaluation
of BP variability), the device will be programmed to measure
BP at least every 20 minutes during the day (providing a
minimum of 3 readings per hour) and at least 30 minutes during
the night (providing a minimum of 2 readings per hour).
Whenever possible, recordings will start between 8 am and 11
am, in order to standardize data collection and comparisons.
The monitoring cuff will be placed on the non-dominant arm,
the lower edge 2 cm above elbow bend, with the bladder
centered on the upper arm, to ensure uniform compression and

decompression during inflation and deflation. In order to allow
the proper evaluation of PWV, the length of the aorta will be
derived by measuring the distance from the sternal notch
(jugulum) to the upper edge of the pubic bone (symphysis). In
the case of obese patients, this superficial morphological
distance will be adjusted by using the frontal projection in
standing position. Up to 2 BP test readings will be triggered
manually before the device is activated for automatic
measurements in order to test its proper functioning. Two
sequential conventional (office) BP and heart rate readings will
also be taken in the sitting position at the time of ABPM
placement (with the same BPLab device or with a validated
automatic or manual BP measuring device), and recorded on
the e-CRF. Patients will be instructed to keep the arm still and
to avoid any movement during each automatic BP measurement.
Patients will be free to attend to their usual daily activities during
ABPM (avoiding strenuous exercise). They will have to
complete a diary in which daily activities (ie, time of sleeping,
time of meals) will be reported together with the time of
occurrence of unusual events or poor night sleep quality. The
patient will come back to the outpatient clinic on the second
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day of the recording (after at least 24 hours) to remove the
monitor. Shortly after device removal, the recording will be
downloaded to a computer using the telemedicine Web platform
of the project. The investigator will obtain the results from the
Web-based analysis software and verify each recording for
compliance with quality criteria (see below for details). In case
of a bad quality recording the investigator will have to repeat
the recording as soon as possible, preferably within 2 days.

Pulse-Wave Analysis
The oscillometric BPLab device will also allow measurements
of ambulatory arterial stiffness and central hemodynamics by
recording pulsatile pressure changes at the brachial artery level.
Briefly, during BP measurement, the pressure waveforms in the
cuff are recorded during a step-by-step deflation and then
digitalized and stored in the device memory. When data are
uploaded on the Web-based telemedicine platform, the software
processes the signal using proprietary mathematical algorithms.
These are based on a specially developed hemodynamic model
to get the PWV and transfer function that utilizes a modification
in a certain frequency range within the acquired pulse signal to
derive the aortic pressure wave, and thus to assess CAP and
AIx. A detailed description of the methodology may be found
elsewhere [26,28,30]. As aforementioned, the accuracy of the
BPLab device for the assessment of vascular indices has been
validated in studies against a non-invasive gold standard [26,27].

Web-Based Telemedicine Platform
Data contained in existing electronic databases or data of newly
enrolled subjects fulfilling the inclusion criteria will be uploaded

and entered on the study website. These data will include ABPM
measures (peripheral or brachial BP, CAP, and arterial stiffness)
obtained with a BPLab device and clinical data. Data collection
will be ensured by a certified Web-based telemedicine platform
(THOLOMEUS, Biotechmed Ltd., Somma Lombardo, Varese
Italy) available on the Tholomeus website [31]. The choice of
using an e-health tool for study management is based on the
potential of such a solution to allow standardized and centralized
data collection, prompt data validation and analysis, effective
study monitoring and auditing, easy and real-time distribution
of software updates, and bug corrections. It will also help
provide advanced screening options for the patients with
hypertension through a worldwide network of expert centers
connected together. ABPM data will be uploaded on the website
as bpw files (original file format of the standard analysis
software of BPLab device, for centers already using such
software) or by plugging the ABPM device to the computer
through a Universal Serial Bus (USB) cable. ABPM data will
be transmitted to the website and analyzed in real-time with
production of an electronic report (as an Acrobat Reader pdf
file) sent by email to the investigator and simultaneously
published on the user-restricted area of the website. The
Web-based telemedicine platform is complemented by an
e-CRF, which will allow entering main patient’s clinical data
into the study database. Access to the website and e-CRF will
be granted through authentication with username and password
according to local data protection and privacy regulations. A
schematic diagram of the workflow of the Web-based
telemedicine platform is shown in Figure 1.

Figure 1. Workflow of the THOLOMEUS Web-based telemedicine system used in the VASOTENS Registry.
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Ethics
The study will be conducted according to Good Clinical Practice
guidelines and the Declaration of Helsinki [39]. The data
collection will start in each center only after approval or
notification (depending on local laws) of the study protocol and
amendments (if any) by the independent ethics committees of
the centers. All participants meeting inclusion criteria and not
meeting exclusion criteria will be fully informed about the study
design and purposes, and asked to give a written informed
consent if willing to participate. All patient-related information
is subject to medical confidentiality and to the local data
protection acts. Data will be pseudonymized before any
aggregate analysis. This means that main data useful to identify
the patient will be replaced with a unique number and thus the
patient’s identity will not be disclosed to third parties, except
the promoter.

Data Quality Control
Given its observational nature, no formal monitoring of the
study is foreseen for this study. However, electronic data
verification will be done remotely by a data manager who will
get in touch with the investigators and, when needed, will ask
the investigator to correct the erroneous data or complete
missing data on the e-CRF. The investigator will be required
to verify and check that the information provided on the e-CRF
is as precise and accurate as possible. The procedures for data
monitoring and verification will be ensured by the presence of
logical checks and range (defined a priori) for the different
variables and by automatic identification of inconsistencies by
the e-CRF used to manage the database. The controls and related
corrections will be made on the e-CRF directly by the
investigator on the website. Since no standardized or centralized
analysis of laboratory tests will be done, except for ABPM,
particular attention will be dedicated to check the congruency

of data collected through ultrasonography, ECG, and
biochemistry.

Dissemination Activities
An important part of the study-related activities will be aimed
at disseminating the knowledge on the correct use of ambulatory
CAP and arterial stiffness estimation in clinical practice and in
research, and thus at achieving a possibly standardized and
widespread use of this integrated technology. Manuscripts
reporting main study results and documents embedding specific
recommendations on the use of the technique will be developed.
All publications related to the study results will be prepared by
the study coordinators with the support of the scientific
committee and will include any investigator significantly
contributing to the success of the study. A complete list of
investigators will be provided at the end of each manuscript.
The original study protocol (with appendices) can be
downloaded from, and any future study results will be published
on the VASOTENS study website.

Statistical Methods

Primary Outcome Measures
The primary study endpoint will consist of the calculations of
the average 24-hour values of PWV, CAP, and AIx during the
study. The main time points will be the baseline versus the end
of the study, corresponding to 2 years following enrolment, but
averages will be computed for each study visit occurring during
the follow-up.

Secondary Outcome Measures
The endpoints considered secondary study variables and
evaluated according to the same timeline applied to the primary
outcome measures are shown in Textbox 3.

Textbox 3. Secondary outcome measures.

Outcome measures

• Average 24-hour brachial (or peripheral) SBP and DBP

• 24-hour brachial SBP and DBP variability estimated by:

• Unweighted standard deviation: the standard deviation of 24-hour mean value of brachial SBP and DBP [40]

• Weighted standard deviation: the standard deviation of the average of all brachial SBP and DBP values during day-time and night-time,
with weights corresponding to the duration of day-time and night-time [41]

• Average real variability (ARV): the mean of the successive absolute differences between adjacent brachial SBP and DBP values over the
24-hours [42]

• Cardiac damage, defined by the presence of cardiac hypertrophy, as determined by echocardiography (LVMI >115 g/m2 in men and >95 g/m2

in women according to the recommendations of the American Society of Echocardiography) [43,44] or ECG (Sokolow-Lyon index >3.5 mV +
R in aVL >1.1 mV or Cornell voltage duration product >244 mV*ms) [5]

• Vascular damage, defined by the presence of carotid wall thickening or plaque (intima media thickness, IMT >0.9 mm) at ultrasonography and,
if available, by an ankle-brachial index (ABI) <0.9 [5]

• Renal damage, defined by microalbuminuria (30-300 mg/24 h) or albumin–creatinine ratio (30–300 mg/g) (preferentially on morning spot urine)

or reduced estimated glomerular filtration rate (eGFR <60 ml/min/1.73 m2) [5]

• Cardiovascular fatal or non-fatal events: death or hospitalization for congestive heart failure, myocardial infarction, angina, stroke or cerebrovascular
accident, renal failure, or other cardiovascular diseases
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Sample Size
Given the observational nature of the study and the lack of
precedent studies with a similar design and objectives, it is
difficult to define a proper sample size. According to the number
of subjects enrolled and followed-up in previous cross-sectional
or prospective trials [10,11,14-21], and considering the number
of participants usually needed to collect a sufficient number of
clinical outcomes in longitudinal population studies based on
ABPM [45], a minimum number of 2000 participants has been
considered for the present study. Ideally, such a sample size
will be able to provide consistent outcome-based information
on the clinical relevance of 24-hour PWA.

Statistical Analysis
Analysis will be performed on all participants with valid ABPM
recordings at study entry and during the follow-up. Principal
derived ABPM variables and arterial stiffness measures will be
immediately calculated once the data will be uploaded on the
website and their quality verified. Analysis of 24-hour
recordings will be preceded by removal of artifacts according
to previously described editing criteria [37,38]. Valid recordings
will be considered those with (1) an interval between
measurements not exceeding 30 minutes during the whole
24-hours; (2) a recording duration of at least 24-hours; (3) at
least 70% of expected number of readings; and (4) at least 20
valid readings during the day-time and 7 during the nigh-time.
Average brachial and central SBP and DBP, and arterial stiffness
indices (PWV and AIx) will be computed by averaging all the
individual readings over the 24-hours, and separately for the
day-time and night-time subperiods, and for each hour of the
recording. Measures of BP variabilities (unweighted standard
deviation, weighted standard deviation and ARV) will also be
computed based on individual readings. Other ABPM variables
of interest (eg, nocturnal BP fall, morning surge, etc) will be
subsequently defined in the framework of sub-analyses based
on the Registry data and calculated according to procedures
specifically defined.

Basic descriptive statistics will be provided for all variables
with calculations of absolute and relative frequencies for
categorical variables and calculation of average value, standard
deviation, and minimum and maximum for continuous variables.
The relationship between BP and arterial stiffness estimates,
and organ damage and prognosis will be evaluated by
appropriate parametric or non parametric tests, depending on
the type of data distribution (normal or non-normal). The
occurrence of any cardiovascular event during the study will
be evaluated by the Kaplan-Meier method. Time-to-event curves
will be drawn and the survival analysis will be performed
according to the Cox proportional hazard model to analyze
predictors of outcomes. Data management and analysis will be
carried out by SPSS for Windows version 20. A P<0.05 will be
considered as the minimum level of statistical significance.

Results

Enrolment of patients in the first study centers started in October
2015. The first data analysis is expected to be performed by the
end of 2017 or early 2018.

Discussion

The VASOTENS Registry is an international, multicenter,
observational, non-randomized, prospective study devised to
evaluate the clinical impact and usefulness of 24-hour PWA for
hypertension management.

Expected Contributions
With respect to all of the studies briefly reviewed in this paper,
our Registry may offer, for the first time, the possibility to shed
light on the role of 24-hour ambulatory central hemodynamics
and stiffness as predictors of cardiovascular outcomes. The
study results may help determine whether the clinical value of
ABPM might be further increased by incorporating information
on ambulatory CAP and stiffness. The results of the
VASOTENS Registry will help define the normalcy thresholds
for current and future indices derived from 24-hour PWA,
according to outcome data. They will also provide supporting
evidence for the inclusion of such evaluations in
recommendations on hypertension management and its possible
impact on the general population health state. Thanks to this
study, an important lack of knowledge will be worked-out and
the foundation for future studies with a more robust design could
be hopefully laid.

Limitations
The non-randomized uncontrolled nature of the study and the
rather wide selection criteria may increase the risk of obtaining
heterogeneous and poorly powered results. In addition, the fact
that patients will be recruited in hypertension centers may result
in a potential selection bias: the sample being unrepresentative
or not fully representative of the general population of patients
with hypertension. Despite these important limitations, we think
that since the study is carried out in a real-life setting and that
it is a longitudinal long-term outcome-driven study, it represents
an important added value.

Dissemination Strategy
An important component of this study is disseminating the
knowledge on correct use of ambulatory CAP and arterial
stiffness estimation and to help create an e-health network for
a standardized and widespread use of this hypertension screening
tool. In order to achieve this, apart from data collection, several
disseminating activities are required. An exchange of knowledge
between participating centers will be achieved by the
cooperation of investigators in preparing a possibly unified
methodology of ABPM data collection and analysis and by
jointly addressing methodological issues that may arise during
the project. Data collected in the Registry will foster the
performance of studies aimed at optimizing a possible clinical
application of non-invasive ambulatory arterial stiffness
estimation. The study will help provide instructions on
appropriate ambulatory arterial stiffness monitoring
methodology to other physicians, particularly to intermediate
level centers, not necessarily experts in ABPM use and arterial
stiffness determination. A major task of the consortium will be
to provide these participants with accurate information on
correct methodology and interpretation of such data, in order
to support them in case of difficulties and to monitor the
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correctness of the use of the methodology in these centers during
the project. The study findings will favor preparation of specific
recommendations on the use and clinical application of ABPM
integrated with arterial stiffness evaluation. The study will also
ensure cooperation between international and national scientific
societies in the area related to ABPM and arterial stiffness
monitoring. This will facilitate the dissemination of information
on the project and its findings and will also allow an interaction
with writing committees involved in the preparation of
guidelines pertinent to this area

Conclusions
The results of the data collected at baseline and during regular
follow-up of hypertensive patients in the VASOTENS Registry
will help define the normalcy thresholds for current and future
indices derived from 24-hour PWA, according to outcome data.
They will also provide supporting evidence on the clinical
usefulness of such a technological approach, based on
telemedicine, for the screening and follow-up of the vascular
function status of the patients with hypertension.
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Abstract

Background: The need for documentation in cartilage defects is as obvious as in other medical specialties. Cartilage defects
can cause significant pain, and lead to reduced quality of life and loss of function of the affected joint. The risk of developing
osteoarthritis is high. Therefore, the socioeconomic burden of cartilage defects should not be underestimated.

Objective: The objective of our study was to implement and maintain a registry of all patients undergoing surgical treatment
of cartilage defects.

Methods: We designed this multicenter registry for adults whose cartilage defects of a knee, ankle, or hip joint are treated
surgically. The registry consists of two parts: one for the physician and one for the patient. Data for both parts will be gathered
at baseline and at 6-, 12-, 24-, 36-, 60-, and 120-month follow-ups.

Results: To date, a wide range of German, Swiss, and Austrian trial sites are taking part in the German Cartilage Registry, soon
to be followed by further sites. More than 2124 (as of January 31, 2016) cases are already documented and the first publications
have been released.

Conclusions: The German Cartilage Registry addresses fundamental issues regarding the current medical care situation of
patients with cartilage defects of knee, ankle, and hip joints. In addition, the registry will help to identify various procedure-specific
complications, along with putative advantages and disadvantages of different chondrocyte products. It provides an expanding
large-scale, unselected, standardized database for cost and care research for further retrospective studies.

Trial Registration: German Clinical Trials Register: DRKS00005617; https://drks-neu.uniklinik-freiburg.de/
drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00005617 (Archived by WebCite at
http://www.webcitation.org/6hbFqSws0)
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Introduction

Isolated cartilage defects are common orthopedic disorders in
middle-aged patients that are typically associated with pain,
reduced quality of life, and loss of function of the affected joint
[1,2]. In fact, chondral defects have been described in 34% to
62% of knee arthroscopies [3-6]. They tend to progress to
osteoarthritis, as spontaneous healing is rare, and can therefore
be considered a potential risk factor or precondition for joint
degeneration [7].

As of 2008, nearly 27 million US adults aged 25 and older have
clinical osteoarthritis [8]. Osteoarthritis is the fourth most
frequent cause of hospital admission in the United States and
the leading cause of joint replacement surgery [9]. In 2009, in
the United States 905,000 knee or hip replacements were
conducted, resulting in treatment costs of US $42.3 billion [9].
In sum, osteoarthritis is one of the major causes of global
disability and is a socioeconomic burden that will most likely
soon become a substantial problem for global health systems
[10,11]. Therefore, it is very important to cure cartilage defects
in the first place.

Concerning cartilage repair techniques, several therapies have
been established, which can be divided into two major groups:
bone marrow stimulation techniques and transplantation
techniques [12,13]. Despite the fact that the number of
randomized controlled trials (RCTs) on cartilage repair has
increased significantly over the years, RCTs aim only at direct
comparison between two surgical procedures, such as the
comparison between arthroscopic microfracturing and
autologous chondrocyte implantation [14-18]. In addition, only
a highly selected patient population is considered in these trials.
Real-life clinical data are hardly ever considered.

The group of Engen et al [11] published a study on this issue
and came to the final conclusion that only approximately 4.5%
of patients with cartilage defects are represented by RCTs.
Jakobsen et al [19] stated that promising results of cartilage
repair studies have to be interpreted carefully due to their low
methodological quality. Against this background and based on
the fact that some scientific questions, such as a detailed analysis
of surgical complication, and the influence of sex, overweight,
and other factors, cannot be investigated in RCTs, many experts
think that RCTs should be supplemented by well-designed
observational studies [20-24]. Thus, we have initiated this
multicenter patient registry to 1) systematically describe the
current medical care situation of patients undergoing surgical
treatment of their cartilage defect, 2) compare competing
cartilage therapies regarding their outcomes, procedure-specific
complication rates, and symptom relief by collecting real-life
clinical data, 3) identify putative advantages and disadvantages
of various chondrocyte products in daily clinical care, 4) develop
new hypotheses on cartilage repair techniques as a basis for
future RCTs and to test outcomes of former RCTs in a larger

and more representative population, and 5) evaluate the
efficiency and safety of surgically treated cartilage defects of
knee, hip, and ankle joints, independent of strict patient
characteristics or surgical procedure.

Here we describe the study design and layout of the German
Cartilage Registry, which is to our knowledge the first patient
registry for this indication worldwide.

Methods

Study Design
The German Cartilage Registry is an observational and
international multicenter registry that was initiated by the
Arbeitsgemeinschaft Klinische Geweberegeneration (Working
Group Clinical Tissue Regeneration) of the German Society for
Orthopaedics and Trauma (DGOU) in 2013. It is a purely
scientifically motivated project and as a consequence
independent of the interests of industrial partners. The study is
conducted in accordance with the Declaration of Helsinki and
registered at germanctr.de (DRKS00005617).

The registry investigates the efficiency and safety of surgical
treatment of cartilage defects in patients under real-life
conditions. In October 2013, the assessment started with the
documentation of cartilage defects of the knee. The modules
for cartilage defects of the ankle and hip joint were implemented
1 year later.

Ethics Approval

Depending on individual state’s law, investigators consult the
responsible ethics committee before starting the study at their
site. At their request, investigators are supported by the Clinical
Trials Unit (CTU; Medical Center - University of Freiburg,
Freiburg, Germany) in preparing the essential documents for
submission (first approval in Freiburg on March 13, 2013,
internal number 105/13). So far, 33 ethics committees have
welcomed the implementation of the German Cartilage Registry
in their jurisdiction.

After consulting the ethics committee, investigators are allowed
to take part in the German Cartilage Registry.

Study Population
All patients aged ≥18 years who meet the following criteria are
eligible to take part in the German Cartilage Registry: 1) they
have had surgical treatment of cartilage defects of a knee, ankle,
or hip joint at a participating site, 2) they have given written
informed consent, 3) they have a personal email address.

Procedure and Data Collection
Only after the patient has signed the written informed consent
the investigator is allowed to register the patient in the database.
We recommend that this registration procedure takes place
immediately after the surgery is completed. Thus, the
investigator can type in the following mandatory baseline data
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at the same time: initially, the date of surgery, the patient’s
identification, and the patient’s email address to generate a new
case; and subsequently, basic information concerning patient
history and treatment technique. In the course of 6-, 12-, 24-,
36-, 60-, and 120-month follow-ups, the physician can document
further optional data.

The day following initial data entry by the physician, the patient
automatically receives an email inviting him or her to fill in a
questionnaire for baseline data. Additionally, the patient receives
an invitational email at 6-, 12-, 24-, 36-, 60-, and 120-month
follow-ups to complete the questionnaire. If the patient does

not complete the form within a given time limit, an email
reminder is sent automatically. If the patient still does not fill
in the questionnaire, the trial site seeks personal contact. Figure
1 shows the flow chart of the German Cartilage Registry in
detail, naming all deployed questionnaires. Light blue represents
all questionnaires that are used in the knee part, medium blue
shows the questionnaires deployed in the hip part, and dark blue
displays all questionnaires used in the ankle part of the German
Cartilage Registry. Completion of the questionnaires shown in
the dotted box is optional. Answering all other questionnaires
is mandatory.

Figure 1. Flow chart of the German Cartilage Registry and questionnaires deployed to physicians and patients. AOFAS: American Orthopaedic Foot
& Ankle Society; AQ: additional questions; FAAM: Foot and Ankle Ability Measure; FAOS: Foot and Ankle Outcome Score; ICRS: International
Cartilage Repair Society; iHOT33: International Hip Outcome Tool-33; IKDC: International Knee Documentation Committee; KOOS: Knee injury
and Osteoarthritis Outcome Score; MOCART: magnetic resonance observation of cartilage repair tissue; MRI: magnetic resonance imaging; NAS:
numeric analog scale for pain description; SA: sports activities.

Instruments

The German Cartilage Registry consists of two parts: one for
the physician and one for the patient. At baseline, the physician
section includes mandatory information on patient-specific
characteristics (age, sex, smoking behavior, weight and height,
as well as varus or valgus malalignment), the preliminary
operation(s), all surgical procedures performed on the injured
joint (including defect-specific characteristics), and therapy
characteristics.

Furthermore, the physician can fill in a premagnetic resonance
imaging score (similar to the magnetic resonance observation
of cartilage repair tissue, or MOCART, score), as well as
joint-specific scores, such as the International Cartilage Repair

Society (ICRS) score (equal to International Knee
Documentation Committee, IKDC, objective score) for the knee
joint and American Orthopaedic Foot & Ankle Society
(AOFAS) for the ankle joint [25,26]. Investigator’s data entry
at 6-, 12-, 24-, 36-, 60-, and 120-month follow-ups is optional.
But there is the opportunity to document joint-specific scores,
such as MOCART [27,28], AOFAS, and ICRS (see Figure 1).

At all times, the patient’s questionnaire consists of a numeric
analog scale for pain description, a few questions about sports
activities, and joint-specific, validated, and standardized
instruments, such as IKDC subjective score and Knee injury
and Osteoarthritis Outcome Score (for the knee part) [29-33],
International Hip Outcome Tool-33 (hip part) [34,35], Foot and
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Ankle Outcome Score, and Foot and Ankle Ability Measure
(ankle part) [36-38]. At 6-, 12-, 24-, 36-, 60-, and 120-month
follow-ups, 3 additional questions ask about the patient’s
satisfaction with the surgical treatment at baseline and further
surgeries (see Figure 1).

Data Entry
The Web-based remote data entry system called RDE-LIGHT
was developed by the CTU of the Medical Center - University
of Freiburg as an electronic data entry interface and data
management system for clinical studies and other projects in
clinical research. Data are collected paperless and directly on
site via an Internet browser. The RDE-LIGHT system displays
the questionnaires in a structured view in the main window,
indicating the status of the questionnaires as traffic light colors.
Questionnaires are based on HTML. RDE-LIGHT is available
in various languages and validated according to GAMP 5 (ISPE,
Tampa, FL, USA). Furthermore, it fulfills all requirements of
good clinical practice.

The RDE-LIGHT system applies established security standards
such as cryptographic security protocols (secure socket
layer/transport layer security), user authentication protocols,
and authorization concepts. For example, investigators can
access data only of their own site, while the system denies

unauthorized access. Data transfer to the database is encrypted
and secured. The server is located in the Medical Computer
Department of the Medical Center - University of Freiburg,
with strict access control. Hence, common concepts of data
protection are implemented. Changes to the database and the
underlying system are logged, saved, and archived regularly to
ensure end-to-end tracking.

When working with personal data, the CTU encourages involved
researchers to use pseudonyms to prohibit the identification of
their patients. The patients’ names and contact details (email
address) will be kept confidential and are available to the
research team only for contact purposes. Any data presented
publically will ensure participants' anonymity. In order to be
able to automatically send emails to the patients when new
questionnaires have to be completed, it is necessary to access
the patients’ email addresses in the system’s database. As the
email address is part of the patients’ personal information, it is
stored in an encrypted way in the database using password-based
encryption with MD5 and Triple Data Encryption Standard.
Figure 2 illustrates the data storage location and clearly shows
that the email addresses are separated from the physicians’ and
patients’ questionnaires, as well as the patients’ identification,
in a well-protected way.

Figure 2. Data storage location for the German Cartilage Registry. ID: identification; SSL: secure socket layer.
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Statistical Analysis
After approval from the Arbeitsgemeinschaft Klinische
Geweberegeneration (Working Group Clinical Tissue
Regeneration), every participating physician is allowed to
publish the full set of anonymized data available at that time.
Data will always be prepared by an experienced biostatistician
of the CTU. We are planning several descriptive analyses
concerning the structure and composition of the registry.
Analyses will be done by first specifying several different
research questions (eg, efficacy of certain therapies in real-life
datasets) and prespecifying inclusion criteria for these specific
questions. Independently, every investigator is allowed to
download his or her own data set for anonymized statistical
evaluations. However, it is important to keep in mind that
registry data need special care in the analysis, as populations
are unbalanced and several sources of bias can be present, such
as in confounding variables. Therefore, the results must be
interpreted very carefully.

Quality Assurance
The registry is being implemented and maintained by the CTU
of the Medical Center- University of Freiburg. The CTU is

member of the network of coordinating centers for clinical trials
in Germany [39] and offers profound expertise in all areas of
clinical trial planning, conduct, and analysis, in both universities
and industry. The CTU is involved in about 250 trials a year.

Skilled and experienced staff of the CTU offer email and
telephone support for any emerging problems. Additionally,
documents, user manuals, and Web-based instructions via video
may help to assist physicians and other personnel at the site. A
query management system helps to identify patients and
physicians who did not fill in the mandatory questionnaires.

Results

At time of data collection for this paper, 100 German trial sites
and 5 trial sites in Austria and Switzerland are taking part in
the German Cartilage Registry. Among these are university
medical centers and private hospitals, doctors’ surgeries, and
outpatient surgical centers. As of January 31, 2016, a total of
2124 patients have been registered (see Figure 3) and the first
clinical results have been published [40-42].

Figure 3. Total number of patients in the German Cartilage Registry as of January 31, 2016.

Discussion

The primary aim of this multicenter registry is to assess the
efficiency and safety of surgically treated cartilage defects of
knee, hip, and ankle joints and to subsequently provide future
patients with their best treatment option. Therefore, we are
collecting as much valuable information as possible on a
preferably heterogeneous group of people who have been treated
in day-to-day clinical practice.

In the following section we highlight the strengths of the
German Cartilage Registry and discuss the known limitations
to this project.

Complementing Data from RCTs
In recent years, there has been a focus on RCTs in cartilage
repair, since they still are the highest level of clinical research
[43]. Nevertheless, due to strict inclusion and exclusion criteria,
study populations in many RCTs do not completely represent
clinical routine and the entire population of patients with
cartilage defects. In fact, the number of patients who are eligible
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for RCTs in the field of cartilage defects is estimated to be only
around 4.5% [11]. Hence, the vast majority of patients are not
represented by RCTs, since they do not qualify for different
reasons, such as an increased body mass index or concomitant
pathologies. In addition, important patient-related factors such
as smoking and being overweight have been proven to
significantly influence the outcome of cartilage repair
techniques, but they cannot be analyzed by RCTs for
methodological reasons [44-46]. This also applies to
pathology-related parameters such as the influence of defect
size or detailed defect location [46]. Furthermore, concomitant
pathologies are considered to be exclusion criteria in most RCTs
but are frequently present in cartilage repair patients. All of
these factors underline the necessity of not exclusively relying
on findings of RCTs, but to complement the results of RCTs
with data from well-designed observational studies (eg,
registries), and, therefore, to reassess findings of RCTs in daily
clinical use.

Selection Bias
Due to organizational or other limitations, we cannot guarantee
that every single patient with a surgically treated chondral defect
of a knee, hip, or ankle joint will be documented in the system.
For instance, for small- or medium-sized medical health

providers, the additional workload for data input may seem too
high. But we tried to keep the administrative effort as small as
possible by allowing the physicians to register a patient
immediately after surgery has been completed, although the
first patient questionnaire refers to the complaints before
surgery. In this way, the physician can record all mandatory
data at once. Furthermore, we tried to include as many patient
characteristics as possible that are thought to affect outcomes.

Data Quality
No onsite clinical monitoring is provided to assure the quality
of entered data, and the respective sites are solely responsible
for data input. Nevertheless, quality parameters need to be
established and carefully applied. For instance, we have to
observe the follow-up rate, which is crucial in any type of
clinical research. Therefore, a validation study of recorded data
will have to follow.

Expansion of the Registry
Additional sites in German-speaking countries, namely Austria
and Switzerland, have already been affiliated and others will
be approached to join the registry.

Further information is available on the KnorpelRegister website
[47].
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IKDC: International Knee Documentation Committee
MOCART: magnetic resonance observation of cartilage repair tissue
RCT: randomized controlled trial
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Abstract

Background: The European eHealthMonitor project (eHM) developed a user-sensitive and interactive Web portal for the
dementia care setting called the eHM Dementia Portal (eHM-DP). It aims to provide targeted support for informal caregivers of
persons with dementia and professionals.

Objective: The objective of this study was to assess the usefulness and impact of the eHM-DP service in the dementia care
setting from two user perspectives: informal caregivers and professionals.

Methods: The evaluation study was conducted from June to September 2014 and followed a before-after, user-participatory,
mixed-method design with questionnaires and interviews. The used intervention was the eHM-DP: an interactive Web portal for
informal caregivers and professionals that was tested for a 12-week period. Primary outcomes for caregivers included empowerment,
quality of life, caregiver burden, decision aid, as well as perceived usefulness and benefits of the eHM-DP. Primary outcomes
for professionals involved decision aid, perceived usefulness, and benefits of the eHM-DP.

Results: A total of 25 informal caregivers and 6 professionals used the eHM-DP over the 12-week study period. Both professionals
and informal caregivers indicated perceived benefits and support by the eHM-DP. In total, 65% (16/25) of informal caregivers
would use the eHM-DP if they had access to it. Major perceived benefits were individualized information acquisition, improved
interaction between informal caregivers and professionals, access to support from home, and empowerment in health-related
decisions (PrepDM Score: 67.9). Professionals highlighted the improved treatment and care over the disease course (83%, 5/6)
and improved health care access for people living in rural areas (67%, 4/6). However, there was no improvement in caregiver
burden (Burden Scale for Family Caregivers) and quality of life (EuroQol-5D-5L) over the study period.

Conclusions: Our study provides insight into the different user perspectives on an eHealth support service in the dementia
treatment and care setting. These results are of importance for future developments and the uptake of eHealth solutions in the
dementia domain and reinforce the importance of early user involvement. Turning to the primary target of the eHM-DP service,
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our findings suggest that the eHM-DP service proved to be a valuable post-diagnostic support service, in particular for the
home-based care setting. Further research on a larger scale is needed to enhance the implementation in existing health care
infrastructures.

(JMIR Res Protoc 2016;5(2):e47)   doi:10.2196/resprot.4354

KEYWORDS

eHealth; web portal; decision aid; personalized support; dementia; Alzheimer’s disease; informal caregiver; medical professional

Introduction

Planning for the treatment and care provision of increasing
numbers of persons with dementia (PwD) and their informal
caregivers has become an urgent global health service task.
Need for care in dementia starts early and increases with disease
severity, affecting multiple dimensions such as medical
treatment and care, support for household, financial, and social
activities, up to almost constant supervision in the severe stage.
Thus, dementia has a high impact on PwDs, families (informal
caregivers), and health care systems [1]. On average, 70% of
persons with dementia are cared for at home. In particular,
spouses and children provide extensive care and communicate
with professionals, while facing many challenges. They often
suffer from higher physical and emotional burden [1-7] in
contrast to informal caregivers caring for a person without
dementia [8]. In addition, the personal burden of informal care
is one of the main reasons for nursing home transfers [9,10].
Given that there is currently no cure for dementia, care concepts
and services that provide assistance for persons with dementia
are essential. Although several support services exist, they are
highly underutilized. Brodaty et al [11] identified the following
four major reasons for non-use of support services: caregivers
do not perceive the need of the services, reluctance to use the
services, the service characteristics, and the lack of information
regarding the availability of support services. A recent review
highlights the importance of tailoring support services to the
needs of caregivers as well as improving access to services [12].
Against this background and due to the projected increase in
the number of PwD worldwide [13], there is an urgent need for
cost-effective support services for informal caregivers. In this
context, several studies highlight the potential of eHealth
services, due to the increasing availability of Internet access
and the benefit of flexibility, facilitated accessibility, and
personalization of the service [14-19].

Therefore, the European eHealthMonitor project (eHM)
developed a user-sensitive and interactive Web portal for
dementia care: the eHM Dementia Portal (eHM-DP). By
providing information and access for local support services
from home and information that is tailored to the needs of the
users, the eHM-DP aims to increase the use of support services.
It aims to provide targeted and personalized support for both
informal caregivers of persons with dementia in a home-based
care setting and professionals [20]. Especially during the course
of the disease, medical professionals play an important role with
regard to treatment and care for the PwD and communication
with informal caregivers is crucial in order to provide the
appropriate treatment and care.

Currently, the majority of Internet-based, supportive
interventions for informal caregivers in dementia are websites
or specific educational programs. A recent review identified six
(of 14) interventions that included a professional [21]. However,
only a minority of studies that were identified in two recent
reviews [21,22] were similar to the eHM-DP with respect to
provision of context-sensitive information [23,24] or interaction
functionalities [25-27]. In comparison, the eHM-DP is unique
by combining individualized (need-tailored) information and
interaction functionalities for both informal caregivers and
professionals. Overall, the eHM-DP differs from previous
eHealth service solutions for informal caregivers of PwD by a
combination of seven major aspects, which were identified
based on current reviews [21,22] and the involvement of users
in the initial development of the program: (1) interactive and
personalized portal with own account, (2) computerized
communication between professionals and informal caregivers,
(3) tailored support services according to user-specific entries
in caregiving diaries, (4) focus on caregiver empowerment and
decision aid, (5) the perspectives of medical professionals, (6)
provision of individual and longitudinal data about the
home-based care setting and course of the disease of the PwD
(ie, symptoms, medication, well-being), and (7) provision of
individual and longitudinal data of caregiving tasks and
caregiver burden. A further advantage of the eHM-DP is the
professionals’access to information from health care parameters
of PwDs and caregiver burden of informal caregivers.

The purpose of this study was to assess the usefulness and
impact of the eHM-DP. The focus was on perceived usefulness
that was assessed by the attitude toward using, perceived
benefits, concerns, and recommendations of informal caregivers
and professionals. In addition, the impact on informal caregivers
(quality of life, caregiver burden) was explored.

Methods

Description of the eHM Dementia Portal
We designed a Personal eHealth Knowledge Space (PeKS) as
an aggregation of all knowledge sources relevant for the
provision of individualized personal eHealth services, featuring
individualized support and a personalized Web portal that
enables interactions with professionals.

Findings of a recent review from Boots et al [22] indicated that
multicomponent interventions, combining tailored information
with interaction, are the most promising. The technical design
of the eHM-DP was realized by service-oriented architecture
based on the open source Web platform, Liferay; modeling and
semantic knowledge engineering methods; and multiagent
systems (MAS) [28,29]. Based on the aforementioned
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technologies and a rapid and iterative design process between
technical and medical partners, the caregivers’ needs were
integrated based on (1) a caregiver focus group, (2) interviews
with three medical professional experts in the field, and (3)
reviews of current scientific literature [2,3,5,21,22,30-33]. Based
on these findings, we decided to involve two important
professional groups within the eHM-DP: medical and social
professionals. Whereas medical professionals are important for
medical treatment and care for the PwD (focus on PwD), social
professionals from caregiver counseling institutions take care
of the caregiving situation and informal caregivers needs (focus
on informal caregivers). The eHM-DP aims to provide access
to relevant and comprehensive information for both professional
groups in order to improve treatment and care and to prevent
caregiver burden.

Before the final implementation and evaluation in a field trial,
the eHM-DP was piloted in a pretest by 31 informal caregivers
and 11 professionals [34]. Based on the pretest findings, the
eHM-DP was revised. Major revisions were made on the
following aspects: improved interaction functionality for
communication between informal caregivers and professionals,
the possibility for professionals to list patients based on priority
levels (eg, worse health status), a revision of the medication
plan, a print option for diaries and design aspects.

In the evaluation study, user access to the eHM-DP was realized
via a customizable personal account for informal caregivers and
professionals. Thus, the provision of individualized support
services by means of a user-specific profile and user-specific
diary entries (by informal caregivers) were enabled. This is
important, as caregiver needs are multifaceted and complex in
nature [16]. There are four major roles that are relevant for the
eHM-DP:

1. Informal caregiver with own user account: provision of
information about medical data and health status
(symptoms, well-being) of the PwD (external assessment)
as well as about their own caregiving situation and
well-being (caregiver burden).

2. Person with dementia without personal eHM-DP account:
PwD is not directly involved in the eHM-DP, but is
indirectly via external assessment from informal caregivers
and recommendations/advice from medical and social

professionals with the aim to improve treatment, care, and
well-being for the PwD.

3. Medical professional with personal eHM-DP account:
acquisition of “hard-to-access” information about the PwD
(improved decision making, improved treatment and care),
timely reactions to health status changes of the PwD via
the eHM-DP or directly.

4. Social professional with personal eHM-DP account:
acquisition of “hard-to-access” information about the
caregiving situation (prevention of caregiver burden), timely
reactions to health status changes of the informal caregiver
via the eHM-DP or directly.

The eHM-DP is personalized and interactive and provides two
major functionalities (see Figure 1): (1) interactive and
individualized provision of information and knowledge, and
(2) communication with domain experts in dementia. First, the
portal provided individualized, timely, and situation-specific
information to informal caregivers and professionals based on
an individual registration profile as well as the electronic diary
entries provided by informal caregivers (ie, caregiving diary,
course-of-disease diary about PwD, medication diary about
PwD). Informal caregivers received tailored information
consisting of approved guidelines and documents (eg, factsheets
of German Alzheimer Association, Ministry of Health, local
dementia institutions/groups) and of recommendations from
professionals via the message functionality of the eHM-DP.
Second, the eHM-DP sought to facilitate and enable close
communication and interaction between informal caregivers
and professionals. Thus, its aim was to empower informal
caregivers and prevent caregiver burden as well as to improve
treatment and care for the PwD. From the perspective of
professionals, the eHM-DP facilitated information acquisition
of individual “hard-to-access” information and sought to
improve the management, treatment, and care for PwDs (based
on diary entries from caregivers about symptoms and medication
of the PwD) and the well-being of informal caregivers (based
on diary entries from caregivers about the caregiving situation
and caregiver burden). Based on these individual diary entries
provided by informal caregivers as well as specific questions
(free text), professionals were informed by the eHM-DP (eg,
alerts) and were able to provide support either via the portal
(messaging feature) or directly (appointment, telephone call).
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Figure 1. Schematic representation of the eHM-DP.

Participants and Evaluation Design
The Consolidated Standards of Reporting Trials of Electronic
and Mobile Health Applications and Online TeleHealth
(CONSORT-EHEALTH) provided guidance for the
development of our evaluation [35]. According to Eysenbach
[35], these guidelines may also be used for other evaluation
methods. Our evaluation study sought to assess the usefulness
and impact of the final implementation of the eHM-DP in order
to optimize the platform before starting a large-scale randomized
controlled trial. This is in agreement with previous studies,
which emphasized the need to conduct early evaluation studies
such as “proof-of-principle-studies” before the realization of
studies on a larger scale [36].

Our study was conducted from June 1-September 30, 2014, and
followed a before-after study with 12-week follow-up to
investigate the eHM-DPs impact on informal caregivers and
professionals. Study participants accessed the Web portal from
home (informal caregivers) or from their workplace
(professionals) and used the Web portal at least once a week
over the 12-week study period. A convenience sampling strategy
was used to recruit study participants: informal caregivers,
medical professionals, and social professionals. Informal
caregivers were recruited from a Hospital Memory Clinic, a

district hospital, and two caregiver support institutions from the
metropolitan region of Erlangen-Nürnberg. Eligibility criteria
included (1) primary responsibility as an informal caregiver for
a person with dementia (International Statistical Classification
of Diseases and Related Health Problems, ICD-10, F00-F03)
who is living at home, (2) is aged over 18 years, (3) is able to
speak, read, and write German, and (4) has Internet access from
home. In addition, 2 medical professionals were recruited from
a Hospital Memory Clinic and 4 social professionals from
caregiver support institutions. The participant flowchart (see
Figure 2) describes the recruitment and inclusion process in
detail. The evaluation study was approved by the local ethics
committee of the Friedrich-Alexander University
Erlangen-Nürnberg (Germany). All study participants were
informed about the objectives and the scope of the study and
gave written, informed consent for participation. Data were
collected confidentially in written face-to-face interviews by
trained interviewers. Personal contact data (ie, name, address,
institution) were used only for the second contact (follow-up
interview) and related questionnaires were coded based on an
identification number. The data analysis and interpretation were
based on two separate datasets (informal caregivers and
professionals) and conducted confidentially by 2 independent
researchers.
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Figure 2. Schematic representation of the eHM-DP evaluation participant flowchart.

Procedure
The eHM-DP was introduced to study participants by trained
persons according to the Standard Operating Procedure of
eHealthMonitor’s evaluation [37]. The content of the
introduction included a detailed explanation of all the features
and functionalities of the eHM Portal and was supported with
additional materials, such as videos and written information
material. Support for study participants was provided throughout
the whole study period (ie, telephone help desk, email). The
non-usage attrition (discontinuation of services) [38] was
minimized by “push” factors such as reminders and telephone
calls.

Measures
A user participatory research design based on a mixed-method
approach was applied to investigate the different user
perspectives of the eHM-DP at baseline and follow-up (after
12 weeks). This approach has been recommended in previous
reviews and studies on eHealth interventions [21,39,40]. The
questionnaire was developed according to our research questions
and consisted of instruments assessing the perceived usefulness
of the eHM-DP with regard to decision aid, the attitude toward
using it, perceived benefits and concerns, as well as
recommendations of both informal caregivers and professionals.
In addition, the impact on informal caregivers’ quality of life
and burden was explored.

Further, sociodemographic data as well as informal caregivers’
eHealth literacy, using the eHEALS scale [41], and needs, using
the Carers’ Needs Assessment for Dementia (CNA-D) [30],
were assessed at baseline.

Quantitative Measures

Usefulness: Empowerment (Informal Caregivers)

The empowerment of informal caregivers was assessed via 13
relevant categories of the CNA-D instrument and rated on a
5-point Likert scale (1=strongly agree to 5=not agree at all).
Although the CNA-D was designed to assess carers’ needs, its
relevant areas of need were chosen to assess whether the
eHM-DP contributes to address these needs and is able to
empower caregivers in these specific areas of need.

Usefulness: Decision Aid (Informal Caregivers,
Professionals)

The “Preparation for Decision Making Scale” (PrepDM) [42]
was used to assess the informal caregivers’ and professionals’
perception of the eHM-DP with regard to decision support.
Based on 10 items, the preparation for decision making is rated
on a 5-point Likert scale (5=a great deal, 1=not at all). The score
ranges from 0 (no perceived preparation for decision making)
to 100 (highest perceived level of preparation for decision
making).
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Usefulness: Attitude Toward Using (Informal Caregivers,
Professionals)

The attitude toward using the eHM-DP was assessed via the
item “I think that eHM is a good concept” and intention to use
via the item‚ “If I had access, I would use eHM.” Both were
rated on a 5-point Likert scale (1=strongly agree to 5=not agree
at all). In addition, users were asked about the frequency of use
of the eHM-DP.

Usefulness: Perceived Benefits (Informal Caregivers,
Professionals)

The benefits for each user group were assessed via specific
items that were rated on a 5-point Likert scale (1=strongly agree
to 5=not agree at all). The questionnaire items were derived
from current literature as well as pretest results of the eHM-DP
[34].

Impact: Quality Of Life (Informal Caregivers)

Health-related quality of life was measured via the EQ-5D-5L
instrument [43], which captures five dimensions: mobility,
self-care, activity, pain, and anxiety. The labels for each of the
dimensions are no problems, slight problems, moderate
problems, severe problems, and unable to/extreme problems.
Utility values range from 1 (best possible health) to 0 (worst
possible health).

Impact: Caregiver Burden (Informal Caregivers)

Caregiver burden was assessed via the short form of the Burden
Scale for Family Caregivers (BSFC) [44], which measures the
subjective caregiver burden of informal caregivers. It consists
of 10 items rated on a scale (3=strongly agree, 2=agree,
1=disagree to 0=strongly disagree). The score ranges from 0-30
(0-9: low burden; 10-20: moderate burden; 21-30: severe
burden).

Qualitative Interviews
In addition to the quantitative data, the perceived usefulness
was explored through a semistructured interview focusing on
users’ experiences in terms of perceived benefits, major
concerns, and further desired functionalities and improvements.
The rationale was to assess the impact on users’ perception of
the eHM-DP. The semistructured, written interviews lasted
approximately 60 minutes. All interviews were performed by

a trained interviewer (3 interviewers were involved in the study)
at baseline and follow-up. Interviews were conducted either at
the study participants’ home (informal caregivers) or at work
(professionals).

Data Analysis
Descriptive analysis methods for quantitative data were applied
using SPSS Statistics 21.0 software. Paired sample t tests were
used to analyze changes in caregiver burden and quality of life
from baseline to 12 weeks. Written qualitative data was captured
electronically and structured by the method of an inductive
category development according to Mayring [45]. The summary
content analysis technique was applied in order to reduce the
material to core contents or aspects. Therefore, the following
steps were applied: (1) paraphrasing of content-bearing text
passages, (2) generalization to the required level of abstraction
(category definition), (3) first reduction through selection, and
(4) second reduction [45]. At the end of this reduction phase,
exact checking took place to ascertain whether the new
statements collated as a category system still represent the base
material. An intercoder check by 2 coders was performed to
assure quality of the data analysis. The software MAXQDA
was used to conduct the content analysis.

Results

User Statistics
A total of 119 informal caregivers were invited to take part in
the evaluation study. Of those, 47 (39.5%) did not meet the
inclusion criteria (eg, no Internet access), and 25 (35%) of the
72 caregivers who were qualified for the study were interested
in taking part in the study. The main reason for non-participation
was “no time,” which often was due to the fact that informal
caregivers were already stressed by the caregiving situation.
This fact has to be taken into account when interpreting our
conclusions and when planning further studies in the field.
Informal caregivers were aged 29-80 years. Mean age was 58
years (SD 13.0, median 61 years) and almost half (48%, 12/25)
of informal caregivers were female. Informal caregivers were
mainly spouses (44%, 11/25) or children (36%, 9/25) of the
PwD. Table 1 provides detailed information for the 25 informal
caregivers.
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Table 1. Informal caregivers’ characteristics (N=25).

Median; Min, MaxParticipants, n (%)

Median 61; min=29, max=80Age

4 (3); min=1, max=12Time caring for PwD (years)

Sex

12 (48)Female

13 (52)Male

Relationship to PwD

11 (44)Spouse

9 (36)Child

5 (20)Relative

Living situation

14 (56)Living together with PwD

11 (44)Living NOT together with PwD

Living area

16 (64)Urban

9 (36)Rural

Professional status

9 (36)Full-time employed

4 (16)Part-time employed

10 (40)Retired

2 (8)Other

Caregiver burden

11 (44)Low

8 (32)Moderate

6 (24)Severe

At baseline, the health information source “Internet” was rated
as “very important” by 48% (12/25) and as “important” by 24%
(6/25) of informal caregivers. It is rated as the second most
important information source (mean 2.0, SD 1.2), directly after
the personal contact to professionals (mean 1.8, SD 1.1) (see
Figure 3). eHealth literacy competence at baseline was measured
by the eHEALS Scale [41] and indicated a mean value of 19.9
(SD 9.0) on a scale from 8-40. On average, 37% of informal
caregivers expressed needs for one of the 18 categories of the

CNA-D instrument. The mean value for the number of reported
needs is 6.6 (SD 5.3).

Mean age of professionals was 43 years (SD 13.2; min=31;
max=58) and half of them were female (3/6). In total, 29 study
participants (23 informal caregivers and 6 professionals) took
part in the follow-up study (two drop-out attritions within the
group of informal caregivers; reasons: 1 PwD died, 1 informal
caregiver was sent to hospital) [38].
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Figure 3. Importance of information sources for health-related aspects.

Quantitative Findings

Usefulness: Empowerment (Informal Caregivers)
The empowerment of informal caregivers was assessed via 13
relevant categories of the CNA-D instrument (see Figure 4).

The most perceived empowerment was received via information
acquisition for several topics (disease, local services, treatment,
caregiving activities, and communication strategies). About a
third agreed that the eHM-DP contributed to fewer worries about
the disease or to less caregiver burden.

Figure 4. Empowerment via the eHM-DP (Informal caregivers, n=23).

Usefulness: Decision Aid (Informal Caregivers,
Professionals)
The score of 67.9 (min=38.9; max=100.0) of the PrepDM
instrument indicates the perceived decision aid of the eHM-DP
for informal caregivers. Highest decision support was perceived
for “Prepares me to talk to my doctor about what matters most

to me” (mean 4.0, SD 1.0), followed by “Helps me to identify
questions I want to ask my doctor” (mean 3.9, SD 1.1).
Professionals pointed out that eHM-DP specifically helps them
to recognize that a decision has to be made (mean 4.0, SD 1.0)
and prepares them to make a better decision (mean 4.0, SD 1.0).
Figure 5 illustrates the perceived decision support of the
eHM-DP.
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Figure 5. Preparation for decision making by the eHM-DP service.

Usefulness: Attitude Toward Using (Informal Caregivers,
Professionals)
Two thirds (65%, 15/25) of informal caregivers indicated that
they would use the eHM-DP service if they had access to it. In
total, 83% (19/25) of caregivers and 67% (4/6; 2 medical
professionals, 2 social professionals) of professionals think that
eHM-DP is a good concept. Further, 2 social professionals were
not convinced that eHM-DP is a good concept; however, they
suggested further functionalities that would make the eHM-DP
unique for them (eg, involvement and connection of all relevant
stakeholders within the dementia treatment and care process
via the eHM-DP). With regard to the informal caregivers’
frequency of use, 22% (5/25) indicated 2-3 times per week, 57%
(13/25) weekly, and 13% (3/15) monthly. Half of the
professionals prefer to use the eHM-DP at least once a week.

Usefulness: Perceived Usefulness (Informal Caregivers,
Professionals)
Although there were no pre-post changes in quality of life, the
user-specific questionnaires suggest that over half of the
informal caregivers perceived an improvement of their
individual situation (see Figure 6). Over one third highlighted
an improvement in communication with professionals
(especially from home), the provision of individualized
information, an overview about course of the disease (symptoms,
care), as well as the information acquisition from home. In

addition, the provision of information about local support
opportunities, the improved individual situation as an informal
caregiver and the competence-building in dementia were
mentioned. A resulting consequence for 26% (6/25) of informal
caregivers is a reduction of caregiver burden. From the
perspective of professionals, the eHM-DP contributes to an
improved medical treatment of the PwD (83%, 5/6) and
improved compliance (50%, 3/6). One major aspect that
contributed was the provision of “hard-to-access” information
(home-based care setting, symptoms over disease course). This
resulted in faster response time to status changes and thus also
to a reduction of caregiver burden (50%, 3/6), and overall
improved interaction with informal caregivers (33%, 2/6). A
third aspect that is highlighted is the improved access to support,
especially for mobility-impaired persons and for people living
in rural areas (67%, 4/6). In addition, professionals indicated
that eHM-DP contributes to active medical decision making for
PwD and informal caregivers, timely reaction to changes in the
disease course (67%, 4/6), as well as the prevention of the
deterioration of the disease (50%, 3/6).

Overall, medical professionals emphasized the possibility of
timely reactions to status changes, whereas social professionals
highlighted the improved access to care and support for
caregivers who are living in rural areas. Both groups showed a
high level of consistency with regard to an improved medical
treatment of the PwD.
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Figure 6. Perceived usefulness of the eHM-DP.

Impact: Quality of Life and Caregiver Burden (Informal
Caregivers)
After 12 weeks of eHM-DP usage, there were no improvements
on primary informal caregiver outcomes (BSFC and EQ-5D-5L).

Qualitative Findings
The content analysis of the 29 interviews (23 informal caregivers
and 6 professionals) resulted in 18 categories across three
domains (ie, perceived benefits, concerns, further improvement),
which are presented below (see Figure 7).
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Figure 7. Results of qualitative content analysis: Benefits, concerns, improvements.

Perceived Benefits (8 Categories)
Informal caregiver reported the following five major benefits:
saved time, 24-hour access, facilitated communication with
professionals, easily operated portal, and overview about
individual caregiving activities.

A major benefit for informal caregivers was saved time (eg,
communication with professionals from home, provision of
individualized information), which was predominantly expressed
by employed informal caregivers. Another perceived benefit
was 24-hour facilitated access to support and information, due
to access from home or work. A further perceived benefit
resulted from the facilitated and increased communication with
professionals. In addition, the overview about individual
caregiving activities resulted in increased awareness of personal
tasks and support areas. The easily operated portal also
accounted for frequent use from users.

For the professionals, the following four major benefits were
identified: provision of longitudinal data over the disease course,
documentation history, improved interaction between
professional institutions and support organizations, and timely
reaction to status changes.

Provision of longitudinal data over the disease course and
documentation history were essential and beneficial factors of
the eHM-DP. In addition, the professionals mentioned an
improved interaction between professional institutions and
support organizations. The latter factors contributed also to an
improved and faster response time to behavioral symptoms,
adverse events, or crisis.

Concerns (4 Categories)
We identified the following categories: concerns of data privacy,
risk of non-usage of the portal, assurance of provision of
up-to-date information, and insufficient Internet competence of
informal caregivers. Both informal caregivers and professionals
expressed concerns about data privacy (eg, who will access the
entered data?). In addition, they mentioned the risk of non-usage
or insufficiently frequent usage, which is the precondition to
realize the eHM-DP’s benefits and interaction between both
sides. Further, they emphasized that all provided information
has to be up to date and professionals stated that the target group
of informal caregivers is hard to reach and often has less
competence with the Internet.
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Further Improvement (6 Categories)
The following categories for the domain “further improvement”
were identified: improved design of the portal, more specific
individualization of the portal, further functionalities,
improvement/extension of specific functionalities, selection of
certain functionalities of the portal for professionals, and
integration of the eHM-DP into existing infrastructures.

Informal caregivers reported the following comments for further
improvements. First, they suggested an improved design of the
eHM-DP (eg, the presentation of tables and graphs, the main
menu, the selective use of colors, or the presentation of videos).
In addition, they emphasized the need for even more specific
individualization of the eHM-DP (eg, according to the caregiver
status to the patient [spouse or child] or for specific topics). The
possibility of searching for specific terms, information about
local events (eg, based on a calendar), print version for whole
diaries, and the integration of an alert button were warranted.
Further, the need to improve the message feature for
communication with professionals was expressed by both
informal caregivers and professionals (eg, display of a message
history, read confirmation). In addition to the interaction with
professionals, informal caregivers wanted to have an integration
of a forum or chat for informal caregivers themselves.

The professionals mentioned the benefit of an improved alert
function for status changes of the patient or caregiver, which
helps them react in a timely fashion to status changes. In
addition, the possibility of making more specific symptom
entries and caregiving entries within the diaries and the
integration of a search functionality for specific terms was
expressed. Professionals would also benefit from the option to
compare diary entries (over time). A selection of single modules
of the eHM-DP service would help professionals choose the
most important functionalities of the service and tailor the
eHM-DP features and modules to specific professions (eg,
physician, caregiver counseling institution, psychologists, care
service). Also the possibility of uploading specific documents
like blood parameters or diagnostic findings would facilitate
patient management.

Finally, the need for integration of the eHM-DP into existing
software infrastructures as well as the need for timely updates
of provided information was highly warranted.

Discussion

Principal Findings
This study describes the perceived usefulness and impact of a
personalized eHealth service (eHM-DP) that aims to support
informal caregivers and professionals in the dementia treatment
and care setting. Our results reveal that the eHM-DP is
promising in addressing needs of both informal caregivers
[2,3,30,31,33] and professionals [32] in the dementia treatment
and care setting. Those were addressed by five major factors:
individualized information acquisition, decision support,
facilitated access to care and support infrastructures, interaction
between professionals and informal caregivers, and provision
of longitudinal data about the disease course and medication
history (“hard-to-access” information). Although pre-post

changes in caregiver burden (BFSC) and quality of life
(EQ-5D-5L) for informal caregivers were not observed, the
perceived usefulness of the eHM-DP and qualitative interview
data of both study participant groups are encouraging. They
indicated perceived benefits and a positive impact of the
eHM-DP with respect to increased knowledge in certain topics
(PrepDM, CNA-D), as well as the facilitated interaction with
professionals. These results are also evident in a recent review
from Boots et al (2014) [22], concluding that multicomponent
interventions that combine tailored information with interaction
are the most promising approaches [22].

One factor that contributed to these results is that both user
groups have been involved early in the development process of
the eHM-DP, which has proven to be valuable in previous
studies [46-48]. Further, the combination of comprehensive
information provision within the eHM-DP of informal caregivers
and of PwDs was relevant for tailoring information and support.

From the perspective of professionals, the eHM-DP provided
benefits for improved medical treatment of dementia patients,
improved compliance, and interaction with informal caregivers.
Although no significant changes in the reduction of caregiver
burden were measured, half of the professionals considered that
the eHM-DP is able to reduce caregiver burden. The latter
aspects are encouraging with regard to the reduction of
hospitalizations and institutionalizations (positive health
economic impact), as especially caregiver burden is one of the
main predictors for nursing home referrals [9,10,49]. A major
factor that led to these perceived benefits was the timely
provision of “hard-to-access” information (eg, home-based care
situation, symptoms over disease course, medication, subjective
informal caregiver burden, health status of informal caregiver
and PwD). This is a major advantage as informal caregivers are
often the only information source for professionals at (regular)
checkups but are not able to provide quantified long-term details.
However, professionals expressed doubts about whether the
informal caregivers would be motivated to use the eHM-DP
regularly. This concern could not be confirmed within our study;
however, participants were reminded and motivated to use the
eHM-DP. The physicians from the memory clinic mainly
benefited from the course of disease diary with timely,
quantified, and longitudinal information about cognitive status,
activities of daily living, mood, behavioral symptoms, and social
behavior, followed by the medication diary with information
of all medications and reported side effects. This is especially
important because PwDs are often elderly persons with more
than one disease who are in contact with several physicians
[50]. The latter diaries enable an overview of all prescriptions,
side effects, and comorbidities of the PwD. In contrast to
physicians, caregiver counseling institutions emphasized the
comprehensive (PwD and informal caregiver status, needs) and
timely information provision that helps prevent caregiver burden
and provides additional benefits (eg, optimized counseling,
improved accessibility for target group) to the usual face-to-face
support. The eHM-DP provided them additional and timely
insight into actual carers’ needs and, thus, contributes to
prevention of caregiver burden and early crisis intervention.
This is crucial, as informal caregivers often wait until a crisis
situation occurred or they become exhausted before seeking
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support [51]. Regular contact with professionals can help prevent
such crisis situations.

From the perspective of informal caregivers, the provision of
individualized information for the specific care situation of the
informal caregiver contributed to caregiver empowerment. The
importance of tailoring information to informal caregivers’
needs was highlighted in previous studies [21,23,33,52,53].
Within the eHM-DP, modifying information based on the
symptoms and status of the PwD, in addition to informal
caregivers’ health status and needs, proved to be important for
individual information provision and interaction with
professionals. In addition to provided information from the
eHM-DP, professionals gave individual recommendations based
on diary entries via the portal message feature. A number of the
informal caregivers reported that information about specific
topics triggered reflection about their own caregiver role and
situation and, thus, provided a useful decision aid. In contrast
to experienced caregivers, “new” caregivers of recently
diagnosed PwDs reported a high perceived benefit with regard
to individual information acquisition.

Overall, a recent review indicated that informal caregivers often
receive little or unclear information about dementia, especially
after the diagnosis disclosure [54]. This leads to another
determinant that contributed to empowerment of informal
caregivers: the facilitated access to information and support. It
is evident that the accessibility of services is a major predictor
for its utilization [11,55]. The overall empowerment of informal
caregivers via knowledge acquisition about local support options
is crucial, as the lack of knowledge about existing services and
dementia infrastructures contributes to one of four major reasons
for non-use of services [10]. The eHM-DP contributes to
increased autonomy in the sense of awareness and offers the
chance to choose between different support services as
demonstrated by Schüz et al [56]. In particular, informal
caregivers from rural areas, non-mobile informal caregivers or
full-time employed informal caregivers emphasized the
facilitated interaction and information acquisition from home.
In addition, it can reach informal caregivers, who are either not
motivated (eg, persons who do not want to travel to the next
town) or not able to use (eg, no public transport) traditional
services like caregiver counseling. This is especially true for
people living in rural and remote areas [18,51,57]. These
findings are in line with previous studies, where time constraints,
transportation, and health issues have been identified as
predictors for non-participation in face-to-face support services
[12,51].

Limitations
Although the findings of our study provided essential insight
into the usefulness of eHealth support services for informal
caregivers of PwD and professionals, some limitations need to
be considered. Our study confirmed that introducing eHealth
services to elderly people is challenging, as computer
competencies and Internet access are important prerequisites,
which narrows the potential number of study participants. The
objective was to conduct a comprehensive proof of principle
study with a demonstrator in order to improve the eHM-DP
before evaluating effects on a larger scale and in a (randomized)

controlled group design. This approach has been recommended
in previous studies [36]. However, the fact that no control group
was included is a limitation and the realization of a controlled
study is needed. The first limitation was the small sample size
of study participants. The convenience sample had rather lower
levels of caregiver burden, which has to be taken into account
when interpreting results for further studies on a larger scale,
as well as the reach of the intervention. Additionally, the positive
feedback of the eHM-DP from 83% of caregivers may be
overestimated due to the convenience sample that agreed to take
part in the study.

Another limitation is the short 12-week study period, which
likely explains the non-significant changes in quality of life and
caregiver burden. Furthermore, an apparent discrepancy between
the non-significant pre-post outcome measures (BSFC,
EQ-5D-5L) and the positive results on perceived usefulness of
both user groups is present. This can be explained by the small
number of study participants and the testing period of 12 weeks.
However, an advantage of our study is the focus on
post-outcome measurements and qualitative interviews
(mixed-method design) that provided promising results for the
eHM-DP service and emphasizes the need for further controlled
studies on a larger scale.

Future Directions
Our study contributes to scientific research by providing insight
into the different user perspectives of eHealth support services
in the dementia treatment and care setting. These results are
crucial for future developments and the use of eHealth solutions
in the dementia domain and reinforce the importance of early
user involvement. The perceived benefits and willingness to
use the system combined with an increasing number of adults
who use the Internet regularly, emphasizes the potential of
personalized and Web-based support services for informal
caregivers. This is especially true for our aging societies and
limited expenditures for health care services.

Based on our findings, the following aspects are decisive for
implementing eHealth services in the dementia treatment and
care context: a comprehensive introduction into the eHM-DP
with all its functionalities, the provision of informational
material and the provision of a contact person for seeking advice
or help. These aspects proved to be important to ensure
competent handling of the eHM-DP service. In addition, the
latter aspects are suitable for addressing concerns of both study
participants (non-usage of the portal, Internet competencies of
target group, data privacy). Furthermore, the provision of
technical support is essential, in particular for participants with
low computer competence. In the future, the introduction and
support could be provided by, for example, the professional
organization itself or by trained, voluntary caregivers. The use
of reminders (eg, messages, phone calls) to use the eHM-DP
has proven to be valuable.

Another important success factor of the eHM-DP is the
facilitated and enabled computerized interaction between
informal caregivers and professionals. Future developments of
the eHM-DP should concentrate on linking more than one
stakeholder via the eHM-DP (eg, informal caregiver, social
worker, physician, professional caregiver) because a
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well-functioning, interprofessional, and interorganizational
communication in dementia care is important [58]. Overall,
further controlled studies on a larger scale, focusing on
cost-effectiveness and usability are crucial to embed the
eHM-DP into existing health care infrastructures. In addition,
the future eHM-DP development should exploit potential
synergy effects between existing systems with similar intentions,
such as InformCare [59] as well as complementary systems
such as Ambient Assisted Living (AAL)-systems (eg,
ALLADIN [60]), educational online courses (eg, Mastery over
Dementia [61]), or chatrooms (eg, ALZConnected [62], ANKER
[63]).

In particular, different priorities and needs of professional
organizations (eg, hospitals versus counseling institutions or
professional caregivers) have to be considered carefully.

Valuable tips for professional organizations were already
provided in the results section. In addition, more research with
regard to different informal caregiver types (eg, according to
gender, relationship to PwD, employment status, rural areas,
and ethnicity) and related needs is necessary. This was also
emphasized in the qualitative study results, where informal
caregivers expressed the wish for more individualization.

Turning to the primary target of the eHM-DP service, our
findings suggest that the eHM-DP service proved to be a
valuable post-diagnostic eHealth support service for the
home-based care setting. It revealed several benefits for families
(informal caregivers), professionals, and health care systems,
which are the basis for further studies and future health care
policy planning in dementia.
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Abstract

Background: Parents often turn to the Internet to seek health information about their child’s diagnosis and condition. Information,
support, and resources regarding pediatric neurosurgery are scarce, hard to find, and difficult to comprehend. To address this gap,
a pediatric nurse practitioner designed a website called the Neurosurgery Kids Fund (NKF). Analyzing the legitimacy of the NKF
website for parents seeking health information and fulfilling their social and resource needs is critical to the website’s future
development and success.

Objective: To explore parental usage of the NKF website, track visitor behavior, evaluate usability and design, establish ways
to improve user experience, and identify ways to redesign the website. The aim of this study was to assess and evaluate whether
a custom-designed health website could meet parents’ health information, support, and resource needs.

Methods: A multimethod approach was used. Google Analytic usage reports were collected and analyzed for the period of
April 23, 2013, to November 30, 2013. Fifty-two online questionnaires that targeted the website’s usability were collected between
June 18, 2014, and July 30, 2014. Finally, a focus group was conducted on August 20, 2014, to explore parents’ perceptions and
user experiences. Findings were analyzed using an inductive content analysis approach.

Results: There were a total of 2998 sessions and 8818 page views, with 2.94 pages viewed per session, a 56.20% bounce rate,
an average session duration of 2 minutes 24 seconds, and a 56.24% new sessions rate. Results from 52 eligible surveys included
that the majority of NKF users were Caucasian (90%), females (92%), aged 36-45 years (48%), with a university or college degree
or diploma (69%). Half plan to use the health information. Over half reported turning to the Internet for health information and
spending 2 to 4 hours a day online. The most common reasons for using the NKF website were to (1) gather information about
the 2 summer camps, (2) explore the Media Center tab, and (3) stay abreast of news and events supported by NKF. Parents were
unanimous in reporting that the NKF website was pleasing in color and design, very easy to use and navigate, useful, and that
they would continue to access it regularly.

Conclusions: Parents perceive the NKF website to be useful and easy-to-use in meeting their health information needs, finding
social support, and learning about resources relevant to their child. A custom-designed website can be used to augment parents’
health information needs by reinforcing, supplementing, and improving their understanding of their child’s medical needs.

(JMIR Res Protoc 2016;5(2):e55)   doi:10.2196/resprot.5156

KEYWORDS

Pediatric; neurosurgery; website; evaluation; parents; children; Google analytics; Internet health information needs; knowledge
translation.
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Introduction

Children who require neurosurgery are a unique population with
highly specialized medical needs. Information, support, and
resources regarding pediatric neurosurgery are scarce, hard to
find, and difficult to understand. Furthermore, connecting with
other parents or caregivers whose children are also affected by
neurosurgical conditions or illnesses can be even more difficult
given the rarity of these diagnoses. Studying the impact and
legitimacy of using a custom-designed website, the
Neurosurgery Kids Fund (NKF) [1], to support parents’ health
information needs—as well as their social and support needs—is
imperative in bridging these gaps.

Searching for information on the Internet is a common first step
for parents to gain knowledge about a child’s diagnosis,
prognosis, treatment, and support options [2-4]. Once considered
passive receivers of care, patients today are active consumers
of health care who want to be involved in decision making, in
managing their own health care, and in deciding how to mitigate
risk factors and complications [5]. eHealth, the use of the
Internet as a source of health information, offers many benefits,
including data that complements the physician’s information,
anonymous health information seeking, information exchange,
community support, and empowerment in seeking help for and
understanding of medical conditions [6]. People use online
health information as a source of knowledge for many reasons.
These reasons may include: getting immediate answers; learning
about the diagnosis, treatment options, and prognosis;
supplementing the physician’s information; finding support;
and sharing with others who have similar experiences [2,6-11].
Parents of sick children report using the Internet to find health
information because they worry about their child’s health, feel
rushed and received limited guidance or advice from doctors,
seek convenience and accessibility, and need to connect with
others in similar situations [11].

Up until now, knowledge translation efforts have largely focused
on ensuring that health care professionals use the latest research
to inform their practice; however, initiatives that target health
care consumers (eg, parents) can inform parental decision
making, expectations, and shape their treatment outcomes
[7,12,13]. Parents now have access to what was once privileged
health information, potentially changing their understanding of
their child’s medical condition, treatment options, medical
decision-making, and relationships with health care providers
[13]. Knowledge translation in child health is unique given
family-centered care and the extent and level of parental
involvement [14]. It is important to examine knowledge
translation interventions such as websites that are developed
specifically for parents to address health information needs and
to provide resources and support tools (Appendix 1).

Crutzen, Roosjen, and Poelman argued that in contrast to
self-reported exposure measures, tracking user behavior (eg,
via dedicated software such as Google Analytics [15]) is
independent of visitor’s memory, interpretation, or social
desirability and when combined with qualitative methods, such
as interviews, can yield a fuller and richer picture [16]. In
Google Analytics, each visitor to the NKF website brings along

his own set of data that can be collected, measured, analyzed,
and reported and is an effective website evaluation tool guided
by an analyst [17]. Similarly, Wilfert asserted that Google
Analytics yields only statistical data but when paired with
qualitative methods, a narrative unfolds with storylines including
“how people got to the site, what they searched for when they
were there, what they looked at, and what they did not” [18].

Methods

Design
This study used a multimethods approach including both
quantitative and qualitative designs. Firstly, Google Analytics,
a sophisticated Web analytics service, was employed to collect
statistical data about NKF usage behavior. Secondly, a
20-question online survey questionnaire directed at parents
about the usability of the NKF website was designed and
collected using determinants of the technology acceptance model
(TAM) [19,20]. Lastly, a focus group interview with parents
about their experiences using the NKF website was conducted
to augment the Google Analytics and online survey
questionnaire data. The Google Analytics reports and online
survey questionnaire results were used to inform and direct the
focus group interview. Distinctions between usability and user
experience are needed because the former is the ability of the
user to use the website to carry out a task successfully (eg, used
the NKF website to meet the health information needs addressed
in the survey) and the latter takes a broader look at the
individual’s interaction with the website, as well as the thoughts,
perceptions, and experiences that results from that interaction
(eg, reported during the focus group) [21]. Usage refers to the
ways a website is used (eg, number of users, number of page
views, time spent on page, etc). However, it is noteworthy that
usability influences user experience.

Ethical approval was obtained from the University of Alberta
Health Research Ethics Board. Consent was not required for
Google Analytics as it is an embedded Web tool that collects
anonymous grouped data. Participation in the online survey
questionnaire and focus group interview was voluntary and
signed consent was obtained for the focus group.

Sampling
Recruitment was targeted at parents who have children, aged 0
to 16 years, who have undergone neurosurgery at the Stollery
Children’s Hospital in Edmonton, Canada. Parents also had to
be familiar with the NKF website for inclusion in the online
survey questionnaire and focus group interview. Purposeful
sampling was used in the focus group to ensure a breadth of
age (for both the child and parent); parental education level;
their usage of mobile devices, tablets, and/or computers; and
their child’s neurosurgical diagnosis. Parents were excluded
from the study if their English fluency prevented them from
completing the survey or conversing in the focus group.

Data Collection
Methodological triangulation was used and 4 sources of data
collected: (1) Google Analytics reports, (2) online survey
questionnaire results, (3) focus group interview with parents,
and (4) field notes. Survey and focus group data were uploaded
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and kept secure in the Health Research Data Repository of the
Faculty of Nursing at the University of Alberta. First, the Google
Analytics data collection and analysis were conducted for the
Web analytic and survey phases. With these results, revision of
guiding questions for the focus group interview was performed.
Google Analytics reports about NKF website usage were
obtained from April 23, 2013, to November 30, 2013. This Web
analytic tool uses client-sided data collection, called
“page-tagging,” to collect raw data from the user’s browser.
Google Analytics turns that raw data, or statistical numbers,
into meaningful and usable information. Using a Web analytic
tool, such as Google Analytics, removes bias and ensures speed,
rigorous structure, and that an abundance of data can be
collected [9,22].

The survey consisted of 20 multiple-choice and check-box
questions with principals of the TAM underpinning the framing
of the questions. The survey was developed after a review of
the literature and piloted with 12 parents to ensure content
validity and reliability. Developed by Davis, the TAM suggested
perceived usefulness and perceived ease of use to be
fundamental determinants of system use [19]. To summarize,
a system, such as using a website, is more likely to be accepted
and used if it is perceived to be useful and easy to use. Questions
focused on the usability of the NKF website, namely: how
parents seek health information; how and why they accessed
the NKF website; whether their information, support, and
resources needs were met online; if they discussed any health
information found online with their health care provider; and
the website’s perceived ease of use and usefulness. In addition,
demographic data about the parents were collected including
age, gender, ethnicity, location of residence, highest level of
formal education, and computer usage.

A semistructured interview guide (Appendix 2) was used in the
focus group, which lasted approximately 60 to 90 minutes and
asked 4 parents about their experiences using the NKF website
and its usability. The interview was recorded in real-time by a
court reporter [23]. Benefits to using a court reporter to
transcribe the focus group interview verbatim include increased
data accuracy, timeliness, preserving confidentiality, and
affordability [23]. Transcript-based data collection and analysis
represents the most rigorous and time-intensive mode of
analyzing focus group data [24]. The transcribed interview was
cleaned by comparing the audio-recording with the transcript.
Any identifiable information in the transcript was removed to
preserve anonymity. Field notes were also obtained before,
during, and after the interview to capture the context in which
the data was collected. The field notes were reflected on during
the data analysis to help situate when and how the responses
were elicited (eg, nonverbal expressions or linguistic patterns).

Data Analysis
Usage data for the NKF website was analyzed using the
Audience, Acquisition, and Behavior reports from Google
Analytics. The Audience report offers an overview of the time
period selected, including the number of sessions logged,
number of users, percentage of new sessions, number of page
views, average session duration, bounce rates, number of pages
per session, and location and languages used by the user. Reports

about what type of browser and operating system were used
and a mobile device overview and breakdown were analyzed.
The Acquisition report examines how a user arrived at the
website, which can reveal their purpose for visiting the website.
Traffic analysis examines how well a website is supporting
users who come to the site with specific information. Subheads
of channels and mediums, all traffic sources, all referrals, and
keywords were identified as metrics in this study. Lastly, the
Behavior report offers information about what the user actually
did when they arrived on the site; data about landing page, time
spent on each page, the number of page views, and the
percentage of exits and what page they exited from were
analyzed.

Survey data were collected and entered into SPSS Statistics
version 21 (IBM) from a text file and uploaded into a secure
data repository. Data were verified for accuracy and cleaned.
Seventy-four surveys were completed. Of those, 21 respondents
were not parents or primary guardians of children with
neurosurgery and 1 respondent indicated English was a second
language with poor fluency; therefore, those surveys were
excluded from this study. A total of 52 surveys were used in
data analysis. Data were coded and descriptive data were
computed for all variables.

The focus group interview data were analyzed using an inductive
content analysis approach to address the purpose of the study
[25]. The transcript was read as a whole several times and
concepts, patterns, and themes were identified. With further
immersion in the data, a coding system was developed and
subsequent grouping and categorizing of the data into the
recurring themes was performed. New codes and themes
emerged throughout the analysis period and the data were
continuously reexamined. The qualitative analysis software
program NVivo 10 (QSR International) was used to assist with
data management and analysis. In addition, a classic analysis
strategy was used to make analysis a visual and concrete process
[26].

Credibility was achieved in this study with methodological
triangulation between the quantitative and qualitative data
[27,28]. Both qualitative and quantitative methods were used
together in an iterative process with neither method being
weighted superior to another method [27]. Triangulation also
allowed for the use of new research methods, Web analytics,
to balance with the other methods in this study.

Credibility of the data was further achieved with transparency
using an audit trail of all methodological processes. Reliability
was achieved with the audit trail such that the results of this
study could be replicated. Equivalence and internal consistency
criterion were met because there was 1 researcher who was the
only moderator and coder of the focus group data. Validity was
enhanced with method triangulation because 2 or more methods
demonstrated the same results and strict adherence to principles
of qualitative research were followed. Field notes were reviewed
to ensure that the findings were reflective of the focus group
interview and not a reflection of any personal biases [10].
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Results

Google Analytics Reports

Audience Report
For the first 6 months after the NKF website was launched,
2998 sessions and 1686 unique users were logged, with 56.27%
(1687/2998) returning visitors. There were 8818 page views
with an average of 2.94 pages viewed per session. The site
bounce rate was 56.20% and the average session duration was
2 minutes 24 seconds. Using IP addresses to track and measure
where a user is located, 90.23% users were from Canada
(85.55% were from Alberta with 50.35% of them located in the
Edmonton area). The remaining users were from: United States
(172/2998, 5.74%), United Kingdom (35/2998, 1.17%), India
(15/2998, 0.50%), Australia (8/2998, 0.27%), Ukraine (6/2998,
0.20%), and Philippines, Saudi Arabia, and South Africa
(5/2998, 0.17%). The majority of users (2971/2998, 99.11%)
viewed the NKF website in English. The remaining users
accessed the website in French, German, Mandarin/Cantonese,
or Arabic.

Users from the Philippines had the longest average session (4
minutes 5 seconds), followed by Canada (2 minutes 33 seconds)
and the United Kingdom (1 minutes 28 seconds). Apple’s Safari
browser was the most frequently used (1354/2998, 45.16%),
followed by Internet Explorer (690/2998, 23.02%), Chrome
(360/2998, 12.01%), Safari (app version; 241/2998, 8.04%),
Mozilla Firefox (183/2998, 6.10%), and Android (117/2998,
3.90%). The majority of NKF website users (1628/2998,
54.30%) accessed the site using desktop or laptop computers.
Mobile users accounted for 31.05% (931/2998) of all sessions
and tablet users logged 14.64% (439/2998) of all sessions.
Mobile users had the highest bounce rate with 68.74%, whereas
computer and tablet users showed bounce rates of 50.06% and
52.39%, respectively.

Acquisition Report
Direct traffic accounted for 42.56% (1276/2998) of total visits
to the NKF website. Organic search traffic using Google yielded
32.52% (975/2998) of users. Bing generated only 1.37%
(41/2998) of users, and Yahoo brought only 1.03% (31/2998)
of users to the NKF website.

Referral traffic accounted for 22.41% (672/2998) of the sessions.
Average session duration for referral traffic was 2 minutes 5
seconds, with 2.82 pages viewed per session and a bounce rate
of 54.76%. Of significance is that 24.67% (416/1686) of new
users to the NKF site were acquired via referral sources. When
mobile devices and tablets are combined, 70.09% (471/672) of
all referrals were generated from Facebook, with a 50.41%
bounce rate and an average of 3.25 pages viewed per session.

Since the NKF does not have any paid AdWords with any search
engine company, only organic inbound keywords were analyzed.
Organic search traffic yielded 1050 sessions, with an average
session duration of 2 minutes 28 seconds, 3.03 pages viewed
per session, and a 54.10% bounce rate. Variations of search
terms “pediatric,” “neurosurgery,” “kids,” and/or “fund”
accounted for 12 of the top 20 organic inbound keyword

searches, or 24.86% (261/1050) of sessions. Of note, 48.48%
(509/1050) of all sessions did not provide a keyword—this
traffic arrived via a referral, used the URL directly, or had
bookmarked the NKF website. The highest average session
duration, using “www.neurosurgerykids.com” as a keyword,
was 9 minutes 12 seconds, a significant outlier. The remaining
top 8 keywords were related to specific fundraisers or events
that were happening at that time. Only 1 medical term,
“arachnoid cyst,” was included in the top 20 organic keyword
searches. One search included the name of a pediatric
neurosurgeon from the Stollery Children’s Hospital.

Behavior Report
The All Pages report for the NKF site illustrated a fairly typical
distribution of the top 10 page views—the Homepage was the
most viewed with 21.05%, followed by other pages that can be
accessed from the Homepage with one-click buttons: About
NKF (9.55%), Media Centre (7.62%), Join the Community
(3.62%), Events (3.40%), Just for Kids (2.98%), Donate
(2.88%), and Hope Stone (2.82%). The Media Centre’s
subcategories of photographs and videos of children attending
the NKF Camp or other events garnered the lowest bounce rate
(23.53%) on the NKF website.

The NKF Homepage was the top-landing page with 52.97%
(1588) of all sessions. Noteworthy are 3 landing pages that are
buried further into the NKF site, which each garnered a number
of sessions—arachnoid cyst (66), Just for Kids (47), and Hope
Stone (45) . The NKF website did not have any significant
outliers in the time spent on pages when combined with page
views and unique page views. The range difference between
page views and unique page views was 14%-38%. The Donate
page attracted 216 page views, with 92 of those being unique,
and users spent a lot of time there (2 minutes 37 seconds);
however, the bounce rate was 85.87%.

Online Survey Questionnaire
Demographic data and computer usage data were collected for
52 parents of children who have undergone neurosurgery. All
participants resided in Alberta and a majority were Caucasian
(47/52, 90%), female (48/52, 92%), aged 36-45 years (25/52,
48%), and had a university or college degree or diploma (36/52,
69%). Ninety-six percent of parents (50/52) reported accessing
the Internet from home and 52% (27/52) spent approximately
2 to 4 hours a day online, with 21% (11/52) going online less
than an hour a day and 25% (13/52) surfing the Internet for 5
or more hours a day.

A total of 42% (22/52) of parents reported that accessing health
information on a computer as “very easy.” This was followed
by 25% (13/52) and 21% (11/52) who said it was “somewhat
easy” or “neither easy nor difficult,” respectively. Only 7.7%
(4/52) of parents found accessing health information online to
be “somewhat difficult”; however, no parents reported it being
“very difficult.”

Several health information resources were reportedly used by
parents. Ninety-eight percent of parents (51/52) reported relying
on health care providers for their health information, followed
by 77% (40/52) getting information from family and/or friends
and 60% (31/52) going online to health websites. In addition,
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one-third (16/52, 31%) of the sample accessed medical journals
and another third (18/52, 35%) reported favoring print media
to supplement their health information search. One-fifth (19%,
10/52) of parents reported using TV or radio programming.
Almost half (24/52, 46%) of the parents found reading health
information on a computer compared to a book or pamphlet to
be very easy, with 25% (13/52) saying it was somewhat easy,
21% (11/52) reporting it to be neither easy nor difficult, and
8% (4/52) stating it was somewhat difficult.

When parents were asked how they came to learn about the
NKF website, 69% (36/52) responded that they learned about
the NKF website from medical staff at a clinic or hospital visit,
followed by 37% (19/52) hearing about it from family and/or
friends, and 14% (7/52) came across it from an Internet search.
Two respondents learned about the NKF site via Facebook or
a local television or radio program.

Reasons why parents visited the NKF website included: to find
more information about Camp Everest and L’il Everest Camp
(67%, 35/52), to learn about upcoming media events and news
related to the NKF (40%, 21/52), to check out the site in general
(33%, 17/52), to find more health information about their child’s
diagnosis or condition (23%, 12/52), to find social support and
resources (21%, 11/52), to get their child a Hope Stone (17%,
9/52), and to make a donation (14%, 7/52).

Parents were also surveyed on how or if they planned to use the
health information specifically found on the NKF website. Half
of the parents (26/52) have discussed or plan to discuss the
health information found on the NKF site with their child’s
physician, nurse practitioner (NP), or other medical personnel
involved in their child’s care. Six percent (3/52) of parents
reported looking for health information from other sources.
One-third (17/52) of the sample will discuss findings with family
and friends and have contacted, or plan to contact, a support
group. Further, survey results found that approximately 20%
(10/52) stated that the health information found on the NKF
website may influence future health decisions for their child
and has improved their understanding of their child’s condition,
surgery, or illness. The majority of parents (58%, 30/52) strongly
or somewhat agreed that the health information found on the
NKF website added to information from their child’s physician,

NP, or other medical personnel, with 19 (37%) neither agreeing
nor disagreeing and 2 (4%) strongly or somewhat disagreeing.

The survey examined parents’ perceptions about the ease of
reading and understanding health information on the NKF
website. Results found that approximately two-thirds of the
parents (65%, 34/52) found the NKF website to be very easy
to read and understand. Twenty-one percent (11/52) reported
the website as “somewhat easy” followed by only 12% (6/52)
who found it “neither easy nor difficult.” Only 1 parent (2%,
1/52) found the NKF website to be “somewhat difficult” to read
and understand. Parents were also asked about their “favorite”
part(s) of the NKF website and were allowed to give multiple
responses (Table 1). Overwhelmingly, the NKF website was
used to find more information about the 2 summer camps. Health
information and Canadian content appealed to a large number
of respondents. Supportive resources were reportedly also
popular reasons to access the website. Please note percentages
do not sum to 100% because of multiple responses.

Focus Group
Of the 4 parents in the focus group, all were mothers with a
child who had undergone neurosurgery a minimum of 2 years
ago. The mothers’ ages ranged from 35 to 44 years, 2 had
university or college degrees, and all had high school diplomas.
Three self-reported their computer literacy as proficient and 1
described it as poor. All had familiarity with and used mobile
phones and tablets regularly, and all of their children had
attended Camp Everest. The focus group took place in a room
with audiovisual equipment, and the NKF website was loaded
and “surfed” throughout the session.

User Experience
Parents were asked to describe their experiences about where
and how they began searching for information about their child’s
neurosurgical diagnosis. All 4 of the parents strongly responded
that they were reluctant to search online for mainly 2 reasons:
(1) the timing of their child’s illness was a chaotic time and
“when you’re in the hospital, it’s all very overwhelming” so
searching online for information was not a priority. One parent
reported not accessing it “until I was ready to go and do that,”
further illustrating the impact of timing. This sentiment was
further supported by the other parents in the focus group (Table
2).
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Table 1. Parents’ favorite part(s) of the Neurosurgery Kids Fund website.

Frequency

n (%a)

41 (78.8)Camp Everest and L’il Everest Camp information

34 (65.4)News and events

26 (50.0)Hope Stones

23 (44.2)Social support and resources

22 (42.3)Ease of use

21 (40.4)Health information

19 (36.5)Canadian content

17 (32.7)Attractiveness, design, and layout

15 (28.8)Donation information

13 (25.0)Join the Community page

aPercentages do not sum to 100% because of multiple responses.

Table 2. Concepts and examples of parental experience using, or not using, the Internet.

ExperienceParentConcept

“We were thrown into it … so you don’t have any time to do any research … so when that’s
all happening and you’re bringing in a priest to give someone last rites, you’re not really
thinking about a computer, see, and I would never read … when you had that thing up about
trauma and stuff, I’ve already lived that nightmare, so I wouldn’t want to read that because I’ve
already lived it, so I would never click that right now because I already know what it is (shaking
her head, voice low and controlled, and pointing at the NKF screen).”

Parent 2Timing at acute phase of illness

“It was boom, boom, boom … everything happened at a very fast rate…. I remember [a nurse]
saying going onto the NKF group, but I didn’t go home immediately and do it. I mean it, it sat
there for a bit until I was ready to go and do that (arms gesturing dramatically in the air).”

Parent 3

“Because he was born so early … we [searched online] later, before you had this [NKF website]
set up.”

Parent 1Timing at chronic phase of illness

“Because [our child] is pretty stable right at this moment.”Parent 2

“[Now] we’re okay; we’re in that stage of our lives where, you know, there’s nothing for us to
do [like search online]. We have the support that we need.”

Parent 3

“I think for us, just because [our child] has been stable for so, so long that really I go on here
mostly about camp…. I know we’ve been blessed so far that—touch wood—you know, we’re
not really going in for a lot of medical stuff.”

Parent 4

“[Physician B] was very adamant. Don’t you dare touch that Internet, do not look at that—you
listen to what I say, I’m the boss, and this is the way it’s going to run (other parents nodding).”

Parent 2Influence of medical staff

“Well, I remember both [Physician A and Physician B] saying don’t Google it … we were di-
rected by [a nurse]. And the doctors saying don’t go really anywhere (all other parents nodding).”

Parent 3

“When we did research, it was basically only [Physician C].”Parent 4

The second reason reported in the focus group for how or when
these parents searched online for health information was that 3
of the 4 parents were advised by a physician or nurse to avoid
using the Internet. Two mothers explain:

So when that’s all happening and you’re bringing in
a priest to give someone last rites, you’re really not
thinking about a computer. [Physician B] was very
adamant, “Don’t you dare touch that Internet, do not
look at it, do not— you listen to what I say, I’m the
boss, and this is the way it’s going to run.” [Parent
2]

I remember both [Physician A and Physician B]
saying don’t Google it. [So later when searching
online], I remember typing it in and feeling guilty
about it. I just wanted the definition … I just wanted
to know what the words meant…. [Parent 3]

Despite receiving cautionary warnings from their health care
professionals, most of the parents reported going online
eventually when their child was in stable health. Parents reported
that they typed in a keyword, such as “VP shunt,” “cerebral
palsy,” or “third ventriculostomy” into a browser. One parent
described also using a “big encyclopedia book of brain and
thinking, well, it doesn’t really have what I’m looking for.” One
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participant (with poor self-reported computer literacy skills)
did not seek information on the Internet about her son’s
diagnosis because “I’ve already lived that nightmare.”

All parents reported hearing about the NKF website by “word
of mouth” from staff. All parents reported that the webpages
were easy to navigate, “colorful, inviting, and joyful,” and even
the non-tech parent said, “I’m not a computer person … I can
just click that right there on the front, and that’s what I like.”
All reported accessing the NKF website on their mobile phones
without any difficulties, but when they wanted to read or explore
the website at length, they used their home computers. One
parent made many positive references to using her mobile phone
to follow the NKF’s news and events via social media (eg,
Twitter, Facebook). Difficulties on the website included the
some technical errors (eg, not receiving a confirmation for
registration into Camp Everest) and broken links (eg, brain
tumor information page reported only an error message).
Another parent agreed with the problem of broken links and
also mentioned that some pages are not updated regularly.
Parents described these 2 reasons for why the “medical
conditions” pages were among the pages with the fewest page
views. Findings from the Google Analytics data identified that
the Community Resources page was infrequently viewed and
used. Following up with parents on this identified some potential
reasons for low page views and infrequent usage. Parents
reported they did not know it existed, did not see the link, or
had never visited the webpage. One parent questioned, “Is that
the best name for it?” This led into discussion among the parents
with a resolution that “Community Funding Support Resources”
would more accurately describe the content.

Participants consistently used language of “safe” and “credible”
when discussing the NKF website. The parents expressed
feelings of “fear” and “mistrust” surrounding what they may
find on the Internet and thus preferred to place their trust in their
primary care providers (and the NKF website) to mediate the
health information they received. This sense of legitimacy of
the information on the NKF website is described by 2 parents:

This [NKF website] is a verifiable source … [said to
be safe by other parents] … definitely … so they’ve
kind of [sifted] out some of it so it isn’t this flukey,
you know, therapy or surgery or doctor. Yeah, I felt
safer … and if the doctors are telling parents not to
Google it, if they are able to say, “Yeah, this is a

verifiable source,” you know (other parents nodding
in agreement). [Parent 1]

[T]his is a safer place … definitely more … yeah, its’
credible … I had just the right information.… Here,
I felt like, again, it’s been—someone’s already, you
know, looked at it and thought, “This is right, this is
perfect for what our parents are going to hear or read
or see,” and I’d feel safer if it was through [the NKF
website]. [Parent 3]

Parents also expressed fear surrounding accessing the Internet
in search of health information and finding upsetting stories or
poor outcomes:

I would never read … about trauma and stuff, I’ve
already lived that nightmare, so I wouldn’t want to
read that because I’ve already lived it, so I would
never click that right now because I already know
what it is. [Parent 2]

I try and stay clear of reading other people’s stories
or surgeries or mishaps or things like that or what
went wrong, all that kind of things that you’re going
to find. [Parent 3]

Join the Community Tab
The NKF website is enabled with its own password-protected
social network webpage called “Join the Community,” which
is designed to function and serve as a forum or blog for parents,
caregivers, and their children. By requiring them to register
their minor children, parents give consent for their children to
use it. Despite the Join the Community tab being on the home
page, with one-click access, it was a seldom viewed and utilized
feature of the NKF website. Parents were directed to the Join
the Community tab for discussion and only 1 parent reported
previously using it. The parent placed a message on the
dashboard, never received a response, and thus abandoned it
altogether. The parents cited reasons such as technical
difficulties or unawareness as reasons for not using the Join the
Community webpage.

Parents also described preferring to have an additional tab on
the NKF homepage that is just for their children, “because I’d
love for her to connect outside of camp with some of these kids.”
When informed that this was the intended purpose of the Join
the Community page, parents collectively identified hesitance
in using it (Table 3).
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Table 3. Parental opinion about having a blog or forum as a source of support parent-to-parent or just for the children.

OpinionParentSource of Support

“If somebody was going through a similar situation, you could offer that I’ve been there, and you give … so
even though it may not pertain to you, because right now [your daughter] is doing well and you already lived
with it, as somebody else new comes, too, you could pop in and say … where you need to connect with others
and chat.… (looking at parent 4)”

Parent 3Blog or forum as a
source of support for
parent-to-parent

“Yeah. I’d be very happy to be able to say to somebody, ‘Hey you can get through this.’ In fact, I went and
did a talk at the [hospital] and it felt good to do it, sort of give some hope back, I guess … I know when I
was going through it, I was pretty much a wreck.…”

Parent 4

“If you had a tab for adults and a tab for kids, I think would be better you know … just letting them go into
their own site. I just think … if a parent is asking a question about something that maybe a parent doesn’t
want their child to see, you know, like something went wrong … if the kids amongst themselves want to talk
about, ‘hey, this is what I did,’ you know, that’s different than coming out of our fear as parents.… [If the
kids have their own site] … so they’re not seeing the kind of … I think it would be better, you know?”

Parent 1Blog or forum as a
source of support just
for the children

“I think you have to get the kids involved with it, too. I showed him all of the pictures. I think the pictures
really helped … but I was hoping that there could be a little bit more of that … because this is a safer place.”

Parent 3

“I think I wonder about whether you want the kids—like, I kind of think sometimes the kids should almost
have a different area than the adults for some of that stuff.”

Parent 4

The parents wanted a “safe” place to connect with other parents,
or to ask a question, and they wanted their children, who are
often too young or vulnerable to go online seeking peer support
(eg, Facebook) to have a different tab to ensure a completely
distinct and separate forum. One parent explains:

[My son] is absolutely terrified of needles, so if a
parent is talking about “In this procedure you have
to get this many needles” kind of thing … [my son is]
not having to read that.… If the kids, amongst
themselves, want to talk about, “hey, this is what I
did,” that’s different than coming out of our fear as
parents. [Parent 1]

When prompted, the parents elaborated further:

If you had a tab for adults and a tab for kids … I think
it would be better you know … just letting them go
into their own site.… I just think—so the kids—if a
parent is asking a question about something that
maybe [another] parent doesn’t want their child to
see, you know, like something went wrong … so
they’re not seeing that kind of stuff.… I think would
be better, you know? [Parent 1]

I think you have to get the kids involved with it, too.
I showed [my son] all of the pictures. I think the
pictures really helped … but I was hoping that there
could be a little bit more of that, because this is a
safer place. [Parent 3]

I think I wonder about whether you want the
kids—like, I kind of think sometimes the kids should
almost have a different area than the adults for some
of that stuff. [Parent 4]

Discussion

This study contributes to the literature demonstrating the
legitimacy of using an online health website, Neurosurgery Kids
Fund, for supporting parents seeking health information and
fulfilling their social and resource needs. This study found that
the health information found on the NKF website contributed

and improved parents’ understanding of their child’s
neurosurgical illness or condition. Themes not formally
considered, such as how the timing during their child’s illness
trajectory, parents’ fear of searching online, the context of what
was being searched, and the influence of health care provider’s
advice against online surfing were illuminated. The NKF website
also serves as a single portal for meeting children’s and their
parents’ support and resource needs in an accessible, attractive,
and user friendly method that is easy to read and comprehend.
Several studies have found that the Internet is a popular and
efficient mode for distributing health information and offering
social support because it is interactive, user controlled, offers
anonymity, and is available around the clock [2,4-6,8,25]. In
2010, 8 out of 10 Canadian households (79%) had access to the
Internet, with the second highest rate being in Alberta at 83%
[29]. Among those, 70% of Canadians reported searching for
medical or health-related information online [29].

Parents’ Approaches to Searching the Internet
In this study we found that parents are increasingly accessing
the Internet, particularly health websites, in search of health
information, support, and resources. Hand et al [30] found that
83.4% of parents reported going online in search of information
regarding their child’s health. DeLuca et al [2] and Kurup et al
[31] found that parents are increasingly consulting other sources,
mainly the Internet, even before visiting a health care
professional. Parental usage of health websites for getting
immediate answers; learning about the diagnosis, treatment
options, and prognosis; adding to what the physician has
explained; finding support groups; and sharing with others
having similar experiences is well documented in the literature
[2,5,11,13,25,30,32].

While the marrying of Web analytic, survey, and interview data
created a picture of NKF website use, it can potentially lead to
more confusion and questions. For example, both the Google
Analytics and focus group data revealed that the Medical
Conditions information pages (eg, hydrocephalus,
achondroplasia) on the NKF website were less frequently visited
compared to other pages (eg, Hope Stone, NKF News and Event
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, Media Centre). In contrast, the survey results reported that
almost 25% of the parents visited the NKF website in search of
health information and 40% of the surveyed parents rated it as
one of their favorite parts. Inconsistencies in the findings can
be perceived as a strength using methodological triangulation
because it provides an opportunity to capture an unexpected
new concept or theme [27]. Careful collection and insightful
interpretation guided the concepts of timing and sample as
potential reasons for the inconsistency in this study’s findings.
The Google Analytics data was collected during the first 6
months after the website was launched and included data about
anyone in the public accessing the site (eg, not parents with a
sick child). For these visitors, digging deeper into the health
information pages may not have held any relevance, and thus
they avoided those pages. All the parents in the interview had
children who had been diagnosed some time ago, described
how they were more in the “chronic” phase in their child’s
illness trajectory, and thus their health information needs were
already met. In addition, the sample size was small and therefore
these parents’perspectives may not be representative of all NKF
users. This example justifies why it is important to combine
Google Analytics reports with other qualitative methods.

During the focus group, the parents explained not using the
Internet to search for health information, primarily because their
child’s neurosurgical diagnosis came during the acute phase of
the illness—a time when life-saving decisions are needed in a
very stressful situation. The parents in the focus group further
described being overwhelmed and fearful, not wanting to relive
the “nightmare,” and that the fear and uncertainty of their child’s
health outweighed their desire to go online. Similarly, DeLuca
et al found that parents wanted to learn about the medical
condition, but were too anxious to directly search the Internet
because of fear, further fueling their anxieties, or the potential
for obsessing over negative content [2]. In contrast, Tuffrey and
Finlay’s 2002 research involving parents of pediatric outpatients
had a generally positive attitude toward the Internet and 88%
felt that doctors should suggest suitable websites to parents [32].
Another study found that most people (72%) believe that all or
most of the health information on the Internet is credible [33].

Is Internet Health Information Seeking Context
Dependent?
Gage and Panagakis’s 2012 study proposed that the type of
health issue (eg, life-threatening condition versus routine health
information) being confronted may be a critical dimension in
understanding how, when, and why parents use the Internet as
a source of health information [12]. A study involving patients
before and after cardiac surgery, found that only 21% of the
patients had used the Internet for health information [34].
Conversely, Chisolm found that health crises were consistent
predictors of increased Internet use by patients for health
information [35]. Knapp et al similarly stated that 76% of
parents of children with life-threatening illness used the Internet
for medical information [36]. Further, DeLuca et al found that
nearly every parent acquired online information in the first hours
and days after learning of the referral to a genetics specialist
[2]. Despite the parents in our focus group describing cautious
use of the Internet for neurosurgical information, 60% of the
surveyed parents reported using websites for health information,

which is comparable to the Canadian national average of 70%
[29].

Influence of Health Care Providers on Parents’Health
Information Seeking
Similar to the DeLuca et al 2012 study, some of the parents in
this study were advised against seeking medical information on
websites by their child’s health care providers [2]. The literature
is replete with reasons why health care providers may be
cautious about referring their patients to the Internet as a health
resource: it may be inaccurate, unreliable, possibly even
dangerous, has not been critically appraised (ie, peer reviewed),
or may even be threatening to the image of the primary care
provider [12,37,38]. However, as Nichols and Oermann stated,
caution may well be advised when using the health information
received on the Internet because of the unregulated nature of
the medium, potentially giving way to obsolete and inaccurate
information [39].

This study found that 98% of parents with a sick child prefer
to receive specific health information from a trusted health care
provider rather than on the Internet, and other studies found
similar findings [2,6,7,40]. Similarly, Gage and Panagakis cited
that during the highly emotional period following a diagnosis,
parents may not want to be empowered through the Internet,
but prefer to transfer some of the burden of decision-making to
a trusted health care professional [12]. Knapp et al found that
parents were more likely to trust information from a health care
provider versus the information they located from Internet
sources [36]. AlSaadi found that 68% of parents used health
care providers as their main source of health information,
although 79% of these same parents also reported using the
Internet to gain information on their child’s health [8]. However,
what is unique about the NKF website is that this information
is created and provided by health care professionals.

Parents’ Usage and Experiences Using the NKF
Website
The results of this study showed that it is more common to seek
health information on the NKF website among young to
middle-aged Caucasian women who have higher levels of
education and direct access to the Internet at home. Similar
characteristics have been found in many other studies and have
been dubbed the “digital divide” [6,7,31,41,42]. With the
increasing ubiquity of mobile devices and tablets, this
socioeconomic disparity may be negligible in the near future.
Glynn et al dubbed the burgeoning use of mobile wireless
communication devices as a subsection of eHealth called
mHealth [6]. In this study, parents reported that being able to
access the NKF website on their mobile devices or tablets (at
their child’s bedside) day or night was a vital source of
information and support.

In this study, 40% of the parents reported using the NKF website
for health information. Despite 60% of the parents in this study
reporting that the NKF health information added to their
knowledge, only 20% reported that it may influence their
medical decision making. Similarly, Glynn et al found that
29.1% of parents felt that the health information found online
would influence the treatment decisions for their child [6]. In
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contrast, another study found that 68% of patients reported that
the health information received online impacted their medical
decision making [33]. However, 50% of the parents who
received health information on the NKF website had discussed,
or planned to discuss, their findings with their health care
providers as compared to 34% of parents in another study [32].
Glynn et al similarly found that over half of the parents in their
study had discussed, or intended to discuss, health information
with their surgeon [6]. Only 6% of the parents in this study
reported looking for health information elsewhere other than
the NKF website. One of the parents in the focus group stated
that the health information on the NKF website has been
“verified” and is “just right for what our parents need.” Other
studies found that some of the information available on the
Internet is too technical in nature and not easily understood by
the layman [2,8].

Evaluating the NKF Website’s Usability
MacCulloch et al stated that website quality and presentation
are critical elements in order for a website to be used effectively
[43]. The findings demonstrated that the NKF website’s usability
was evaluated to be: very easy to use, very easy to read and
understand, informative, attractive, colorful and inviting, and
easy to navigate. The parents reported the NKF website to have
great “responsiveness,” meaning the dimensions were able to
“flex” to the device (eg, mobile phone, tablet) being
used—despite the Google Analytics reports indicating a high
bounce rate for mobile phone users. When examined further, it
was found that when parents used their mobile phones, it was
mostly for quick fact finding, such as an address or contact
information, or they were “on the go” and didn’t have time to
graze on the NKF website.

Findings in this study suggest that the NKF website is congruent
with the underpinning premise of TAM, which is that a website
is more likely to be accepted and used by parents if they perceive
it to be useful and easy to use [19,20]. However, some technical
errors or broken links were identified by the parents; addressing
these points and maintaining current updates can improve NKF
usability and usage. Pew Internet and American Life found that
37% of users will leave a website if there are inadequate updates
[33]. It is encouraging that 94% of the parents found what they
were looking for on the NKF website, thus suggesting good
usability. Ninety-two percent of parents plan to use the NKF
website in the future, suggesting a good user experience.

Parents Use of the Internet and NKF Website for Social
Support and Resources
One of the most prevalent themes to emerge out of the collected
data was the use of the NKF website for social support,
connecting with peer parents, and resources. Plantin and
Daneback found that using the Internet to establish connections
with others in similar situations is of particular importance for
parents whose children have serious medical conditions [7].
Google Analytics revealed that 6 of the top 7 landing pages
were “social-related” pages. MacCulloch et al found a strong
endorsement from the parents in their study for an online
peer-based support network [43]. Similarly, Holtslander et al
found in their study involving parents with diabetic children,
that when parents can share experiences, it may more rapidly

enable parents to achieve “normalization” following a
life-altering diagnosis [44]. Results in this study revealed that
67% of parents reported using the NKF website for
socially-related information and support—accessing Camp
Everest and L’il Everest Camp information and parents “staying
on top of things” by tracking the NKF’s News and Events (eg,
fundraisers, parties, social gatherings)—and 70% arrived at the
site via Facebook (another social gathering webpage).

Study Limitations
There was only 1 focus group and the sample size was small
(eg, 4 particiapants), however, parents brought a range and depth
of experiences about having a child with neurosurgical concerns
and their health information, support, and resource needs. The
findings from the combined data of the Google Analytics, online
survey questionnaire, focus group, and field notes were similar,
indicating the main issues were identified (eg, theoretical
saturation was met). The sample was predominantly mothers
and, therefore, the relevance to fathers may be inappropriate.
In future studies, health information should be clearly defined
because it may mean different things to different people. Strict
adherence to criteria for ensuring qualitative research
trustworthiness increased confidence in the findings. There is
a small potential for a margin of error in the Google Analytics
data because all crawlers were granted access to the NKF
website. In the future, to refine exploring only parents’ usage,
a robot.txt file should be encrypted in the NKF website. The
data were also collected over a relatively short period of time.
Findings of website usage and experiences among parents of
children undergoing neurosurgery may not be generalizable
given the NKF website is targeted to the Edmonton, Alberta,
region.

Conclusions
There is a lack of research about the specific health information,
support, and resource needs of parents with children undergoing
neurosurgery. There is even less known about when they seek
health information online, what health websites they are visiting,
how useful the information was or was not, how e-literate they
are, and, especially, why they are visiting the health websites
that they do [14]. This study aimed to assess and evaluate
whether a custom-designed health website could be used to
meet parents’ health information, support, and resource needs.
From this study, the majority of parents felt that the NKF
website is credible, useful, and informative. Key findings that
impacted whether parents sought online health information
included the timing during the child’s illness, the context of the
information being sought, and the impact of cautionary advice
from their health care providers. However, after visiting the
NKF website, many parents reported that the health information
improved their understanding of their child’s condition, surgery,
or illness. Other parents found the website to be a portal for
joining the “NKF family” and for connecting with other parents
for support and shared experiences.

Utilizing data and findings from this study, modifications to the
NKF website will include expanding on specific health
information and adding pictures related to neurosurgical
diagnoses, equipment, treatment options, interventions, and
prognoses provided by their own pediatric neurosurgeons,
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pediatric nurse practitioners, and allied health care providers
involved in the care of this pediatric neurosurgical population.
Blogs, video posts, and messaging designed by the health care
team at the Stollery Children’s Hospital will be encouraged.
These blogs, posts, and messages would reflect the 98% of
parents who report relying on their direct health care providers
for needed health information.

Additional modifications to the NKF website should be targeted
at the support services and resources offered by the NKF
including both L’il and Camp Everests, Hope Stones, and
splitting the Join the Community pages between parents and
children. These modifications would include more detailed
explanation of the mission and purposes of the camps, eligibility,
accommodations to the children’s specific health care needs,
and qualifications of the camp counselors. More attention to
the Just for Kids page will be outlined on the homepage
explaining its purpose, target audience, and its safety measures
to protect identity and confidentiality to the end users. Over

40% of parents also accessed the NKF website to stay abreast
of news and events; therefore, keeping information updated,
accurate, and informative will be stressed. From a technical
standpoint, the NKF website should be monitored more closely
and regularly for correct linkages and active pages.

The method of health care delivery is being transformed by the
ubiquity of the Internet and the newly empowered,
computer-literate public is making a claim in becoming partners
in managing their own health. Such changes have the potential
to bring about positive outcomes, such as improved medical
decision making, increased efficiency in the clinic or hospital
appointment, and strengthening the relationship between primary
health care providers and the patient’s parents. The time is now
for the health care profession to respond to the
“Internet-informed” parent by guiding them to reliable health
information websites, giving them a “health website
prescription,” and collaborating with them in obtaining and
analyzing the information received.
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Abstract

Background: The Internet should be suitable for delivery of interventions targeting young cancer patients. Young people are
familiar with the technologies, and this patient group is small and geographically dispersed. Still, only few psycho-educational
Web-based interventions are designed for this group. Young cancer patients consider reproductive health, including sexuality,
an area of great importance and approximately 50% report sexual problems and fertility-related concerns following cancer
treatment. Therefore, we set out to develop a self-help Web-based intervention, Fex-Can, to alleviate such problems. To improve
its quality, we decided to involve patients and significant others as research partners. The first 18 months of our collaboration
are described in this paper. The intervention will subsequently be tested in a feasibility study followed by a randomized controlled
trial.

Objective: The study aims to describe the development of a Web-based intervention in long-term collaboration with patient
research partners (PRPs).

Methods: Ten former cancer patients and two significant others participated in building the Web-based intervention, using a
participatory design. The development process is described according to the design step in the holistic framework presented by
van Gemert-Pijnen et al and evaluates the PRPs’ impact on the content, system, and service quality of the planned intervention.

Results: The collaboration between the research group and the PRPs mainly took place in the form of 1-day meetings to develop
the key components of the intervention: educational and behavior change content, multimedia (pictures, video vignettes, and
audios), interactive online activities (eg, self-monitoring), and partial feedback support (discussion forum, tailored feedback from
experts). The PRPs influenced the intervention’s content quality in several ways. By repeated feedback on prototypes, the
information became more comprehensive, relevant, and understandable. The PRPs gave suggestions concerning the number of
exercises and pointed out texts and pictures needing revision (eg, experienced as normative or stereotypical) to increase the
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persuasiveness of the program. The system quality was improved by PRPs’ feedback on design, technical malfunctions, and
navigation on the website. Based on feedback about availability of professional support (technical problems and program content),
the organization for support was clarified, which increased service quality. The PRPs also influenced the research project on an
overall level by suggesting modifications of inclusion criteria for the RCT and by questioning the implementation plan.

Conclusions: With suggestions and continuous feedback from PRPs, it was possible to develop a Web-based intervention with
persuasive design, believed to be relevant and attractive for young persons with cancer who have sexual problems or fertility
distress. In the next step, the intervention will be tested in a feasibility study, followed by an RCT to test the intervention’s
effectiveness in reducing sexual problems and fertility distress.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): 36621459;
http://www.isrctn.com/ISRCTN36621459 (Archived by WebCite at http://www.webcitation.org/6gFX40F6T)

(JMIR Res Protoc 2016;5(2):e60)   doi:10.2196/resprot.5499

KEYWORDS

adolescent; clinical trial; Internet; neoplasms; online systems; patient participation; technology; telemedicine; young adult

Introduction

There is a need for psycho-educational interventions adapted
for adolescents and young adults with cancer [1,2]. Web-based
interventions are presumed to be a useful mode to deliver such
interventions as young people are well accustomed to the
technologies [1] and the patient group is relatively small and
geographically dispersed. The Internet has proven to be effective
for both delivery of information [3,4], support [5,6] and
psychological treatment [7] for a wide range of health problems;
such delivery is known as eHealth [8]. However, Internet
interventions also face problems such as high dropout rates and
non-usage during the test phase as well as after implementation
[9,10]. Collaboration with patients in the development of
Web-based interventions has been suggested to make the
technology more attractive and user friendly, thereby improving
uptake and impact of the intervention [10].

Patient and Public Involvement
Patient and public involvement in research [10] is regarded as
an integral part of good scientific practice [11] and is
increasingly requested from research funders. A recent
systematic review showed that patient and public involvement
has beneficial effects on all stages of the research process [12].
Different approaches to involvement exist. Consultation is when
end users are asked for their views and these views are used to
inform decision making. Collaboration involves active, ongoing
partnership with end users where both collaborating parties
share decisions about the research. In user-controlled research,
the end users rather than the professionals have the power and
the initiative to carry out the research. Long-term collaboration
with end users has been proposed to increase the relevance,
quality, and validity of eHealth interventions [13,14]. Still,
patient and public involvement has, with few exceptions [9],
been limited to the consultation level and involved end users
only on single occasions [15-17]. Patient and public involvement
has seldom been applied in the development of Internet
interventions to be tested in randomized controlled trials (RCTs)
[12]. In this study, a collaboration level of patient and public
involvement was used, in preparation for a subsequent RCT.

The Fertility and Sexuality Following Cancer
(Fex-Can) Project
Previous studies from our research group [18-20] and others
[21] have shown that adolescents and young adults diagnosed
with and treated for cancer have concerns about fertility and
sexuality. It is also well known that sexual problems and
reproductive issues often are neglected in clinical care [22,23]
and that care providers lack training for such discussions [22,24].
Meta-analyses have found Web-based interventions to be
effective in the areas of sexual [25] and reproductive health
[26]. Based on the above findings, we set out to develop a
self-help Web-based intervention, Fex-Can, to alleviate sexual
problems and fertility-related distress in young people treated
for cancer.

The effectiveness of the intervention will be evaluated in an
RCT embedded in a nationwide cohort study directed towards
individuals aged 16-40 in Sweden with selected cancer types,
1 year post-diagnosis. During 1 year, potential participants will
be identified through national cancer registers and invited to
participate in the cohort study. After consenting, participants
will complete standardized questionnaires measuring sexual
function and fertility distress (online or paper version). Those
rating high levels of sexual dysfunction and/or fertility distress
at baseline will be invited to participate in the RCT (closed user
group trial) with two arms, testing the Fex-Can intervention
versus control group. The Regional Ethical Review Board in
Stockholm has approved the study. In Sweden, health care is
mainly tax-funded and all Swedish citizens receive health care
at limited costs [27]. The project, including development of the
intervention followed by a feasibility study and an RCT, is
financed by research grants. If the intervention is shown to be
effective, it is planned to be implemented in regular care.

The Holistic Framework for Development of eHealth
Technologies
This study is based on the holistic framework for developing
eHealth technologies by van Gemert-Pijnen et al [10] and
focuses primarily on the design step of the model, that is, the
co-creative participatory process of building the Web-based
intervention. An essential principle in this framework is end
users’ involvement throughout the development process. End
users in this study were represented by former cancer patients
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and significant others, hereafter referred to as patient research
partners (PRPs), who participated in repeated evaluation cycles
of the eHealth technology. According to theory, the quality of
an eHealth intervention can be evaluated on three different
levels: content, system, and service quality [10,28]. Content
quality includes creating information that is understandable,
meaningful, and persuasive. System quality means that the
technology is safe, user-friendly, and easy to manage. Service
quality entails providing an e-service that is adequate and
reliable, that is, providing prompt and empathetic support to
participants regarding technical and general issues.

The study aims to describe the development of a Web-based
intervention in long-term collaboration with PRPs.

Methods

Recruitment of Patient Research Partners
The PRPs were recruited from a previous study investigating
sexuality and fertility among childhood cancer survivors [18],
and through cancer nurse navigators at a university hospital.
The research group set out to recruit women and men, aged
16-40, who had undergone cancer treatment for any of the cancer
types selected for the planned RCT. In addition, we wanted to
recruit a few significant others (partners or parents of young
patients). In total, 13 PRPs were recruited—11 individuals
previously diagnosed with cancer (2-9 years earlier) and 2
mothers of teenagers who had undergone cancer treatment
agreed to participate in a 5-year long collaboration. The PRPs
were all born in Sweden but lived in different parts of the
country. All were fulltime working or studying with a majority
having a university degree. The former patients were 7 women
and 4 men, aged 20-41, and included singles as well as partnered
individuals of whom 2 had children and 1 became a parent
during our collaboration. The following cancer diagnoses were
represented: Hodgkin lymphoma (n=5), tumors of the central
nervous system (n=2), breast cancer (n=2), testicular cancer
(n=2), cervical cancer (n=1), and Ewing sarcoma (n=1). One
PRP (former patient) decided to leave the collaboration after
attending one meeting, while the other 12 PRPs remained in
the group.

The PRPs had a status of research partners rather than research
participants and were paid for their participation in project
meetings and time working with assignments. Additionally,
PRPs were reimbursed for travel expenses and if needed,
accommodation, as some traveled to meetings from distant
places in Sweden.

Project Management
The research group included researchers, health care providers,
and a project coordinator with academic backgrounds in
medicine, psychology, psychiatry, sociology, nursing, and arts.
Their clinical backgrounds included primary care,
psychotherapy, and counseling in cancer care and sexually
transmissible infections, respectively. The composition of the
research group altered during the 18-month period described,
with an average of 6-7 researchers present at each meeting with
the PRPs. The researchers had weekly project management
meetings and regular contact with a network of professional
collaborators including physicians and nurse practitioners in
cancer and reproductive care, and sexual therapists. The research
group was responsible for managing the collaboration with the
PRPs, including strategic and logistic planning of meetings with
PRPs. The researchers were also responsible for documenting
and implementing PRPs’ ideas and for decisions regarding the
scientific process.

A software company was contracted to build the Fex-Can
Internet portal. Additionally, we collaborated with a Web
designer, an illustrator, and a photographer. One of the research
group members was responsible for contacts with the software
company, and another team member acted as main contact
person for the PRPs throughout the process.

Forms for Collaboration
The collaboration mainly took place in the form of 1-day
meetings. Efforts were made to establish a trustful collaboration
between the researchers and the PRPs. All meetings included
a joint lunch for all involved PRPs and researchers at the
expense of the project.

During the first meeting, the forms for collaboration between
researchers and PRPs were agreed upon. Different forms of
collaboration were discussed, for example, Web-based
discussion forums for different age groups, video conferences,
or physical meetings. The PRPs preferred to have meetings in
person on a regular basis as 1-day get-togethers during weekends
(PRP meetings), while communication between these meetings
was to be carried out by email. The 1-day meetings included
plenary (see Figure 1) and small group discussions as well as
individual assignments. At subsequent meetings, the forms for
collaboration were revisited and PRPs were asked if they wanted
to continue to work in the same way. This procedure generated
four additional PRP meetings within the design step; PRPs
attended a median of four of the total five PRP meetings.
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Figure 1. Plenary discussion at PRP meeting.

Documentation
The results in this article are based on several sources of data.
First, notes were taken by 2 members of the research team
during each 1-day meeting with the PRPs. These notes covered
all topics discussed and all opinions raised by the PRPs. The
notes were compiled and presented at research group meetings
when the notes were adjusted according to the impressions of
all research group members. Minutes from all meetings, together
with notes from contacts with PRPs between meetings were
continuously compiled into a log book. Second, all researchers
met directly after each 1-day meeting with the PRPs and
reflected upon their impressions throughout the day. These
reflections were added to the log of the collaboration with the
PRPs. Third, the notes from previous meetings were also
discussed with the PRPs to check that their opinions had been
correctly understood. Fourth, the PRPs gave confidential
feedback on content, layout, and functionality on some of the
modules of the intervention directly into the Fex-Can portal.

The results in this article are based on this documentation and
will be presented according to the quality criteria suggested by
the holistic framework by Gemert-Pijnen et al [10]: content,
system, and service quality. Furthermore, the process of building
the intervention will be described, as well as the PRPs’ impact
on the overall research project.

Predefined Components of the Web-Based Intervention
Some features were planned to be included in the intervention,
prior to the recruitment of patient research partners. According
to key components for Internet interventions defined by Barak

[29], these features were educational and behavior change
content, multimedia (eg, pictures, video vignettes, and audios),
interactive online activities (eg, self-monitoring), and partial
feedback support (eg, discussion forum, tailored feedback from
experts). The behavior change content was intended to convey
a balance between problem solving (change) and acceptance
strategies, including mindfulness. An aim was to affect
participants’ autonomy (sense of control over one’s life),
competence (perceived efficacy), and relatedness (“I am not
alone with these problems”) [30]. However, details of the
intervention were not planned and an objective for the
collaboration was to let the PRPs have an impact on the
composition of the content and structure of the intervention, to
make it more relevant and attractive for users.

Results

Building the Intervention
In the first meeting, PRPs received information about the aims
and framework of the planned study, and basic ethical principles
in research. We also spent time on getting to know each other;
the PRPs and the researchers introduced themselves and the
PRPs shared their “cancer story.” For the second meeting, a
mock-up of the Fex-Can Internet portal was created, based on
existing knowledge regarding Web-based interventions, and
presented to the PRPs. The mock-up suggested content divided
into different modules and other functions such as expert and
discussion forums. After discussing the planned set-up of the
intervention, a prototype was produced for the following
meeting. The researchers refined the Fex-Can intervention
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several times and the revised versions were discussed at
meetings so that the PRPs were able to contribute to the process.
Working materials, such as topic-relevant websites, suggested
contents of specific modules, and access to different preliminary
versions of a module, were mailed to the PRPs to be read before
scheduled meetings. The Fex-Can intervention came to include

several features organized in subsequent modules and divided
in two streams: fertility and sexuality. Examples of two module
overview webpages are presented in Figures 2 and 3. The
following paragraphs describe how the PRPs had an impact on
the intervention’s content quality, system quality, service
quality, and overall project.

Figure 2. Example of module in the fertility stream of the intervention.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e60 | p.505http://www.researchprotocols.org/2016/2/e60/
(page number not for citation purposes)

Winterling et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Example of module in the sexuality stream of the intervention.

Patient Research Partners’Impact on Content Quality
During the first meetings, the PRPs expressed an overall concern
that information on the website could cause emotional distress,
especially in relation to information on risks of infertility and
relapse of disease. At the same time, the importance of offering
accurate and evidence-based detailed information was
underscored. The views of what kind of information might be
perceived as distressing differed within the group of PRPs.
Following further discussion, we agreed that the Fex-Can
intervention would convey a hopeful and encouraging attitude

and present examples and strategies for dealing with problems,
that its, it would be empowering. The PRPs wanted information
on the website to be tailored to meet participants’ diverse needs
regarding the amount of information, which made us organize
the information on several levels, where participants have the
option to read extended text.

The PRPs wished for the intervention to include more facts on
sexuality and fertility related to side effects of specific cancer
treatments as well as information about what side effects or
symptoms were to be expected. All of this was added.
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Furthermore, the PRPs stressed the importance of including
content related to bodily changes or body image in the sexual
stream of the Fex-Can, which resulted in the addition of a
separate module focusing on this aspect.

The PRPs shared their opinions about what types of exercises
they thought should be included and how much time participants
would be willing to spend on an exercise. They thought there
were too many exercises and recommended us to carefully select
a reduced number to be included and present all of them as
optional. In particular, the included mindfulness exercises were
debated since some PRPs were skeptical and questioned if the
technique was evidence-based. After being presented with facts
about the effects of such exercises followed by thorough
discussions, the PRPs were supportive of including mindfulness
in the Fex-Can intervention. Furthermore, PRPs appreciated
that some misconceptions about mindfulness were disentangled
on the website. In later versions of the intervention, the PRPs
expressed that the included exercises appeared useful and
reliable.

Another issue stressed by the PRPs was the importance of using
an inclusive, easily comprehensible language matching a broad
group of end users, including individuals with cognitive
difficulties (common when diagnosed with brain tumors). A
challenge was to use language without jargon, neither too
colloquial, nor too formal. The PRPs stressed this necessity
during earlier stages of working with the texts and expressed
their satisfaction with the comprehensibility of the texts in the
later versions of the website, indicating that a well-balanced
language level had been established.

The PRPs emphasized that the content of the program should
communicate an awareness of participants’ cancer experience.
One part of this was the PRPs’ wish that the program should
include other cancer patients’ stories to increase relatedness to
others, for example, “I’m not the only one having these
problems.” The researchers asked if the PRPs were willing to
share their own stories (in text or as videos), which 5 agreed to
do. The importance of choosing appropriate photos for the
website was also emphasized by the PRPs. The photos should
be representative also for participants who were still under
treatment and troubled by side effects, for example, include
persons with visible signs of cancer treatment such as hair loss,
overweight/underweight, and scars.

In order to persuade participants in the intervention to stay in
the program, the researchers suggested that a new module would
be introduced every 2 weeks for participants in the intervention.
This was supported by the PRPs who thought participants would
be curious to see the next module. The PRPs also supported the
idea that participants would receive feedback on what they had
done so far in the program. Based on this, a timeline was
included on the opening page of the intervention to visualize
the progression of time during the 12-week program. Following
suggestions made by PRPs to increase active participation in
the intervention, weekly email reminders were also added as a
feature in the program. Another topic discussed was the
possibility of including quizzes in the program since they are
interactive and have the potential to increase a sense of
progressing. However, since some of the PRPs perceived such

quizzes as stressfully competitive, quizzes were not included
in the program.

A way to increase social dynamics in the program was to
incorporate a discussion forum in the intervention as well as a
counseling feature in the sexuality stream of the intervention,
which also was supported by the PRPs. The feasibility of having
a discussion forum with participants in such a wide age span as
16-40 years was thoroughly discussed, since persons of different
ages might think differently about fertility and sexuality. After
reflecting on advantages and disadvantages of dividing the
forum into age groups, it was decided to keep one discussion
forum but to create discussion threads for different age groups.

The PRPs emphasized that text and pictures included in Fex-Can
should not be overly normative when relating to sexual problems
and fertility distress. This includes addressing a diversity of
sexualities, ethnicities, relationships, and ways of building a
family instead of exclusively presenting white heterosexuals in
monogamous relationships having biological children of their
own. Initially, PRPs expressed that the intervention focused too
much on couples and did not give enough attention to the
potential problem of finding a partner. Therefore, the
intervention was developed to better reflect the situation of
singles, and a module on “How to meet a partner” was included
in the sexual stream of the intervention.

Patient Research Partners’ Impact on System Quality
The layout of the website was frequently discussed with the
PRPs. They stressed that young people have high expectations
on a website and that a design that is perceived as unprofessional
would risk increasing participant dropout of the RCT.
Researchers and PRPs agreed on the idea that the website should
have a responsive design, that is, it should adapt its layout to
various devices such as computers, smartphones, or tablets.
PRPs also considered the Web address/domain to be an
important factor that should communicate a rigorous and valid
source, preferably university-based. The PRPs recommended
using a more professional design than the first mock-up and
suggested using a light background color, black text with classic
font, and header in Karolinska Institutet’s promotional color.
Furthermore, they wanted pictures to be included only if they
had a function related to the text and not merely for esthetic
purposes. A Web designer was consulted to make a neater layout
with a uniform style and a better structure throughout the
intervention, since the PRPs repeatedly stressed that the website
was difficult to navigate. During the entire development process,
the website had several technical malfunctions, which were
pointed out by the PRPs. These problems were continuously
adjusted in collaboration between the project coordinator and
the software developer.

Patient Research Partners’ Impact on Service Quality
The PRPs repeatedly stressed that technical malfunctions on
the website were very frustrating. This increased the researchers’
awareness of the importance of almost instant support when
intervention participants experienced technical problems. A
plan for implementation of technical support within the
intervention was added.
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PRPs had objections to the suggested rules for the planned
discussion forum. The PRPs expressed concerns regarding our
plan to check all postings before they were published to prevent
inappropriate texts and topics. This was believed to negatively
affect the communication in the discussion forum because
participants would lose interest if postings were delayed.
Therefore, we decided that postings would be instantly visible
in the forum but the researchers would be responsible for
continuously checking for (and deleting) potentially
inappropriate postings (or comments) within every 24 hours.
Further, the PRPs stressed that replies to postings in the feature
“ask an expert” should not take too long. Therefore, it was
decided that the researchers would be responsible for the contact
with external experts to make sure postings were replied to
within 3 workdays. Likewise, it would be problematic if other
website functions would not work properly. A Web-based
support (e-service) was added within the program, where
participants could ask researchers any type of questions
(technical, content, and/or how to use the partial feedback
support) via mail and get a fast reply. This e-service was planned
to be given by someone from the research group who would
understand and know all parts of the intervention and would be
able to give this e-service in an emphatic way. Furthermore, a
telephone support run by research group members was planned
to be available for the website.

Patient Research Partners’ Overall Impact on the
Research Project

Naming the Project
After thoroughly discussing the purpose of the intervention,
most of the PRPs did not appreciate the initial name of the
project (“Life Interrupted”). They thought that the program
should focus on moving forward in life rather than on the
interruption in life that a cancer diagnosis might constitute.
Several suggestions were discussed between the researchers
and the PRPs, resulting in the more neutral name “Fex-Can,
Fertility and sexuality following cancer”.

Plan for Evaluation and Implementation
In the beginning of the collaboration, the PRPs emphasized the
need for the program to improve the care of cancer patients.
They expressed that they would have appreciated access to such
a program during and after their own cancer treatment, whether
they had problems or not. Therefore, they thought the program
should be available for anyone with a cancer experience, and
not offered only to those with sexual problems and fertility
distress. The reasons for conducting an RCT before making the
intervention available to unselected patient groups were
explained (by the researchers) and accepted. Furthermore, we
explained that if the intervention showed to be effective in
reducing sexual problems and fertility-related distress, the goal
was to collaborate with health care services to implement the
program into regular care. Regarding the RCT testing, PRPs
questioned why the Fex-Can intervention would be available
only for study participants at baseline (1 year after diagnosis).
They argued that problems could occur later during the planned
follow-up period and suggested that the intervention should be
made available to those with sexual problems or fertility distress
in connection to late follow-ups (3 and 5 years after diagnosis).

This promising suggestion will be taken into consideration in
the RCT phase of the project. Other issues of value for
implementation were identified, and it may be possible to
address them throughout the development process (eg, ways to
avoid dropout).

Input on Outcome Measures
The questionnaire measuring fertility distress, Reproductive
Concerns After Cancer [31], which was one of the primary
outcomes of the Fex-Can program, was discussed with the PRPs.
Several items raised concern among the significant others about
the risk of evoking worries, especially among participants in
young ages (16-17 years). Based on this, we conducted
additional cognitive interviews with 4 adolescents who had been
treated for cancer to verify the acceptability of the measure
among the youngest respondents.

Discussion

Principal Results
This study aimed to describe a co-creative process in the
development of a self-help Web-based intervention to alleviate
sexual problems and fertility-related distress in young cancer
patients. The ultimate goal for patient and public involvement
in research is to get another perspective on research projects by
taking the PRPs’ lived experience into account [11] and getting
new insights [32], which will result in more relevant
interventions. We believe that our collaboration with 12 PRPs
accomplished this goal and that both the demands of the PRPs
and the needs of the study have been met in the development
of the intervention, as stressed by van Gemert-Pijnen et al [10].
The input from the PRPs contributed to making the content of
the Fex-Can intervention meaningful, relevant, and
understandable. Furthermore, PRPs addressed the importance
of an inclusive, diverse imagery and of creating a professional
layout and persuasive design, and to improve support systems
included in the intervention. The PRPs also affected the research
project on an overall level by participating in naming the project,
suggesting changes in the follow-up, and by questioning the
implementation plan.

The co-creative process comprises bringing together researchers
and stakeholders, exchanging ideas, and interacting to improve
research [11]. This project is unusual as it from the start aimed
to establish a long-term collaboration over 5 years, with a PRP
group of considerable size in contrast to the more common
set-up with multiple participants at a single event [15,16] or
one or two participants on multiple occasions [9].The
recruitment procedure [13,33] proved to be successful, with
high attendance at meetings and only one person dropping out
from the collaboration. The PRPs themselves described that
their main motive for commitment in the project was a wish to
help others in a situation similar to the ones they had
experienced themselves when diagnosed with cancer. They also
expressed that they appreciated sharing their experiences with
people in the same age group, as described in other studies of
young cancer patients [34].

We believe that our careful preparation and set-up of the
collaboration created beneficial circumstances for PRPs to have
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a real impact on the project [12,32] for four main reasons. First,
we allocated one person in the research group for all contacts
with the PRPs and invested time getting to know each other.
This procedure contributed to an environment that facilitated a
positive and committed collaboration that may be especially
important for younger PRPs, who otherwise might be too shy
to express their opinion in a group [13]. Second, the involved
researchers early on reflected on and discussed their expectations
and perceptions regarding the roles of the PRPs in the project.
We expected that a successful collaboration would require
commitment, openness, and flexibility in the research group,
where the PRPs were seen as experts on the patient perspective.
However, this did not imply the incorporation of all PRP ideas.
In cases when there was disagreement between researchers and
PRPs, the researchers argued their points and clarified their
view in order to achieve a common standpoint. Third, we
compensated the PRPs for their time and expenses and also
served food and drinks, which has been reported to increase
PRPs’ feelings of being important for the project [33]. Fourth,
in contrast to the common procedure when researchers are solely
responsible for decisions on forms of collaboration [10],
researchers and PRPs reached a common agreement on how
meetings were to be organized in the Fex-Can study, even
though the researchers decided on the agendas.

One of the main advantages of the long-term co-creative process
was the possibility to, in an iterative way, fine-tune the Internet
intervention through the PRPs’ repeated feedback on aspects
that had been adapted following their earlier suggestions. The
collaboration with PRPs was also timesaving for the researchers.
Prompt confirmation of ideas and solutions that were well
functioning enabled further development of these without delay,
and weaker solutions could likewise be adjusted or discarded
promptly. This made the researchers more confident in their
work, and fewer parallel versions of layouts and contents had
to be produced when existing versions were approved by the
PRPs. Furthermore, when the PRPs saw that their feedback was
incorporated in the program, they expressed satisfaction that
their impact was valued, which further increased their motivation
to participate. Another advantage of such a long-term
collaboration was that the PRPs were able to contribute more
as their understanding of the intervention’s intention grew. In
addition, the researchers and the PRPs became more equal
partners over time, and the researchers relied more on the PRPs
who became indispensable in the project.

Limitations
This study is novel in many ways and some methodological
limitations should be mentioned. A problem with a long-term
collaboration might be, as has been discussed elsewhere [35,36],
that the PRPs become “professional” patients, who incorporate
the researchers’ views and alienate themselves from the target
group. As the relationship between researchers and patients is
asymmetrical [35], patients’ experiential knowledge and input
might also be unintentionally overruled [37]. However, the
PRPs were encouraged to express their opinions during the
meetings and all PRPs did so, including expressing divergent
opinions and questioning ideas from the researchers. The PRPs
often referred to how they would have reacted 1 year after their
cancer, clearly identifying themselves with future users of the

intervention. The meetings were held 2-3 times per year and
the PRPs outnumbered the researchers in all discussions, limiting
the risk that PRPs became “professional” patients. An opposite
problem might be that researchers let the PRPs’ ideas and
suggestions run the project without being critical. However, we
strived to create a balance between new ideas and methods
known to be effective.

Further, the PRPs were not recruited based on their level of
problems in the areas targeted in the intervention (ie, sexual
problems and fertility distress). Therefore, it was not known if
individuals with high levels of problems/distress were
adequately represented, thus possibly limiting
representativeness. We are also aware of the lack of
heterogeneity in the PRP group, as most of them were well
educated and there seemingly was a lack of diversity in ethnicity
and sexual orientation. The characteristics of the PRPs may
therefore have contributed to less variety in expressed opinions.
However, the perspectives of different groups of future users
were often brought up by the PRPs, who argued that the
intervention must suit users with, for example, different sexual
orientations. Furthermore, the research team’s composition was
mixed regarding country of birth and sexual orientation, which
may to some degree have broadened the perspectives
represented. In other aspects the PRP group was heterogeneous
in that it included men and women of different ages, both singles
and those living with a partner, from different parts of the
country. An important limitation is, however, that this study is
based on the researchers’ views of the co-creative process, with
only indirect reports from the PRPs and no independent
assessment of the collaboration process.

When individual PRPs expressed conflicting viewpoints the
researchers sometimes found it difficult to know whom they
should listen to. There is a risk that those who talk loudly or
eloquently receive more attention or that researchers pay
attention to comments that are close to their own opinions. We
tried to avoid this in several ways, for example, by letting PRPs
give feedback on the mock-up and early versions of the website
confidentially by writing comments online and by discussing
topics in small groups to facilitate expression of opinions.
Another way of equalizing power relations between the
collaborating parties was to strive for researchers to be in the
minority in all discussions. Finally, several of the researchers
had training in counseling and were used to encouraging other
persons, which we believe contributed to a sensitive and
constructive discussion climate at collaboration meetings.

Conclusion
A long-term collaboration between researchers and a committed
group of patient research partners contributed substantially to
the development of a self-help Web-based intervention. With
suggestions and continuous feedback from PRPs, it was possible
to develop a Web-based intervention believed to be relevant
and attractive for young persons with cancer having sexual
problems or fertility distress. The collaboration with PRPs will
continue in the following steps of testing the Fex-Can
intervention. The intervention will first be tested in a feasibility
study with cancer patients, where PRPs will participate in the
interpretation of results. The effectiveness of the intervention
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will thereafter be tested in an RCT targeting a nationwide cohort
of adolescents and young adults with problems and distress

related to sexuality and fertility after cancer.
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Abstract

Background: Despite improvements in treating psychosis, schizophrenia remains a chronic and debilitating disorder that affects
approximately 1% of the US population and costs society more than depression, dementia, and other medical illnesses across
most of the lifespan. Improving functioning early in the course of illness could have significant implications for long-term outcome
of individuals with schizophrenia. Yet, current gold-standard treatments do not lead to clinically meaningful improvements in
outcome, partly due to the inherent challenges of treating a population with significant cognitive and motivational impairments.
The rise of technology presents an opportunity to develop novel treatments that may circumvent the motivational and cognitive
challenges observed in schizophrenia.

Objective: The purpose of this study was two-fold: (1) to evaluate the feasibility and acceptability of implementing a Personalized
Real-Time Intervention for Motivation Enhancement (PRIME), a mobile app intervention designed to target reward-processing
impairments, enhance motivation, and thereby improve quality of life in recent onset schizophrenia, and (2) evaluate the empirical
benefits of using an iterative, user-centered design (UCD) process.

Methods: We conducted two design workshops with 15 key stakeholders, followed by a series of in-depth interviews in
collaboration with IDEO, a design and innovation firm. The UCD approach ultimately resulted in the first iteration of PRIME,
which was evaluated by 10 RO participants. Results from the Stage 1 participants were then used to guide the next iteration that
is currently being evaluated in an ongoing RCT. Participants in both phases were encouraged to use the app daily with a minimum
frequency of 1/week over a 12-week period.

Results: The UCD process resulted in the following feature set: (1) delivery of text message (short message service, SMS)-based
motivational coaching from trained therapists, (2) individualized goal setting in prognostically important psychosocial domains,
(3) social networking via direct peer-to-peer messaging, and (4) community “moments feed” to capture and reinforce rewarding
experiences and goal achievements. Users preferred an experience that highlighted several of the principles of self-determination
theory, including the desire for more control of their future (autonomy and competence) and an approach that helps them improve
existing relationships (relatedness). IDEO, also recommended an approach that was casual, friendly, and nonstigmatizing, which
is in line with the recovery model of psychosis. After 12-weeks of using PRIME, participants used the app, on average, every
other day, were actively engaged with its various features each time they logged in and retention and satisfaction was high (20/20,
100% retention, high satisfaction ratings). The iterative design process lead to a 2- to 3-fold increase in engagement from Stage
1 to Stage 2 in almost each aspect of the platform.
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Conclusions: These results indicate that the neuroscience-informed mobile app, PRIME, is a feasible and acceptable intervention
for young people with schizophrenia.

(JMIR Res Protoc 2016;5(2):e77)   doi:10.2196/resprot.5450

KEYWORDS

schizophrenia; mobile app; smartphone; motivation; technology-based intervention; social networking; coaching; negative
symptoms; quality of life

Introduction

Schizophrenia is associated with significant psychosocial
impairments, which lead to poor quality of life [1,2]. Recent
data suggest that negative symptoms, and amotivation in
particular, are the single most important factor affecting
functional disability in schizophrenia [3,4]. Recent cognitive
neuroscience research demonstrates that motivational deficits
in schizophrenia are characterized by impairments in reward
prediction, maintenance of rewarding experiences to guide future
behavior, and a reduction in higher effort allocation to obtain
rewarding experiences [5-8]. The likelihood to anticipate
experiences to be less rewarding and more effortful leads to
significant functional impairments. Yet, some aspects of reward
processing for individuals with schizophrenia may be preserved,
such the degree to which reward experiences are perceived as
pleasurable in the moment. Findings suggest that individuals
with schizophrenia demonstrate intact hedonic experiences, as
evidenced by subjective reports of in-the-moment positive
emotion [6,9,10], self-reported arousal similar to healthy
comparison subjects [11], and intact hedonic experiences in
social contexts [11]. While it appears that the ability to
experience pleasure from rewarding experiences is intact,
individuals with schizophrenia are more likely to be alone and
endorse a preference to be alone while in the company of others,
relative to healthy subjects [11], which suggests that the
in-the-moment experience of pleasure may not be motivating
future social interactions. Given the progress we have made in
understanding the complexity of reward processing deficits in
schizophrenia and how they might influence motivated behavior,
it is time to translate these findings into enhancements of
traditional treatments and/or developing novel approaches.

Current gold-standard treatments for individuals with
schizophrenia include atypical antipsychotic medication and
psychotherapy, with cognitive behavioral therapy (CBT) as one
of the most effective behavioral treatments. These approaches
are particularly effective at treating the positive, psychotic
symptoms, but they do not adequately treat the negative
symptoms [12,13]. While some of this may be due to problems
with engagement and/or cognitive deficits, which limit the
degree to which the skills may be used in real-world settings,
the evidence suggests that the current gold-standard treatments
do not lead to clinically meaningful improvements in motivated
behavior, negative symptom severity, functioning, and quality
of life [12,13]. Negative symptoms in schizophrenia, including
social withdrawal, limited affective expression, and decreased
drive to engage in motivated behavior, pose significant
challenges to traditional treatment approaches that require
patients to attend in person sessions and make use of the

treatment in real-world contexts [14]. As such, it is not
surprising that treatments that use compensatory strategies, such
as environmental supports and reinforcement in simulated
contexts (cues, reminders, and reinforcement), may be more
effective in treating negative symptoms and improving
psychosocial functioning, than traditional approaches [15-19].
What this suggests is that treatments that target negative
symptoms, may benefit from using strategies that bypass
cognitive impairments and deliver environmental supports in
real-world contexts that directly motivate individuals with
schizophrenia to engage in more rewarding experiences.

The rise of digital health technology presents an opportunity to
develop novel treatments that may circumvent the motivational
and cognitive challenges observed in schizophrenia. Further, a
mobile approach delivered in real-time and in real-world
settings, may support the retention, reinforcement, and transfer
of intact in-the-moment hedonic experiences to future behavior.
Mobile interventions may be accessed with greater frequency
than traditional psychotherapy approaches and briefer
therapeutic interactions might require less effort and have a
greater therapeutic benefit. Indeed, several research groups are
taking advantage of technology to deliver behavioral treatments
to individuals with schizophrenia [20,21].

These considerations led us to harness digital technology and
translate current knowledge on reward processing deficits in
schizophrenia into an intervention to improve motivated
behavior in the early phases of the illness. We thus designed
and developed a Personalized Real-time Intervention for
Motivational Enhancement (PRIME), a mobile app treatment
that delivers text message (short message service, SMS)-based
motivational coaching from trained therapists; individualized
goal setting in prognostically important psychosocial domains;
and social networking via direct peer-to-peer messaging as well
as a community “moments feed” to capture and reinforce
rewarding experiences and goal achievements. PRIME was
designed with a systematic user-centered design process that
included the involvement of individuals with schizophrenia,
family members, treatment providers, and research experts. The
purpose of this report is two-fold: (1) to evaluate the initial
feasibility and acceptability of implementing the PRIME
intervention to individuals who were recently diagnosed with
schizophrenia, and (2) to evaluate the empirical benefits of using
an iterative, user-centered design (UCD) process to develop a
digital intervention for individuals with schizophrenia.
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Methods

User-Centered Design Process
UCD, also referred to as human-centered design, is a process
for gaining insight into the needs of end-users, creating novel
approaches to meet those needs, and delivering solutions that
are optimized for specific contexts [22,23]. Our team worked
in collaboration with IDEO, a design and innovation firm, to
develop our design strategy and implement the UCD process.
Over a 4-week period, we conducted two design workshops
with 15 key stakeholders (young individuals with a
schizophrenia-spectrum disorder, family members, treatment
providers, and research experts), and conducted a series of
in-depth, 1:1 in-person interviews with six young people with
schizophrenia-spectrum disorders.

The 1:1 interviews included several exercises focused on gaining
a better understanding of the values that drive participants to
improve their lives. During the initial design workshop, key
stakeholders generated 12 potential values that would improve
quality of life, including: (1) feel part of a group, (2) be a role
model, (3) deepen my relationships with family and friends, (4)
have a partner/boyfriend/girlfriend, (5) feel energized, (6) feel
appreciated when I achieve a goal, (7) feel a sense of progress,
(8) feel productive, (9) remember positive moments, (10) feel
happy, (11) feel “normal”/not like I am ill, and (12) feel a sense
of control over my future. During the 1:1 interviews, participants
discussed whether those values were personally relevant and
ranked them in order of importance. While most of the values
were important to participants, the top two priorities for
participants were to feel a sense of control over my future and
deepen my relationships with family and friends. This is in line
with self-determination theory (SDT) [24], which emphasizes
relatedness, autonomy, and competence as essential values that
drive intrinsically motivated behavior. The SDT framework has
been used to understand motivated behavior in schizophrenia,
such as supporting the motivating role of relatedness [25], the
importance of autonomous choices in engaging in
health-promoting behaviors [26], and competence in driving
reward learning [25,27]. We therefore explicitly integrated
principles of SDT into the overall design structure of the app.

Another objective of the interviews was to evaluate each feature
of the app. For instance, we used experiential strategies such as
prototyping specific features and presenting potential paper
mockups of the app. An example of a prototyping exercise was
to invite participants to use their mobile phones to take photos
of positive moments in their life. Our team was interested in
developing a feature that prompted participants to capture
rewarding experiences and share those experiences among peers
and coaches. When participants came in for their interviews,
we reviewed their photos and evaluated the subjective
experience of engaging in this type of activity. Notably, in

addition to participants reporting that they enjoyed the process
of taking the photos, they also became much more affectively
expressive, talkative, and overall more engaged during this
portion of the interview, suggesting that this feature would be
well received and that participants enjoyed the opportunity to
communicate nonverbally through pictures.

Lastly, we presented paper mockups of the app, which enabled
our team to evaluate the design, flow, and functionality of
particular features. An example of how this significantly
influenced the final design of the app was observed during the
evaluation of the goal-setting feature. Participants were shown
two options of how a user might navigate the goal-setting
feature. In one case, participants were shown a “daily challenge”
option that was highly customizable and in the other case, the
feature was prepopulated with personalized content and a
simplified interface. While we expected that our participants
would prefer a more customizable option, the degree of
complexity and effort required to navigate a customizable
experience was undesirable, as almost all the users preferred
simplicity to customization. This subtle, yet highly important
preference significantly influenced the design of this feature.

The UCD approach ultimately resulted in the first iteration of
PRIME, a mobile app intervention aimed at improving
motivation and functioning in people with recent-onset
schizophrenia-spectrum disorders. With PRIME, participants
join a supportive online environment where they can select and
document progress on small, self-determined goals in four key
domains that have been shown to be significantly associated
with better quality of life: (1) health/wellness [28,29], (2) social
relationships [30], (3) creativity [31], and (4) productivity [32].
PRIME provides users with motivation coaches: Masters-level
clinicians who use evidence-based “microinterventions” drawn
from CBT, mindfulness, and psychoeducation to help
participants overcome the daily obstacles that hinder goal
progress and PRIME engagement. Additionally, the PRIME
community provides a platform for users to interact with one
another. Users may send messages directly to each other and
can also capture and share positive moments in their daily life
with the community. Importantly, the PRIME app also includes
a unique tone. Our participants noted during the design process
that existing mental health apps and treatment approaches overly
emphasize illness, and as such, IDEO suggested an approach
that focused on a more casual, friendly, nonstigmatizing tone.
Examples include the overall “look” of the app, which feels like
a mainstream social media app, rather than a clinical tool, and
the language used in the automated responses to completed
challenges (ie, “You’re basically amazing. Way to rock that
challenge!”). This approach is in line with the recovery model
of psychosis, which emphasizes a collaborative, reinforcing and
strengths-based approach [32,33]. The final design and
screenshots of the PRIME app are shown in Figure 1.
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Figure 1. Screenshots of the three primary features of PRIME (from left to right): Goals (goal-setting), Community (Text-based motivational coaching),
and Moments (social networking and community feed).

Procedures: Using an Iterative Design Process to
Improve PRIME Feasibility and Acceptability
Importantly, and unlike what occurs in traditional psychotherapy
randomized control trials (RCTs), the PRIME development and
evaluation process was iterative and consisted of two stages. In
Stage 1, our first iteration, we enrolled 10 participants to
evaluate initial feasibility and acceptability. The results from
the first 10 participants were then used in Stage 2 to inform the
next iteration of PRIME to be tested in a RCT, during which
participants were randomized to either receive PRIME or a
wait-list/treatment as usual control condition. Participants in
both stages were encouraged to use the app daily with a
minimum frequency of 1/week over a 12-week period. The same
assessment schedule was used for both stages and included
clinical evaluations at baseline, 12-weeks, and a 3-month
follow-up assessment. Outcome evaluators in the RCT are blind
to condition. The RCT is ongoing and as such, we only report
the feasibility results of the Stage 1 participants and the first 10
randomized participants from Stage 2. Participants were
compensated for their time to complete study-related
assessments (US$20/hour), but were not paid for their
participation in the intervention.

PRIME Protocol
Once participants completed their baseline assessments,
participants were either provided with an Apple iPhone 5C with
PRIME already installed or a study coordinator installed PRIME
on their own personal iPhone. Participants initially met with an
assigned “motivation coach” for a “set-up session.” The purpose
of the set up session is to orient participants to the app and to

discuss goals the participant would like to achieve by using
PRIME. The first time participants sign in to the app, they are
guided through a process of creating a user profile. Participants
create a user name, upload a profile picture, select their interests,
goals, symptoms, and write a short bio. Goals and interests are
categorized in the domains of health/wellness, social,
productivity, and creativity. Participants are given the option
to make their profile “private” or “public” to the PRIME
community. If users select private, their peers will not be able
to see their profile or posts to the community feed. However,
coaches will be able to view their profile and posts in a
Web-based “backoffice.” Participants are informed of the
privacy practices in the app and encouraged to be respectful of
their peers’ privacy.

Once the user is set up with his/her profile, the participant may
select from prepopulated, personally tailored “daily challenges,”
associated with a participant’s stated goals. For instance, if a
participant endorsed “working out” as an interest and a goal of
“feeling healthier,” the participant will be shown a daily
challenge of “Spend X number of minutes working out today.”
The participant may select the amount of time spent engaging
in that daily challenge and set an alert to remind him/her to
work on that particular daily challenge. Once a participant has
completed their challenge, they have the option to post the goal
achievement to the community or to their own private feed (also
viewable to coaches in the backoffice). Participants are also
encouraged to post spontaneous, positive moments in their life
to encourage reinforcement of rewarding experiences. The daily
challenge and spontaneous moments are displayed on the
PRIME community feed and the participants’ “My PRIME”
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feed. Assigned coaches explain their role and immediately
engage the user in a text-based chat about the participant’s goals.
For the Stage 1 participants, the coaches explained to their
participants that they would reach out to them 1/week, but that
the participants could message them at any time they would
like help working on a goal or anything that might interfere
with goal achievement. Based on use patterns and feedback
from participants (reported below) the protocol was changed
and coaches now explain that they will reach out to the user on
“most days” (on average 4 days per week), but will modify the
frequency depending on the user’s preference, clinical issues,
and degree of overall progress toward goal achievement.
Participants are also shown the option to view their peers’
profiles and shown how to message with them directly. Other
opportunities for social interaction include “liking” or
commenting on moments posted to the PRIME community feed.

PRIME Coach Training
The coaching staff currently consists of six Master’s level
clinicians who are experienced delivering CBT to patients in
community practice settings. Coaches are trained over a 2-hour
session using the PRIME treatment manual, which orients
coaches to the clinical population, evidence-based approaches
to managing symptoms, including CBT, psychoeducation, and
mindfulness techniques, and suggested tone/approach to match
the overall tone of the app. Due to the text-based modality of
coaching, the manual discusses suggested adaptations, such as
emphasizing more behavioral strategies during asynchronous
interactions, delivering Web-based resources, such as short

videos or websites providing psychoeducation about
schizophrenia or other distressing symptoms, cognitive
strategies, activity planning, and other behavioral suggestions.
After an initial training, coaches “round” on their participants
during a weekly meeting with the principal investigator and
coaching team to review cases and troubleshoot potential
challenges.

Participants
A total of twenty people (10 in the Stage 1 group and 10 in the
Stage 2 group) met Diagnostic and Statistical Manual-IV-TR
(American Psychiatric Association, 2000) criteria for a
schizophrenia spectrum disorder: schizophrenia (n=13),
schizophreniform (n=2), or schizoaffective disorder (n=5).
Participants were recruited from the Early Psychosis Clinic at
University of California, San Francisco as well as other
community-based treatment providers in the San Francisco Bay
Area. In addition to local recruitment, several participants (n=3)
living outside of California were remotely enrolled from Texas,
Maryland, and North Carolina. Participants were between the
ages of 16 and 30 and in their early course of illness, defined
as being within the first 5 years of formal diagnosis. In addition,
participants had no history of neurological disorders or serious
head trauma, were fluent in English, had an estimated
intelligence quotient (IQ) > 70, and did not meet criteria for a
substance dependence disorder within the past 6 months.
Demographic information, such as age, years of education, as
well as use of treatment resources (eg, therapy, psychiatric
services) can be found in Table 1.
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Table 1. Demographic and clinical characteristics.

Stage 2Stage 1

t or x2 (P)(n=10)(n=10)

Mean (SD)Mean (SD)

.9523.30 (3.7)23.40 (2.6)Age (years)

.639/10 (90%)8/10 (80%)n, (%) Male

.6214.00 (1.9)14.40 (1.6)Education (years)

.0427.80 (16.5)46.40 (20.3)Duration of Illness (months)

Racial Background, n (%)

.613 (30%)3 (30%)Caucasian

2 (20%)4 (40%)Asian

2 (20%)2 (20%)African American

3 (30%)1 (10%)Other

.836 (60%)6 (60%)n, % seeing therapist

.068 (80%)4 (40%)n, % seeing psychiatrist

.57108.90 (6.6)106.90 (8.7)WTARa FSIQ

PANSSb

.756.70 (4.3)6.00 (2.8)Positive total

.6712.80 (6.6)11.60 (6.6)Negative total

.6955.60 (12.2)53.60 (12.9)Overall total

RFSc

.114.30 (1.7)5.50 (1.5)Work Productivity

.105.20 (0.9)6.00 (1.2)Independent Living

.464.70 (1.6)5.30 (1.9)Social Networks

.576.250 (.53)6.30 (.94)Family

.2533.10 (9.1)38.60 (11.2)QOL-Ad

aWechsler Test of Adult Reading.
bPositive and Negative Syndrome Scale.
cRole Functioning Scale.
dQuality of Life Scale-Abbreviated.

Clinical and Interview-Based Assessment
Trained interviewers confirmed diagnoses using the Structured
Clinical Interview for the Diagnostic and Statistical Manual-IV
[34]. We assessed positive and negative symptoms using the
positive and negative syndrome scale (PANSS) [35].
Functioning in the areas of work, self-care, family, and social
was assessed with the role functioning scale (RFS) [36]. Quality
of Life was assessed with the quality of life scale - abbreviated
(QOL-A) [37]. See Table 1 for symptom, functioning, and
quality of life characteristics. We estimated full-scale IQ with
the Wechsler Test of Adult Reading (WTAR). For remote
participants, the clinical and interview-based assessment was
conducted via FaceTime or Skype.

Assessing PRIME Acceptability
We assessed PRIME acceptability during an exit interview
where participants rated their satisfaction with the specific

features of PRIME, such as the ability to interact with peers and
the different goal categories, on a 1 (not at all) to 10 (very much)
scale. We also assessed retention in the trial as a measure of
acceptability.

Assessing PRIME Feasibility
To evaluate feasibility, we assessed the following: login
frequency (average number of days logging in per week),
average number of challenges completed (both overall and by
individual challenge category), challenge completion percentage,
and the average number of peer and coach interactions.
Interactions included direct messaging on PRIME as well as
commenting on and liking content posted to the community
moments feed. To further understand how participants were
engaging with the PRIME platform, we evaluated user metrics,
such as active use (ie, while logged in, any type of interaction
with coaches and/or peers, posting spontaneous or goal
achievement moments) versus passive use (logging in, but not
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engaging with peers or coaches or posting content onto the
moments feed), the degree of social reciprocity (ie, initiating
interactions and the ratio of initiated interactions to responsive
interactions) from peer-to-peer and coach-to-peer interactions.

Data Analysis Plan
We examined whether any demographic variables were related
to symptoms or functioning in the overall sample, and whether
any demographic variables, symptoms, or functioning were
related to PRIME use by conducting zero-order correlations.
We also investigated any group differences (Stage 1 vs Stage
2) in demographic variables, symptoms, and functioning by
conducting independent samples t-tests for continuous variables
and chi-square tests for categorical variables. To examine initial
acceptability of PRIME, we compared the average ratings for
each group from the PRIME exit interview for overall
satisfaction as well as the most and least popular PRIME
features using independent samples t-tests. Furthermore, we
also reviewed qualitative feedback from the PRIME exit
interview.

To investigate initial feasibility of PRIME, we examined
descriptive statistics for the following PRIME metrics: login
frequency, challenges completed, peer and coach interactions,
and active use rate. To understand participants use of PRIME
on a daily basis, we computed a variable that represented how
often participant’s actively used PRIME, which we called the
active use rate. To do this, we added together the average
number of challenges completed, peer, and coach interactions
and divided this total by the number of weeks the participant
had access to PRIME. Thus, a value of 2.3 would mean that a
participant was active on PRIME 2.3 times/week. Passive use
was defined as logging into the app, but not posting a moment,
completing a challenge or interacting with peers or coaches.
Thus, a participant may login to the app 4 days/week, but
actively engage with the features of the app 2 days/week.

In addition to examining the total number of coach and peer
interactions, we also calculated the degree to which participants
initiated interactions, relative to received interactions as an
indicator of engagement. For instance, a ratio of 3:1 for
peer-to-peer interactions would mean that for every three times
a user sent a message, the peer received one message, which
suggests that the user is more proactively engaging in
interactions. For both PRIME acceptability and feasibility, we
tested the effectiveness of our iterative design process by
comparing the Stage 1 and Stage 2 participants using
independent samples t-tests, correcting for multiple comparisons.

Results

Participant demographics are reported in Table 1. Participants
in the Stage 1 group had a significantly longer duration of illness
than the Stage 2 group. However, neither this nor any other

demographic variable was related to symptoms or functioning
in either group, nor were symptoms and functioning related to
PRIME use in the two groups.

We also assessed participant digital health use (eg, health-related
mobile app usage) over the past month. In terms of digital health
resource usage, 75% (15/20) reported owning a smartphone.
We then asked participants whether they used digital health
apps in their daily lives. Overall, participants reported low levels
of digital health use, with the most used applications falling in
the categories of increasing exercise and fitness (5/20, 25%),
improving relaxation (3/20, 15%), and improving mood (2/20,
10%). Only one of the 20 participants reported using digital
health resources for managing weight or alcohol use. In
comparison, 95% (19/20), reported using a social media platform
(e.g. Facebook, Twitter), with 50% (10/20) also using social
media for sharing photos and music. Participants in Stage 1
reported using social media apps daily and participants in Stage
2 reported social media use “more days than not.”

PRIME Acceptability
To date, all of the participants were retained in the trial. Mean
overall satisfaction with PRIME for the entire sample, as rated
during the exit interview administered at the 12-week
post-assessment, was 8.00 (standard deviation (SD): 2.0). The
difference between the two groups was not significant (Stage
1: mean: 7.25, SD: 2.3; Stage 2: mean: 8.86, SD: 1.2). Some of
the comments made by participants when asked about how
PRIME influenced their lives included:

There’s nothing like it out there

It was a good chance to be more social, meet other
people, and see what they're like.

Definitely getting to do more, not chores, but be more
active. Motivation to do more stuff, achieve more
goals, and be more social.

The most popular PRIME features for both groups were the
ability to comment on other user’s posts (mean: 8.53, SD: 1.9)
and the least popular PRIME feature was the ability to view
coach profiles (mean: 7.33, SD: 2.7).

PRIME Feasibility
PRIME use data (login frequency, challenge completion, and
interactions) for the participants in both stages are shown in
Table 2. Overall, participants logged into PRIME approximately
every other day, with the Stage 2 sample logging in at a slightly
higher frequency. Over a 12-week period, participants were
highly engaged in the platform, with 177 direct messages sent
from participants to coaches in the Stage 1 sample and 955 sent
from participants to coaches in the Stage 2 sample (P=.04;
d=1.02). In terms of peer-to-peer interactions, participants
initiated interactions with each other 97 times in the Stage 1
sample and 151 times in the Stage 2 sample (P=.49, d=.23).
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Table 2. PRIME usage data for the overall sample as well as both the Stage 1 and Stage 2 groups.

Stage 2Stage 1

p, d [95% CI]Mean (SD)Mean (SD)

.13, .73 [-.20. to 1.60]4.69 (1.4)3.51 (1.8)Login frequency (average logins per week)

.91, .05 [-.83 to .93]85.35 (15.3)84.48 (18.4)Challenge completion rate (%)

Average number of user-initiated peer interactions

.68, .21 [-.67 to 1.08]9.50 (10.1)7.70 (6.4)Comments

.12, .73 [-.21 to 1.60]24.00 (20.6)11.80 (11.9)Likes

.49, .32 [-.58 to 1.18]15.10 (22.5)9.70 (8.8)Messages

.23, .56 [-.36 to 1.43]48.60 (44.3)29.20 (21.1)Total

Average number of user-initiated coach interactions

.33, .45 [-.46 to 1.32]12.90 (14.5)7.80 (7.0)Comments

.20, .60 [-.06 to 1.47]10.00 (12.3)4.40 (4.9)Likes

.04a, 1.02 [.05 to 1.90]95.50 (105.8)17.70 (22.9)Messages

.02, 1.13 [.15 to 2.02]118.40 (105.9)29.90 (31.6)Total

Challenges completed

.79, .12 [-.76 to .99]20.40 (18.2)18.40 (14.5)Overall

.77, .10 [-1.47 to .49]7.80 (9.1)6.80 (5.7)Health/wellness

.39, .40 [-.51 to 1.26]4.40 (3.9)3.20 (1.8)Social

.96, -.02 [-.85 to .90]4.40 (3.7)4.50 (4.7)Creativity

.95, -.02 [-.86 to .90]3.80 (3.6)3.90 (5.7)Productivity

.03, 1.06 [.08 to 1.94]11.17 (9.4)3.87 (2.7)Active engagement rate (average times active per week)

aBold Values indicate statistically significant results.

Participants in both groups completed an average of
approximately 1.5 challenges per week, with the Stage 1 sample
completing slightly more than the Stage 2 sample. For both
groups, health/wellness challenges were the most popular at
approximately one challenge completed per week, followed by
creativity challenges, social challenges, and productivity
challenges of which participants completed approximately 1
every 2 weeks. Challenge completion percentage was high for
both groups (>16/20, 80%), suggesting that participants had
little difficulty completing the challenges that they set.
Participants had approximately two interactions with coaches
and two interactions with peers each week. Participants in the
Stage 2 sample tended to have more interactions with coaches

and peers than those in the pilot group. The Stage 1 group, on
average, was active on PRIME approximately 4 times/week.
This rate almost tripled for the Stage 2 group at a little over 11
times/week (see Table 2). The degree to which participants
reciprocated interactions initiated by a peer or coach user is
shown in Table 3. The ratios reflect a higher degree of
reciprocity in peer interactions than coach interactions. Yet, the
Stage 2 participants were much more responsive to coach
interactions than the Stage 1 participants (see below for a
description of the change in the coaching strategy). Real
examples of peer to peer and coach to peer interactions are
shown in Textboxes 1 and .

Textbox 1. Examples of peer to peer interactions.

John: Hey the doctors said I should connect with you because you have some good insights about the diagnosis. What do you think about it?

David: Hey bud, sorry about the delayed response. Thanks for reaching out. I think this disease is definitely a huge challenge that we all sort of have
to face. But I think its a type of challenge that can be overcome. When I first got the diagnosis, I was a wreck. Depression as well as an onslaught of
negative symptoms... I think it's important to slowly get ur life back together step by step.  As u progress, u will realize things really are not all that
bad and that this disease is just one of the bumps in life that u will have to overcome.

John: I agree, it's just another challenge. How do you deal with your negative symptoms?

David: It takes time. Therapy helped.  Also a goal orientated attitude is important. Gotta realize that u r no different than someone without the disorder
after proper medical treatment.
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Textbox 2. Examples of and coach to peer interactions.

Coach: Hey [participant’s name]! I noticed you haven’t completed any challenges or posted any moments recently. What have you been up to?

Participant: Playing video games. I haven’t been up to it lately. Is there a way I can fight through this? Laziness or whatever it’s called? How do you
complete your goals in life? I feel stagnant more depressed and less motivated. I feel like this because I have low self esteem. So I play video games
to distract myself and get lost. Doing much seems unrealistic.

Coach: I’m sorry to hear that you haven’t been feeling great recently. Feeling blue happens to us all from time to time, and luckily there are some
ways to combat feeling this way. One thing that might help is trying to be active. I know it’s hard when you feel this way, but even something as
simple as going for a walk can help. When you feel this way, do you notice that you are having negative thoughts as well?

Participant: Yeah ok Coach thank you. I love being active, working out, cleaning, walking my dogs, doing hw, cooking. These things help me focus.

Coach: Do you notice feeling different? Sometimes it helps to take a strep back and realize all that you have accomplished. You have worked very
hard over the past 2 months and have made good progress. I am proud of you and hope that you feel proud as well.

Participant: Thank you so much you are right I have!!! I feel like I’m not going to be so harsh on my self and I feel like being more active!

Coach: Self-compassion is important as being too hard on yourself can make you feel down. Next time you think you are being hard on yourself, try
writing down some things you recently accomplished. Or, you can write down evidence for and against the thoughts you are having. I have used both
approaches and they both work!

Participant: Okay thank you so much. I’m going to try and write down some recent accomplishments and find evidence against being too hard on
myself.

Coach: Great to hear! Let me know how it works. Maybe you can complete a challenge this weekend.

Iterative Design Process Results: Shifting the Coaching
Strategy and Tone
The feasibility and acceptability results from the Stage 1
participants, reported above, for the most part demonstrated
that the intervention was well tolerated, yet feedback from
individual participants coupled with an examination of their use
patterns suggested we should modify our approach to motivation
coaching. For instance, one participant felt that it seemed that
the coaches were working “off of a script,” which made it hard
for her to connect with her coach, stating:

It felt like every time [my coach] posted something,
she was fitting me inside this box. Instead of having
a normal conversation like "Hey what's up, how are
midterms", they followed a script.

Still, others found the coaching to be very helpful, with one
participant stating:

It was great! I think the coaches were very, very, very
supportive and they did as much as they could to help
me participate and be active in the community. They
helped me manage my stress and take on everyday
life and they did a good job.

Another key observation during the first iteration was the low
response rate to coach initiated interactions (Table 3), with less
than half of the messages sent by coaches receiving a response

from participants. The ratio of coach to participant responses
was 12:1 for the pilot participants. This led to the following
changes in Stage 2: (1) we increased the frequency of the
interactions initiated by motivation coaches from once a week
to an initial 5 days/week followed by a decreased frequency
over time, based on the preference of the participant and their
clinical needs, (2) decreased the amount of content in each
message, and (3) personalized the messages and adopted a more
casual tone that reflected the tone recommendations by IDEO.
For example, instead of sending a lengthy, once per week
message, coaches would instead send a brief message most days
per week, checking in with their participant (eg, “Hi there! I’d
love to see you work on your goal to exercise more. How about
going for a walk today?”). By initiating almost daily contact,
we sought to increase overall engagement with PRIME and to
facilitate more frequent interactions with coaches and among
peers. By decreasing the amount of content in each message,
we aimed to reduce the cognitive load for participants and make
it easier to respond to messages. The data suggest that this
change may have led to increased engagement as evidenced by
a 2- to 3-fold increase in the following usage patterns between
Stage 1 and Stage 2: number of logins (3.51 days/week to 4.69
days/week), overall peer and coach interactions (peers: from
29.20-48.60 (P=.23, d=.56); coaches: from 29.90-118.40 (P=.02;
d=1.13)), active use rate (~4 times/week to ~11 times/week;
see Table 2), and the degree of coaching interaction reciprocity
(Table 3).
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Table 3. Initiated to received coaching and peer interaction rate for Stage 1 and Stage 2 groups.

P, d [95% CI]Stage 2Stage 1

MeanMean

Coach interaction (ratio of interactions initiated by coaches to received)

44, -.37 [-1.24 to.53]8.16:110.88:1Comments

.19, .-.65 [-1.52 to .27]24.17:144.40:1Like

.07, -.87 [-1.75 to .08]1.87:15.17:1Messages

.01a, -1.35 [-2.26 to -.33]3.37:112.23:1Overall

Peer interaction (ratio of interactions initiated by peers to received)

.81, .12 [-.77 to .99]1.89 : 11.68 : 1Comments

.42, -.41 [-1.28 to .49]0.98 : 12.06 : 1Like

.65, -.20 [-1.07 to .69]1.03 : 11.10 : 1Messages

.84, .10 [-.78 to .97]1.25 : 11.17 : 1Overall

aStatistically significant result.

Discussion

Principal Findings
The results from this study demonstrated that the cognitive
neuroscience-informed mobile app, PRIME, is a feasible and
acceptable intervention for young people with schizophrenia.
Over 70% (14/20) of our participants reported owning a
smartphone and 95% (19/20) reported using social media,
suggesting that using a smartphone-based, social networking
platform to deliver an intervention would be an acceptable
treatment modality for this population. The overall satisfaction
with PRIME was relatively high, as reflected in the satisfaction
ratings endorsed in the exit interview as well as the current
100% (20/20) study retention rate. The PRIME use data
demonstrated a high degree of engagement with this digital
treatment platform. Participants used the app, on average, every
other day, and were actively engaged with its various features
each time they logged in. Qualitative feedback from participants
was overall positive, and the critiques of the platform during
Stage 1 were used to guide refinements for Stage 2 (ie, the
coaching strategy). A common theme in the feedback from
participants was the positive experience of social support from
coaches and their peers. This was also reflected in the total
number and frequency of interactions and degree of reciprocity
the participants exhibited with their coaches and peers. The
quality of the interactions, as reflected in the provided examples,
was also impressive given the entirely text-based messaging
format.

The increase in various metrics of engagement between Stage
1 and Stage 2 participants, suggests that the integration of user
feedback to influence the refinement of the intervention was
successful. The changes we made in response to this
user-centered, iterative approach led to a 2- to 3-fold increase
from Stage 1 to Stage 2 in use of the app (ie, logins), greater
active use (engagement with features), a significantly greater
number of social interactions with peers and coaches and
improved ratios of reciprocal interactions with coaching. While
the changes we made were focused on the text-based coaching,

these simple changes appeared to generalize to greater
engagement in almost every aspect of the platform. Taken
together, this suggests that the development of mobile digital
interventions should continuously incorporate user feedback
and adopt refinements to meet the needs of the population. This
is in line with conclusions from the Agency for Healthcare
Quality Improvement, which recently highlighted that the
success of new technology-based interventions hinges on
incorporating user feedback in design and implementation [38].

Limitations
This study has several limitations. First, our sample size is
relatively small, which limits the generalizability of the results.
However, the tradeoff for using a small sample size in Stage 1
was that we were able to very quickly evaluate the feasibility
of the app and refine the platform for use in Stage 2. Another
limitation of this feasibility study is that our participants were
all in the early phase of schizophrenia and therefore the results
of the study are likely not representative of the larger population
of those with persistent schizophrenia. We decided to focus on
designing the intervention to treat young patients early in their
course of illness based on numerous findings promoting the
benefits of early intervention [39,40]. By designing an
intervention specifically for use with this population we are
aiming to significantly improve the course of illness by
improving functional outcome during a critical period.

Conclusions
With the proliferation of digital technology-based interventions
to address mental health issues, it is encouraging to learn that
a mobile app-based treatment is feasible, tolerable, and
acceptable to young people with schizophrenia. Indeed, several
other research groups have developed novel digital technologies
to improve outcome for individuals with schizophrenia, often
emphasizing CBT approaches for positive symptoms and
focusing on people with persistent illness [29,41]. In addition,
the existing digital treatment tools have not been developed
with an explicit cognitive neuroscience rationale, have not
focused on the needs of recent onset individuals, and have not
included a social network with peers or mental health coaches
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[21]. The results of our feasibility study seem to suggest that
the delivery of a smartphone mobile app intervention that
includes several opportunities for social engagement and to
share goal achievements within a recovery-oriented framework
is a desired treatment modality for young people with

schizophrenia. The goal of our ongoing RCT will be to explicitly
examine the degree to which the focus on targeting reward
processing impairments and enhancing motivated behavior will
lead to improved functional outcome in this population.
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Abstract

Background: Weight gain and its related illnesses have become a major public health issue across the world, with Saudi Arabia
and other Gulf countries seeing dramatic increases in obesity and overweight, and yet there is very little information on how to
intervene with this demographic due to cultural and linguistic barriers. As the use of smartphones and apps has also increased in
the region, information communication technologies could be a cost-effective means of facilitating the delivery of
behavior-modification interventions directly to the target population. Although there are existing apps that offer
lifestyle-modification tools, they do not give consideration to the evidence-based practices for weight management. This offers
an opportunity to create an Arabic language weight loss app that offers localized content and adheres to evidence-informed
practices that are needed for effective weight loss.

Objective: This paper describes the process of developing an Arabic weight loss app designed to facilitate the modification of
key nutritional and physical activity behaviors among Saudi adults, while taking into consideration cultural norms.

Methods: The development of the Twazon app involved: (1) reviewing all available Arabic weight loss apps and compared
with evidence-based practices for weight loss, (2) conducting a qualitative study with overweight and obese Saudi women to
ascertain their preferences, (3) selecting which behavioral change strategies and guidelines to be used in the app, (4) creating the
Saudi Food Database, (5) deciding on graphic design for both iPhone operating system and Android platforms, including user
interface, relational database, and programming code, and (6) testing the beta version of the app with health professionals and
potential users.

Results: The Twazon app took 23 months to develop and included the compilation of an original Saudi Food database. Eight
subjects gave feedback regarding the content validity and usability of the app and its features during a pilot study. The predominant
issue among the group was the lack of information explaining how to use the app. This has since been resolved through the
implementation of a tutorial. No other changes were required to be made.

Conclusions: Information communication technologies, such as smartphone apps, may be an effective tool for facilitating the
modification of unhealthy lifestyle habits in Saudi; however, consideration must be given to the target population, cultural norms,
and changing trends in the global market. The effectiveness of the app will be better determined during a 6-month intervention
with 200 overweight and obese Saudi women.

(JMIR Res Protoc 2016;5(2):e76)   doi:10.2196/resprot.5497
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Introduction

Obesity and overweight in the Saudi adult population has
increased dramatically for both men and women, respectively;
however, due to the cultural limitations and inaccessibility to
physical activity, there is a predominant effect on the female
population. Recent studies show that the rate of obesity and
overweight in women has increased from 26.6% in the
mid-1990’s to 33.3% in a national survey conducted in 2013
[1,2]. This is supported by the World Health Organization’s
report published in 2014, which indicates that obesity has
increased worldwide by more than 50% since 1980. This
worldwide increase, paired with the statistical increase in Gulf
countries, makes the prevalence of obesity a major public health
issue in Saudi Arabia [3,4].

Certain local issues have contributed to the current and projected
increase in the prevalence of overweight and obesity. These
include aspects such as climate making it substantially harder
to be physically fit [5], and the growing popularity of western
fast foods resulting in a change in diet [6]. Additionally, the
lack of nutritional and proportional information for regional
dishes makes it difficult for locals to identify caloric content of
meals [7]. Furthermore, cultural aspects relating to the status
of women may also contribute to the higher prevalence of
overweight and obesity in women specifically. These include
high birth rate, and cultural restrictions that require women to
stay inside the home, be accompanied by a male to go outside,
and seek permission from family members to engage in physical
activity [8]. Currently, the most popular method to lose weight
among Saudi is gastric and bariatric surgery, as it is considered
to be the fastest and most effortless method regardless of the
risks associated with it [9].

Smartphone and app usage has shown exponential growth in
Saudi Arabia in recent years ranking it third in smartphone
usage in the world [10], with a penetration rate of 73% as of
2014 [11]. Saudi Arabia also has the highest-ranking Twitter
usage in the world [12]. Cultural restrictions make it easier, for
women especially, to express themselves socially and publically
in a virtual environment through the use of smartphone
technology. There is evidence that women are using websites
and apps such as Instagram, Facebook, and Twitter to initiate
home-based businesses [13] and participate in social solidarity
[14].

The increasing ubiquity of these technologies therefore created
an opportunity for the development of an Arabic app to be used
as an appropriate tool to treat and prevent obesity in this
population. To inform this development, two important aspects
were investigated. First, Saudi Arabian women were consulted
about their use and needs for a weight loss app [15]. Although
women in Saudi Arabia reported using weight loss apps, they
highlighted language barriers and cultural insensitivity, making
recommendations for the development of a culturally sensitive

Arabic weight loss app [15]. Second, it was important to
ascertain whether there were any effective weight loss apps
already available, specifically Arabic apps as recommended by
the Saudi women. Although there was evidence available that
English apps [16,17] fail to comply with evidence-informed
practices for weight management, there was a paucity of
evidence for Arabic apps. Screening of Arabic weight loss apps
confirmed that they also did not comply with evidence-informed
practices for weight management [18]. The development of an
Arabic weight loss app including evidence-informed practices
for weight management was therefore justified.

This article sets out to elaborate on the steps taken in the
development of the Twazon app and tools included, the
challenges that were faced, and the insights gleaned from the
process.

Methods

Description of ‘Twazon’
The Arabic name, Twazon, means balance, which refers to the
balance of dietary intake compared with energy expended
through physical activity. The name and logo were developed
through consultation with the community, including participants
from the initial focus group discussions.

The use of the app begins with membership and social
networking features. The user is required to complete a “5-step”
registration process that allows them to use their email,
Facebook, or Twitter accounts when signing in or out of their
Twazon account. The process begins with the input of basic,
required information such as name/nickname, gender, age,
height, current weight, waist circumference, current health
status, pre-existing diseases, and physical activity status. After
submitting this information, the app provides the user with their
ideal weight goal and the date by which this weight can be
achieved by reducing the user’s daily caloric intake by 600 [19].
An optional tutorial presents the user with instructions on how
to use the app.

There are many different theories that guide health promotion
interventions. The social cognitive theory [20] forms the
theoretical base of this application as it considers the importance
of the social system in relation to the behavior of the individual,
as well at the value of self-efficacy and self-regulation. It is
considered a dynamic interaction between personal factors,
behavior, and environment and confirms the importance of
observational learning, which is based on observing others’
experience or results [20].

The Twazon app includes various tools to address
evidence-informed practices for weight loss interventions as
identified and used for screening of Arabic apps [16] (Table 1),
and based on recommendations provided during the focus group
discussions with overweight and obese Saudi women [15].

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e76 | p.527http://www.researchprotocols.org/2016/2/e76/
(page number not for citation purposes)

Alnasser et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Tools in Twazon addressing evidence-informed weight loss practices.

App InformationPractice

Assesses weight by calculating body mass index and waist circumferenceWeight assessment and goal set-
ting

Allows users to set their ideal weight, and sets a target date for achieving the weight loss goal

Calculates the number of calories needed daily based on their target weight

Recommends a decrease of at least 600 calories consumed per day in order to achieve weight loss goal

Recommends daily servings/portions of all foods and beverages, including 6 cups of water per dayHealthy diet

Recommendations given according to healthy lifestyle self-assessment score

Provides a customized healthy food palm based on the user’s intake report

Recommends the reading of labels and describes how to properly read labels

Offers some suggestions for healthy food options in place of unhealthy food items.

Allows users to correct a poor meal/diet as an education tool for menu planning

Tips will be sent if the intake/activity ratio is off-balance according to healthy lifestyle self-assessment score

Recommends a minimum of 30 minutes of physical activity three times a week and allows users to assess their
physical activity every 2 weeks

Physical activity

Tips will be sent if the amount of physical activity is low

Recommends taking at least 10,000 steps and provides a pedometer that tracks the daily number of steps

Allows users to track their daily food (calories) and water intake, and number of servings per food group, every
2 weeks

Self-monitoring

Allows users to self-assess their physical activity, every 2 weeks

Provides a weight loss tracker that informs user of current weight loss toward their goal weight (kg)

Provides an app-specific message board allowing users to privately share experiences, weight loss goals achieved,
and photos with other users

Social support

Allows users access to social networking services such as Twitter

Evidence-Informed Weight Loss Practices

Weight Assessment and Goal Setting
Users will be able to assess their current weight goals by
providing physical and lifestyle information. The app calculates
the current body mass index and ideal body weight based on
the formula from Lemmens et al [21]. The app will provide a
realistic goals setting feature with a target weight loss of 0.5 to
1 kg (1-2 lb) a week [19] and will encourage modest loss of
initial weight (5%-10%) as it is significantly correlated with
meaningful changes in chronic disease risk [22]. The app will
calculate the duration (days) required for the weight loss,
enabling users to set appropriate and realistic goals. The app
will also provide a daily caloric intake goal by calculating the
daily calories needed based on the ideal weight with a
recommended daily decrease of 600 calories less than current
consumption.

Healthy Diet
The app also includes a healthy lifestyle self-assessment score.
Users will be prompted to complete the self-assessment every
2 weeks to track their level of achievement. As several studies
have shown that there is a link between increasing consumption
of a Mediterranean diet and lowering obesity rate [23,24], this
self-assessment tool was developed using the Mediterranean
diet assessment tool [25], however the alcohol question was
excluded as alcohol intake is forbidden in the Saudi culture.
Four additional questions were included based on the Saudi
Healthy Food Palm guide [26] (Figure 1).

The additional questions cover aspects of dairy and whole grain
consumption as well as daily physical activity. The healthy
lifestyle self-assessment is therefore scored out of 17 and each
question is linked to the relevant part of the Healthy Food Palm.
Each question asks for the level of intake of a specific food/food
group and this response is then used to calculate whether this
is within the recommended levels or not (Textbox 1).
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Textbox 1. Lifestyle self-assessment questions

Vegetables:

• Are ≥2 servings (of 200 g each) of vegetables eaten each day?

• Are pasta, vegetable, or rice dishes flavored with garlic, tomato, leek, or onion eaten ≥2 a week?

Fruits:

• Are ≥3 servings of fruit (of 80 g each) eaten each day?

Oils:

• Is olive oil the main culinary fat used?

• Are ≥4 tablespoons of olive oil used each day?

• Is <1 serving (12 g) of butter, margarine, or cream eaten each day?

Sugar:

• Is <1 serving (330 ml) of sweet or sugar sweetened carbonated beverages consumed each day?

• Is <3 servings of commercial sweets/pastries eaten each week?

Meat and beans:

• Is <1 serving (100-150 g) of red meat/hamburgers/other meat products eaten each day?

• Are ≥3 servings (of 150 g) of legumes consumed each week?

• Are ≥3 servings of fish (100-150 g) or seafood (200 g) eaten each week?

• Is ≥1 serving (of 30 g) of nuts consumed each week?

• Is chicken, turkey, or rabbit routinely eaten instead of veal, hamburger, or sausage?

In addition to the 14-Item Mediterranean Diet Assessment above, these questions were added to the current assessment:

Dairy:

• Are ≥2 servings of dairy products consumed each day? (One serving=one cup of milk or yogurt, three slices of processed cheese slices)

• Are low fat or skimmed milk products consumed instead of full fat?

Bread and cereal:

• Are whole wheat grains consumed instead of refined grains?

Physical activities:

• Do you do physical activity for 30 minutes or more three times a week or more?

The results of the assessment will be provided in a graphic
format of the Healthy Food Palm guide and responses within
recommended levels will turn the palm leaves green (Figure 2).
For a full list of app prompts and feedback, see Supplementary
Table 2.

A response below the recommended levels will prompt a
notification to be sent to users with tailored tips based on the
healthy food palm guidelines [26] as well as other international

government health websites [27-29]. The app will recommend
daily servings or portions of all foods and beverages, including
six cups of water per day as well as describe how to properly
read labels (Figure 3). The app will offer some suggestions for
healthy food options in place of unhealthy food items and allows
users to correct a poor meal/diet as an education tool for menu
planning (Figure 4). Tips will be sent if the intake/activity ratio
is off-balance according to the healthy lifestyle self-assessment
score.
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Figure 1. The Healthy Food Palm.

Figure 2. Graphic display of results of the healthy lifestyle self-assessment score.
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Figure 3. How to read food labels.

Figure 4. Education tool for menu planning.

Physical Activity
Energy expenditure is calculated using the Metabolic Equivalent
of Task values based on The Compendium of Physical
Activities, which provides a wide variety of sports and fitness
activities as well as activities of daily living [30]. The Twazon
app physical activity practice was created to ensure context
validity to include only activities that Saudi women would be
involved in (H. Al-Hazza, email communication, July 2014).
Physical activities that are traditionally not available to most
women such as tennis, running, or playing sport outdoors have
been replaced with suggestions to do exercises at home or find
support from others in order to find physical activities that are
easily accessible by Saudi women. The app will recommend a
minimum of 30 minutes of a physical activity selected from a
provided list, at least three times a week. The app will also
recommend taking at least 10,000 steps per day and will provide
a pedometer that tracks the daily number of steps. It will also
allow users to assess their physical activity every 2 weeks,
sending tips if the amount of physical activity is low.

Self-Monitoring
As there is a significant association between self-monitoring of
both diet and physical activity and weight loss [31], the app will
enable self-monitoring of daily energy (kCal) of food and drink
consumed (in) and physical activity (out) as well as weight
tracking. For the purposes of tracking the balance of calories
(in vs out), the Twazon app includes customized databases for
dietary intake (calories only) and physical activity. These
databases will allow users to keep a daily food and physical
activity diary. The home page, or dashboard, of the app will
provide this information for easy access to tracking and goals
(Figure 5).

The app will allow the users to monitor their weight progress
including starting weight, current weight, and goal weight. The
app allows the user to report the foods consumed daily and then
calculates the equivalent amount of calories, providing the user
with a number of calories remaining for the day. The dashboard
will provide a system to track calories consumed, steps taken,
water consumed, and physical activity. When a user exceeds
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the number of calories required in a day for weight loss,
consumes more servings of a particular food group, or does not
practice the minimum amount of daily physical activity, they

will receive a notification informing them to engage in more
physical activity.

Figure 5. ‘Twazon’ home page indicating daily self-monitoring of dietary intake and physical activity and goal tracking.

Social Support
Twazon will encourage the user to connect to social networks
to add social support, which has a positive effect on health
behavior [32]. This allows participants to view other app users
and their progress, post pictures, and share them on a variety
of social networking services (eg, Instagram, Facebook, and
Twitter) to facilitate real-time communication and peer support
among participants. This was one of the major shortcomings
identified in both English [16,17] and Arabic weight loss apps
[18], and an aspect highly recommended for inclusion by
overweight Saudi women during the focus group discussions
[15].

Customized Saudi Food Database
A Saudi food composition database was developed to provide
the caloric information of more than 400-food item servings.
This database was developed specifically for the app and
compiled using multiple data sources. These include the Saudi
food composition tables [33], the food composition tables for
the Kingdom of Bahrain [34], the Kuwait food composition
tables [35], the US food composition tables (ESHA Food
Processor, version 10.8, nutrient analysis software), and the UK
food composition tables [36]. If the calorie value was not
available in the Saudi food composition tables, the international
food tables were consulted in a relevant order. In the event that
there was a complete lack of food composition data for specific
traditional dishes (eg, falafel sandwich, yogurt cucumber salad),
common recipes taken from restaurants were added by
calculating the nutrient values of ingredients using the ESHA
food processor program. As the current Arabic food databases

(Saudi, Bahrain, and Kuwait) measure food only in grams,
average household measure portion sizes (cups, spoons) were
calculated for each of the food items/dishes for which this
information was not available. If a user consumes a product that
is not found in the finished database, they are able to input the
food item into a private database, which sends a notification to
the administrator alerting them to update the database with the
new product.

Behavior Change Techniques
All system requirements were based on proposed features for
and ideal weight loss app by the target group [15] as well as
trying to include all aspects for evidence informed practices.
As most weight loss apps tend to lack behavior change
techniques (BCT), these were incorporated into this app using
Michie's taxonomy [37] to code the techniques (Supplementary
table 2 in Table 2). A total of 29 BCTs were included, related
to goals and planning (4 codes), feedback and monitoring (4
codes), social support (3 codes), shaping knowledge (1 code),
natural consequences (1 codes), comparison of behavior (2
codes), associations (2 codes), comparison of outcome (1 code),
repetition and substitution (3 codes), comparison of outcomes
(1 code), rewards and threats (1 code), regulation (1 code),
antecedents (3 codes), and identity (1 code). An overview of
the system requirements, BCTs, and associated features in
Twazon App is provided in Supplementary Table 2.
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Results

Testing the App
The Twazon app was piloted as a preliminary evaluation by
two groups made up of experts in the field and potential users.
These groups were asked to use the app for 5 to 7 days and give
feedback and suggestions.

Expert Testing
The group of Saudi health professionals included two physical
activity specialists and three nutritionists/dietitians. They
provided content validity by reading app info, tips, and goals
set by the app, and so on, and verified that it was accurate based
on their professional knowledge. They were given access to the
app itself, as well as an attached document listing the app’s
content sent by email. Three professionals reviewed the app
and reported that it met all necessary criteria and found the
content to be valid and accurate. They approved the information
given to potential users although they raised a few questions
about the use of the palm tree as the food guide, using
waist-to-hip ratio instead of waist circumference, the accuracy
of the “energy-expenditure formula,” and inquired about the
relationship between the pedometer and the offline function.

Potential Users Testing
The group of potential users included 10 overweight Saudi
women over the age of 18. They were asked to input their
personal data into the app, and then follow the goals set by the
app including any physical activity recommended. They checked
for usability, design satisfaction, and any problems in the app’s
system. In order to facilitate fast response times, their feedback
was sent by WhatsApp. Five women submitted feedback on
what they liked and disliked about the app. The majority of the
users liked that the app raised awareness, and encouraged
commitment and self-monitoring.

...It made me realize that a lot of foods that I eat
between meals, which I don’t care about, have a great
effect on increasing the calories.”

They also liked that it assigned a weight goal and calculated
daily caloric intake, water consumption, and effort exerted.

“What I liked in the application is that it calculates
my steps, and water quantity, and how many calories
I consumed; even the effort; it could calculate it.”

The Healthy Food Palm Tree was also beneficial to the users
by identifying current health status.

I liked the palm tree…I came to know my nutrition
disorder through it unfortunately, and the need to
adapt my eating and nutrition habits.”

The app’s design and simplicity was also well received and the
users enjoyed being able to add specific dishes as “favorites”
and reference them in the future.

Future Suggestions
Suggestions made included that they would like to be able to
view the history of the previous day’s food intake and activity,
in addition to being able to “add forgotten meals” or activity.
Moreover, the majority felt that the app needed to be even easier

and should offer a detailed explanation on how to use the app.
A couple of the women wanted notifications on meal times and
one woman mentioned “the need for the caloric information for
certain fruits and juices.” The results show that the usability of
the app varies between potential users and this might be
attributed to the different learning styles or technological literacy
of users.

Discussion

Principal Findings
To our knowledge the development of previous Arabic weight
loss apps has not complied with sufficient evidence-informed
practices for weight management. The Twazon app differs from
previous commercial Arabic weight loss apps in the following
key areas: (1) it has been designed in collaboration with final
users, (2) it complies with evidence-informed weight loss
practices, (3) it provides social-network access, and (4) it
includes a caloric content of Saudi local food.

The Twazon app, developed under the Android and iPhone
operating system platforms, is a user-friendly, interactive app
designed to track daily physical activity and food intake, and
then provides customized advice to losing weight. The app took
23 months to build primarily because of the lack of information
regarding household measurements of local foods [7]. During
the creation of the local food databases, we reviewed the content
of Arabic weight control apps and explored overweight Saudi
women’s opinions in order to design a smartphone app to fit
their needs.

The Twazon app was tested in collaboration with the local
community and health professionals. Three health professionals
determined content validity and five potential users (overweight
Saudi females) evaluated the app for usability.

Overall, the app was reviewed to provide accurate information
and was reported to have helped several of the potential users
identify and understand their weight loss goals. The app was
found to be aesthetically pleasing in design and many of the
features were user-friendly.

In order to better explain the functions of the app and its
features, a tutorial that includes pop-up messages will guide the
user through the general use of the app, identifying the most
important points and steps. The lack of nutritional data for
certain foods will be solved by a detailed explanation of use in
the aforementioned tutorial as well as a constantly updated
crowd-sourced admin-reviewed food data bank. The users will
be allowed to input their favorite daily foods, and an
administrative team will review these foods to see if they should
be added to the official data bank. Notifications of mealtimes
and the ability to view and modify your “history” are features
that are currently being worked on, and will be made available
to users in the future.

Limitations
The Twazon app possesses some limitations such as: (1) it
doesn’t record the daily calories or activity into a history or
backlog, (2) there is no meal planning available or recipes
offered, (3) there is no professional support, (4) there is no
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bar-code scanning feature available as of yet, (5) it cannot
generate new tips 365 days a year, and (6) for clarification, the
app cannot work offline. Finding solutions to these limitations
and upgrading the app consistently will be necessary to
encourage and maintain engagement.

Strengths
The Twazon app is different from other available weight loss
applications in that it applies the information found in evidence
informed practices and focus group findings, allowing for the
specific needs of overweight Saudis to be met through a
localized and tailored approach. The Twazon app is currently
the only app to provide household measurements for local foods
and dishes, making it easier for the user to manage their portion

control. The app also offers recommended daily exercise that
is culturally sensitive and suited to individual physical status.
It also provides social networking features that allow users to
connect and support each other. Based on the biweekly
self-assessment, the users receive notifications that give tips
about avoiding certain foods and increasing the intake of others.

The Way Ahead
The effect of the app on weight loss will be examined in a
6-month pre-post intervention study with 200 overweight and
obese women from Riyadh, Saudi Arabia. The primary endpoint
will be the proportion of the group who lose at least 5% body
weight.
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Abstract

Background: Osteoarthritis is highly prevalent and has enormous personal and socioeconomic impact. Enabling Self-management
and Coping with Arthritic Pain through Exercise (ESCAPE-pain) is an integrated rehabilitation program that helps people
understand how exercise can improve physical and psychosocial well-being. Unfortunately, its availability is limited. A Web-based
version of the program could increase access for more people. Many Web-based resources are developed without end-user input
and result in over-complex, unwanted, ineffective products with limited uptake.

Objective: The objective of this study was to codesign a Web-based version of ESCAPE-pain that people with chronic joint
pain find engaging, informative, and useful.

Methods: To establish older persons' Internet use we conducted a postal survey of 200 people. To establish their opinions, likes
or dislikes, and requirements for a Web-based version of the ESCAPE-pain program, we conducted two focus groups with 11
people who had participated in a program based on ESCAPE-pain and two with 13 people who had not. Information from the
postal survey and focus groups was used to develop an online prototype website. People's opinions of the prototype website were
gauged from thematic analysis of eight semistructured “think aloud” interviews.

Results: The survey response rate was 42% (83/200), of whom 67% (56/83) were female and mean age was 67 years. Eighty-three
percent of the people had used the Internet, 69% described themselves as either very confident or confident Internet users, and
77% had looked online for health information. With regard to participating online, 34% had read a commentary or watched a
video of someone else’s experience of a health problem and 23% had tracked a health issue. Key qualitative themes emerged that
included engagement, acceptability and usability, and structure and content of the program.

Conclusions: Older people use the Internet as a source of health information but have concerns about safe use and quality of
information. Users require a credible website that provides personalized information, support, monitoring, and feedback.

(JMIR Res Protoc 2016;5(2):e67)   doi:10.2196/resprot.5446
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Introduction

Chronic joint pain, often labeled osteoarthritis (OA), is one of
the most prevalent health conditions [1,2]. It compromises
mobility and physical activity, increases the risk of developing
comorbidity [3], reduces quality of life, independence [4,5],
and makes people feel anxious and depressed [6]. The
socioeconomic cost is high and the consequences associated
with chronic joint pain will increase as people live longer,
become less physically active, and obesity rates increase [2,7].

Evidence-based guidelines recommend exercise/physical
activity, simple analgesics, patient information and advice about
self-management, pain coping strategies, and maintaining
appropriate body weight [8-10]. Unfortunately, only a small
minority of people receive these interventions [11-13], whereas
most people are prescribed long-term analgesics despite
concerns about safety [14,15], effectiveness, costs [16], and
unpopularity [17,18]. Others receive an inappropriately early
referral for surgery.

Enabling Self-management and Coping with Arthritic Pain
through Exercise (ESCAPE-pain) is a rehabilitation program
that integrates information, advice, and self-management and
coping strategies with an exercise regimen. The program
incorporates behavioral change techniques (BCTs) [19] that
challenge people’s erroneous health beliefs about the harmful
effects of physical activity on joint pain. It helps them to
appreciate that exercise is safe and has wide physical and
psychosocial benefits, which results in changes to their behavior
by increasing physical activity levels to reduce pain and improve
physical function [17,20,21]. ESCAPE-pain is more clinically
effective and cost-effective than usual care [22-25] and popular
with participants who have pain associated with knee OA
[17,18]. Unfortunately, limited clinical resources (such as time,
space, and funding) mean that relatively few clinical departments
run the program. Therefore, innovative ways are needed to reach
the large and rapidly increasing number of people who could
benefit from the intervention.

Digital technologies (telemedicine, Web-based programs, mobile
phone apps, and so on) are increasingly popular ways of
enabling many more people to access information [26-28].
Adapting ESCAPE-pain as a Web-based program would
increase access. However, programs are rarely developed with
input from end users [29-31] and little consideration is given
to the human-technological interaction or context [32]. The
resulting products are often unwanted, unusable, “high-tech,
low-impact” Web-based programs that users regard as irrelevant
and overly complex. These Web-based solutions have poor
uptake, lack effectiveness and adherence, and are often
unsuccessfully implemented [26-29,33-36]. Adopting a
user-centered approach when designing the program might
improve the “fit” between human needs and the technology,
improving uptake, implementation, and effectiveness [37]. We
used quantitative and qualitative research methods, the principles

of persuasive technology, and human-centered design to
discover what people considered important in the content and
design of a Web-based version of the ESCAPE-pain program.

Methods

Survey
A postal survey was distributed to 200 people aged 50 years
and older with chronic (>6 months' duration) knee, hip and/or
back pain who had participated in a trial based on the
ESCAPE-pain program in the West of England in the United
Kingdom [38]. Of these trial participants, 100 were
“experienced” (ie, had undertaken the ESCAPE-pain program,
in order to understand what they found useful and necessary to
be included in a Web-based program) and 100 people were
“naïve” (ie, they had not participated in the program but had
received a verbal description of the program’s content and
format) in order to understand the needs of a typical person
taking part in the Web-based program. Demographic data and
Internet use and experience of the participants were collected.
The survey posed questions and invited comments about the
format and content of the proposed Web-based resource and
people’s preferences [39] for features that may improve the
effectiveness of Web-based interventions (text messaging,
prompts, diaries, support forums, and so on) [37,40-42].
Descriptive analyses were used to describe the survey data.

Focus Groups and One-to-One Interviews
To gain a better understanding of people’s (dis)likes, opinions,
and preferences about the ESCAPE-pain program, how to
engage people, and what the Web-based program needed to
convey, four focus groups were conducted (n=24 participants
in total). Table 1 provides further details of the participant
characteristics. Two focus groups involved “experienced” people
who had participated in the program (n=11), and two focus
groups involved people “naïve” to the program (n=13).
Participants were purposively selected from the survey based
on characteristics of age, sex, duration and site of pain, and their
use of and confidence in using the Internet. Focus groups
comprised five to seven participants. The focus groups took
place in university or hospital settings, facilitated by one of the
authors (JP) using a topic guide (Multimedia Appendix 1), and
lasted on average 94 minutes (range 84-105 minutes). Field
notes were also taken.

The focus groups and interviews were recorded, transcribed,
checked for accuracy, and anonymized, and emerging themes
were identified using thematic analysis [43]. Transcripts from
all focus groups were coded by JP. The first two focus group
transcripts were independently coded by all the authors, who
discussed the coding and initial emerging themes. The topic
guide was amended to reflect the emerging themes, which was
used in the following focus groups. The additional focus group
transcripts were independently coded by DC.
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Table 1. Focus group and interview participant characteristics.

One-to-one in-
terview

Confidence in us-
ing the Internet

Experienced or naïve to the
ESCAPE-pain program

Site of painDuration of
pain (years)

Age range
(years)

SexPseudonym

NoVery confidentExperiencedKnee and
back

>1060-69MaleJohn

YesNeither confident
nor unconfident

ExperiencedHip and
back

>1060-69FemalePatricia

NoVery confidentExperiencedKnee and
back

1-560-69FemaleBarbara

NoVery confidentExperiencedHip and
knee

1-560-69FemaleLinda

YesConfidentExperiencedKnee5-1070-79MaleJames

NoConfidentExperiencedMultiple5-1060-69FemaleMary

NoConfidentNaïveMultiple>1060-69FemaleCarol

YesConfidentNaïveKnee5-1060-69MaleRichard

YesNeither confident
nor unconfident

NaïveBack>1070-79FemaleBetty

NoNeither confident
nor unconfident

NaïveMultiple>1070-79FemaleEdith

NoNeither confident
nor unconfident

NaïveKnee5-1070-79MaleWilliam

NoUnconfidentNaïveKnee<170-79MaleCharles

NoVery confidentExperiencedKnee>1070-79FemaleShirley

NoVery confidentExperiencedHands1-550-59MaleGeorge

YesConfidentExperiencedKnee1-560-69FemaleKaren

YesVery confidentExperiencedKnee1-560-69MaleMichael

NoVery confidentExperiencedBack5-1070-79FemaleSusan

NoConfidentNaïveBack>1060-69MaleGerald

YesConfidentNaïveKnee1-560-69MaleGary

NoConfidentNaïveHip5-1060-69MaleDaniel

YesConfidentNaïveBack5-1060-69FemaleDonna

NoConfidentNaïveKnee5-1060-69MalePaul

NoVery confidentNaïveBack5-1060-69MaleFrank

NoVery confidentNaïveKnee and
hip

5-1060-69MaleWalter

Prototype Website
The results of the survey and emergent themes from the focus
groups were used to design a prototype website (see Figure 1).
This had limited online function and offline material and
resources, consisting of four external pages and four internal
pages. The external pages included the following:

• “Home” page gave a brief overview of the ESCAPE-pain
program and a Web-based promotional video explained the
concept of the program.

• “About ESCAPE” explained the history of the program and
its potential benefits, provided information about the
website's contents, videos of participant endorsements and
testimonials, and information of partner organizations.

• “Frequently Asked Questions.”

• “Contact Us” had a registration section and ways to contact
the ESCAPE-pain team.

The internal pages consisted of the following:

• “My ESCAPE Plan” page provided an overview of the 12
modules that compose the program, such as physical
activity, exercise, goal setting, action plans, pacing, drug
management, diet, home exercises, understanding pain,
pain management, and relaxation.

• “Exercise” consisted of a library of “easy,” “medium,” or
“advanced” exercise videos suitable for people with joint
pain, which they could watch and which provided
instructions on how to perform the selected exercise.

• “My Progress” provided an example of how people could
input data and view graphical feedback on the amount of
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exercises they performed, as well as their activity levels,
mood, and so on.

• “Support” provided an example of a forum where
participants could join to discuss joint pain–related issues,
with links to other Web-based resources.

Figure 1. A screenshot of the internal pages of the prototype ESCAPE-pain website.

“Think Aloud” Semistructured Interviews
The prototype website was then tested by eight participants
using semistructured interviews and a modified “think-aloud”
technique [44]. The participants were purposively selected based
on the key characteristics of age, sex, duration, site of pain, and
their confidence in using the Internet. JP conducted the
interviews at participants' homes, which lasted on average 107
minutes (ranging between 78 minutes and 142 minutes).
Participants were shown the prototype Web-based version of
ESCAPE-pain and asked questions using a topic guide
developed from themes emerging from the survey and focus
groups and features of the prototype website (Multimedia
Appendix 2). Table 1 indicates those participants who were
involved in the “think aloud” interviews.

The interviews were analyzed using a thematic analysis [43].
JP coded all the interviews, the first two interview transcripts
were independently coded a second time by MH, DC, and NW,
then each member coded two additional transcripts so that each
interview was coded independently by three authors. The final
themes were then mapped to the behavioral change taxonomy
[19]. The findings from the focus groups and interviews are
presented together.

Ethics

Ethics approval was obtained from the National Research Ethics
Service Committee South West-Central Bristol (Research Ethics
Committee reference 11/SW/0053). All participants received
information about the project and gave signed informed consent.

Results

Survey
The survey response rate was 42% (83/200). The demographics
of the respondents reflect the demographics of people with OA,
predominantly female (56/83, 67%), mean age was 67 years
(range 53-84 years), over two thirds were retired and had pain
in several joints for a prolonged time (Table 2).

Most respondents (71/83, 86%) had used the Internet, of whom
83% (59/71) used it daily and almost exclusively at home (99%).
Most people felt confident or very confident using the Internet
(49/71, 69%) with personal computers, tablets, laptops and/or
mobile phones. Although more than three-fourths of the people
used the Internet to search for information about health
problems, few (14/71, 20%) had used this information to manage
their condition (Table 3).
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Table 2. Participant demographics.

Interviews (n=8)Focus group (n=24)Survey (n=83), n (%)Participant demographics

Sex

41227 (33)Male

41256 (67)Female

Age, years

-110 (12)50-59

61650 (60)60-69

2723 (28)≥70

Site of joint pain

3517 (21)Knee

-11 (1)Hip

2313 (16)Back

-16 (7)Other

31446 (55)Multiple

Duration of joint pain, years

-15 (6)<1

3627 (33)1-5

3926 (31)5-10

2823 (28)>10

--2 (2)Unknown

Trial group

41133 (40)Experienced

41343 (50)Naïve

--8 (10)Unknown
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Table 3. Internet use and online activity.

Interviews (n=8)Focus group (n=24)Survey (n=71), n (%)Internet use and online activity

All devices used (data represent use of
multiple devices)

71842 (59)PCa

71630 (42)Laptop

31333 (46)Tablet

5921 (30)Mobile phone

Confidence

61849 (69)Very confident/confi-
dent

2516 (22)Not confident/uncon-
fident

-14 (6)Unconfident

--2 (3)Unknown

Frequency of use

71959 (83)Daily

147 (10)Weekly

-15 (7)Less often

Searched Internet for health information

61855 (77)Yes

2616 (23)No

Watched/read someone's health-related
experience

3824 (34)Yes

51647 (66)No

Contributed to online discussion

123 (4)Yes

72268 (96)No

Tracked health-related symptoms

3616 (23)Yes

51855 (77)No

Used an online resource to manage an
existing health condition

3914 (20)Yes

51557 (80)No

aPC: personal computer.

Focus Groups and Interviews
From the focus groups and “think aloud” interviews, three key
themes emerged that influenced people's use of the proposed

website (Table 4): (1) initial and sustained engagement with
the website, (2) acceptability of a Web-based exercise-based
self-management program, and (3) content/structure of the
program.
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Table 4. Features to encourage engagement with and improve effectiveness of a Web-based program mapped onto the behavioral change taxonomy
[19].

TaxonomySupporting quoteSubthemeTheme

9 Comparisons of outcomes

9.1 Credible source

“...you go to sources that you know are genuine...For medical
information I would always go to the NHS website...” Mary

“...it's got to be recommended to you by a professional...” Paul

“...I am very wary about the web and medical problems...but this
is one that was recommended by the GP...” Daniel

“...[research information] adds weight to the thing...communicates
integrity I think it's a serious piece of work...” Donna

“...not sponsored by drug companies...” Gerald

CredibilityEngagement

6 Comparison of behavior

6.1 Demonstration of the behavior

6.2 Social comparison

6.3 Information about others' ap-
proval

“...I think [patient testimonials] explained the purpose very
well...it showed a good cross section of different people doing
different exercises...I think I would be encouraged to pursue it
further...Makes you realize that people can get good improvement.
Yes that these are people who have been through the program
and have found benefit and its much improved their quality of
life...it makes you realize you are not alone...” Patricia

“...I always skip over those sort of things...” John

“...I don't actually I like reading other people's experiences be-
cause it somehow makes it feel more real you know...this is really

Patient testimonials

flippant but if it's a recipe I have looked up on line and you know
a hundred people have said oh yeah that was absolutely brilliant
I will give it five stars or something then you think well great I'll
do that...” Mary

“...this program is designed for later life people isn't it? So it
should have them in it I think. Not young people who can do it

Social identification

easily and no pain, but people who are actually finding it hard...”
James

“...I watched a little clip a couple of years ago because I had
labyrinthitis and that was really awful and seeing this girl saying
how she had experienced it and how she came through it and she
was obviously ten time worse than mine...” Barbara

“...something nice and bright that would attract you to the site,
you know to attract you...very self-explanatory...” Betty

“...plying a very positive image...” Gerald

“...its plain and simple its not too fussy it tells you what you want
to know...” Patricia

“...well I think simplicity is the best thing...it's got to be interest-
ing...” George

“...big fonts, nice and clear, plain simple language, hasn't got
thousands of links on it, asks intelligent questions and leads the

AestheticsAcceptability and
usability

user to the information you get to what you want within about 2
or 3 screens...” John

“...[not] loads and loads of advertisement...” Richard

“...something simple you know so people can just click in and
find out what they want...” Betty

“...easy to navigate through...navigation is the key...” Mary

“...I am not going to spend hours trawling through stuff but if
there's a star or something like that that says this that and it you

Functionality

know captures the attention because there is a need then you can
go into that and it opens up the bit that you need...” Karen

“...you don't want hundreds of links...” Richard

“...one of the problems with links as well is that you link to
something and that gives you a link to something else and before
you know where you are you can't remember how you got there...”
Carol
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TaxonomySupporting quoteSubthemeTheme

“...oh not something you have to register for...” Barbara

“...I hate that you have to put passwords in...and all that malarkey
just get the flipping information...” Mary

“...certainly not open an account because that always sounds like
money to me...” James

“...people ought to log on they should sign up I mean because I
think it would help enormously the feeling of actually belonging
to something...” Michael

Registration

“...my mother-in-law is 90 plus she has never switched a computer
on she doesn't know how to use it...she will never use that web-
site...” Gerald

“...this problem of aged people and computers is going to drift
away...maybe it's only a problem possibly for another 15 years...”
Daniel

Technical capability

4 Shaping knowledge

4.1 Instruction on how to perform a
behavior

7 Associations

7.1 Cues/prompts

“...[information] needs to be in a visual form rather than a written
form...an executive summary of the sequence rather than the detail
of the sequence so you would read the executive summary and
then get into the detail...” James

“...if I got them at my bedside cabinet or pinned up on the fridge,
I will always remember to do them...” Shirley

“...for someone that's coming in and using it for the first time it
would be nice to if its presented sequentially if someone's going
back to it they want to go directly to there...” John

Information and ad-
vice

Content and struc-
ture of program

4 Shaping knowledge

4.1 Instruction on how to perform a
behavior

5 Natural consequences

5.1 Information about health conse-
quences

“...a nice little looped video wouldn't they, demonstrating the
exercise...” John

“...it's clear what the exercise is, and how it's going to benefit
you, and what you might do wrong, and how that is going to affect
you...” Linda

“...how often should these exercises be done, and how many
repetitions all the things that we had in the class that we went
to...” Mary

Exercise

1 Goal setting and planning

2 Feedback and monitoring

3 Social support

“...need for the website to be an individual's website...they can
have you know their own diary, they can have their own
records...” Michael

“...it has to be personalized to you otherwise you know why do
you bother to turn it on...it shows you what you have done so
that you can when you have done something you can actually
tick it and you get something to show you have done some-
thing...this is the goal setting... right so you have got your goal
setting you are achieving so and so there's your action plan have
you done it and is there something along the line that shows you,
you have done something...” Gary

“...if I was going to start my activity and exercise with it I would
want the goal setting...” Donna

”...set your target and get a little bit better each time you do it,
or each week you do it, sort of build yourself up...” Betty

Personalized
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TaxonomySupporting quoteSubthemeTheme

2 Feedback and monitoring

2.2 Feedback on behavior

2.3 Self-monitoring of behavior

2.4 Self-monitoring of outcome be-
havior

“...if there was sort of a little personal diary where you could say,
‘Tuesday did 10 of this and 15 of that,’ then maybe some moni-
toring person says, ‘well next week you should do 20 of those
and 25...I would definitely want to monitor my progress...” Patri-
cia

“...you have got your exercises, you have got my progress. I like
that because you can then monitor where you are and you have
also got support...I can look at that and feel I have achieved...I
like to see the chart because the progress bit like I did for my
weight so I would like to see that you know because it would
then tell me you know have you done them this week or haven't
you done them...you can look to see well three months ago I could
only do so and so ooh, look now I can do this so again its goal
setting if you like, but I mean its yeah its moving forward all the
time...” Gary

“...I don't know whether I would monitor myself...” Betty

Monitoring

3 Social support

3.1 Unspecified

3.2 Practical

3.3 Emotional

“...a members site you can have a blog....so you could actually
contact then talk to people with similar problems...” Gerald

“...it could be interesting to see how they are getting on and sup-
port each other you know if they have had a down day or some-
thing has gone wrong sort of be able to be a bit supportive...I
would like to be in contact with other people...to see how other
people do the exercises it gives you a good idea of whether you
are doing it right...[has she used forums?] very rarely...it was too
time consuming...I wasn't sure that it was being any help for
me...” Patricia

“...you get somebody else's feedback on what they do to get rid
of their knee pain in the morning. I mean it might not suit you,
you could try it and if it doesn't suit you perhaps you could look
for something else that would help you, do you know what I
mean?...” Betty

Peer support

2 Feedback and monitoring

2.7 Feedback on outcomes of behav-
ior

3 Social support

3.1 Unspecified

3.2 Practical

3.3 Emotional

“...you need some personal physio input to start with...you need
to be doing that first set of exercises with a physio so you get
direct feedback...eight weeks, or whatever it is, you can then go
off and do it on the internet...not standing on its own as a substi-
tute [for a face-to-face program]...” James

“...I think I would want something personal...something more
than just being told to go and look at a website...you want reas-
surances I guess so if you have been doing it for two months then
nothing has happened then you actually want to know how long
you should be doing the exercises...” Barbara

“...I think it would be difficult to give people the confidence to
accept [an Web-based program] as a sole treatment avenue...”
John

“...I would feel less confident about the information than if I had
had some physical contact with doctor, physio something else
beforehand and I think probably most people would think along
those lines, you know, like your concerns about a replacement
[for a face-to-face program] it doesn't feel that comfortable...”
Linda

“...websites that you can go on that there is literally somebody
at the other end so you can type in a question and then you get
an answer back...” Paul

“...an email to say have you done your exercises this week...”
Patricia

“...I would need somebody who actually knew about pain and
knew about exercise...” Michael

Professional support

Engagement
Finding a health-related website usually results from a
purposeful search for information about a specific health issue,

for example, joint pain. However, people are often skeptical
and mistrustful of information they find online. In our study,
people wanted to be directed to Web-based resources by a
trusted “source” such as a health care professional [45] or
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credible organization (ie, a statutory health body) [46-48]. They
were mistrustful of commercial websites with advertisements,
which they saw as promoting goods for financial gain with little
regard to whether it will help the patient [46,47]. The website
needed to capture people's attention visually, with content that
was obviously relevant and created a positive association
between the website and the health benefits it could bring
[46,47]. Important determinants for engagement with the website
were video testimonials of people discussing their experiences
of participating in the program, with personal and social traits
that potential users could identify with [46,47].

Acceptability and Usability
In general, people thought a Web-based ESCAPE-pain program
could be an effective way to help them self-manage their
condition. However, they thought there were limitations to how
well they could do this and wanted to know when to seek advice
from a health care professional, especially in regard to the
exercise regimen. Some people were willing to accept the
Web-based program as a replacement for face-to-face contact,
while others saw it as an adjunct to the supervised face-to-face
program that would help them sustain benefit and motivation
after completing the program.

Acceptability partly depended on people's technical ability in
using Web-based resources. Regular Internet users, familiar
with technology and using Web-based resources to manage a
health condition, were most accepting of the proposed website.
Infrequent users, unconfident in their ability to use the
Web-based resource correctly, thought they were less likely to
use the website.

The website had to be aesthetically pleasing, which was defined
as simple, bright, attractive, and interesting. However, people's
aesthetic preferences (ie, color schemes, layout, icons, dropdown
menus, scroll bars, and so on) varied greatly and were frequently
mutually exclusive.

Navigation around the website had to be easy and intuitive so
people could find what they wanted quickly, and information
had to be easy to understand and free from jargon and acronyms.
Internal and external links needed to be working, obvious,
self-explanatory, and up to date. The website also needed to be
optimized to work on different devices (ie, laptop, mobile phone,
tablet), platforms (ie, Android, iOS), and Web browsers.

Content and Structure of a Web-Based ESCAPE-pain
Program
People wanted information and advice tailored to their personal
needs, which was easy to understand, was practicable, and
brought tangible benefits [48]. To surmount the difficulties of
individuals having different needs and preferences, they
suggested each person could have “their own website” that
stored personalized information and advice, allowed for creation
and adjustment of personal goals, as well as monitoring and
recording of progress and achievements. When it was suggested
that people might need to register to use the website to its full
potential (ie, monitor, record, and chart progress and enable
provision of targeted personalized support) many people were
uncomfortable [48]. Even if registration was free they thought
it might be a barrier to some people using the website because

they would be suspicious about the reasons for registration.
People also expressed concerns about the difficulty of
remembering usernames and passwords.

In general, people who had “experienced” ESCAPE-pain
thought a Web-based version should replicate the program.
People “naïve” to ESCAPE-pain asked for broader information
to explain their joint pain and how to cope with its effects. For
example, they wanted to know about the following: why they
get pain at night; home adaptations or assistive devices that
might help them cope; what the “placebo effect” was; and the
association between alcohol and joint pain. People also wanted
information about the effectiveness of diet and complimentary
medicines (ie, fish oils, food supplements, acupuncture) in
preventing or relieving joint pain. They thought this might be
best presented as a brief summary of essential information,
educational videos, supplemented with printable leaflets for
reference and linked to reputable external sources for more
in-depth information [39].

When delivered face-to-face in a clinical setting, the educational
sessions of ESCAPE-pain are presented in a specific sequence.
However, people thought that online this would be very
restrictive and cumbersome; they wanted easy access to relevant
information when it was most appropriate rather than having
to navigate through “irrelevant” information. For example,
people wanted to find information about dealing with an
exacerbation of pain when they were in pain without going
through sessions discussing weight control and diet.

Exercise
The ESCAPE-pain program focuses on the benefits that physical
activity and exercise have on pain, mobility, and physical and
psychosocial function. To achieve this, people undertake a
progressive exercise regimen, starting off with simple exercises
and gradually increasing both the number of repetitions and the
quality of performance, while adding more challenging exercises
as they improve. When delivered face-to-face, the exercises are
supervised by an appropriately qualified professional. The
Web-based program would necessitate participants to choose,
perform, and progress their own exercise regimen. To achieve
this, people thought they would need detailed information about
exercises and exercising—how to choose appropriate exercises,
how to perform them correctly, how many repetitions they
should do, how often, what they should feel, and how they
would know whether they were doing an exercise incorrectly
or potentially causing harm. Videos showing people exercising
with instructions on how to do them and how often were well
received. Many people said they would be happy to try the
exercise regimen, but some were concerned about performing
the exercises without supervision and wanted to know when
they should seek advice from a health care professional.

Monitoring
Many people wanted to document their progress to evaluate the
usefulness of the program. Monitoring was also seen as a good
way to engage people with the Web-based program. However,
views on what should be monitored, how, and when varied.
Most people thought online diaries documenting levels of pain
and physical activity would be essential. Mood and medication
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were also suggested but considered less important. People who
were more engaged with self-managing their condition wanted
to monitor symptoms frequently, whereas others thought they
would only likely monitor themselves occasionally, when
reminded, or if it was compulsory. In some cases, monitoring
was considered an intrusive burden requiring time, effort,
technical ability, and appropriate hardware.

Support
Another way of maintaining engagement and interaction with
a website is by providing support. People were particularly keen
to have some form of support from a health care professional
(ie, physiotherapist, general practitioner) who could monitor
progress, guide progression, reinforce health messages, and
provide reassurance, motivation, and encouragement. Peer
support through online communities (ie, forums, blogs) where
people could share experiences to learn from and support other
people with joint pain was seen as a positive feature, although
users thought it would need to be moderated to prevent
inaccurate and inappropriate postings.

Discussion

Using persuasive technology and human-centered design we
investigated what features help people discover, engage with,
and benefit from a Web-based program to manage chronic joint
pain. If endorsed by credible organizations, some participants
would be happy to accept a Web-based program as an alternative
to a face-to-face program, although others did not believe it
could adequately replace a face-to-face program aiming to
change entrenched beliefs and behaviors. To be effective,
information needs to be easy to understand and personalized
for each user. People want to monitor their progress, receive
feedback and guidance from a health care professional, and
learn from others with similar problems. Feedback on what this
might entail and the way it would be delivered varied
considerably, and could be mutually exclusive, but overall it
needed to be simple to minimize burden and technical
requirements and, above all, protect people's privacy.

Increasingly, older people use the Internet as a source of health
information [49] and accept it as part of their management [39],
especially if it supplements—rather than replaces—personal
care [50]. However, few utilize online information to fully
self-manage their condition, often doubting the accuracy of the
online information and the motives of commercially sponsored
websites [46]. Approval and endorsement by health care
professionals, coupled with testimonials by people that users
could identify with, are very influential in encouraging people
to visit a website and convincing them to engage with it and
implement online advice [46,47,50].

Pain is a ubiquitous, multifaceted problem that evokes unique
and varied personal experiences and consequences. It often
induces health beliefs that result in harmful behavior. For
example, people with chronic joint pain commonly experience
pain during physical activity. They erroneously surmise
activity-related pain is harmful and reduce or avoid activities
to prevent causing pain and harm—“fear-avoidance behavior.”
Unfortunately, fear avoidance results in muscle weakness that

can exacerbate pain, functional limitation, and disability [51,52].
Face-to-face behavioral change programs, such as
ESCAPE-pain, incorporate BCTs to challenge these erroneous
health beliefs and promote healthier behavior, namely, the role
of physical activity in the management of chronic joint pain.
Effective Web-based behavioral change programs need to
incorporate the BCTs that make face-to-face programs effective
[19,53-57].

Altering behavior involves several steps. First, people need to
be convinced of the consequences of poor health behavior
(inactivity) and good behavior (activity). They then need clear,
unequivocal information and instructions about what (not) to
do, demonstrations of how to perform specific exercises, how
often, and what to expect. Knowing why and how to exercise
helps form strong “implementation intentions” [58].
Unfortunately, good intentions are often not turned into action.
Bridging this “intention-behavior gap” requires people to form
“action plans” (which specify behaviors they want to perform,
where, when, and how) and “coping plans,” which raise
awareness of their personal strengths, weaknesses, and situations
that could undermine behavior and prepare a coping strategy to
overcome these barriers [59-61]. Behavioral change is also
facilitated if people self-monitor their behavior and compare it
with what is expected of them (their level of physical activity
compared with how physically active should they be) and this
includes factors such as goal setting, feedback, and support of
performance and progress [19,53,57]. Although information is
usually provided in Web-based behavioral change programs,
the incorporation of methods to help people construct intentions
to change, such as goal setting, action plans, and interactive
feedback and support, are more difficult and consequently do
not often feature in many Web-based programs [56].

Our study highlights the importance of BCTs. Participants
intuitively appreciated that they require in-depth, accessible
information to explain and demonstrate why and how to exercise
correctly. Additionally, users value self-monitoring and
self-regulation, feedback, support, and encouragement, all of
which can be personalized to each person's unique circumstances
to make it effective and sustain engagement [55]. However,
different people have varying preferences, which are often
mutually exclusive. Achieving personalization is extremely
difficult as it increases user time and effort burden, technical
requirements, cost, and the need to register. These are features
people identify as barriers to engaging with Web-based
resources. Moreover, patient forums that are often advocated
to facilitate health care professional and peer support [55] were
rarely used by our survey respondents and the respondents in
other studies [62,63].

Strengths of the Study
The survey response rate (83/200, 42%) was reasonable and
allowed us to recruit focus groups and interviewees
representative of people with chronic joint pain. Using
participants who were “experienced” to an ESCAPE-pain based
program enabled us to understand what they considered
important to convey and how to convey it, while using people
“naïve” to the program enabled us to understand what more
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“typical” people with no prior experience of the program would
need in order to apply it.

Limitations of the Study
Although participants were purposely sampled to reflect the
wide opinions of people, only one person in the focus groups
and none of the participants selected to test the website were
unconfident about using the Internet. This means that Internet
users lacking confidence were underrepresented. However, this
did not have a significant impact on our findings because the
prototype tested had limited functionality and was problematic
even for experienced, confident Web users. Another limitation
of the study was that the prototype website could only be
displayed on a laptop or desktop computer, meaning it was

difficult for users who are familiar with other devices, such as
tablets, to feel as confident when testing the website and giving
their opinions.

Conclusions
As more people live longer, and obesity and sedentary lifestyles
increase, the prevalence of chronic joint pain will increase [1,2].
Web-based programs have the potential to reach the large
number of people requiring help, but historically the uptake of,
effectiveness of, and adherence to Web-based interventions are
notoriously poor [64-66]. Persuasive technology and
human-centered design and business modeling can inform the
design and content of engaging, effective Web-based behavioral
change programs.
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Abstract

Background: Systemic Lupus Erythematosus (SLE) is a serious, complex, and chronic illness. Similar to most other chronic
illness states, there is great interest in helping persons with SLE engage in their disease management.

Objective: The objectives of this study were to (1) develop the Lupus Interactive Navigator (LIN), a web-based self-management
program for persons with SLE, and (2) test the LIN for usability and acceptability.

Methods: The LIN development platform was based on the results of preliminary comprehensive needs assessments and adapted
from the Oncology Interactive Navigator, a web-based tool developed for persons with cancer. Medical researchers, writers,
designers, and programmers worked with clinical experts and persons with SLE to develop content for the LIN. Usability and
acceptability of the LIN was tested on individuals with SLE meeting American College of Rheumatology criteria, who were
recruited from five Canadian SLE clinics. Participants were provided with access to the LIN and were asked to use it over a
two-week period. Following the testing period, participants were contacted for a 30-minute telephone interview to assess usability
and acceptability.

Results: The content for the LIN was subdivided into six primary information topics with interview videos featuring
rheumatologists, allied health professionals, and persons with SLE. Usability and acceptability of the LIN was tested on 43 females
with SLE. Of these, 37 (86%) completed telephone interviews. The average age was 43.6 (SD 15.9) years and disease duration
averaged 14.1 (SD 10.8) years. Median time spent on LIN was 16.3 (interquartile range [IQR]:13.7, 53.5) minutes and median
number of sessions was 2 (IQR: 1, 3). Overall, Likert ratings (0=strongly disagree; 7=strongly agree) of website usability and
content were very high, with 75% scoring >6 out of 7 on all items. All participants agreed that LIN was easy to use, would
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recommend it to others with SLE, and would refer to it for future questions about SLE. Very high ratings were also given to
relevancy, credibility, and usefulness of the information provided. Overall, 73% of the participants rated all topics helpful to very
helpful. Participants who reported more prior knowledge about SLE rated items regarding improvement in knowledge and
helpfulness relatively lower than persons with less prior knowledge. Most participants commented that the LIN would be very
useful to those newly diagnosed with SLE. Minor revisions were recommended.

Conclusions: This study furthers the understanding of the needs in the SLE community and delivers a unique eHealth tool to
promote self-management in persons with SLE. The LIN was found to be highly acceptable in content and usability. The information
provided on LIN may be most helpful for individuals with less experience with the disease, such as those newly diagnosed,
indicating the need to tailor the content for persons with more SLE experience.

(JMIR Res Protoc 2016;5(2):e44)   doi:10.2196/resprot.4219

KEYWORDS

Systemic lupus erythematosus; web-based eHealth tool; self-management; empowerment; usability; navigation

Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune
disease associated with multi-organ involvement and
characterized by frequent flares. The unpredictable nature of
the illness and complexity of treatment create serious challenges
in disease management to persons with SLE and their health
care providers [1]. Self-management interventions are essential
to meet these challenges and they must be built on sound
person-centered approaches and aimed at self-empowerment
strategies. In chronic illness management there is an ever
increasing need for patients to play more active roles in their
health care, and work in partnership with their health care
providers. However, for this to occur, patients need to be
equipped with a technology that will provide them with
appropriate information and accessible support tools. We used
qualitative research methods to better define the information
and support needs of persons with SLE and health care providers
[2,3]. Oncology Interactive Navigator (OIN) is a web-based
tool developed to build a sense of competence around living
with cancer, support autonomy, and engage patients and families
as partners in care. Based on the OIN and preliminary work in
SLE, we developed the Lupus Interactive Navigator (LIN). The

LIN was designed to provide education and to support
self-management in persons with SLE. This paper reports on
the development of the LIN and the results of the testing of
usability and acceptability of the LIN.

Methods

Development of the Lupus Interactive Navigator
The results of the needs assessments were organized into topic
groups to form the basis of the Table of Contents and guide
content development of the LIN. By adapting the OIN platform
and approach, medical researchers, writers, designers and
programmers worked with clinical experts and persons with
SLE to outline the Table of Contents and write the first
plain-language draft for the LIN. Required graphics and
interview videos featuring rheumatologists, allied health
professionals, and persons with SLE were produced to
complement the written content.

The content for the LIN was subdivided into six primary
information topics that were derived from the qualitative
analysis of the results of our focus groups and surveys [2,3].
Each primary topic was subdivided with pull-down tabs for
further elaboration on each topic (Table 1).
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Table 1. Summary of LIN Table of Contents.

Living Well With
Lupus

Family, Friends
& Work

Support ServicesAccessing HealthcareSymptom Management &
Treatments

About Lupus

Managing Stress &
Fatigue

Family & LupusCommunity Services
search tool to locate
available lupus- support
resources in close prox-
imity to the user’s
postal code

Your Care TeamSymptoms of LupusWhat is Lupus

Getting Enough
Sleep

Lupus & Work Communicating with Your
Care Team

Medications to Treat Lu-
pus

What Causes Lupus?

The Importance of
Exercise

Supporting
Someone With
Lupus

 Covering Medical CostsSide Effects of Medica-
tions

Lupus & the Immune
System

DepressionResources for
Family Members
& Friends

 Transitioning From Pedi-
atric to Adult Care

Preventing and Managing
Flares

A Lupus Diagnosis

Overcoming the
Emotional Hurdles
of Lupus

  Accessing Care in Rural
Areas

Monitoring Your LupusPrognosis

Maintaining a
Healthy Diet

   Complementary TherapiesFlares and Remissions

Vaccinations   Other TherapiesLupus & The Body

Pregnancy & Lupus   Clinical TrialsFAQs/ Myths

Young People &
Lupus

     

Usability and Acceptability of the Lupus Interactive
Navigator

Participants
Individuals meeting the 1997 SLE American College of
Rheumatology criteria [4] were recruited from five Canadian
SLE clinics based in university health centers in Vancouver,
Edmonton, Winnipeg, Montreal and Quebec City. Each center
had obtained prior approval from their local research ethics
board for this study. Consenting participants were provided
information on how to access the LIN website and were asked
to use their devices (computers, tablets, or mobile phones) to
browse LIN over a two-week period. The number of log-ins
and the duration of each session were recorded for each
participant. Following the two-week testing period, participants
were contacted for a 30-minute telephone interview to assess
their opinions about the LIN and to identify areas for
improvement.

Telephone Interview
Content for the telephone interview was established following
discussions with members of an expert panel including a
rheumatologist, a psychologist, a nurse, the developer of the
OIN, and an individual with SLE. The telephone interview
consisted of a four-page document including (1) a script to be
used as the introduction to each interview, (2) questions to assess
demographics and participant characteristics, (3) Likert scales
to rate website usability, content, and perceived helpfulness,
and (4) open-ended questions to assess overall acceptability and

usability of the LIN and to provide recommendations and
comments.

Participant characteristics included age, marital status,
education, disease duration, and factors related to computer
usage, including ease with using computers, time spent on the
Internet, time spent searching for health information, and type
of device used.

Website Usability and Content
Likert scales were used to assess website usability and content
quality and quantity. Participants were asked to rate 17 items
on a 7-point Likert scale (0=strongly disagree; 7=strongly agree).
Participants who scored items <3 were asked to elaborate. Scores
equal to or >5 were considered moderate to strong agreements.
Scores equal to or <4 were considered low to no agreement.

Helpfulness
Participants were asked to rate each of the six topic sections
using a 5-point Likert scale in terms of how helpful each section
was to them (1=not at all helpful; 5=most helpful). Scores equal
to or >4 were considered helpful to very helpful. Scores equal
to or <3 were considered low to not at all helpful.

Recommendations and Comments
Four open-ended questions were asked to further assess if there
was information missing, and give participants the opportunity
to comment on the overall experience and provide
recommendations for improvement.
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Statistical Analyses
The data was transferred from the interview questionnaire to
Microsoft Excel (2007). Means, medians, and percentages were
calculated for continuous variables and percentages were
calculated for categorical variables.

Results

Development of the Lupus Interactive Navigator
The LIN was constructed from a Table of Contents that was
developed from the results of the prior focus group studies and
surveys performed in preparation for this project [2,3]. An
abbreviated Table of Contents is provided in Table 1, reflecting
the topics that were prioritized by the focus groups and surveys.
Figure 1 provides a glimpse of some of the web-based pages
that persons with SLE can access once logged into the LIN.

Figure 1. Examples of LIN web pages.

Usability and Acceptability of the Lupus Interactive
Navigator
Forty-three women with SLE were recruited. Of these, six
participants did not complete the two-week follow-up telephone
interview (time constraints, 2; illness, 2; could not be contacted,
2). Thirty-seven (86%) completed the telephone interviews.
Median time spent on LIN was 16.3 (interquartile range
[IQR]:13.7, 53.5) minutes and median number of sessions was
2 (IQR: 1, 3).

Characteristics of Participants
Table 2 describes the characteristics of the study participants.
The average age was 43.6 (SD 15.9) years, disease duration
averaged 14.1 (SD 10.8) years, 57% (21/37) were married, and
86% (32/37) had completed post-secondary education. Weekly
reported average Internet usage was 15.8 (SD 24.6) hours with
2.8 (SD 0.9) hours used for health information. Ratings for
overall experience, website usability, and content are shown in
Table 3.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e44 | p.555http://www.researchprotocols.org/2016/2/e44/
(page number not for citation purposes)

Neville et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Participant characteristics (N=37).

n (%)Mean (SD)

43.6 (15.9)Age (years)

14.1 (10.8)Disease duration (years)

37 (100)Gender (% female)

21 (57)Marital status (% married)

32 (86)Education (% post-secondary)

27 (73)Comfort with computers (% comfortable to very comfortable)

15.8 (24.6)Internet usage per week (hours)

2.8 (0.9)Health information searches per week (hours)

Preference for web searching

24 (65)Personal Computer

7 (19)Tablet

6 (16)Mobile Phone

Table 3. Ratings of website usability and content based on 37 participants (1=strongly disagree; 7=strongly agree).

% equal to or >5Mean (SD)Statement

Overall experience

1006.8 (0.5)I would recommend this website to others seeking information about lupus

896.2 (1.5)Would go to this website if I had a question about lupus

896.0 (1.8)My friends and family would benefit by accessing this website

Website design

1006.7 (0.6)Easy to learn how to use the website

976.6 (0.6)Easy to find information on this website

1006.6 (0.7)Easy to read information

1006.6 (0.6)Easy to use the website

Content

976.6 (0.8)Information was credible

976.6 (0.7)Information was relevant

976.5 (1.1)Information was useful

875.9 (1.6)Satisfied with the amount of information

875.8 (1.6)Improved knowledge about lupus

785.4 (1.9)Improved knowledge about coping

775.4 (1.8)Improved knowledge about resources

695.3 (1.7)Will help me maintain better health habits

685.0 (1.8)Improved knowledge about medications

675.0 (1.9)Will be useful to help me prepare for next doctor’s visit

Overall Experience
All participants strongly agreed that they would recommend
this website to other persons with SLE seeking information
about SLE and 89% (33/37) would refer to it to answer their
own future questions about SLE. Participants also agreed that
family and friends would benefit from accessing the LIN.

Website Usability
All items assessing website usability received high to very high
ratings. All participants were in high agreement that the website
was easy to learn and use.

Content
Over 97% (36/37) of the participants were in high to very high
agreement that the content was useful, credible, and relevant.
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Additionally, 86% (32/37) of participants were satisfied with
the amount of information provided. Ratings for items relating
to gains in knowledge about lupus, coping, and resources were
high (77-87%). Somewhat lower ratings were given for items
relating to gains in knowledge about medications, helpfulness
in maintaining good health habits, and preparing for clinic visits
(67-69%). Participants stated that the reason for giving lower
ratings was prior knowledge about these items. Participants
with disease duration <5 years had similar ratings for these
items as those with disease duration >5 years. However, there
were only 11 participants with short disease duration in our
sample.

Helpfulness
Table 4 shows the ratings of helpfulness of each of the six major
information topics provided in LIN. Overall, 73% (27/37) of
the participants rated all topics helpful to very helpful.

Ratings of perceived helpfulness for each individual major topic
varied across topics. The topic About Lupus (providing general
information about SLE) was perceived as the most helpful (91%)
and the topic Support Services (providing information about
available resources) was considered least helpful (57%). Once
again, lower ratings were given by those who reported prior
knowledge about SLE than those with less prior knowledge
(62% versus 86%).

All participants voiced enthusiasm about LIN and were eager
to offer comments and recommendations to further improve
this website. None of the participants reported any information
missing from the content. However, 26 participants would have
preferred more information about specific topics. Of these, the
most frequently requested were: more information regarding
current research about new medications for SLE (n=9); coping
strategies including yoga, meditation, psychosocial, and
complementary/alternative treatments (n=9); and adding more
support resources on the resource locator for Manitoba and
Alberta, including support groups and social workers (n=7).

Minor changes were recommended to improve appearance and
usability of the LIN, including changes to font and facilitating
drop-down menus. Recommendations to improve content
included (1) more videos of physicians and youths, (2) more
pictures of rashes and medications, (3) the addition of social
networking tools such as a chat room or forum, (4) updates on
research and new medications using podcasts, tweets,
newsletters, or message boards, and (5) providing a link to show
the source of the information provided in the LIN. These
adaptations are being implemented.

Overall, the comments were very positive. The most frequent
comment was that this website would be most useful to those
newly diagnosed with SLE (n=10). Many participants spoke of
looking forward to the completed version of LIN that would
include a forum for discussion.

Table 4. Ratings of helpfulness of the LIN content across information topics based on 37 participants (1=not at all helpful; 5=most helpful).

% equal to or >4Median (IQR)Section topic

915 (4,5)About Lupus

765 (4,5)Friends, family, and work

725 (3,5)Symptom management and treatment

715 (3,5)Living well with Lupus

684 (3,5)Accessing health care

574 (3,4)Support services

Discussion

Tailored web-based programs are becoming increasingly
considered as a means of empowering individuals with chronic
conditions with the tools and strategies needed to promote
self-management. Our study furthers the understanding of needs
in the SLE community, and allowed us to develop a web-based
tool to build confidence, support autonomy, and empower
persons with SLE toward self-management. As SLE is an
uncommon yet important disease, this is also an important tool
to support health providers caring for people with SLE.

There are a number of potential limitations of our work. First,
the study participants were recruited from tertiary care centers
and tended to be well educated, and thus may not be entirely
representative of the full spectrum of persons with SLE. Second,
participants were all females and we cannot generalize these
findings to males, who represent 10% of the SLE population.
Third, most participants had SLE for several years and their
analysis of the LIN was affected by their own experience of

living with SLE for that period of time. Many participants
mentioned the usefulness of the LIN for persons newly
diagnosed with SLE. Several participants also perceived that
the LIN would have been most useful at the time of their
diagnosis, although they agreed that they still learned from the
LIN and would continue to use it to answer questions in the
future. This suggests that the LIN could provide different points
of entry based on disease duration and experience. Lastly,
accessibility of a web-based tool may be suboptimal in some
geographic, demographic, or socio-economic groups. However,
the LIN can be used from any mobile device such as a tablet or
mobile phone.

We assessed the acceptability and usefulness of the LIN as a
tool to improve empowerment and self-management in persons
with SLE. These results support the value of using a
multi-method design that included surveys, focus groups, an
expert panel, and interviews when developing programs tailored
to specific populations. It is important to acknowledge that tools
such as the LIN require ongoing updates and development to
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respond to new information and user feedback. Other sections
which we are already considering for further development
include a personalized SLE Tool Box which will offer links to
an electronic SLE Health Passport (personal profile to monitor
aspects of health, such as blood pressure), printable information
sheets, links to clinical trials, and a forum for discussions
relating to SLE.

All participants agreed that the website was easy to navigate
and functioned well. The quality and quantity of content were
also rated highly. No topics were reported to be missing. This
suggests the value of involving patients in the design phase by
identifying their needs and preferences when developing eHealth
websites tailored to specific populations. Nine participants
suggested adding more information about research on new
medications for SLE and six participants asked for more
information about yoga and meditation as coping strategies. To

address these needs, more information will be provided about
ongoing research on SLE, and coping strategies delivered
interactively via webinars with psychosocial experts are being
considered.

Conclusion
As chronic disease models of care evolve toward
self-management, it is increasingly important to develop and
validate tools that support providers and engage patients. The
LIN is an example of such a tool. It was very well received by
patients, and considered easy to navigate with sufficient quantity
and quality of content. The information provided on the LIN
may be most helpful for individuals lacking experience with
the disease, such as those newly diagnosed. Our results suggest
the need to tailor the content for persons with more SLE
experience.

 

Acknowledgments
We are thankful to all participants for their contributions in the telephone interviews for this study. We would like to acknowledge
the contributions to the development of the content for LIN from our SLE patient collaborators, including Fern Davis, Wendy
Singer, Claire Rodrigues, Ben Sherman, Miriam Gaudelli, and Elizabeth Vicente. We would also like to thank our colleagues
from Health Care Providers, including Evelyne Vinet, Janet Pope, Monique Gignac, Lori Tucker, and Anne Cymet. We are
grateful to: Kathryn Reimer, Vancouver, British Columbia; Asvina Bissonauth, Edmonton, Alberta; Mellissa Moyen, Winnipeg,
Manitoba; and Alexandra GodBout, Quebec City, Quebec, for their help in coordinating the study, Jane Su for providing research
assistance, and Julie Parrot for secretarial assistance.

This research was supported by Partnerships for Health System Improvement (PHSI) grant 238692 from the Canadian Institutes
of Health Research (CIHR), with an in-kind contribution by Jack Digital Productions (JDP) and a partnership contribution to
PHSI made by GlaxoSmithKline (GSK) Canada. Dr Fortin holds a Canada Research Chair in Systemic Autoimmune Rheumatic
Diseases and is supported by Université Laval, Quebec, Canada.

Authors' Contributions
All authors contributed to the conceptual framework of this paper as well as to the development of the content of the surveys
with their own expertise as rheumatologist (Paul R Fortin), psychologist (Deborah Da Costa), nurse (Carolyn Neville), and
developer of the Oncology Interactive Navigator (Murray Rochon). This effort was coordinated by Davy Eng. The analysis was
done by Carolyn Neville. Interpretation of the data was done by Carolyn Neville and Paul R Fortin. All authors contributed to,
reviewed, and approved the paper.

Conflicts of Interest
Carolyn Neville, Deborah Da Costa, Christian Pineau, Antonio Aviña-Zubieta, and Davy Eng declare that they have no conflicts
of interest. Murray Rochon has a patent copyright, trademark, and marketing rights with royalties paid to JDP and is the founder
of JDP, a social innovation company that is a partner organization under the PHSI grant provided by CIHR for this work. As part
of the mandate of this grant, corporations are asked to partner with researchers to help effect change in health systems. This
alignment and collaboration is a criterion of the CIHR grant to extend the reach and application of innovation. JDP contributes
funds and expertise to develop this tool, and retains rights to content, technology, dissemination, and licensing of the tool in all
jurisdictions. Stephanie Keeling reports having participated in a Lupus Advisory Board for Eli Lilly. Paul R Fortin reports grants
from the CIHR and an in-kind contribution from JDP during the conduct of this study, as well as other unrestricted funds from
GSK Canada Inc., also as part of the PHSI CIHR grant partnership program. He also reports having participating on Lupus
Advisory Boards for Eli Lilly, AbbVie and GSK.

References
1. Hale ED, Treharne GJ, Lyons AC, Norton Y, Mole S, Mitton DL, et al. "Joining the dots" for patients with systemic lupus

erythematosus: personal perspectives of health care from a qualitative study. Ann Rheum Dis 2006 May;65(5):585-589
[FREE Full text] [doi: 10.1136/ard.2005.037077] [Medline: 16219711]

2. Neville C, Da CD, Mill C, Rochon M, Aviña-Zubieta JA, Pineau CA, et al. The needs of persons with lupus and health
care providers: a qualitative study aimed toward the development of the Lupus Interactive Navigator. Lupus 2014
Feb;23(2):176-182. [doi: 10.1177/0961203313517154] [Medline: 24335012]

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e44 | p.558http://www.researchprotocols.org/2016/2/e44/
(page number not for citation purposes)

Neville et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/16219711
http://dx.doi.org/10.1136/ard.2005.037077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16219711&dopt=Abstract
http://dx.doi.org/10.1177/0961203313517154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24335012&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Neville C, DaCosta D, Rochon M, Eng D, Fortin PR. Toward the development of a Lupus Interactive Navigator to facilitate
patients and their health care providers in the management of lupus: results of web-based surveys. JMIR Res Protoc
2014;3(4):e65 [FREE Full text] [doi: 10.2196/resprot.3349] [Medline: 25533760]

4. Hochberg MC. Updating the American College of Rheumatology revised criteria for the classification of systemic lupus
erythematosus. Arthritis Rheum 1997 Sep;40(9):1725. [doi:
10.1002/1529-0131(199709)40:9&lt;1725::AID-ART29&gt;3.0.CO;2-Y] [Medline: 9324032]

Abbreviations
CIHR: Canadian Institutes of Health Research
GSK: GlaxoSmithKline
IQR: interquartile range
JDP: Jack Digital Productions
LIN: Lupus Interactive Navigator
OIN: Oncology Interactive Navigator
PSHI: Partnerships for Health System Improvement
SLE: Systemic lupus erythematosus

Edited by G Eysenbach; submitted 16.01.15; peer-reviewed by M Jolly, J Prescott; comments to author 23.06.15; revised version
received 06.01.16; accepted 07.01.16; published 30.05.16.

Please cite as:
Neville C, Da Costa D, Rochon M, Peschken CA, Pineau CA, Bernatsky S, Keeling S, Avina-Zubieta A, Lye E, Eng D, Fortin PR
Development of the Lupus Interactive Navigator as an Empowering Web-Based eHealth Tool to Facilitate Lupus Management: Users
Perspectives on Usability and Acceptability
JMIR Res Protoc 2016;5(2):e44
URL: http://www.researchprotocols.org/2016/2/e44/ 
doi:10.2196/resprot.4219
PMID:27240666

©Carolyn Neville, Deborah Da Costa, Murray Rochon, Christine A Peschken, Christian A Pineau, Sasha Bernatsky, Stephanie
Keeling, Antonio Avina-Zubieta, Elizabeth Lye, Davy Eng, Paul R Fortin. Originally published in JMIR Research Protocols
(http://www.researchprotocols.org), 30.05.2016. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information
must be included.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e44 | p.559http://www.researchprotocols.org/2016/2/e44/
(page number not for citation purposes)

Neville et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.researchprotocols.org/2014/4/e65/
http://dx.doi.org/10.2196/resprot.3349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25533760&dopt=Abstract
http://dx.doi.org/10.1002/1529-0131(199709)40:9&lt;1725::AID-ART29&gt;3.0.CO;2-Y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9324032&dopt=Abstract
http://www.researchprotocols.org/2016/2/e44/
http://dx.doi.org/10.2196/resprot.4219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27240666&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

A Web-Based Platform for Patients With Osteoarthritis of the Hip
and Knee: A Pilot Study

Leif E Dahlberg1, MD, PhD; Daniel Grahn2; Jakob E Dahlberg2; Carina A Thorstensson3,4, PhD
1Orthopedics, Department of Clinical Sciences Lund, Skåne University Hospital, Lund University, Lund, Sweden
2Joint Academy, Malmö, Sweden
3Institute of Neuroscience and Physiology, Sahlgrenska Academy, Department of Clinical Neuroscience and Rehabilitation, University of Gothenburg,
Gothenburg, Sweden
4BOA Registry, Registercentrum Västra Götaland, Gothenburg, Sweden

Corresponding Author:
Leif E Dahlberg, MD, PhD
Orthopedics
Department of Clinical Sciences Lund, Skåne University Hospital
Lund University
Skåne University Hospital
Lund, SE-221 85
Sweden
Phone: 46 46171540
Fax: 46 46130732
Email: leif.dahlberg@med.lu.se

Abstract

Background: Chronic conditions are the leading cause of disability throughout the world and the most expensive problem
facing the health care systems. One such chronic condition is osteoarthritis (OA), a frequent cause of major disability.

Objective: To describe the effect on joint pain for the first users of a newly developed Web-based osteoarthritis self-managing
program, Joint Academy, and to examine whether these patients would recommend other OA patients to use the program.

Methods: Patients with clinically established knee or hip OA according to national and international guidelines were recruited
from an online advertisement. A trained physiotherapist screened the eligible patients by scrutinizing their answers to a standardized
questionnaire. The 6-week program consisted of eight 2- to 5-minute videos with lectures about OA, effects of physical activity,
self-management, and coping strategies. In addition, exercises to improve lower extremity physical function were introduced in
daily video activities. During the course of the program, communication between physiotherapist and patients was based on an
asynchronous chat. After 6 weeks, patients were able to continue without support from the physiotherapist. Patients reported their
current pain weekly by using a numeric rating scale (range 0-10; 0=no pain, 10=worst possible pain) as long as they were in the
program. In addition, after 6 weeks patients answered the question “What is the probability that you would recommend Joint
Academy to a friend?”

Results: The eligible cohort consisted of 53 individuals (39 women; body mass index: mean 27, SD 5; age: mean 57, SD 14
years). With the continued use of the program, patients reported a constant change in pain score from mean 5.1 (SD 2.1) at baseline
to mean 3.6 (SD 2.0) at week 12. Six patients participated for 30 weeks (mean 3.2, SD 2.1). Overall, the patients would highly
recommend Joint Academy to other OA patients, suggesting that the platform may be useful for at least some in the vast OA
population.

Conclusions: Joint Academy, a Web-based platform for OA therapy, has the potential to successfully deliver individualized
online treatment to many patients with OA that presently lack access to treatment.

(JMIR Res Protoc 2016;5(2):e115)   doi:10.2196/resprot.5665
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Introduction

Chronic conditions are the leading cause of disability throughout
the world and collectively they represent the most expensive
problem facing health care systems [1]. One prevalent condition
among these noncommunicable diseases is osteoarthritis (OA),
which is one of the leading causes of global disability [2].
Approximately 27 million individuals live with OA in the United
States [3], estimated to cost US $189 billion annually [4,5]
highlighting the financial and societal burden attributed to OA.

Osteoarthritis primarily affects the elderly. The prevalence in
the age group 60 years and older is 10% among men and 18%
among women [6]. Ongoing demographic changes, particularly
in developed countries, and a growing number of elderly
individuals suggest that the number of people with OA will
increase.

Like other chronic diseases, OA progresses slowly. Before
individuals are eligible for total joint replacement (TJR) surgery,
incubation time is some 10 to 15 years with increasing joint
pain, decreasing function, and reduced quality of life.
Accordingly, cross-sectional Swedish and UK data show that
only 20% of the OA population qualifies for TJR in spite of
debilitating symptoms [7-9]. For those in earlier stages of OA
when the diagnosis should be based on clinical symptoms, the
primary treatment is nonsurgical, based on exercise, information,
and—in relevant cases—weight loss according to all
international and national guidelines [10-13]. Unfortunately,
this evidence-based treatment is not reflected in present OA
management administered by the health care system [14].
Rather, joint pain is considered by health care professionals as
a normal part of the aging process (ie, “wear and tear of the
body”) and is therefore not manageable until TJR becomes an
option. As a result, many suffering from OA are not aware of
or offered well-established evidence-based nonsurgical
treatment.

The Swedish national initiative “Better Management of Patients
with OsteoArthritis” (BOA), a national quality registry and an
evidence-based supported self-management program for patients
with OA, was developed to facilitate the implementation of
guidelines [9,14]. Of Sweden’s 9 million inhabitants, more than
50,000 individuals have participated in the BOA program
between 2008 and 2015. Still, they represent less than 20% of
people in need of treatment due to joint problems [9,14]. Thus,
despite the systematic and thorough work put into BOA, most
individuals suffering from OA have not yet received access to
the program, which may be due to lack of health care resources
or people having trouble fitting their schedule to primary care
opening hours. Therefore, alternative methods are required to
reach these individuals.

One appealing method that leverages technology into health
care is digital therapeutics. In this context, digital therapeutics
can be viewed as software functioning as “medication” that is
delivered via the Web. This treatment focuses on behavioral
changes with long-term improvements in contrast to the
short-term gain of taking a pill or other interventions presently
used in health care. A crucial point to achieve the effect of any
treatment is compliance. Using digital therapeutics that utilize

the Internet to deliver cost-effective treatment around the clock
has the potential to increase adherence. Allowing for people to
administer their treatment at a suitable time point probably
increases compliance and the likelihood of improved health and
quality of life for patients with chronic conditions. An interesting
and successful example is the translation of the Diabetes
Prevention Program into an online treatment [15,16]. With
respect to OA, we have developed Joint Academy [17], which
is a digital platform for individuals with clinically verified OA.
The platform is based on the BOA program [9,11,14]. It includes
a Web-based patient interface that provides individualized
exercises, a personal physiotherapist, peer-to-peer support,
education about lifestyle and behavioral changes, and a
physiotherapist interface that provides necessary information
on the patient’s progress in the program for support and
encouragement.

The aim of this pilot study was to describe the effect on joint
pain for the first users of a newly developed Web-based OA
self-managing program, Joint Academy, and to examine whether
these patients would recommend other OA patients to use the
program. Collectively, the objectives aimed at deciding (1)
whether it seemed feasible to deliver Web-based OA treatment
and (2) whether the results would support further development
of the platform.

Methods

Patients and Study Design
Participants with knee or hip joint pain were recruited from an
online advertisement on the home page of the Swedish
Rheumatology Association during two weeks in January 2015.
However, single patients were eligible for inclusion until
December 2015. The potential participants were directed to a
website where they were asked to create a user account and fill
in a screening questionnaire. Participants were not compensated
for their participation but were enrolled in the program at no
cost.

A trained physiotherapist (CT) screened the questionnaires and,
whenever relevant, asked additional questions to patients
through their user interface. To be included, the physiotherapist
ensured that described symptoms were in agreement with
clinical OA according to national guidelines [9,11,14]. Exclusion
criteria included chronic widespread pain or other, more severe
diseases, such as inflammatory joint disease, cancer, sequel
after hip fracture, or due to major trauma.

Participants were informed that the program lasts for 6 weeks.
Included participants (referred to as patients subsequently) were
asked to answer some demographic questions according to the
International Consortium for Health Care Measurement
(ICHOM) initiative as well as those in the BOA registry
[9,14,18] and reported their current baseline of pain using the
Numeric Rating Scale (NRS; range 0-10, 0=no pain, 10=worst
possible pain). After 6 weeks, patients were asked “What is the
probability that you would recommend Joint Academy to a
friend?” (range 0-10, 0=not likely, 10=most likely). For this
study, patients were not asked to specify what joint was affected
by their disease.
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Description of the Intervention
The basis for Joint Academy is the Supported Osteoarthritis
Self-management Program (SOASP) used in BOA. The BOA
program consists of theory sessions held by a physiotherapist,
sometimes in collaboration with an occupational therapist and
an OA communicator (ie, a patient with OA who has been
educated by the Swedish Rheumatology Association to talk
about the daily experience of OA and good coping strategies
including physical activity). After completing the theory
sessions, patients can opt for an individually adapted and
physiotherapist-supervised exercise program [14]. The SOASP
content was based on existing evidence, national and
international treatment guidelines, as well as patients’ views,
thoughts, and tolerability of treatment and exercise for OA.
Patients in the SOASP rate their pain on a visual analog scale
at baseline and again after 3 and 12 months.

The Joint Academy program that was used in this study started
on Sunday and ran for 6 weeks. The program consisted of eight
videos of 2- to 5-minute lectures about OA, effects of physical
activity, self-management, and coping strategies. After each
lecture, the patient took a quiz to confirm that the take-home
messages of the lecture were correctly understood. Parallel to
these lectures, four neuromuscular exercises were introduced
to improve lower extremity physical function. Each exercise
had 3 to 5 levels of intensity. The level of intensity was based
on an algorithm taking into account individual progress and the
patient’s perceived ability to perform the exercise without
exacerbating pain. The week’s exercises and lessons (12-14
exercises, two lessons, and one pain report per week) were
divided into daily packages and delivered in video format to
the patient during the 6-week period by push email. In each
email, there was a link to the embedded videos within the
Web-based platform. These videos showed how to properly
perform the exercises. The short video lectures also included
key OA issues important for understanding the delivered
treatment to be fully motivated for the exercises. Each package
was designed to take no more than 5 to 15 minutes per day.
After having performed an exercise, the patient registered it as
complete. When needed, the patient was able to communicate

questions to the personal physiotherapist. This communication
between the physiotherapist and patient within the Joint
Academy platform was asynchronous and based on a chat during
the 6-week program. To have a comparable benchmark over
time, pain was always reported on Sundays and referred to the
average pain during the week. An “active week” was defined
as a week when patients reported their pain level. If a patient
reported pain values for four consecutive weeks, skipped two
weeks, and finally reported pain for three additional weeks, this
was defined as seven active weeks in the program.

Software Programming
The software was compatible with all platforms and worked on
personal computers, tablets, and mobile phones. It was built as
a single-page Web app with a responsive user interface to
facilitate user experience. The Web app was connected to our
proprietary back-end service for OA treatment. The back-end
was built on the framework Ruby on Rails and the front-end on
Angular JS.

Statistical Analyses
The statistical analysis was performed using a longitudinal
random effects model. A random intercepts and slopes model
was fitted with using the restricted maximum likelihood
approach and with the underlying assumption of an unstructured
variance-covariance matrix and degrees of freedom estimated
using Satterthwaite’s method. The calculations were performed
using the mixed command in Stata version 14.

Ethical Consideration
Patients gave informed consent when entering the program.

Results

The study cohort consisted of 53 individuals (39 women; body
mass index [BMI] mean 27, SD 5; age mean 57, SD 14 years).
Of these 53 patients, 36 (68%) registered their pain levels for
6 active weeks (Table 1). On average, patients needed 7 to 8
weeks to complete a 6-week active period (Table 1). During
these weeks, patients received 113 activities in total, of which
they performed a mean 83 (SD 13) activities.

Table 1. Study results summary.

Number of active weeksResult

302418126Baseline

6912193653Number of patients in program, n

246 (49)201 (39)154 (32)112 (53)53 (18)Time to complete active weeks (days), mean
(SD)

14 (1)14 (1)13 (2)13 (2)14 (2)Activities per week, mean (SD)

3.2 (2.1)2.7 (1.7)3.3 (2.5)3.6 (2.0)4.5 (1.8)5.1 (2.1)NRS pain score, mean (SD)a

–38–47–35–28–11Change in mean NRS pain score vs baseline, %

5 (83)8 (89)7 (58)12 (63)17 (47)Patients with >15% improvement in NRS pain
score, n (% of remaining patients) [19]

a Numeric Rating Scale: range 0-10.

We observed that 33 patients voluntarily continued using the
program after 6 weeks utilizing the same weekly instructions

as in week 6, but without the support of a personal
physiotherapist.
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Furthermore, 19 patients (36%) voluntarily continued to exercise
and report their pain level for a total of 12 active weeks. After
18 and 24 active weeks, there were 12 and nine patients
remaining, respectively, and six patients completed 30 active
weeks in the program (Figures 1 and 2,Table 1). The longest
participating patient continued for a total period of 50 weeks
(data not shown). Pain according to the NRS was markedly
reduced over a 30-week period (Figures 1-3,Table 1). The mean
weekly change in pain during follow-up was estimated to be
–0.074 (95% CI –0.118 to –0.030, P=.002), which corresponds
to a pain reduction of one unit every 14 weeks.

Figure 2 shows that baseline values were similar regardless of
how long patients participated in the program (ie, patients
engaged in the program for a longer time period did not have
less severe pain at baseline compared to baseline values for
patients who participated for a shorter period of time). There
were no obvious demographic differences (ie, sex, age, BMI)
between patients who were active for less than 6 weeks
compared to those who were active for more than 6 weeks (data

not shown). At all weeks during the 30-week period, the mean
pain score of the active patients was similar to the reported pain
score of the patients that discontinued the program after that
week (data not shown).

At week 6, 18 of the 36 active patients had a lower absolute
value in pain score, eight were unchanged, and 10 had an
increase compared to baseline. The mean NRS pain score for
the 36 active patients changed from mean 5.1 (SD 2.1) at
baseline to mean 4.5 (SD 1.8) (Table 1). Sixteen patients (68%)
were classified as responders with an individual improvement
of more than 1.5 in NRS pain score [19].

The NRS pain data showed that at weeks 6 and 30, 47% (17/36)
and 83% (5/6) were responders, respectively (Table 1).

In all, 31 patients (five were lost due to technical reasons)
answered the question “What is the likelihood that you would
recommend Joint Academy to a friend?” The median score was
10 (range 6-10).

Figure 1. Mean NRS pain score for active patients (●) and number of patients (○) remaining in the program at each week. Due to decreasing number
of patients during the course of the program, individual weekly changes may have a disproportional effect on the mean pain level.
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Figure 2. Box plots of the NRS pain values (the horizontal line in the middle of each box indicates the median and the top and bottom borders of the

box mark the 75th and 25th percentiles, respectively; the whiskers above and below the box mark the 90th and 10th percentiles; the black dots beyond
the whiskers are outliers) at different time points. Baseline is baseline mean NRS for all 53 patients. For each subsequent time point, data are presented
for those patients that participated in the program at the indicated time period (6 weeks: n=36; 12 weeks: n=19; 18 weeks: n=12; 24 weeks: n=9; 30
weeks: n=6). White boxes: baseline NRS; gray boxes: NRS after the indicated time period.
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Figure 3. Spaghetti plot showing NRS pain. Each blue line represents a single patient. The red line represents change in mean pain over time for all
53 patients.

Discussion

In this study, we demonstrate that Joint Academy, a Web-based
platform for OA therapy, has the potential to successfully deliver
individualized digital treatment to patients with clinical OA in
the hip or knee. Many experienced an improvement in pain and
would recommend the program to others. This is one of few
exercise intervention studies following patients for a longer
period of time [20,21]. This study shows similar pain
improvement as those in previous face-to-face studies
[13,14,22,23]. Furthermore, although a definitive cause
relationship could not be established, the degree of improvement
seems to be associated with duration of stay in the program.
Although not designed to determine reasons for discontinuing
the program, the study revealed that patients who discontinued
the program within 6 weeks showed similar pain scores at
baseline (Figure 2) compared to those that remained in the
program. Of note, patients consecutively entered the program
during the 12 months of recruitment meaning that not all patients
had the opportunity to participate for 30 weeks and that the
lower number of patients by time is not a true measure of
compliance.

Even though several patients discontinued the program, results
suggest that pain fluctuates over time (Figure 1). This is in
agreement with the clinical profile of OA showing relapsing
intervals of pain and impaired function. Another possible
explanation for the fluctuating pain level may be that as patients
improve (ie, their symptoms become less severe), they increase

exercise time and intensity. This suggests that patients may have
similar or increased pain but, at the same time, they have
increased physical function. Future studies will explore the
relationship between pain and function by assessing physical
function, which was recently included in Joint Academy.

In SOASP, patients rate their pain on a visual analog scale
(VAS) at baseline and again after 3 and 12 months [13,14]. On
average, the VAS pain score decreases by 10 points (from 48
to 38) and 12 points (from 48 to 36) for patients with hip and
knee OA, respectively. These results are similar to the results
reported at 12 weeks in this study (5.1 to 3.6) (Table 1)
indicating that a Web-based means to deliver evidence-based
health care to OA patients seems to work as well as the “analog”
face-to-face predecessor.

In the United States, US $40 billion per year is allocated to the
more than 600,000 TJR operations conducted annually, making
TJR one of the most expensive interventions today [4]. The
number of TJRs is expected to increase by more than 100% by
2030 due to the increasing prevalence of OA in an aging
population, together with the decreasing age of intervention for
TJR in the baby boomer generation [24]. Without doubt, TJR
is a very successful intervention when performed on the right
patient at the right time point. However, recent studies have
shown that many TJRs, as well as other surgical interventions
in patients with OA, are often unnecessary and that indication
for surgery is not well validated. For instance, a study that
compared pre- and post-health care costs for OA patients that
underwent a TJR in the United States showed that although the
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total number of outpatient visits declined after surgery, the
percentage of patients hospitalized after TJR increased. The
result was a higher total cost during follow-up compared to
before surgery [25]. In addition, TJR patients may need revision
surgery (ie, a new prosthesis) and TJR is associated with an
increased risk for adverse events compared to nonsurgical
treatment [24]. Furthermore, 15% to 20% of the TJR population
has sustained disabilities after surgery, which generates
suffering, costly visits, and unnecessary diagnostics and
treatments [26].

Another common operative procedure in middle-aged patients
with knee pain is arthroscopy. In the United States alone,
400,000 arthroscopies are performed annually due to the popular
belief that pain in the degenerative knee is caused by a meniscal
tear [27-30]. As concluded by Katz and Jones [28], a reasonable
initial strategy for these patients is physiotherapy rather than
arthroscopy. This conclusion is supported by a recent study that
contradicts the prevailing consensus that mechanical symptoms
justify an arthroscopic intervention [31]. Furthermore, partial
meniscectomy may be associated with increased risk of incident
radiographic osteoarthritis [32]. That physiotherapy indeed has
an effect, and that the results of this study shows similar effect,
is further demonstrated by a recent Cochrane review [22] as
well as results from the Danish GLA:D program, which is based
on the BOA program [23]. The positive effect of exercise,
weight control, and information can be explained by the
biomechanical origin of OA as well as the importance of patients
having accurate knowledge about their disease [22,33].

Two randomized controlled trials are of interest with respect to
nonsurgical options to treat OA patients eligible for total knee
replacement [34,35]. One of these studies showed that
supervised exercise before surgery is associated with a faster
postoperative recovery [34]. The second study compared knee
TJR with a nonsurgical treatment program and showed
substantial improvement in both groups with respect to most
outcomes. However, only 26% of the patients who were assigned
to receive nonsurgical treatment alone underwent total knee
replacement in the year following the procedure [35]. That
education and individually adapted exercise have the potential
to reduce the need for TJR is further enforced by Svege et al
[36].

To our knowledge, Joint Academy is the first platform to deliver
digital health care to OA patients. The fact that the program
may reverse the course of symptoms for some patients to the
degree observed in the current study is very encouraging,
suggesting that Joint Academy may be feasible at least for some
OA patients. For the subgroup of the OA population
volunteering for participation in this program, a pragmatic
approach with 5 to 15 minutes of exercise a few days per week
seemed sufficient to achieve significant results. Interestingly,
the program motivated the patients to perform approximately
80 activities in a 7- to 8-week period. This suggests that Joint
Academy may play an important role in OA treatment. In
addition, Joint Academy may also increase equity in OA
treatment by offering evidence-based health care for people
living with clinical hip or knee OA in the developing world.

That a digital health program may have significant effects on
health is also shown by the Prevent program targeting patients
with prediabetes. By combining weekly theoretical lessons and
individualized health coaching, patients lowered their body
weight as well as their blood glucose levels [15,16]. The great
advantage of a Web-based platform that works on personal
computers, tablets, and mobile phones, is that it can be used
wherever and at a time point of the patient’s own choice,
minimizing the interruption of daily life activities and the need
for scheduled appointments at a clinic. This may be particularly
relevant for patients in rural areas with limited access to and/or
living far away from health care facilities as well as for working
people who may find it difficult to allocate time for a visit to a
primary care practice. In addition, Internet availability is
increasing rapidly as the price of a basic mobile phone decreases.
Ultimately, digital health care may save financial resources and
increase quality of life for many people living with chronic
diseases.

There are limitations to this study. This is a pilot study without
a control group and with a small study population, especially
at later time points, limiting the establishment of a definitive
cause relationship between length of participation in Joint
Academy and improvement in pain. However, patient attrition
over time is not due to demographic differences between those
patients who discontinued the program and those patients that
continued the program. When using this study design, there is
a risk that the cohort is not representative of the general OA
population. However, both the OA pathology and the clinical
disease patterns are similar around the world. The relative ease
with which you can enter the study (eg, patients do not need to
visit a general physician to have a diagnosis or a physiotherapist
to perform the exercises), may result in a higher-than-average
dropout rate. Alternatively, those signing up may be more
motivated to change their present situation and/or have an
interest in digital technology and, consequently, show better
results. It can also be argued that patients that enroll in the
program are currently experiencing an exacerbation in pain and,
therefore, are more motivated than the average OA patient.
However, this did not seem to be the case for all patients in this
study. Patients that enrolled in Joint Academy had a baseline
mean NRS pain of 5.1 (SD 2.1) meaning that the pain level of
at least some patients was relatively low. Overall, we believe
it can be argued that patients in the study cohort are well suited
to be the future target group for digital OA management. Despite
these limitations, the results encouraged us to further develop
Joint Academy. In the current version, we have included
extended assessments at inclusion and also during the course
of the program. Furthermore, we have included a functional
test, comorbidities, and additional demographics to enable an
improved user definition in order to further individualize the
program. With respect to the enormous OA population, we
believe that Joint Academy has the potential to attract people
who are more motivated by digital health than by visits to a
primary care practice.

In conclusion, we demonstrate that Joint Academy, a Web-based
platform for OA therapy, has the potential to successfully deliver
individualized Web-based treatment to many patients with OA
who presently lack access to treatment.
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Abstract

Introduction: Sudden unexpected death in epilepsy (SUDEP) is possibly the most common cause of death as a result of
complications from epilepsy. The need to educate and regularly review risk for all patients with epilepsy is paramount, but rarely
delivered in actual clinical practice. Evidence suggests that education around SUDEP and modifiable risk variables translate into
better self-management of epilepsy.

Objective: We aimed to develop and implement an eHealth solution to support education and self-management of risks, in
epilepsy.

Methods: We undertook an innovation pathways approach, including problem identification, feasibility assessment, design,
implementation, and marketing. People with epilepsy were provided a smartphone-based app (Epilepsy Self-Monitor, EpSMon),
which translates the clinical risk assessment tool into an educational and self-monitoring platform, for the self-management of
epilepsy.

Results: Results include the success of the marketing campaign, and in what areas, with an estimated reach of approximately
38 million people. EpSMon has proved a success in academic and clinical circles, attracting awards and nominations for awards.
The number of users of EpSMon, after 3 months, turned out to be lower than expected (N=221). A 4-month trial of the app in
use in the United Kingdom, and the success of the marketing strategy, point to necessary changes to the model of delivery and
marketing, summarized in this paper. These include the marketing message, user cost model, and need for the availability of an
Android version.

Conclusions: EpSMon has proven a success in respect to its reception by academics, clinicians, stakeholder groups, and the
patients who use it. There is work needed to promote the model and increase its acceptability/attractiveness, including broadening
the marketing message, increasing its availability, and reducing its cost. Future development and promotion of the tool will
hopefully inform iterative design of its core features for a receptive audience and lead to increased uptake as it is launched
worldwide in 2016.
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Introduction

Background
Epilepsy is one of the most common neurological disorders
globally affecting 5 to 40 people per 1000 population [1].
Epilepsy affects approximately 50 million people throughout
the world. It has been estimated that 10% of the burden of brain
and mental disorders in the world is caused by epilepsy. This
calculation includes premature deaths and the loss of healthy
life due to disability [2].

Sudden unexpected death in epilepsy (SUDEP) is the most
important direct epilepsy-related cause of death [3]. SUDEP is
possibly the most common cause of death as a result of
complications from epilepsy, accounting for between 7.5% and
17% of all epilepsy-related deaths and [4] 50% of all deaths in
refractory epilepsy [5]. Sudden death is 20 times higher in
people with epilepsy (PWE) than the general population.
Epilepsy is the 5th highest cause of life-years lost and the public
health burden of SUDEP alone is estimated as second only to
stroke among neurological conditions [6]. Forty-two percent of
all deaths are considered avoidable [7]. Consequently, the
National Institute for Health and Care Excellence epilepsy
guidelines 2004 and 2012 [8] recommend discussion of SUDEP
with newly diagnosed PWE. This is rarely delivered and until
recently only 4% of PWE had a recorded SUDEP discussion
[9].

There is robust evidence to suggest that knowledge relating to
modifiable risk factors would help empower the patient to take
responsibility toward his well-being in managing his condition
[10-12]. Recent studies have shown that factors influencing
SUDEP and other direct causes of epilepsy death overlap
[13-15].

Aim
Development of a patient-centered eHealth solution to reduce
risk of SUDEP and educate PWE around risk. Utilization of
quality improvement and iterative cycles of development to
evidence the proposed solution.

Methods

App Conceptualization
In the conceptualization stage of a patient-administered eHealth
alternative to the consultant-administered checklist, it was
important to identify how this might fit alongside existing care
pathways and where, if anywhere, a clear gap in service delivery
was observed. Consultation was undertaken with a specialist
national Epilepsy charity (SUDEP Action), a specialist general
practitioner (GP) commissioning group in Cornwall, UK and
both national academic and consultant specialists in epilepsy.

This steering group identified the removal of the primary
care–based Quality Outcomes Framework financial support for

annual epilepsy reviews, provided by GPs, would likely translate
into a significant reduction in epilepsy reviews in the community
for patients not identified as at risk. A service pathway was
drafted, which included an eHealth self-monitoring option, for
patients to self-administer, which could act as a triaging tool
alongside existing primary care models.

Stepped-Care Model Approach
A rapid informal review of eHealth solutions delivered in other
sectors revealed a range of options for support, including general
education, risk-specific educational interventions, prompts to
seek help, and automated triggering of community or secondary
care service support. Against the current level of support for
PWE with ongoing seizures, where it is currently their own
responsibility to seek help when they perceive a need, the
steering group perceived that support in the ability to identify
when this need is present was most relevant. This is reinforced
by earlier reported findings [16] in which coroner data for
SUDEP-related deaths identified that only 20% of patients had
sought medical contact with an epilepsy specialist in the period
of 12 months prior to their deaths. The evidence indicated a
3-month high-risk period for people whose risk profile
deteriorates, as identified by the checklist, and so the identified
eHealth need was the provision of an informative risk
assessment at prompted 3-monthly intervals.

Technology Identification
The steering group assessed the potential risks and benefits of
differing technologies to support this eHealth solution, including
a systematic review of existing seizure detection methods [17].
Primarily, the goals of the project required ease of use,
accessibility, effortless international dissemination, notification
capabilities, and data collection capabilities (to support the
ongoing development of the checklist). A mobile app was
selected due to the ongoing surge of take-up of these devices
(6.9 billion mobile phone prescriptions worldwide with a
forecast of 5.6 billion smartphone subscriptions by 2019, Global
mobile statistics report - 2014 [18]), the tendency for owners
to carry their device at all times, the numerous notification
options and the expansive range of data collection options
including take-up and user retention data.

App Design (EpSMon – Epilepsy Self Monitor)
The development of the App content was iterative, cycling on
the basis of specialist input across a range of development
themes: the consultant steering group, a patient-representative
group (recruited by the charity), University information
technology (IT) support services and patients of volunteer
clinicians were repeatedly involved in providing feedback across
a range of development stages, (summarized in Figure 1)

A wire-frame (flowchart of screens, features, and server activity)
was initially developed by a local University-based team who
specialize in the development of apps for neurology and clinical
services. Following this, a graphical representation mock-up

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e82 | p.571http://www.researchprotocols.org/2016/2/e82/
(page number not for citation purposes)

Newman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2196/resprot.5389
http://www.w3.org/Style/XSL
http://www.renderx.com/


was produced providing, first versions of the graphics in situ
in a functioning App and the final Beta version prerelease (a
Beta version being the version that is tested for coding bugs,
all other features assumed complete). The target users for this
tool span all ages and demographics and so the development
team strived to access a diverse feedback group.

Usability testing (public and patient involvement, PPI): explored
and observed how users experienced and used the app naturally
and across a series of identified tasks. This research was led
independently by the charity (to be published separately),
software team, and specialist clinicians in clinics with patients.
Feedback was reviewed by the steering committee with design
modifications to the app when deemed appropriate.

In order to generate the content of the app, the translation of the
checklist into a self-administered tool, supported by educational
material, was led by the charity in liaison with a specialist
patient consultation group and specialist clinicians and
academics in this field. This content was reviewed in the first
version of the app, by volunteer patient representatives, with
edit recommendations made when deemed appropriate by the
steering committee. The steering committee decided upon a
minimum governance standard for the project, requiring that
the checklist be taken through an annual update, requiring
ongoing reviews of the literature. An update cycle was
undertaken during the build of the app and the app content was
updated accordingly.

Once version 1 of the app was built, beta testing was completed
for bugs in its functioning by all supporting partners, and a range
of patient representatives who had registered to support this
activity on a prerelease invitation hosted on the charity’s
website. Prior to release of the app to iTunes, the app’s code,
user policies, terms of use, data protection protocols, and
security protocols (data encryption, secure transfer, etc) were
all reviewed by an IT specialist and legal services provided by
the University partner.

Given the heterogeneous characteristics of the potential user
population, being any individual with epilepsy and so any age,
sex, or race – speculations about user preference or accessibility
to devices seemed uninformative beyond national update
statistics. Rather, it was decided to aim to release the app to the
most popular platforms (Apple and Android) with the aspiration
to expand to provide to Windows phones if resources allow.

Key Feature Selection
Following the iterative design process, the app was completed
with a range of features that are supportive to patients, service
delivery and future research. The features included represent
the minimum required to rapidly meet identified user needs and
research model of the project, with additional features to be
considered in future updates.

It was considered valuable to develop capability to support users
in self-triaging their need to seek clinical contact, following an
assessment of risk. The translation of the checklist into a
self-assessment provides a robust evidence-based self-triaging
tool that identifies risk change across regular time intervals.

Rather than providing a binary health care approach, a
stepped-care approach was designed into the app. EpSMon
initially educates PWE around variables related to risk through
regular exposure to the checklist. Secondly, succinct educational
content is provided to support further queries around identified
risk with the app designed to encourage access to this
information. Finally, the app encourages contact with a GP
when appropriate and queries whether this was adhered to at
the next assessment. As an additional safety precaution, a
telephone number is provided for people who are distressed or
confused, direct to SUDEP Action.

Interventions in other disease areas frequently use a stratified
approach, cutting off access to services at a particular percentage
of risk of serious disease or death. The Checklist and EpSMon
do not do this. The app replicates the checklist, in that it is
designed to not include a cumulative score or percentage of risk
so there is no cut off of risk, hopefully maximizing doctor and
patient empowerment and risk-management. To maintain a
quality risk-management and clinical governance approach, the
app is designed to support research by consenting users into
research and collecting data relating to user demographics,
comorbidity, medication use (epilepsy, depression, and
psychosis), risk profiles over time, and app usage.

App Governance
After reviewing the government’s criteria for app medical device
registration [19], it was considered that EpSMon does not meet
entry requirements. EpSMon does not diagnose, monitor,
prevent, treat, or alleviate a disease. Although the tool is called
a monitor, this is a reference to the tool supporting the self-report
of user’s perceptions about their current state that is used to
prompt education or conversation with a clinician, no raw data
is interpolated for clinical use. The app is not an alternative to
standard treatment and nor does it interfere with or recommend
any treatment plan, which is a stipulation (not met) for medical
device status required by the Medicines and Healthcare products
Regulatory Agency. It informs its users that the results are not
to be considered as anything but suggestive. This position could
change if the underlying questionnaire responses are developed
into statistically weighted factors and the report process becomes
more interpretative. This may also need further consideration
when EpSMon is released to other countries, such as the United
States.

While the safety checklist was developed for SUDEP, risk
factors such as nonadherence and depression are relevant to
epilepsy mortality generally. They bring a set of questions to
the fingertips of doctors and patients that were developed from
research on SUDEP. Many of the questions overlap with
epilepsy mortality generally and the 2015 version of the
Checklist agreed by a UK development group of experts includes
the latest research on epilepsy fatality. These include questions
on wellbeing as well as seizures.  The Checklist will be reviewed
annually to enable updating with evidence on fatality. A question
on comorbidity has already been identified as an area for
recommended inclusion in 2017.  Country versions outside the
United Kingdom will need additional information and country
contextualization if there are no national guidelines in place.
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Figure 1. Cycles of iterative development undertaken in creating EpSMon.

Results

Launching the Epilepsy Self-Monitor App
EpSMon was launched to iPhone (UK only) in July 2015 at a
cost of £1.49 for life-time access. A strategic marketing
communications campaign supported the launch of the app,
with public relations support from all partner organizations.
Coverage achievements included 5× regional television news
reports (audience estimates unavailable), 7× regional radio
reports (estimated 1.5 million audience), 27× national and
regional newspaper articles (estimated 33.2 million audience),
625 Facebook likes, 424 shares, and 255 clicks to the website

(from a potential Facebook reach of 360, 000) and 110,300
‘EpSMon’retweets and 14,900 mentions. In total, the marketing
communications campaign attained an overall reach of
approximately 38 million people.

A full-time support phone line was indicated in the app, provided
by SUDEP Action. Very little activity has been generated, with
contact mostly relating to enquiries for an Android version of
the tool.

Releasing EpSMon has been a very positive experience with
unanimous support from clinicians, academics, and patients
who have had contact. It has received awards at the International
League Against Epilepsy conference, mass media interest, and
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two nominations to the Health Service Journal Innovation
awards (HSJ) despite its infancy in respect to project duration.
The almost nonexistent need for support, by users, encourages
further expansion of the user base.

Since the launch, 221 users have downloaded the tool and
registered, with 218 having assessed their risk. In addition,
EpSMon has also been adopted into the National Epilepsy
Commissioning Toolkit, alongside its parent checklist for
clinicians. The app collects, with consent, users’ age, sex,
epilepsy diagnosis duration, seizure type, medications use,
questionnaire responses, and app-use frequency data for all
users. This data will be used to both better understand the
existing user base, for purposes of further project delivery, and
to support the research that will further develop the risk
checklist’s ongoing development.

APP Modifications
The current user base, while modest, represents a test base for
the project and has supported the identification of areas in which
further work is needed. The first of these is cost. The
introduction of a £1.49 fee was driven by a desire to test whether
this would increase trust in the product, rather than a need to
fund the project. Data indicates that 80% of visitors to the app
download page do not purchase the app, which may be a
consequence of this fee structure. The steering committee has
chosen to remove this fee and to provide the app at no cost. This
may, in addition, encourage GPs and other organizations to
promote the tool without fear that there is a profit motive for
the partners involved.

There is an imminent need to provide an Android version of
the tool, based on feedback to the charity and the fact that 79%
of smartphone ownership is Android [20]. This could translate
into an immediate rapid uptake of EpSMon, especially in the
context of this being provided at no cost.

The marketing campaign for EpSMon was built on earlier
epilepsy work relating to safety, ‘Safety in your pocket.’
 Feedback since the launch suggests that we may need to
consider a multipronged approach.  Marketing strategies are
currently being explored, with potential but resistant users. A
second marketing communications campaign is planned for mid
2016, with news of the app now being free and available for
Android and new Apple users. 

Discussions are underway with potential US supporters who
can provide marketing support into a US market in early 2016.
This will involve the bundling of a Spanish translation of the

tool. A translation proforma has been developed, which will be
provided to a translation agency in the near future.

Discussion

Principal Findings
The development of EpSMon and its first phase of
implementation has been successful. In only 4 months the tool
has been adopted into the commissioning toolkit for the National
Health Service and has been nominated as a finalist in two
categories of the UK’s prestigious HSJ. The project has also
received recent prizes at the International League Against
Epilepsy for best poster and best presentation. The reception
from academics, clinicians, families, and users is to date
unanimously positive and supportive.

The take up of the app has been modest, although this likely
reflects a cocktail of challenges that will require a responsive
and reflective approach, beyond the need for an Android version
summarized above. The literature relating to SUDEP in many
ways characterizes both community and clinical level denial or
ignorance as to the need to monitor risk of death in PWE.
Marketing to a potential user base who are unaware of, or
disconnect from, the narrative of risk in epilepsy is a challenge.
The EpSMon project will seek to engage with clinicians, who
already appear very receptive, and user groups to develop
marketing strategies that engage people in the community, GPs,
and specialist clinicians. In addition, work is underway to embed
EpSMon into standard advice practice of GPs, through research
trials to demonstrate the efficacy of this approach and specialist
GP e-training (expected implementation in spring 2016).

Conclusions
Although this project appears U-centric, SUDEP is a global
phenomenon. There is a higher prevalence of epilepsy in
economically poorer and developing countries than
economically developed countries [21]. In such poor countries,
priority of safety and ignorance is rife. Presence of a
cost-effective solution such as the app could save lives. The
initiative toward making this app free to use, and housed within
a research collaborative model, will hopefully invite
opportunities to create impact in these contexts, through further
development and uptake of EpSMon. Further usability research,
academic publication of the tool’s merits, and developments
alongside a strong research strategy will hopefully further
support the success of this project into the future and beyond
the United Kingdom.
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Abstract

Background: The parenteral nutrient (PN) mixtures may pose great risks of physical, microbiological, and chemical contamination
during their preparation, storage, distribution, and administration. These potential hazards must be controlled under high levels
of excellence to prevent any serious complications for the patients. As a result, management control and traceability of any of
these medications is of utmost relevance for the patient care, along with ensuring treatment continuity and adherence.

Objective: The aim of this study is to develop a mobile-based platform to support the control procedures and traceability services
in the domain of parenteral nutrient (PN) mixtures in an efficient and nonintrusive manner.

Methods: A comprehensive approach combining techniques of software engineering and knowledge engineering was used for
the characterization of the framework. Local try-outs for evaluation were performed in a number of application areas, carrying
out a test/retest monitoring to detect possible errors or conflicts in different contexts and control processes throughout the entire
cycle of PN. From these data, the absolute and relative frequencies (percentages) were calculated.

Results: A mobile application for the Android operating system was developed. This application allows reading different types
of tags and interacts with the local server according to a proposed model. Also, through an internal caching mechanism, the
availability of the system is preserved even in the event of problems with the network connection. A set of 1040 test traces were
generated for the assessment of the system under various environments tested. Among those, 102 traces (9.81%) involved
conflictive situations that were properly taken care of in this paper by suggesting solutions to overcome them.

Conclusions: A mobile oriented system was generated and tested in order to allow enhanced control and quality management
of PN mixtures that is easy to integrate into the daily praxis of health care processes.

(JMIR Res Protoc 2016;5(2):e57)   doi:10.2196/resprot.4907
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Introduction

Mixtures of parenteral nutrition (PN) enable intravenous delivery
of essential nutrients to patients who cannot be fully fed orally.
The PN mixture may contain more than 50 components with a
high potential for physicochemical interaction among its
ingredients, the bag, oxygen, temperature, and light. These
interactions are potentially iatrogenic and, in some cases, may
even compromise the patient’s life [1,2]. Therefore, PN is
considered a high-alert medication that must be controlled
throughout its life cycle [3].

In such contexts, in order to minimize errors and problems in
the procedures involved, clinical practice guidelines and
recommendations for action are generated [4]. A properly
defined protocol ensures a high degree of theoretical viability,
quality, and safety of the intended process. Thus, it is possible
to adapt the context to strict quality requirements of the health
care environment and compliance, in the elaboration and control
of PN, with current regulations [5].

The criterion that determines whether those goals are achieved
is adherence to the protocol of the different operations performed
by the agents involved. Thus, in this type of high-risk context,
to ensure proper execution of the processes, it is mandatory to
check that the protocols are being applied and the results are
the expected ones. In line with this, certain time points and
places within processes need to be monitored. These elements
are known as control points (CP) and allow for verification of
the defined requirements [6]. Additionally, depending on the
probability of the event, and especially the severity of the
potential damage, those CP that require special supervision,
which are referred to as critical control points (CCP), should
be identified [7].

At the CP, and especially the CCP, data records from the applied
monitoring system are generated, which are known as traces
[8]. Gathered traces allow explicit statement to be made about
the states or interactions, or both, between the different elements
involved in the various processes that are being carried out. A
thorough and complete log of traces makes full awareness of
the history, usage, or location of an entity possible. This ability
is known as traceability [9].

In the context of PN, traceability makes following the movement
of a mixture through all the stages of its life cycle possible.
Specifically, traceability is aimed at determining with certainty
which vendors and products are part of a PN mixture’s
composition (traceability back), tracking the PN in production
time (internal traceability), and tracing the mixture once it is
produced and distributed (traceability forward) [10]. Thus, an
efficient system of traceability should be able to react quickly
and appropriately to any quality risks identified or to hazards
related to the safety of medicines.

Various technological proposals are focused on traceability,
particularly in the logistics area [11]. But, unfortunately, this
type of deployment is based on automatic recording from the
temporary location of the product and cannot cover all
immediate demands, requirements, and needs of comprehensive
management control in a context such as that of the PN.

Nevertheless, mobile technologies are providing new solutions,
based on comprehensive patient-focused care models, which
make them very attractive for clinical care applications [12,13].

Having noted the benefits of a management and traceability
platform for PN using mobile technologies, we proposed the
design and implementation of a holistic service architectural
framework to fill the gaps in traceability and to provide flexible
and effective telematic mechanisms for monitoring PN in a
health care setting. We describe a technology platform to support
control procedures and traceability of PN mixtures in an efficient
and nonintrusive way.

Methods

Models
We used a comprehensive approach combining software
engineering and knowledge engineering techniques to
characterize our framework. In particular, we generated three
initial models to fully define the system from different
perspectives. Together they provide a complete description of
the solution. We tested these models [14], which are a business
model (high-level description of conditions, agents, and general
behavior of the platform); a semantic model (formalization of
the knowledge within the system using technologies that
facilitate automatic processing and interpretation of
information); and a reference architecture (the definition of a
framework for the development of a software solution).

Business Model
The business model is intended to identify the basic features of
the technological platform. This characterization offers a vision,
not necessarily formal, of how the whole system works in this
context.

To conduct this modelling, in addition to consulting the opinion
of experts, we reviewed the available literature (science,
technology, legal, etc) and generated different usage scenarios
for analysis and validation.

By using this model, we were able to identify, manage, and
freely modify on run time the data attached to CP, CCP, and
the monitoring parameters associated with the entire life cycle
of a PN mixture. We also labelled the elements involved in the
context (pumps, filters, etc) with matrix barcodes (quick
response, or QR, and data matrix codes) and near field
communication (NFC) tags to identify them uniquely.

Semantic Model
The semantic model formalized the proposed traceability
mechanisms, which facilitated the analysis and automatic
processing of the history of each PN mixture. In this sense, it
was essential to establish a formal scheme that would describe
the information in a way that would enable the efficient
application of reasoning or complex queries.

This modelling allowed formal conceptualization of the universe
of applications and of relationships, which would be easily
readable and interpretable by machines. Having semantic
support in the model enabled the application of advanced
information technologies and added-value solutions and tools,
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such as inference engines that perform logical reasoning (or
make inferences). Such reasoning enabled us to extract new
facts and knowledge and to answer specific and complex
queries.

Following this line of reasoning, we defined an open and generic
data model focused on the definition of common concepts (with
their properties) for related scopes of the domain of interest:
users, institutions, CP, CCP, services, and parameters to monitor,
for example traces and context variables. This semantic model
provided us with an abstract representation of the whole
application domain. To this end, we generated specific internal
vocabularies and, as much as possible, reused vocabularies that
are widely accepted in the field of semantics (eg, friend of a
friend, resource description framework schema).

Uniform resource identifiers (URIs) [15] univocally identify
semantic concepts and entities. This usage is derived from the
HTTP paradigm and makes it possible to reference resources.
This feature allowed us to attach the URI of each element in
the semantic model to the information on the label on each
actual item. Thus, by reading a label, regardless of the agent
involved, it was possible to directly access a representation of
the information stored in the system for the specific entity.

Reference Architecture
The next step in the comprehensive modelling of the system
was to define a reference architecture that would provide a guide
or framework for the development and final implementation of

the software platform. In general, we used a client-server
architecture. Thus, the business logic was hosted on servers
accessible over the network and, as a result, the complexity of
the agents was simplified.

In this methodology, the reference architecture is described
from different perspectives that compose a comprehensive view
of the platform. The aim is to be able to speak to the
characteristics and peculiarities defined in the business model
and the semantic modelling.

Client-Server Interaction

To carry out a successful interaction with the frame of the
proposal, the client (the software that runs on the end user
device) and server must interact according to the established
model. In particular, this interaction must be compliant with
the model presented in Figure 1. In this example, after reading
the label on a PN bag, the client launches a request to the server.
The server then responds with a list of services associated with
the element depending on the requesting user and other related
variables of context.

Afterward, the client must select the actual service to invoke
using an on-screen interface. On selection, the server sends back
a full description of the service under consideration. Using this
description, the client software generates a form in the display
with the parameters required by the service and that the user
must provide. Finally, the values entered into the form are sent
to the server according to the software interface and become a
trace in the system.
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Figure 1. Model representation of a regular interaction between client (software) and server.

Reference Model

During the life cycle of a PN mixture, management and control
of the traces may concern different institutions or companies
(eg, pharmaceutical industry, hospitals, transport companies).
Given the sensitive nature of the information processed, these
organizations are compelled to store the information generated
in its ecosystem under rigorous security measures to ensure
compliance with legal and ethical regulations.

To achieve the required security levels, each organization may
deploy its system locally according to its own standards of
security. This decentralized scenario is achieved through the

use of specialized agents (running mobile apps for the final
clients) that have the appropriate logic to establish direct
connections with servers in their organizations.

By means of this modelling, different servers may record
different traces throughout the life cycle of the product (see
Figure 2). Consequently, if an unregistered user accesses the
system, the central server is responsible for redirecting the
request to the proper agent that possesses the requested
information.

The central server acts, from the point of the client agent, as the
single access point and coordinator for the existing local system.
In this way, the fragmented system appears seamless to the user.
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Figure 2. Reference structure for the different components and communication models.

Modular Architecture
The architecture model for the server was designed following
a modular approach. Thus, it was possible to divide the overall
complexity of the system, and the logic layer was distributed
according to the nature of each component. Figure 3 shows the
high-level architecture of a server and different interfaces and
management layers. We describe the main modules below.

Open Information Provider

This provides a universal access point for public information
about semantic records. In particular, it responds to HTTP
requests on the URI that uniquely identifies the elements within
the domain of the application.

Tracking Application Programming Interface

This provides the functionality that is available for interaction
with the specialized customer software. These features include
services for discovering control services, accessing information
about a concrete item, downloading service descriptions (eg,

describing how to monitor variables), invoking a specific service
for registration of the relevant traces, and recovering useful
material for human users (videos, manuals, etc).

Tracking Web

This provides similar functionalities to those offered by the
tracking application programming interface using just the
support of a Web browser.

Traceability Manager

This provides a Web interface designed to support 1)
functionalities related to traceability, such as checking historical
traces according to user preferences, date, location, and related
services, 2) an advanced search engine supporting advanced
queries, 3) facilitating the definition of logical inference patterns
and automatic analysis of procedures, problems, alerts, etc, 4)
statistical analysis of existing traces to enable high-value
services, and 5) automatic verification of adherence to protocols
according to existing traces.
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Figure 3. General architecture including server modules.

Evaluation of the Platform
We developed simulation testbeds to test the validity of the
prototype we developed. A test-retest control detected possible
errors or conflicts in different contexts and control processes
throughout the entire cycle of the PN mixture. From these data,
we calculated the absolute and relative frequencies
(percentages). We controlled information quality by double
entering data; we corrected inconsistencies by consulting the
original data.

Results

Prototype
We generated a mobile app for the Android operating system
according to our presented models. This app reads different
types of labels and tags, and interacts with the local server under
the proposed schema. Also, the above-mentioned app ensures
operability of the system, even in case of network disconnection,
by means of an internal caching mechanism.

During the prototype implementation process, the following
elements were provided: the central server, to redirect requests
to the proper local server responsible; the local servers, to
provide the necessary functionality for control and traceability;
and the client app that supports efficient mechanisms for the
discovery of CP and CCP.

Within the frame of the proposed model (see Figure 4), on
reading the QR tag associated with a nutrition bag, the client
software retrieves the list of invokeable services (offered by the
system) and displays them to the user. To select the desired
service, the user accesses a form on the device screen to submit
the variables to be monitored. Finally, the information is sent
to the server, which processes the new information and records
it as a trace.

In this way, after reading a label attached to a PN bag using a
mobile device with Internet access, the user can discover the
control operations related to the identified element, at run time.
That is, the platform dynamically retrieves control operations
that can be invoked by the user according to the role assigned
in the system (nurse, pharmacist, doctor, etc), the element under
consideration, and other context variables such as time and
location. All collected data are stored on a server that acts as a
repository of information. And, using data mining techniques,
the server can reuse these data and generate new knowledge by
applying inference and discovery processes.

Use of the software is very intuitive and user centric, as the user
interfaces are generated dynamically and ad hoc according to
the descriptions provided by the server. Figure 5, for example,
shows the list of services that the user can access after reading
a label as the software agent generates it. In the same way,
Figure 6 illustrates how the dynamically generated form is
displayed to invoke service control.

Summing up, the developed prototype server covers the
functionality required for the proper functioning of the overall
process control and traceability support. Consequently, we have
implemented mechanisms for logical reasoning that allow for
the application of advanced processing methods on traces
generated in this framework. Figure 7 is a screenshot showing
the list of historical traces available in the system. In addition,
this log of traces can be customized through various search
filters (eg, prescription, type of nutrition, responsible for
delivery, composition).

During the evaluation process, we collected 1040 test traces in
different testbed scenarios. Table 1 lists the issues we identified,
along with their proposed solutions.

To achieve the desired results and functionalities from the point
of view of the final users, we identified several functional and
nonfunctional requirements.
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Table 1. Frequency (f) and percentage of errors (undesired situations) identified in the assessment of the management and traceability platform and
their suggested corrections.

Solution%f0Undesired situation

Laminate labels.0.879The QRa tag was stained and not readable.

Reduce the size of the label to minimize the curvature radius or
change its location to a nearby flat surface.

1.0611QR tag was attached to a surface with a large curvature and was
not readable (the camera was not able to capture a defined image
of the whole QR code).

While reading, the app triggers a flash to illuminate the correspond-
ing surface.

0.485In poorly lit places, the camera was not able to read the QR tag.

Replace basic NFC tags with special NFC tags designed to be used
on metallic surfaces or place them on another spot.0.879

The NFCb tag could not be read because it was attached to a
metallic surface.

Remove any surface between the mobile and NFC tag.1.3514The NFC tag was located behind a plastic sign on the door and
could not be read.

The system requests the user to log in, at least the first time, in an
online context.

0.586User was unable to log on to the app when offline the first time
the app was used on that mobile device (no preexisting cache
contents).

User training (no solution in the app).0.192The user, trying to read the tag, noted that the battery was drained

Unblock use of the comma button in the app.2.0221The user typed a decimal value by entering a comma instead of a
period. As a result, data were misinterpreted.

Update the app to display a warning message when wrong data
are detected. Also, present information about accurate expected
values.

0.586The system noted that it was impossible to invoke the service when
the form was including incorrect values. No hints on the wrong
values were provided.

Implement a mechanism in the app to avoid file name conflicts.0.384In the input form, when trying to send multiple documents (eg
photographs) with the same name, the server could only recover
the last one.

Modify the app so that trying to leave the input form prompts a
message that the entered data would be lost and that requests ex-
plicit confirmation to leave the form.

0.101Leaving the input form by mistake was possible, resulting in losing
all data entered so far.

Replace the initial mechanism to recover coordinates based on
continuous queries with an intelligent mechanism that checks the
GPS service according to the user’s mobility over time.

1.3514The implementation required activating the GPSc service to inform
the server of the location of the operator in each of the traces gen-
erated. This circumstance caused high battery consumption.

9.81102Total

aQR: quick response.
bNFC: near field communication.
cGPS: global positioning system.

Figure 4. Outlining the interaction with the platform through the QR code attached to a bag of PN mixture.
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Figure 5. Screenshot of the mobile application showing the interface for selecting associated services to a concrete label.

Figure 6. Screenshot of the mobile application showing the form for invoking a control service.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e57 | p.584http://www.researchprotocols.org/2016/2/e57/
(page number not for citation purposes)

Alonso Rorís et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 7. Screenshot regarding traceability functionality showing the trace log according to the search filter options.

Requirements

Simple and Unobtrusive Use
Use of the platform should fit into the existing standard
operating procedures, which should not intrude on or misuse
the platform.

Availability Throughout the Entire Life Cycle
The platform must include a highly adaptable and configurable
framework. Thus, it would be possible to support a large range
of organizations and to enable them to establish and manage
their own procedures and services for the whole life cycle of
the products.

Support for Different Types of Labels
The labels we used allowed for unique identification of the
elements in the domain. Due to their popularity and low cost,
we used 2-dimensional labels (QR and data matrix code) and
NFC.

Mobile Devices
Smart mobile devices (mobile phones and tablets) offer the
capacity and portability required for client use. Moreover, they
are simple and intuitive to use and are highly available among
potential users.
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Different Types of Services
Services that could be generated and supported within the
platform were of two types: control and information. Control
services allow monitoring of one or more variables, while
information services provide access to suitable pieces of
information relevant to the context.

Support for Different Roles
The platform provides customization mechanisms. Thus, it was
possible to filter the services available according to the role of
the current user.

Security
Given the sensitive nature of the information exchanged, it is
essential that the platform offer mechanisms to ensure the
confidentiality of the exchanged information.

Offline Operability
Due to the nature of the problem, it is of the utmost relevance
that no trace be lost at any point of the processes being
monitored. Therefore, we developed software capabilities to
make use of the platform possible even without a network
connection.

Discussion

Principal Findings
We outlined the provision of a holistic computerized control
and verification system, for the entire process of production and
distribution of a PN mixture. Our solution meets the
recommendation of the consensus on the preparation of
parenteral nutrient mixtures of the Spanish Society of Hospital
Pharmacy [1] and is in line with clinical guidelines on
guarantees and rational use of PN [16].

Nevertheless, the key point to using labels as described to
uniquely identify the items under consideration in any stage is
related to the platform’s application in the analysis and
monitoring of hazards (by means of CCP) within a system of
hazard analysis and critical control points (HACCP)
implemented in the whole process of preparation and
administration of PN mixtures. Intravenous therapy management
is a critical process in clinical patient safety involving
traceability, accountability, and security. Thus, the use of
HACCP-based systems ensures excellence in its control [17].
This tag, attached to the PN bag, can be very useful in ensuring
links with the prescription, reporting about its proper use
according to established standards, and providing data such as
elaboration, issue or expiration date, dosage, and possible side
effects [18]. Regarding home care, these labels integrated into
PN containers facilitate the exchange of information between
caregivers and the medical team, and in emergency care this
platform contributes to immediate patient identification and
comprehensive knowledge of medical history. This model
provides, at the same time, security features in clinical data
transmission [19,20].

In addition, the software developed for the Android operating
system supports an internal cache mechanism that makes regular
operation of the system possible even if the network connection
is not available [21]. Among its capabilities, the central server
acts as a repository of publicly accessible information that
enables the reuse of existing knowledge in an open and free
manner. To make this feature possible, the central server
periodically retrieves the public records of each of the deployed
servers. Then, this information is automatically enriched with
external information gathered over the Web using semantic
enrichment mechanisms that we have already deployed
successfully in previous work [22].

Besides features related to control management and traceability,
the prototype system we developed has the following
advantages: improved management of patient care and quality
of care, empowerment of the actors involved, and ensured
continuity of the action planned. The association of these
characteristics with reducing the rate of patients with missing
data and better monitoring of adherence to treatments and of
iatrogenic risks has been previously proven [23]. Regarding
adherence to PN treatments, it has been found that only intensive
care units met established goals, with adherence being especially
problematic in monitoring patients admitted to home care units
[24]. This problem can be addressed by using the platform we
have developed.

The evaluation tests showed a low rate for the unfavorable
situations we observed. Also, we were able to solve most of
them fully except for those related to lack of user training.
Nevertheless, this was an expected issue. We were well aware
that training and user feedback should always be present in the
deployment of mobile technologies [25,26].

In addition to the good evaluation results, an advantage that
must be considered is the positive adoption of mobile apps due
to their low cost and simplicity of use. Previous studies have
shown that these apps are feasible for real life, and are
productive for clinical application [27].

Limitations
Among possible limitations of this study, it must be mentioned
that, although we conducted the evaluation in a testbed designed
in a realistic way from the point of view of prescription logistics,
preparation, and delivery, the overall evaluation would benefit
from an actual usage scenario in a heavy load condition to ensure
optimal application [28].

Conclusions
The prototype platform is fully operational and ready to be
tested in a real context. Consequently, we have generated and
tested a system based on mobile technology that allows better
monitoring and management of the quality of PN mixtures and
that is easy to incorporate into the daily praxis of health care
processes.
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Abstract

Background: According to established ethical principles and guidelines, patients in clinical trials should be fully informed
about the interventions they might receive. However, information about placebo-controlled clinical trials typically focuses on the
new intervention being tested and provides limited and at times misleading information about placebos.

Objective: We aimed to create an informative, scientifically accurate, and engaging website that could be used to improve
understanding of placebo effects among patients who might be considering taking part in a placebo-controlled clinical trial.

Methods: Our approach drew on evidence-, theory-, and person-based intervention development. We used existing evidence
and theory about placebo effects to develop content that was scientifically accurate. We used existing evidence and theory of
health behavior to ensure our content would be communicated persuasively, to an audience who might currently be ignorant or
misinformed about placebo effects. A qualitative ‘think aloud’ study was conducted in which 10 participants viewed prototypes
of the website and spoke their thoughts out loud in the presence of a researcher.

Results: The website provides information about 10 key topics and uses text, evidence summaries, quizzes, audio clips of
patients’ stories, and a short film to convey key messages. Comments from participants in the think aloud study highlighted
occasional misunderstandings and off-putting/confusing features. These were addressed by modifying elements of content, style,
and navigation to improve participants’ experiences of using the website.

Conclusions: We have developed an evidence-based website that incorporates theory-based techniques to inform members of
the public about placebos and placebo effects. Qualitative research ensured our website was engaging and convincing for our
target audience who might not perceive a need to learn about placebo effects. Before using the website in clinical trials, it is
necessary to test its effects on key outcomes including patients’ knowledge and capacity for making informed choices about
placebos.

(JMIR Res Protoc 2016;5(2):e106)   doi:10.2196/resprot.5627
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Introduction

Clinical trials must be conducted in accordance with Good
Clinical Practice guidelines [1] and ethical principles espoused
in the Declaration of Helsinki [2]. In particular, patients should
be fully informed about the interventions they might receive
and must give written informed consent. In a placebo-controlled
randomized clinical trial this means that all participants should
be fully informed about both the new intervention being tested
and the placebo control. However, a content analysis of
participant information leaflets from United Kingdom–based
placebo-controlled trials found that written information about
placebos is typically incomplete and at times misleading [3].
For example, despite strong evidence of placebo effects and
mechanisms in the scientific literature, [4-7] only 1 of 45 leaflets
explicitly stated that patients might experience beneficial effects
from the placebo [3]. Using placebos in clinical trials appears
to be generally acceptable to patients, but crucially this depends
not only on the severity of the condition being treated and
available alternative controls, but also the adequacy of informed
consent [8]. Furthermore, evidence from surveys and qualitative
studies shows that clinical trial participants often have false
beliefs about, and partial understanding of, placebos and their
possible effects [9-11]. Examples of such false beliefs include
the belief that placebo effects are fake, or illusory, and that
people who respond to placebos are gullible or foolish [11-13].
This might explain why the inclusion of placebo controls can
deter people from volunteering to participate in trials [14].
Overall, it seems that a significant proportion of clinical trial
participants might have inadequate understandings of the
potential clinical effects of placebo interventions [9-13], thus
jeopardizing the ethical validity of informed consent [3] and
potentially hampering recruitment [14]. More accurate and
complete information about placebos could usefully address
this ethical shortcoming, could combat patient anxiety about
placebo effects [12], and reduce distress at being debriefed in
placebo condition participants [15,16].

This paper describes the development of an educational website
about placebo effects. We aimed to create an informative,
scientifically accurate, and engaging website that could be used
to improve understanding of placebo effects among patients

who might be considering taking part in a placebo-controlled
clinical trial. We chose to develop a website rather than a
traditional printed information leaflet because websites (1) are
increasingly popular sources of consumer health [17-20],
suggesting that this format reflects consumer preferences, (2)
easily incorporate interactive features [21], which can enhance
engagement and effective education[22], (3) are easily and
cheaply disseminated for widespread access [21] (86% of UK
households had Internet access and 78% of adults accessed the
Internet daily or almost daily in 2015 [23]), and (4) can be
readily adapted and/or tailored to different subgroups [21]. Our
intention was to develop a resource that could potentially be
used across a large number of clinical trials and/or adapted for
use in specific trials. However, because the effects and
mechanisms of placebos differ across symptoms and diseases
[24], we chose one clinical target to focus on for this version
of the website. We chose placebo analgesia as pain is relevant
to a large number of clinical conditions and placebo analgesia
is a well-documented placebo effect [4,25-27]. The target
audience for this website was thus adults experiencing pain
symptoms (from any clinical condition).

Methods

An Evidence-, Theory-, and Person-Based Approach
We drew on existing evidence and theory, and conducted
qualitative research to develop our website using an approach
derived from evidence-based, theory-based [28,29], and
incorporating elements of person-based [30] intervention
development. In the context of a website about placebos, we
felt this combined approach was more valuable than any single
approach. It was important to use existing evidence and theory
about placebo effects to ensure our content was scientifically
accurate. Drawing on existing evidence and theory about health
behavior was essential to ensure our content would be
communicated persuasively to an audience who might currently
be ignorant or misinformed about placebo effects. Conducting
our own qualitative research was necessary to ensure our website
was engaging and convincing for our target audience who might
not have a perceived need to learn about placebo effects. Figure
1 provides an overview of the process of developing the website.
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Figure 1. Overview of methods used to develop the website.

Planning the Intervention
To plan the content and structure of the website we considered
four key questions:

What psychological targets are relevant to providing information
about placebos? In other words, what would we expect to change
as a result of viewing our website?

What do patients typically believe about placebos and placebo
effects?

What is the current scientific understanding of placebos and
placebo effects?

How should information about placebos and placebo effects be
provided to be most effective?

Psychological Targets
Given current partial understandings, misunderstandings, and
poor quality information about placebos [3,9-11], we decided
our website should focus on promoting informed choices about

placebos. Making an informed choice can be understood as
choosing to act in a way that is based on one’s knowledge and
one’s values [31-33]. According to this definition, it is incorrect
to specify that a particular option is the correct choice for
everyone: what counts as the informed choice will differ across
equally knowledgeable individuals according to their values.
To make an informed choice, a person needs to have an accurate
understanding of the options available, have formed an opinion
about the options based on their values, and make a decision
(or otherwise act in a way) that is consistent with their
knowledge and values. We chose to focus on informed choice,
rather than informed consent, because the process of informed
consent to take part in a placebo-controlled clinical trial would
typically involve a face-to-face interaction between trial
personnel and potential participants and would involve the
provision of trial-specific information (eg, about the trial
intervention). Our website is intended to provide a generic
resource to educate and inform members of the public who may
be considering receiving placebos as part of a clinical trial.
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In the context of placebos, an informed choice to receive a
placebo (eg, by taking part in a trial) requires knowledge about
the possible effects of placebos, a positive attitude to taking
placebos, and a decision to take placebos. An informed choice
not to receive a placebo requires knowledge about the possible
effects of placebos, a negative attitude to taking placebos, and
a decision not to take placebos. To promote informed choice
our website thus needed to improve people’s knowledge of
placebos. Therefore, knowledge about placebos and their effects
was our primary target for change.

Making an informed choice to receive placebos can be
understood as a volitional behavior, and thus can be modelled
using the Theory of Planned Behavior [34]. According to the
Theory of Planned Behavior, patients’ intentions to take
placebos are driven by attitudes, subjective norms, and perceived
behavioral control. These, in turn, are determined by beliefs
[34]. Thus, patients will be more likely to make an informed
choice to receive placebos if they (1) believe that placebos are
effective/good for them and value these effects (attitudes), (2)
believe that people whose opinion they value would approve
of placebos (subjective norms), and (3) believe that they control
whether or not they receive placebos (perceived behavioral
control). While we did not want to encourage people to decide
to receive placebos (except in the context of an informed
choice), we did want to provide information that was consistent
with people’s existing cognitive structures. Therefore, we
designed the website to address the following: consequences
of receiving placebos for the individual (attitudes), other
people’s views on placebos (subjective norms), and practicalities
around receiving placebos (perceived behavioral control).

Typical Beliefs About Placebos
To understand typical beliefs about placebos we reviewed
qualitative studies of patients’experiences of placebos in clinical
trials. This literature showed that people are interested in but
often anxious about or confused by placebos [35,36]. For
example, in qualitative studies embedded in acupuncture trials
patients described interest or anxiety as to whether they receive
placebo or real treatment [37], and the knowledge that they may
receive placebo made them doubt any perceived improvements
in symptoms [12,13]. Patients conceptualize placebos and their
effects in various ways, dominant among which are
understandings of placebos: as fake treatments that fool people
into thinking they are better; as tools that are necessary for
scientific research; and as interventions that have real effects
mediated by psychological mechanisms [11]. Patients’ reactions
to being told they had been in the placebo arm of one clinical
trial included surprise and disbelief. Some worried that they
would ‘throw the trial off’ and interpreted their experiences in
a way that affirmed their understanding of their illness or
emphasized the positive effect of social support from trial staff
[15].

Based on these findings, we devised website content to describe
the possible (positive and negative) effects and experiences of
placebo (‘can it help?’, ‘what is it like?’). The website also
addresses common concerns about placebos (‘what concerns
me’), debunks myths that placebo responders are malingerers

or gullible (‘who does it help?’), and explains the mechanisms
underpinning placebo effects (‘how could it work?’).

Scientific Understanding of Placebo Effects
To ensure scientific accuracy we consulted systematic and
narrative reviews and seminal studies concerning the effects
and mechanisms of action of placebos [4,6,7,24]. We selected
key evidence-based facts about placebo effects to convey in the
website including: placebos can relieve pain and stiffness in
osteoarthritis [27]; placebos can improve reported pain across
a number of painful conditions [25]; and placebos can elicit
side effects in what is called a ‘nocebo’ effect [38] (ie, the
negative aspect of the placebo effect that occurs when an adverse
event, such as experiencing side effects, is triggered by negative
expectations [39]). The website also conveyed that it is difficult
to know how many people placebos will work for, but they
seem to improve pain for between 26% and 51% of people in
placebo studies [6].

The mechanisms of action of placebos have been described in
neurobiological, psychological, and anthropological terms.
Patients also appear to develop understandings of placebo effects
at different levels, with some focusing on psychological
processes and others emphasizing social processes [11,15]. To
accurately represent the scientific literature and appeal to
different patients, we therefore chose to convey a number of
different theories of placebo effects, specifically neurobiological
pathways [40], expectancy [41], conditioning [42], meaning
response [43], and the therapeutic relationship [44].

We also drew on scientific literature when developing material
on other aspects of placebos outlined in the previous section.
For example, in addressing concerns that doctors have to lie to
patients to give them placebos, we drew on evidence about
open-label placebo prescribing, suggesting that doctors do not
have to lie to patients to elicit placebo effects [5].

Effective Information Provision
To plan how to provide information effectively to educate people
about placebos and thus improve their knowledge, we considered
a selection of relevant theories. In particular, we drew on
theories of motivation, learning, and attitude formation.

We drew on Self-Determination Theory [45] to plan how to
design our website so that it would be maximally engaging for
people. Self-Determination Theory distinguishes between
intrinsic motivation (eg, curiosity) and extrinsic motivation (eg,
payment) as drivers for action; our website relies on intrinsic
motivation as we do not anticipate eventual users to receive
external rewards for using it. Cognitive Evaluation Theory (1
of 6 ‘mini-theories’ within Self-Determination Theory)
elaborates on how social contexts can impact on intrinsic
motivation, and suggests that intrinsic motivation can be
enhanced by satisfying basic human needs of competence and
autonomy [45]. Thus, if the website supports people’s
perceptions of themselves as competent and autonomous it
should enhance intrinsic motivation and be more engaging. To
promote perceptions of competence, we designed easy quizzes
(using the word ‘surprise’ rather than ‘wrong’ to give feedback
on incorrect answers) and used simple and consistent navigation.
To promote perceptions of autonomy, we allowed users as much
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freedom of choice as possible, for example in terms of the order
in which to view different pages.

Educational theory suggests that people have different learning
styles [46]; therefore, we decided to provide information in
different formats: written text, photographs and images, audio
clips, and film. We used quizzes to engage readers in active
learning [47] and to test readers’ knowledge (tests are an
effective means of improving learning [48]). We also considered
to whom to attribute different sources of information. According
to Social Learning Theory, when we identify with another
person (a ‘model’) and perceive them to be competent and
similar to us, we may learn from observing them [49-51].
Therefore, we decided to use actors to narrate first-person
accounts of patients’ experiences of taking placebos, and to
choose actors of various ages, genders, and ethnicities. We drew
on qualitative studies of real patients’ experiences in clinical
trials to develop the first-person accounts [11-13,15].

While our focus was on educating people by providing accurate
information about placebos, attitude formation and change
processes might also occur in response to information provision.
According to leading theories of attitude change, there are both
central and peripheral routes to attitude formation and change
[52]. Central routes are well-described by the Elaboration
Likelihood Model and entail highly-motivated individuals
engaging in an effortful way with substantive messages,
assessing new information in relation to previously held beliefs,
and coming to a reasoned conclusion [53]. Peripheral routes,
as described by the Heuristic Systematic Model of persuasion,
entail the use of simple heuristics or ‘rules of thumb’ based on
superficial cues such as source credibility and number of
arguments presented [54,55]. To encourage the development
of more informed attitudes toward placebo effects, we described
scientific evidence to support our substantive message that
placebos can have effects, presented multiple scientific theories
about how placebos produce effects, and bolstered the credibility
of the message source by describing the website and study
authors’ academic credentials.

We followed guidance for developing patient-focused health
information by considering five key issues: information needs,
accessibility, quality, readability and comprehensibility, and
usefulness [56]. To ensure we addressed different needs for
information, we allowed readers a choice about whether to
access basic or more complex information. In other words, we
used simple text to convey basic information about a topic
(based on the literature), then offered a click-through to a more
detailed evidence summary describing a specific study or review,
and then offered another click-through to access the actual
scientific paper. To provide access to scientific evidence we
wrote accurate text, evidence summaries, and in some cases,
provided full papers. We considered color blindness and dyslexia
in our choice of colors and formatting; for example, using clear,
plain text and consistent formatting throughout. We also ordered
the items on the pages to make them more accessible for people
using text-reader software. To ensure we provided high-quality
information we used peer-reviewed publications and reviews.
To enhance readability we wrote in short sentences with simple
sentence construction and used readability indices to guide our
writing. To enhance usefulness, we provided information on

relevant topics (according to the literature on patients’ views
of placebos), included patient representatives in the research
team, and conducted a think aloud study to elicit users’
feedback.

Designing and Building the Intervention
We used the insights gained during the planning phase to write
the content and map out the initial structure of our website using
PowerPoint slides. Content was based on published evidence,
as described above. To ensure content was relevant to our
primary targets for change (knowledge, informed choice) and
mapped onto existing cognitive structures (attitudes, subjective
norms, perceived behavioral control), we reviewed each draft
page for relevance to these targets and structures. We then built
the website using LifeGuide open source software to facilitate
the design and scientific testing of Web-based behavior change
interventions [57].

Audio clips were produced for first-person narratives about the
phenomenology of placebo effects. A film was scripted and
produced to illustrate a placebo effect in an experimental context
(using a cold pressor task) and to describe the effects and
mechanisms of action of placebos. As a visual medium that
lends itself well to linear narrative, film provides an unrivalled,
vivid view of the world and may capture events, people, and
performances with detail and richness. Koumi [58] suggested
a number of considerations for writing instructional film scripts
including: the ‘hook’ (an element which captures viewers’
attention), asking questions, synergy between image and
narration, clarity of argument, audio/visual cues to denote
changes, and argument consolidation. The film we produced
integrated these steps through the use of animated infographic,
live action, interview, and narration to reinforce key messages.
While there is no hard-and-fast rule as to how many messages
a video can contain, studies show that people can store
approximately four discrete ‘chunks’ of information in
short-term memory [59], and some writers advise that a
30-minute video can comfortably elucidate three essential points
in some detail. As the placebo video has a running time of 4
minutes 20 seconds, the script was written to focus on two key
points: that placebos have significant, measurable, positive
effects on health, and that these effects are present in
conventional treatments.

Korakidou and Charitos [60] asserted that film involves viewers
on an emotional as well perceptual level, employing empathy
to facilitate engagement and retention. In addition, in
productions that include the spoken word it is believed that
viewers prefer and empathize more readily with conversational
language that is easily understood [61]. To facilitate this, the
video used live action sequences to encourage viewers to
imagine themselves in similar situations, and simple, jargon
free narration to ease comprehension and reduce cognitive load.

Think Aloud Study
A small qualitative study during this phase informed the final
content and structure of the website. Ethical approval was
obtained from the host institution (reference: ergo id 10933)
and all participants gave written informed consent. Posters and
Web-based advertisements were used to recruit 10 participants

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e106 | p.593http://www.researchprotocols.org/2016/2/e106/
(page number not for citation purposes)

Greville-Harris et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


from the host institution (9 female, a mix of staff and students,
aged 19-35 years, 4 with musculoskeletal pain). They worked
through the website in the presence of the researcher, speaking
aloud their thoughts and answering specific, probing questions
(eg, “what do you think this page is about?”, “What did you
think about navigating through the site?”). The mean interview
duration was 32 minutes (range, 22-40) and interviews were
audio-recorded. Interviewees’ comments were reviewed and
coded according to the topic to which they referred using
deductively derived codes based on aspects of the website (eg,
“placebos in clinical practice”, “patients’ stories”) and
inductively derived codes for comments that did not relate
directly to specific contents (eg, “technical terms”). Comments
were further categorized as primarily related to content, style,
or navigation. Two researchers were involved in interpreting
interviewees’ comments, which avoided an idiosyncratic focus
on particular issues and enabled discussion of which comments
to prioritize when deciding on modifications to the website (eg,
in cases where interviewees provided divergent and/or
conflicting perspectives). Interviews proceeded iteratively, with
early interviews being analyzed first and used to inform changes
to the website that were then presented in later interviews.

Results

Comments from participants in the think aloud study highlighted
aspects of the website that participants felt were engaging as
well as occasional misunderstandings and stylistic and structural

features that were off-putting and/or confusing, and thus needed
improving. Elements of content, style, and navigation were
therefore modified to improve participants’experiences of using
the website. Table 1 presents selected quotes from participants,
illustrating how their perspectives were used to inform website
modifications. Content changes included: elaborating on
‘mind-body healing processes’ as participants found this vague
and wanted more information about how placebo effects might
work; adding reassurance that pain is still real even if it reduces
with placebo; adding specific details and evidence from
scientific papers about how many doctors use placebos; and
adding an example to address participants’ concerns about how
doctors can justify using placebos clinically: “For example,
sometimes doctors may listen to a patient's chest, even when it
is not essential for making a medical diagnosis, because it can
be reassuring for the patient.” Stylistic changes included:
choosing photos (for patient’s stories) that look more realistic
as participants felt some looked like stock photos, and thus
lacked authenticity; ensuring alignment and consistent logo
placement throughout as participants noticed minor
misalignments and saw them as unprofessional, reducing the
credibility of the website; and modifying patients’ stories to
always use convincing lay language, and thus avoid the
off-putting impression of advertising. Navigation changes
included: adding a menu bar to all pages to make each page
accessible from any other page, and page buttons changing color
once viewed.

Table 1. Illustrative Quotes from Participants Used to Refine the Website

ModificationQuoteTopic

None neededSo it’s basically asking a question that yes it can help with your pain. And obviously there’s
been quite a big study that shows that it can definitely relieve pain and stiffness. There’s
obviously useful information. (Participant 2)

Content: information on placebo ef-
fects

None neededI think it's good to have a case study. I didn't realize you could do placebo surgeries so
that's quite interesting. (…) It's nice to have a picture of the person as well. It's good to
have the option to read what he says as well, so if you don't want to read it, you can listen
to it. (Participant 3)

Content: patients’ stories

Expand on ‘mind-
body self-healing’

Maybe explain what ‘mind-body self-healing processes’ are. Um otherwise I think like I
understand what it says, yeah. (Participant 1)

Content: technical terms

Add specific de-
tails about how
many doctors use
placebos

What is going through my mind maybe a little bit is maybe kind of if I was to receive the
placebo and not actually know. So maybe something that addresses that, how common it
is to be given a placebo in the health care sector. (Participant 8)

Content: placebos in clinical prac-
tice

Change photosAre these the pictures of the actual people who are talking or are they stock pictures?
(Participant 6)

Style: patients’ stories

Add a side menu
bar that is always
available

Like usual websites have everything on the same page, so it’d have a menu at the side that
you always see. So is a bit confusing because I'm going back, but I cannot remember what
I've clicked on necessarily. It’s all like a flow, you have to go through it, and back again.
I think it might be more useful to have a menu at the edge or something. (Participant 5)

Navigation: menu

The final structure and main content of the website is shown in
Figure 2. Nine topics are covered across 10 main pages (the last
page offering a summary of key facts), which can be accessed
in any order. Text and images are supplemented by scientific
evidence summaries (on 4 pages), audio clips with photos and

transcripts of patients’ experiences (on 4 pages), a film, and 2
quizzes (with immediate feedback). Figure 3 shows one page
(“Can a placebo help with my pain”), annotated with key
features that illustrate the contribution of evidence-, theory-,
and person-based approaches.
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Figure 2. Overview of structure and contents of website.

Figure 3. Example page annotated to highlight key features and their development from evidence-, theory-, and person-based approaches.

Discussion

Summary
We have developed a new website about placebos that conveys
scientifically accurate information in a way that should engage
members of the public and enable them to make informed
choices about placebos. The development process drew on
evidence about placebo effects, theory about education, attitudes

and motivation, and qualitative research to maximize the
website’s likely effects.

Strengths and Limitations
Strengths of this project include the multidisciplinary team and
the combination of evidence-, theory-, and person-based
approaches [28-30]. Team members shared expertise in topics,
including placebo effects, digital interventions, film, and chronic
pain, and contributed diverse professional perspectives (eg,
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psychology, general practice, physiotherapy, acupuncture). Two
team members were patient representatives whose input helped
ensure our website addressed important issues in an accessible
and nonpatronizing manner. By drawing on a combination of
approaches we were able to incorporate evidence, theory, and
users’ perspectives in a flexible manner throughout the
intervention development process.

The main limitation of the study was the homogeneous sample
of participants. Involving a more diverse sample of patients in
our think aloud study would have allowed us to better gauge
the comprehensibility of the website among members of our
target audience, adults with experience of pain symptoms. The
same issues were raised repeatedly across the 10 interviews,
suggesting additional interviews would have produced
diminishing returns for additional cost. However, additional
interviews with people with other characteristics (eg, more
severe chronic pain conditions) might have elicited novel
comments. While participants’views on the format and structure
of the website were vital for improving its usability, these issues
may have been particularly pertinent for our sample because,
from their comments, they appeared to be experienced Internet
users with a good baseline understanding of placebo effects. A
more diverse sample might have uncovered additional issues
and/or misunderstandings about placebos and placebo effects.
Future think aloud studies for website development would
benefit from sampling diverse participants from the population
of likely end-users and finding ways to encourage them to focus
on the substance of the website as well as its style and structure.
The full person-based approach includes guidance on how to

achieve this to ensure qualitative research goes beyond
user-testing to focus on participants’perspectives on substantive
issues [30].

Applications
Using our website to inform potential clinical trial participants
about placebos could have both beneficial and detrimental
consequences. For example, it might improve the validity of
informed consent [3], alleviate anxiety about placebos, ease the
process of unblinding to placebo allocation at the end of trials
[15,16], reduce adverse effects [62], and/or enhance recruitment
[14]. However, increasing patients’ expectations of benefit
during trials by encouraging positive beliefs about placebos
might increase the size of the placebo effect [63,64]. This could
introduce bias [65] particularly if placebo and intervention
effects are not additive [66] and/or could reduce estimated
treatment effects [11]. It is therefore vital to test the effects of
providing comprehensive information about placebos before
changing research practice. To contribute to this much-needed
evidence base, we will report separately a randomized
experiment testing the effects of our new website on knowledge
and informed choice about placebos.

Conclusions
In conclusion, we have developed an evidence-based website
that incorporates theory-based techniques to inform members
of the public about placebos and placebo effects. Before using
the website in clinical trials it is necessary to test its effects on
key outcomes, including patients’ knowledge and capacity for
making informed choices about placebos.
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Abstract

Background: Web-based interventions may have the potential to support self-care in patients with chronic disease, yet little is
known about the feasibility of Web-based interventions in patients with heart failure (HF).

Objective: The objective of our study was to develop and pilot a Web-based self-care intervention for patients with HF.

Methods: Following development and pretesting, we pilot tested a Web-based self-care intervention using a randomized
controlled design. A total of 28 participants completed validated measures of HF knowledge, self-care, and self-efficacy at baseline
and 1-month follow-up.

Results: Change scores and effect size estimates showed that the mean differences in HF knowledge (d=0.06), self-care (d=0.32),
and self-efficacy (d=0.37) were small. Despite email reminders, 7 of 14 participants (50%) of the sample accessed the site daily
and 4 of 14 (28%) had no record of access.

Conclusions: Larger randomized controlled trials are needed that attend to all sources of self-efficacy and include more
comprehensive educational tools to improve patient outcomes.

(JMIR Res Protoc 2016;5(2):e116)   doi:10.2196/resprot.5093

KEYWORDS

heart failure; knowledge; patient education; self-care; self-efficacy; self-management; web-based intervention

Introduction

Despite improvements in treatment and prevention, chronic
heart failure (HF) remains a serious health burden and carries
a poor prognosis [1]. Given the complex and progressive nature
of HF, interventions are needed that slow disease progression
and prevent hospital admissions [2]. One strategy to improve
health outcomes in patients with HF is to enhance self-care
behavior related to physical activity, nutrition, fluid
management, and treatment adherence [3]. Self-care is defined
as “a process of maintaining physiological stability by
monitoring symptoms, adhering to the treatment regimen
(self-care maintenance), and promptly identifying and
responding to symptoms (self-care management)” [4]. Self-care

education is a critical strategy in empowering HF patients to be
informed and actively engaged in monitoring their condition
and adjusting treatment accordingly [5].

Although findings are mixed, previous research suggests that
Web-based interventions may have the potential to improve
clinical outcomes and reduce hospitalizations in patients with
chronic diseases including HF [6,7]. Using a Web-based app
as a cost-effective intervention might facilitate access to
education and improve self-care skills [8]. Yet there are very
few clearly conceptualized studies that have evaluated
Web-based interventions for HF patients. Two descriptive
studies reported high levels of patient satisfaction with
educational websites providing information [9] and a daily
communication method between HF patients and health care
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providers [10]. Findings indicated that older HF patients with
limited computer skills were willing to engage with Web-based
education if provided adequate resources and instruction [9].

Only two controlled studies could be identified that examined
the effectiveness of a Web-based HF self-care program.
Westlake et al [11] tested a Web-based HF and symptom
management education progam specifically designed for older
HF patients (≥60 years). In addition to educational modules,
patients were encouraged to use the website at home to email
a clinical nurse specialist for support, link to video-based Web
content, and monitor personal clinical data. A total of 40 patients
attending an outpatient HF clinic were recruited to the 12-week
Web-based intervention and were compared with 40 age- and
sex-matched historical controls who received HF care as usual.
Groups were similar at baseline, and results showed a modest
benefit for perceived control over health status and mental health
quality of life, but not for physical health quality of life.

Another study [12] also tested a Web-based HF self-care
program. In addition to usual care, 16 HF patients randomly
assigned to the treatment group received a computer with
Internet access, as well as basic computer training. The website
provided self-care information and videos, access to record and
monitor vital signs, health behavior, and HF symptoms daily,
and emails from health professionals for feedback on progress
and emotional support as needed. It was found that at both 6-
and 12-month follow-ups, only the treatment group showed
significantly improved HF knowledge, amount of exercise, and
quality of life, as well as reduced HF symptoms, blood pressure,
and health care utilization [12].

The preliminary findings of the HF studies above, combined
with systematic reviews [13,14], suggest that Web-based
educational interventions may have a role in supporting HF
patients in the community. In this study, we pilot tested a
Web-based self-care intervention that provided education and
self-monitoring tools for ambulatory HF patients. Our primary
aim was to evaluate the feasibility of a Web-based intervention
in improving HF patients’ knowledge, self-care, and
self-efficacy.

Methods

Design
The website development phase involved seeking expert
feedback and pretesting the user friendliness and appropriateness
of the intervention and outcome measures with HF patients. We
recruited an expert panel comprising two cardiologists, four
cardiac nurse researchers, and one HF nurse practitioner to
advise on the development and content of the website. The
software was developed by an information technology team
that also provided feedback on the design. We recruited a group
of 10 patients with chronic HF visiting a community outpatient
HF service to pretest the intervention. During face-to-face
meetings, patients provided their feedback and recommendations
on the Web-based app content, ease of navigation, and user
friendliness. To examine the feasibility of the Web-based HF
self-care intervention, we then piloted the intervention using a
randomized controlled design over a 1-month period.

Participants
The pilot sample comprised 29 patients consecutively recruited
from a tertiary hospital HF service and a university health clinic
located in Brisbane, Australia, between December 2013 and
May 2014. Patients were eligible if they were English-speaking
adults, had cardiologist- diagnosed class I–III HF according to
the New York Heart Association (NYHA) classification and
had a left ventricle ejection fraction <40%. Participants were
required to have home or mobile Internet access. Exclusion
criteria included nursing home residents, severe cognitive
impairment, and critical illness.

Procedure
After providing informed consent at an introductory face-to-face
session, participants completed a baseline questionnaire and
were randomly assigned to the intervention or control group.
Participants in the intervention group were assigned a username
and password and were provided basic training on how to use
each component of the website. They could then access the
website educational modules each day, and record and monitor
personal data such as HF-specific symptoms. The intervention
group also received a weekly personalized email to improve
engagement with the intervention. Both intervention and control
groups received usual care from the HF service or clinic, which
included comprehensive educational information consisting of
topics such as medication, nutrition, exercise, and psychosocial
issues. Individual patients were referred to the programs for a
duration of 12 weeks and were followed up by HF nurses, and
physical and occupational therapists. At 1-month follow-up, all
participants completed the same questionnaire as at baseline.
Due to the scope of the study, the primary researcher collected
all data, as blinding was not possible. All study procedures were
approved by the relevant hospital and university human research
ethics committees. The intervention was also made available
to the control group after completion of the research.

Intervention
The pedagogical principals underpinning the Web-based app
were based on two key elements of self-efficacy theory [15,16]:
role modelling and mastery experience. Helping adults to
improve their self-efficacy is a powerful and central factor in
increasing chronic disease self-care [5,17]. Patients with greater
self-efficacy have been found to be more willing to learn and
commit to achieving goals, whereas low self-efficacy has been
associated with task avoidance [18]. We anticipated that the use
of informational sources such as role modelling and mastery
experience would help patients to increase their self-efficacy.
Role modelling can take the form of observing the actions of
others [18]. As such, we created female and male avatars to
resemble role models and to help users engage with educational
materials on the website. We encouraged mastery experience
by asking participants to monitor and record their signs and
symptoms related to HF fluid overload. The daily weight
measurements and HF symptoms were able to be recorded to
show trends over time. We used a further source of self-efficacy,
verbal persuasion, through weekly emails to each participant.

We developed the Web-based app based on feedback from three
groups: HF experts, an information technology team, and HF
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patients. The role of the HF expert panel was to ensure integrity
of the content according to evidence-based guidelines,
applicability of study instruments, appropriate language and
images, and appropriate user interfaces. HF patients provided
their feedback and recommendations on the content, ease of
navigation, and user friendliness. We developed the Web-based
educational materials based on the National Heart Foundation
of Australia and the Cardiac Society of Australia and New
Zealand chronic HF guidelines [3]. The website was password
protected, and both HF patients and their health care
professionals had access to content including interactive HF
teaching tools, self-care tools, a chart for recording daily
measures, and self-care questionnaires.

Teaching Tools
This section consisted of educational topics including an
explanantion of HF (with animations), HF signs and symptoms,
daily weighings (related to fat and fluid differentiation),
suggestions for healthy eating and being active, methods to
avoid salty foods and tips for reading food lables, and taking
appropriate action when symptoms were exacerbated.

Self-Care Tools
To reinforce self-monitoring, patients could enter daily clinical
data including daily weight and any signs of fluid retention such
as tight shoes or socks.

My Chart
This tool allowed patients to visually monitor their daily weight
and severity of HF symptoms through simple graphs. In addition,
health care professionals were able to monitor their patients’
self-reported data by accessing their charts.

Self-Care Questionnaires
The final section was designed to help patients assess their
knowledge and self-care skills over time. It included
questionnaires such as the Self-Care of Heart Failure Index
(SCHFI) and the Dutch Heart Failure Knowledge Scale (DHFK).

Outcome Measures
In addition to baseline demographics, questionnaires assessed
the primary outcomes including HF knowledge, self-care, and
self-efficacy. The DHFK [19] consists of 15 multiple-choice
items concerning HF in general (4 items), HF treatment (6 items
on diet, fluid restriction, and activity), and HF symptoms and
symptom recognition (5 items). The scale has a minimum score
of 0 (no knowledge) and a maximum score of 15 points (optimal
knowledge). It is a frequently used measure of HF knowledge
and has been validated in previous research evaluating
educational intervention [1].

We measured self-care skills using the SCHFI version 6.2
[20,21]. This tool has 21 items, which are scored as three
subscales: maintenance (symptom monitoring and adherence
behaviors performed to prevent HF exacerbation), management
(patients’ abilities to recognize symptoms when they occur,
treatment implementation in response to symptoms, and
treatment evaluation), and confidence (measures task-specific
self-efficacy behaviors to manage the process of self-care) [5].
The management subscale was answered only if the patient
reported having trouble breathing or ankle swelling in the past
4 weeks. Each standardized subscale score ranged from 0–100,
with a score of ≥70 or more indicating adequate self-care [21].

We also used the 6-item Self-Efficacy for Managing Chronic
Disease Scale (SEMCD) [22] as a general measure of chronic
disease self-efficacy. It covers several domains relevant to
chronic disease self-care, including symptom control,
role-function, emotional functioning, and communicating with
physicians. Each item is rated on a 10-point scale ranging from
“not at all confident” (1) to “totally confident” (10). A mean
score is calculated, with higher scores indicating higher
perceived self-efficacy.

Data Analysis
We analyzed data using IBM SPSS Statistics version 21 (IBM).
We compared baseline characteristics using Fisher exact and t
tests. Descriptive statistics were examined for all variables, and
pre-post change scores were calculated for outcome measures.
Given the small sample size and nonnormal distribution of
outcome variables and to analyze between-group differences
over time, we compared change scores using Mann-Whitney U
tests. We considered P<.05 to be significant and report effect
sizes where possible.

Results

Study Recruitment and Baseline Characteristics
Of 75 HF patients who were assessed for eligibility, 29 agreed
to participate and were enrolled into the study (see Figure 1).
Table 1 shows the baseline demographic and clinical
characteristics of the 28 patients who participated in the pilot
study. One participant dropped out. Of the total sample, the
majority were men (n=22, 79%) and the mean age was 60.8
(SD 11.9) years. The mean self-reported disease duration was
4.0 (SD 6.9) years. Most participants were asymptomatic (class
I, n=14, 50%) or had mild HF (class II, n=12, 43%) according
to the NYHA functional classification. Comparisons showed
no significant differences between the intervention and control
groups at baseline.
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Table 1. Baseline characteristics of participants in a pilot study of a Web-based self-management intervention for chronic heart failure.

Intervention
(n=14)

Control (n=14)Characteristic

61.7 (9.9)60.0 (14.0)Age in years, mean (SD)

Sex, n (%)

11 (79)11 (79)Male

3 (21)3 (21)Female

Marital status, n (%)

9 (64)8 (57)Married

5 (36)6 (43)Widowed, divorced, or never married

Living arrangement, n (%)

5 (36)6 (46)Live alone

9 (64)7 (54)Live with others

Level of education, n (%)

8 (57)7 (50)<12 years or high school diploma

6 (43)7 (50)Some college/associate degree, bachelor’s degree, or postgraduate degree

Total household income, n (%)

9 (64)4 (29)≤A$40,000/year

5 (36)10 (71)≥A$70,000/year, or do not know, or refused

Overall perceived health, n (%)

7 (50)7 (50)Excellent, very good, or good

7 (50)7 (50)Fair or poor

Medication treatment

10 (71)10 (71)Angiotensin-converting enzyme inhibitor

2 (14)4 (29)Angiotensin II receptor blocker

11 (79)14 (100)Beta-blocker

New York Heart Association classification

6 (43)8 (57)Class I

6 (43)6 (43)Class II

2 (14)0 (0)Class III

33.4 (8.51)33.7 (8.9)Ejection fraction, mean (SD)

4.9 (8.5)3.0 (4.8)Duration of heart failure in years, mean (SD)
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Figure 1. Consort study flow chart.

Heart Failure Knowledge
Table 2 compares the change in knowledge scores for the
intervention and control groups. As the maximum possible
knowledge score is 15, the baseline mean scores of 12.5 (SD
1.1) for the intervention group and 12.2 (SD 2.4) for the control

group indicated that participants had relatively high levels of
HF knowledge at the outset. While change scores at 1 month
showed slight improvement in HF knowledge, there was no
significant difference between the intervention and control
groups (U=91.5, P=.75), with a negligible effect size (d=0.06).
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Table 2. Change score analysis: change in scores from baseline preintervention (pre) to post intervention (post).

Effect
size (d)

P valueMann-
Whitney U
test

Pre-post difference,
mean (95% CI)

Control group
(n=14)

Pre-post difference,
mean (95% CI)

Intervention group
(n=14)

Scale

Post,
mean
(SD)

Pre,
mean
(SD)

Post,
mean
(SD)

Pre,
mean
(SD)

0.06.7591.50.57 (–0.05 to 1.2)
12.8
(1.7)

12.2
(2.4)0.35 (–0.67 to 1.3)

12.9

(1.3)
12.5
(1.1)DHFKa

0.32.0759.5–3.5 (–10.3 to 1.3)
66.6
(17.7)

70.2
(17.4)9.9 (–3.6 to –23.6)

71.9
(15.1)

61.9
(20.9)

SCHFIb (mainte-
nance)

0.16.9489.53.8 (–4.3 to 12.0)69.9
(19.2)

65.5
(21.4)

3.8 (–4.3 to 12.0)73.0
(18.0)

67.1
(20.3)

SCHFI (confidence)

0.37.6187.00.35 (–0.21 to 0.92)7.4 (1.5)7.1 (1.4)0.70 (–0.54 to 1.9)8.0 (1.7)7.3 (1.6)SEMCDc

aDHFK: Dutch Heart Failure Knowledge Scale.
bSCHFI: Self-Care of Heart Failure Index.
cSEMCD: Self-Efficacy for Managing Chronic Disease Scale.

Self-Care
As presented in Table 2, change scores showed an improvement
in the SCHFI maintenance subscale in the intervention group
to above the minimum level of self-care adequacy (mean
difference 9.9, 95% CI –3.6 to –23.6), whereas the control group
scores decreased over time (mean difference –3.5, 95% CI –10.3
to 1.3). While the effect size suggests an important trend
(d=0.32), given the small sample size it did not reach statistical
significance (U=59.9, P=.07). In addition, while we observed
small improvements in the SCHFI confidence subscale, we
found no significant between-group differences (U=89.5, P=.94).
As answers to the management subscale were indicated by only
5 patients, we did not compare this subscale.

Self-Efficacy
Table 2 shows that both groups also reported high levels of
self-efficacy at baseline. Change scores indicated an
improvement among the intervention group (mean difference
0.70, 95% CI –0.54 to 1.9, d=0.37), although this was not
statistically significant (U=87.0, P=.61).

Use of the Intervention
The intervention group accessed the website on average 16.8
times during the 1-month intervention period. Of the 14
participants, 7 (50%) accessed the intervention site every day,
4 (28%) had no record of access, 11 (78%) accessed the website
from home and 3 (22%) through a mobile phone. The most
reviewed section of the website was “How do I learn to read
food labels?” followed by “How do I reduce salt in my daily
meal?,” “What is the difference between fat and fluid weight
gain?,” and “How do I become more physically active?” Based
on personal data recorded, 7 participants entered their data every
day, 1 participant on 25 days, 1 on 12 days, and 1 on 4 days; 4
participants did not enter any data.

To explore a possible dose-response relationship, we ran
correlations between participants’ change scores and frequency
of usage of the website. Within the intervention group, Spearman
correlations between frequency of usage of the intervention and
outcome change scores suggested greater use was associated

with higher knowledge (ρ=.34), SCHFI subscales (ρ range
.40–.43), and self-efficacy scores (ρ=.45).

Discussion

Principal Findings
In this pilot study, we developed and investigated the feasibility
of a Web-based self-care intervention for HF outpatients.
Overall, results showed that the intervention did not improve
patients’ outcomes at 4 weeks’ follow-up. While there was a
trend toward improved self-care and self-efficacy in the
intervention group for behaviors such as symptom monitoring
and strategies to prevent HF exacerbation, given the small
sample size, the results were not statistically significant. In
contrast to previous studies [10,11] we also found that a
Web-based educational intervention was challenging for older
HF patients, and usage was low. Despite face-to-face training
and email reminders, only 50% of the sample accessed the site
daily and 28% had no record of access.

Comparison With Prior Work
This study differed in important ways from previous intervention
studies of Web-based HF self-care [11,12], which may account
for the negative findings. Our cohort had shorter disease duration
and less severe HF according to the NYHA classification than
in previous studies [11,12]. The follow-up period was relatively
short to examine changes in patient outcomes, and we
acknowledge that a minimum of 6 months’ follow-up is
recommended in the literature [12,23]. There were also
differences in the scope of the intervention. The educational
content of the website was at a basic level and focused on
self-care skills. The standard face-to-face patient education
received by both groups in the HF clinic, therefore, may not
have been comprehensive enough to diminish the effect of the
Web-based intervention. Our primary outcome measures of
self-care skills and self-efficacy differed from previous studies,
which focused on HF knowledge, symptoms, and quality of life
[11,12]. Nonetheless, using validated measures was a strength
of this study. Yet, because most of the participants in the sample
were asymptomatic, we did not compare the management
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subscale of the SCHFI. In addition, as the maximum score for
the DHFK questionnaire was 15 and a score >10 indicated
adequate knowledge [19], the high knowledge scores of
participants at baseline (mean 12.5, SD 1.1) likely created a
ceiling effect.

Notwithstanding the above limitations, our study findings are
consistent with a body of literature that points to mixed evidence
of the effectiveness of Web-based self-care interventions for
chronic disease [13,24]. Despite the development of a plethora
of Internet-based interventions over recent decades, systematic
reviews have not shown any benefit of Web-based self-care
interventions for chronic disease [25,26]. Moreover,
meta-analyses have not demonstrated a significant benefit in
the use of Web-based interventions when combining samples
[27,28]. This is attributed, in the first instance, to issues of
methodology and variability in research design [13,29-31].
There are significant differences in configuration (eg,
educational materials, asynchronous discussion, live
conferencing), instructional methods (eg, practice exercise,
cognitive interactivity), and presentation [13]. These also extend
to types of assessments, study populations, the etiology of
symptoms, and times of intervention [27,32]. A further and
related issue is a lack of appropriate theoretical frameworks
[33,34]. Many studies are missing the theoretical rationale for
multiple assessments and how these informed the development
of the Web-based interventions. The authors of a previous study
[33] reported that a limited number of interventions applied
evidence-based theory and, more recently, a meta-analysis of
research on reducing blood pressure with Internet-based
interventions [34] emphasized that a priority for future research
is to design and evaluate interventions according to theoretically
grounded hypotheses.

In contrast to other kinds of educational intervention studies in
HF patients [1], the role of theory in developing Internet-based
interventions has been largely disregarded. While precise
measures of key constructs and outcomes and well-defined
associations improve research precision, theory is needed to
inform the choice of study design and to enhance an
understanding of causal relationships [35]. Robust theory is also
critical in identifying the effectiveness of the specific
components of the interventions and optimizing their intensity
[35-37]. Key theoretical constructs and associations should
therefore be applied in efficacy trials, tests of effectiveness, and
adoption and sustainability studies. There is some evidence for
the use of Bandura’s self-efficacy theory as the most important
element in developing self-care interventions [7].

Implications for Future Research
This pilot study presented a fundamental phase of the
development of a Web-based self-care intervention for patients
with HF that can be used to inform future research. To examine
the effectiveness of the proposed Web-based intervention, a
larger, adequately powered randomized controlled trial is
needed. Longer follow-up periods at 3, 6, and 12 months are
required to examine clinically meaningful change over time. In
addition, we recommend that researchers actively support older
HF patients to engage with Web-based interventions through
face-to-face education sessions for basic computer and Internet

skills. Greater resources may improve adherence and resolve
possible barriers or difficulties in using Web-based self-care
tools.

Well-designed educational strategies grounded in theory and
contemporary evidence are crucial in improving HF self-care
and patient outcomes [38]. More comprehensive educational
content is needed, including nutrition and diet, physical activity,
effects of alcohol and smoking, medications and their side
effects [5], as well as psychosocial and emotional issues [1,39].
Moreover, as Tomita et al [12] argued, interventions should
target improved physical activity and provide practical advice
about appropriate types and levels of exercise. This would
include walking, breathing, stretching, range of motion, and
upper and lower extremity strength training. For better outcomes
and in order to encourage HF patients to maintain healthy
lifestyles, interventions would also incorporate more information
on recommended diet and nutrition [12].

To strengthen the efficacy of the Web-based intervention, we
recommend drawing on the sources and mediators of
self-efficacy theory. Feedback, goal setting, videos of peer
storytelling, monitoring tools such as for blood pressure, daily
weight, and physical activities, and diaries are some examples
of self-efficacy information sources [40]. We strongly
recommend using a combination of the four primary information
sources in Bandura’s work to promote a stronger sense of
self-efficacy and a greater willingness to undergo behavioral
change and thus produce optimal results [41]. There are
examples [6,7] of previous studies that have used the four
primary dimensions of self-efficacy to enhance self-care in
adults with chronic diseases. The primary focus of these
interventions was the provision of efficacy-based information
sources, including the mastery of performance accomplishments,
role modelling (vicarious learning), social persuasion (verbal
encouragement), and the interpretation of physiological and
emotional responses [7].

Limitations
Recruitment was slow in part due to HF patients’ lack of interest
in the intervention, Internet access, or computer skills. Among
the HF patients who were invited to participate in the study, 26
were not eligible based on the study inclusion and exclusion
criteria. This exploratory pilot study was confined to an HF
management program provided at a single-hospital HF service
and university health clinic. To participate, it was essential that
HF patients had access to the Internet at home or workplace or
via a mobile phone. Although a large proportion of the HF
population did have access to the Internet, a significant minority
(22 participants) did not. As a result, our study was based on a
small sample size, which limited statistical power. Finally, the
study follow-up was relatively short for the examination of the
Web-based intervention on patient knowledge, self-care, and
self-efficacy.

Conclusion
This study examined the feasibility of a Web-based self-care
intervention in improving HF knowledge, self-care, and
self-efficacy. Although preliminary, our findings are consistent
with current literature that demonstrates negative to small effects
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of Web-based self-care interventions in chronic disease. Larger,
theoretically informed, and more comprehensive studies are
needed to support or refute this proposition. Nonetheless, the
challenges of this study and lessons learned give some support

to the argument that Web-based programs, as discrete
interventions, will not be the remedy for the cost and social
burden of chronic illness.

 

Acknowledgments
Thanks to Associate Professor John Atherton, Mrs Linda Prentice, Mr Carlos Fernandez, and HF clinic staff and participating
patients at the Royal Brisbane and Women’s Hospital. Special thanks to Professor Robyn Clark from Flinders University and
Mrs Chris Horton and Dr Johannes Moolman from Ipswich Community Health and Ipswich Hospital for their generous support
during phase one of the study.

Conflicts of Interest
None declared.

References
1. Boyde M, Song S, Peters R, Turner C, Thompson DR, Stewart S. Pilot testing of a self-care education intervention for

patients with heart failure. Eur J Cardiovasc Nurs 2013 Feb;12(1):39-46. [doi: 10.1177/1474515111430881] [Medline:
22357784]

2. Shively MJ, Gardetto NJ, Kodiath MF, Kelly A, Smith TL, Stepnowsky C, et al. Effect of patient activation on
self-management in patients with heart failure. J Cardiovasc Nurs 2013;28(1):20-34. [doi: 10.1097/JCN.0b013e318239f9f9]
[Medline: 22343209]

3. National Heart Foundation of Australia, Cardiac Society of Australia and New Zealand, Chronic Heart Failure Guidelines
Expert Writing Panel. Guidelines for the Prevention, Detection and Management of Chronic Heart Failure in Australia.
Sydney, Australia: CSANZ; 2011 Jul. URL: http://www.csanz.edu.au/wp-content/uploads/2014/12/
2011_HF_CSANZ_Chronic_Heart_Failure.pdf [accessed 2016-05-26] [WebCite Cache ID 6hmcS3UGt]

4. Vellone E, Fida R, D'Agostino F, Mottola A, Juarez-Vela R, Alvaro R, et al. Self-care confidence may be the key: A
cross-sectional study on the association between cognition and self-care behaviors in adults with heart failure. Int J Nurs
Stud 2015 Nov;52(11):1705-1713. [doi: 10.1016/j.ijnurstu.2015.06.013] [Medline: 26169451]

5. Barnason S, Zimmerman L, Hertzog M, Schulz P. Pilot testing of a medication self-management transition intervention
for heart failure patients. West J Nurs Res 2010 Nov;32(7):849-870. [doi: 10.1177/0193945910371216] [Medline: 20702679]

6. Lorig KR, Ritter PL, Laurent DD, Plant K. Internet-based chronic disease self-management: a randomized trial. Med Care
2006 Nov;44(11):964-971. [doi: 10.1097/01.mlr.0000233678.80203.c1] [Medline: 17063127]

7. Lorig K, Ritter PL, Plant K, Laurent DD, Kelly P, Rowe S. The South Australia health chronic disease self-management
Internet trial. Health Educ Behav 2013 Feb;40(1):67-77. [doi: 10.1177/1090198112436969] [Medline: 22491008]

8. Griffiths F, Lindenmeyer A, Powell J, Lowe P, Thorogood M. Why are health care interventions delivered over the internet?
A systematic review of the published literature. J Med Internet Res 2006;8(2):e10 [FREE Full text] [doi: 10.2196/jmir.8.2.e10]
[Medline: 16867965]

9. Evangelista LS, Strömberg A, Westlake C, Ter-Galstanyan A, Anderson N, Dracup K. Developing a Web-based education
and counseling program for heart failure patients. Prog Cardiovasc Nurs 2006;21(4):196-201. [Medline: 17170595]

10. Delgado DH, Costigan J, Wu R, Ross HJ. An interactive Internet site for the management of patients with congestive heart
failure. Can J Cardiol 2003 Nov;19(12):1381-1385. [Medline: 14631472]

11. Westlake C, Evangelista LS, Strömberg A, Ter-Galstanyan A, Vazirani S, Dracup K. Evaluation of a Web-based education
and counseling pilot program for older heart failure patients. Prog Cardiovasc Nurs 2007;22(1):20-26. [Medline: 17342002]

12. Tomita MR, Tsai B, Fisher NM, Kumar NA, Wilding G, Stanton K, et al. Effects of multidisciplinary Internet-based program
on management of heart failure. J Multidiscip Healthc 2008 Dec 1;2009(2):13-21 [FREE Full text] [Medline: 20505786]

13. Kuijpers W, Groen WG, Aaronson NK, van Harten WH. A systematic review of web-based interventions for patient
empowerment and physical activity in chronic diseases: relevance for cancer survivors. J Med Internet Res 2013;15(2):e37
[FREE Full text] [doi: 10.2196/jmir.2281] [Medline: 23425685]

14. Im E, Chang SJ. Web-based interventions in nursing. Comput Inform Nurs 2013 Feb;31(2):94-102. [doi:
10.1097/NXN.0b013e3182771868] [Medline: 23254365]

15. Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol Rev 1977 Mar;84(2):191-215. [Medline:
847061]

16. Bandura A. Guide for constructing self-efficacy scales. In: Urdan T, Pajares F, editors. Self-Efficacy Beliefs of Adolescents.
Greenwich, CT: Information Age Publishing; 2006:307-337.

17. Lorig KR, Holman HR. Self-management education: history, definition, outcomes, and mechanisms. Ann Behav Med 2003
Aug;26(1):1-7. [doi: 10.1207/S15324796ABM2601_01]

18. Bandura A. Self-Efficacy: The Exercise of Control. New York, NY: Freeman; 1997.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e116 | p.607http://www.researchprotocols.org/2016/2/e116/
(page number not for citation purposes)

Bashi et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1177/1474515111430881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22357784&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0b013e318239f9f9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22343209&dopt=Abstract
http://www.csanz.edu.au/wp-content/uploads/2014/12/2011_HF_CSANZ_Chronic_Heart_Failure.pdf
http://www.csanz.edu.au/wp-content/uploads/2014/12/2011_HF_CSANZ_Chronic_Heart_Failure.pdf
http://www.webcitation.org/6hmcS3UGt
http://dx.doi.org/10.1016/j.ijnurstu.2015.06.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26169451&dopt=Abstract
http://dx.doi.org/10.1177/0193945910371216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20702679&dopt=Abstract
http://dx.doi.org/10.1097/01.mlr.0000233678.80203.c1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17063127&dopt=Abstract
http://dx.doi.org/10.1177/1090198112436969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22491008&dopt=Abstract
http://www.jmir.org/2006/2/e10/
http://dx.doi.org/10.2196/jmir.8.2.e10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16867965&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17170595&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14631472&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17342002&dopt=Abstract
http://europepmc.org/abstract/MED/20505786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20505786&dopt=Abstract
http://www.jmir.org/2013/2/e37/
http://dx.doi.org/10.2196/jmir.2281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23425685&dopt=Abstract
http://dx.doi.org/10.1097/NXN.0b013e3182771868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23254365&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=847061&dopt=Abstract
http://dx.doi.org/10.1207/S15324796ABM2601_01
http://www.w3.org/Style/XSL
http://www.renderx.com/


19. van der Wal M, Jaarsma T, Moser DK, van Veldhuisen D. Development and testing of the Dutch Heart Failure Knowledge
Scale. Eur J Cardiovasc Nurs 2005 Dec;4(4):273-277. [doi: 10.1016/j.ejcnurse.2005.07.003] [Medline: 16126459]

20. Riegel B, Carlson B, Glaser D. Development and testing of a clinical tool measuring self-management of heart failure.
Heart Lung 2000;29(1):4-15. [Medline: 10636953]

21. Vellone E, Riegel B, Cocchieri A, Barbaranelli C, D'Agostino F, Antonetti G, et al. Psychometric testing of the Self-Care
of Heart Failure Index Version 6.2. Res Nurs Health 2013 Oct;36(5):500-511. [doi: 10.1002/nur.21554] [Medline: 23832431]

22. Lorig KR, Sobel DS, Ritter PL, Laurent D, Hobbs M. Effect of a self-management program on patients with chronic disease.
Eff Clin Pract 2001;4(6):256-262 [FREE Full text] [Medline: 11769298]

23. Ditewig JB, Blok H, Havers J, van Veenendaal H. Effectiveness of self-management interventions on mortality, hospital
readmissions, chronic heart failure hospitalization rate and quality of life in patients with chronic heart failure: a systematic
review. Patient Educ Couns 2010 Mar;78(3):297-315. [doi: 10.1016/j.pec.2010.01.016] [Medline: 20202778]

24. Eland-de KP, van Os-Medendorp H, Vergouwe-Meijer A, Bruijnzeel-Koomen C, Ros W. A systematic review of the effects
of e-health on chronically ill patients. J Clin Nurs 2011 Nov;20(21-22):2997-3010. [doi: 10.1111/j.1365-2702.2011.03743.x]
[Medline: 21707807]

25. Samoocha D, Bruinvels DJ, Elbers NA, Anema JR, van der Beek AJ. Effectiveness of web-based interventions on patient
empowerment: a systematic review and meta-analysis. J Med Internet Res 2010;12(2):e23 [FREE Full text] [doi:
10.2196/jmir.1286] [Medline: 20581001]

26. Stellefson M, Chaney B, Barry AE, Chavarria E, Tennant B, Walsh-Childers K, et al. Web 2.0 chronic disease
self-management for older adults: a systematic review. J Med Internet Res 2013 Feb;15(2):e35 [FREE Full text] [doi:
10.2196/jmir.2439] [Medline: 23410671]

27. Macea DD, Gajos K, Daglia Calil YA, Fregni F. The efficacy of Web-based cognitive behavioral interventions for chronic
pain: a systematic review and meta-analysis. J Pain 2010 Oct;11(10):917-929. [doi: 10.1016/j.jpain.2010.06.005] [Medline:
20650691]

28. Bossen D, Veenhof C, Dekker J, de Bakker D. The effectiveness of self-guided web-based physical activity interventions
among patients with a chronic disease: a systematic review. J Phys Act Health 2014 Mar;11(3):665-677. [doi:
10.1123/jpah.2012-0152] [Medline: 23493018]

29. Bewick BM, Trusler K, Barkham M, Hill AJ, Cahill J, Mulhern B. The effectiveness of web-based interventions designed
to decrease alcohol consumption: a systematic review. Prev Med 2008 Jul;47(1):17-26. [doi: 10.1016/j.ypmed.2008.01.005]
[Medline: 18302970]

30. Bond GE, Burr R, Wolf FM, Price M, McCurry SM, Teri L. The effects of a web-based intervention on the physical
outcomes associated with diabetes among adults age 60 and older: a randomized trial. Diabetes Technol Ther 2007
Feb;9(1):52-59 [FREE Full text] [doi: 10.1089/dia.2006.0057] [Medline: 17316098]

31. Kerr AJ, Broad J, Wells S, Riddell T, Jackson R. Should the first priority in cardiovascular risk management be those with
prior cardiovascular disease? Heart 2009 Feb;95(2):125-129. [doi: 10.1136/hrt.2007.140905] [Medline: 18381374]

32. García-Lizana F, Sarría-Santamera A. New technologies for chronic disease management and control: a systematic review.
J Telemed Telecare 2007;13(2):62-68. [doi: 10.1258/135763307780096140] [Medline: 17359568]

33. Cotter AP, Durant N, Agne AA, Cherrington AL. Internet interventions to support lifestyle modification for diabetes
management: a systematic review of the evidence. J Diabetes Complications 2014;28(2):243-251 [FREE Full text] [doi:
10.1016/j.jdiacomp.2013.07.003] [Medline: 24332469]

34. Liu S, Dunford SD, Leung YW, Brooks D, Thomas SG, Eysenbach G, et al. Reducing blood pressure with Internet-based
interventions: a meta-analysis. Can J Cardiol 2013 May;29(5):613-621. [doi: 10.1016/j.cjca.2013.02.007] [Medline:
23618507]

35. Campbell-Voytal K. The role of theory in clinical prevention research. Fam Pract 2010 Aug;27(4):357-358 [FREE Full
text] [doi: 10.1093/fampra/cmq054] [Medline: 20660471]

36. Neville LM, O'Hara B, Milat AJ. Computer-tailored dietary behaviour change interventions: a systematic review. Health
Educ Res 2009 Aug;24(4):699-720 [FREE Full text] [doi: 10.1093/her/cyp006] [Medline: 19286893]

37. Phillips R, Kennedy G, McNaught C. The role of theory in learning technology evaluation research. Australas J Educ
Technol 2012;28(7):1103-1118.

38. Boyde M, Peters R. Education material for heart failure patients: what works and what does not? Curr Heart Fail Rep 2014
Sep;11(3):314-320. [doi: 10.1007/s11897-014-0200-1] [Medline: 24797119]

39. Tung H, Lin C, Chen K, Chang C, Lin Y, Chou C. Self-management intervention to improve self-care and quality of life
in heart failure patients. Congest Heart Fail 2013;19(4):E9-E16. [doi: 10.1111/chf.12014] [Medline: 23279120]

40. Yu CH, Parsons J, Mamdani M, Lebovic G, Shah BR, Bhattacharyya O, et al. Designing and evaluating a web-based
self-management site for patients with type 2 diabetes: systematic website development and study protocol. BMC Med
Inform Decis Mak 2012;12:57 [FREE Full text] [doi: 10.1186/1472-6947-12-57] [Medline: 22726578]

41. Chao Y, Scherer YK, Wu Y, Lucke KT, Montgomery CA. The feasibility of an intervention combining self-efficacy theory
and Wii Fit exergames in assisted living residents: a pilot study. Geriatr Nurs 2013;34(5):377-382. [doi:
10.1016/j.gerinurse.2013.05.006] [Medline: 23764366]

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e116 | p.608http://www.researchprotocols.org/2016/2/e116/
(page number not for citation purposes)

Bashi et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ejcnurse.2005.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16126459&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10636953&dopt=Abstract
http://dx.doi.org/10.1002/nur.21554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23832431&dopt=Abstract
http://www.acponline.org/journals/ecp/novdec01/lorig.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11769298&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2010.01.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20202778&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2702.2011.03743.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21707807&dopt=Abstract
http://www.jmir.org/2010/2/e23/
http://dx.doi.org/10.2196/jmir.1286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20581001&dopt=Abstract
http://www.jmir.org/2013/2/e35/
http://dx.doi.org/10.2196/jmir.2439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23410671&dopt=Abstract
http://dx.doi.org/10.1016/j.jpain.2010.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20650691&dopt=Abstract
http://dx.doi.org/10.1123/jpah.2012-0152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23493018&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2008.01.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18302970&dopt=Abstract
http://europepmc.org/abstract/MED/17316098
http://dx.doi.org/10.1089/dia.2006.0057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17316098&dopt=Abstract
http://dx.doi.org/10.1136/hrt.2007.140905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18381374&dopt=Abstract
http://dx.doi.org/10.1258/135763307780096140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17359568&dopt=Abstract
http://europepmc.org/abstract/MED/24332469
http://dx.doi.org/10.1016/j.jdiacomp.2013.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24332469&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2013.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23618507&dopt=Abstract
http://fampra.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=20660471
http://fampra.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=20660471
http://dx.doi.org/10.1093/fampra/cmq054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20660471&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19286893
http://dx.doi.org/10.1093/her/cyp006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19286893&dopt=Abstract
http://dx.doi.org/10.1007/s11897-014-0200-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24797119&dopt=Abstract
http://dx.doi.org/10.1111/chf.12014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23279120&dopt=Abstract
http://www.biomedcentral.com/1472-6947/12/57
http://dx.doi.org/10.1186/1472-6947-12-57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22726578&dopt=Abstract
http://dx.doi.org/10.1016/j.gerinurse.2013.05.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23764366&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
DHFK: Dutch Heart Failure Knowledge Scale
HF: heart failure
NYHA: New York Heart Association
SCHFI: Self-Care of Heart Failure Index
SEMCD: Self-Efficacy for Managing Chronic Disease Scale

Edited by G Eysenbach; submitted 01.09.15; peer-reviewed by F Fatehi, W Groen, E Vellone; comments to author 12.11.15; revised
version received 02.12.15; accepted 04.01.16; published 20.06.16.

Please cite as:
Bashi N, Windsor C, Douglas C
Evaluating a Web-Based Self-Management Intervention in Heart Failure Patients: A Pilot Study
JMIR Res Protoc 2016;5(2):e116
URL: http://www.researchprotocols.org/2016/2/e116/ 
doi:10.2196/resprot.5093
PMID:27324213

©Nazli Bashi, Carol Windsor, Clint Douglas. Originally published in JMIR Research Protocols (http://www.researchprotocols.org),
20.06.2016. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e116 | p.609http://www.researchprotocols.org/2016/2/e116/
(page number not for citation purposes)

Bashi et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.researchprotocols.org/2016/2/e116/
http://dx.doi.org/10.2196/resprot.5093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27324213&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Supporting Tablet Configuration, Tracking, and Infection Control
Practices in Digital Health Interventions: Study Protocol

Robert D Furberg1, PhD, MBA; Alexa M Ortiz1, MSN; Brittany A Zulkiewicz1, BS; Jordan P Hudson1, BA; Olivia

M Taylor1, MPH; Megan A Lewis1, PhD
RTI International, Research Triangle Park, NC, United States

Corresponding Author:
Alexa M Ortiz, MSN
RTI International
3040 E. Cornwallis Road
Research Triangle Park, NC,
United States
Phone: 1 919 316 3344
Fax: 1 919 541 6621
Email: amortiz@rti.org

Abstract

Background: Tablet-based health care interventions have the potential to encourage patient care in a timelier manner, allow
physicians convenient access to patient records, and provide an improved method for patient education. However, along with the
continued adoption of tablet technologies, there is a concomitant need to develop protocols focusing on the configuration,
management, and maintenance of these devices within the health care setting to support the conduct of clinical research.

Objective: Develop three protocols to support tablet configuration, tablet management, and tablet maintenance.

Methods: The Configurator software, Tile technology, and current infection control recommendations were employed to develop
three distinct protocols for tablet-based digital health interventions. Configurator is a mobile device management software
specifically for iPhone operating system (iOS) devices. The capabilities and current applications of Configurator were reviewed
and used to develop the protocol to support device configuration. Tile is a tracking tag associated with a free mobile app available
for iOS and Android devices. The features associated with Tile were evaluated and used to develop the Tile protocol to support
tablet management. Furthermore, current recommendations on preventing health care–related infections were reviewed to develop
the infection control protocol to support tablet maintenance.

Results: This article provides three protocols: the Configurator protocol, the Tile protocol, and the infection control protocol.

Conclusions: These protocols can help to ensure consistent implementation of tablet-based interventions, enhance fidelity when
employing tablets for research purposes, and serve as a guide for tablet deployments within clinical settings.

(JMIR Res Protoc 2016;5(2):e136)   doi:10.2196/resprot.5400

KEYWORDS

tablet computers; mHealth; infection control; clinical research protocol; mobile device management

Introduction

The proliferation of tablet technologies has ushered in a new
realm of connected health care and research-based interventions
in the clinical setting. According to the Pew Research Center,
64% of American adults own a smartphone, and of those, 53%
also own a tablet [1]. Advancements in policy, health
information technology adoption by providers, mobile/social
technology adoption by consumers, and development of
health-focused mobile apps have created ideal conditions to
enable the expansion of tablet-based interventions. According

to the 2015 Healthcare Information and Management Systems
Society Mobile Technology Survey, 47% of responding
organizations labeled mobile service implementation to access
information as a top priority, and 57% indicated already having
a mobile technology policy [2]. Further, as noted by the IMS
Institute for Healthcare Informatics, more than 165,000 mobile
health (mHealth) apps are currently available for consumer
download through Google Play and the Mac App Store [3].

The use of electronic tools and services has created new
opportunities for individuals to actively participate in monitoring
and directing their health care through digital health
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interventions. The body of evidence that supports the use of
such strategies to improve health outcomes continues to expand
[4]. However, insufficient guidance exists on deployment
methods that could be used to support replication or subsequent
scaling. To address this gap, we describe protocols relevant to
three major phases of digital health intervention activities using
tablets: initial device configuration, remote management of
deployed technologies, and the ongoing maintenance of tablets
deployed within clinical environments. The protocols are
intended for use by three major audiences: (1) public health
investigators responsible for the design of a digital health
intervention, (2) research technologists seeking guidance on
deployment methods, and (3) clinical staff responsible for
monitoring tablets and carrying out infection control procedures
in a health care setting.

There is scant literature describing the implementation of
tablet-based public health interventions and the management
of tablets. Tablet use takes place across multiple populations
and settings including urban ambulatory care practices, grocery
stores, pediatric practices, and primary care practices [5-8].
Several interventions describe the use of Web-based material
optimized for delivery via tablets, whereas others used operating
system–specific tablet-based interventions [7-13]. Irrespective
of the mode of content delivery (eg, native app, hybrid app, or
responsive Web application), proper configuration, management,
and maintenance of the tablet computer is essential to ensure
technical fidelity and control of participant exposure to
intervention materials. To the best of our knowledge, no studies
describe these procedures, and there are no predeveloped
protocols surrounding the use of tablets in digital health
interventions. We describe protocols to address the gap within
the literature that can serve as a basic guide for configuration,
management, and maintenance of tablet-based interventions.

Methods

Tablet Configuration

Characteristics of Configurator
The mobile device management software, known as
Configurator, is a resource that may improve the reliability and
enhance the reproducibility of digital health interventions.
Configurator is a free utility available from the Mac App Store.
It is designed to configure and deploy multiple iPhones, iPod
Touches, iPads, or Apple TV devices [14]. Configurator users
have the ability to push images, settings, apps, and security
profiles across groups of iPhone operating system (iOS) devices
[15]. These devices can be configured using an XML

configuration file or by using the backup of a master iPad
[16,17], which is configured by hand. The configuration can
include all network and security settings as well as installs for
the selected free or in-house apps. Once set, the master iPad is
imaged using Configurator’s backup function [16]. Remaining
iPads are connected to the Mac OS device via universal serial
bus (USB), and the image of the master iPad is restored to the
remaining iPads. This can be done with up to 30 iPads [15].
Using Configurator to set up and maintain iOS devices gives
administrative control over every aspect of the device, including
wallpaper and lock screen settings, virtual private network and
Wi-Fi (wireless local area network) settings, mail and calendar
accounts, iOS version and upgrades, documents, and application
access [16]. The end result is a number of identical,
incrementally identified iOS devices. Subsequent alterations,
including software updates, can only be made using Configurator
by connecting the devices via USB to a Mac OS computer.

Applying Configurator to Tablet Deployment
Presently there is limited guidance available regarding tablet
configuration for digital health interventions. However, with
reported sales of more than 4.5 million iPads to educational
institutions within the United States and almost twice that
worldwide, Configurator is extensively used within the field of
education [18,19]. Recommendations from Configurator’s
application in education can be applied to digital health
interventions deployed for research or clinical purposes.

The Configurator application is widely used in education for
configuring multiple iOS-based devices at scale, whether it be
for a single classroom, school, or district. Consequently, a
considerable amount of guidance is available about
Configurator’s setup and use in schools. Additionally, the
Configurator education deployment model provides institutions
with flexibility to manage multiple deployment scenarios, such
as one-to-one, shared-use, and student-owned devices. Schools
may choose to deploy iPads in one specific scenario or all three
scenarios. However, Configurator is ideally used to set up
one-to-one or shared-use devices, which gives educational IT
staff the ability to customize and be flexible in addressing the
school’s specific needs.

The iOS education Configurator deployment model can easily
be transposed to other domains, such as deployment within
clinical settings or health research studies. The example provided
in Figure 1 outlines how the educational infrastructure is similar
to the health care infrastructure, as can be seen by changing the
nomenclature from schools to clinics, teachers to clinicians, and
students to patients.
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Figure 1. Education and healthcare comparative configurator infrastructure.

Configurator Protocol
As the use of tablets continues to expand within clinical settings
and tablets become more commonplace components in digital
health interventions, a consistent method for configuring devices
will become increasingly necessary. The protocol, as shown in
Multimedia Appendix 1, provides a generic outline for iPad
deployment using Configurator within research or clinical
settings. The protocol reviews the requirements associated with
Configurator’s use and provides the steps for setting up an iPad
using Configurator.

Tablet Management

Characteristics of Tile
The ability to track tablets (or other mobile devices) is an
investment in the retention of the digital health intervention.
Tile is a small tracking tag (see Figure 2 for dimensions)
associated with a free app compatible with iOS and the Android
operating system [20-23]. The primary purpose of Tile is to
assist users in locating lost items. While Tile was not designed
for mobile device management, its capabilities and small size
offer a unique method of tracking mobile devices in clinical
settings to augment native management features, such as Find

My iPhone, where a Global Positioning System (GPS) signal
may not be available.

The Tile app is free and the cost of Tile’s hardware is relatively
low—usually less than $25 per device [24]. Tile locates items
by using Bluetooth low energy (BLE) 4.0 [22,23]. BLE works
optimally at a range of 30 feet but can extend to a maximum
range of 100 feet [22,23]. If an item is lost but is in the range
of the BLE, Tile can be triggered to play a short tune by
selecting the Find option within the app to assist the user in
locating the lost device [23,25]. If Tile is unable to track an item
via BLE, the user can select the app’s Mark as Lost option to
report a missing Tile [23]. The app can also inform users about
the last place their lost device was seen. As noted in the Tile
informational material [23], “Tile maps the last place you had
it.”

Additionally, multiple Tiles can work together. While an
individual Tile is only visible to its registered user, each Tile
can be used in a Community Find, which allows any Tile to
assist in communicating the location of a lost item to its
registered owner [22,25,26]. Separate from the Community Find
feature, the Tile app can share a Tile’s location with another
Tile app user [27]. The Share feature allows two different app
users access to the same Tile [23,28].

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e136 | p.612http://www.researchprotocols.org/2016/2/e136/
(page number not for citation purposes)

Furberg et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Entity relationship diagram: option 1 and tile dimensions.

Applying Tile to Tablet Deployment
There are two approaches to applying Tile technology to tablet
deployments. The first option, as outlined in Figure 2, displays
three devices that each track one other device within the
diagram. Since each Tile’s BLE can only connect to one device
at a time [27], each tablet is limited to tracking only one other
tablet. That is, tablet 1 is used to track the location of tile 2
(attached to tablet 2); tablet 2 is used to track the location of

tile 3 (attached to tablet 3); tablet 3 is used to track the location
of tile 1 (attached to tablet 1).

The second option for applying Tile technology to tablet
deployments is outlined in Figure 3, which displays four devices,
three with Tiles attached and one device that is solely used for
tracking the deployed Tiles. Because one Tile app can
simultaneously track multiple individual Tiles, a single tablet
can track the three deployed Tiles via BLE; that is, tablet 1 can
track tablets 2, 3, and 4.

Figure 3. Entity relationship diagram: option 2.
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Tile Protocol
Considering the compact nature of many tablets, the risk of
theft, misplaced devices, or loss is a concern. Consequently,
enhanced use of tablet technology in digital health interventions
must be accompanied by innovative methods of device
management. Multimedia Appendix 2 provides a protocol
outlining the requirements for deployment as well as how to set
up and use the various features offered by the Tile tracking
device.

Tablet Maintenance

Characteristics of Infection Control
As tablets continue to proliferate the health care setting, the risk
of device-based pathogen transmission increases [29]. In a 2009
study, the mobile phones of 200 intensive care and operating
room health care workers were tested, and 94.5% showed some
form of bacterial contamination [30]. Although the study does
not discuss tablets, the same concerns of bacterial contamination
and infection surrounding mobile phones are applicable to
tablets.

Presently, Apple recommends using a soft, lint-free cloth for
cleaning mobile devices, avoiding liquids, solvents, or spraying
cleaners directly onto the device [31]. However, a plain cloth
will not remove contagious pathogens such as
methicillin-resistant Staphylococcus aureus (MRSA) or
vancomycin-resistant enterococcus (VRE) from a mobile device
[29]. A study by Howell and colleagues [29] compared six
different wipes (Sani-Cloth CHG 2%, Trigene, Clorox, Tristel,
soap and water, and a plain cloth) and found that the Sani-Cloth
CHG (chlorhexidine gluconate 2%/alcohol 70%) wipes were
the most effective cleaning agent for tablets, with very low risk
to the tablet’s functional capabilities or accessories.

Infection Control Protocol
Proper disinfection is an important component to consider as
tablets are increasingly integrated into both research studies and

patient care. The infection control protocol is reviewed in
Multimedia Appendix 3 and provides a list of the required
supplies as well as an outline of the steps needed to disinfect
tablet devices using CHG 2% wipes.

Results

This article provides three protocols within the multimedia
appendices that can be applied to support the configuration, the
management, and the maintenance of mobile devices employed
in digital health interventions: the Configurator protocol, the
Tile protocol, and the infection control protocol.

Discussion

This article addresses the literature gap on tablet protocols used
in digital health interventions and describes three protocols
supporting tablet configuration, management, and maintenance.
The protocols discussed are furnished as generalized instructions
or as a foundation for further enhancements, allowing for
customization to further optimize tablet adoption. While these
protocols can be used to support a single intervention, the
resources may be used individually or bundled, at the discretion
of investigators or clinicians, depending on the methodological
requirements and deployment environment.

The availability and utilization of tablets is advancing the way
researchers work, clinicians provide health care, and patients
receive health care. However, along with the proliferation of
tablets comes the need to advance tablet-focused protocols. The
goal of this paper was not to test the effectiveness of
Configurator, Tile, or the proposed infection protocol. Rather,
we sought to review various options available to augment
consistent tablet configuration, management, and maintenance.
Further research is necessary to evaluate the feasibility and
efficacy of the developed tablet-focused protocols.

 

Acknowledgments
Funding for this work was provided by the Centers for Disease Control and Prevention (CDC). The authors would like to
acknowledge the contributions of Dr. Camilla Harshbarger and Carla Galindo, MPH. The content of this article is solely the
responsibility of the authors and does not necessarily reflect the views of the CDC, the companies responsible for the production
and distribution of Tile and Configurator, or the authors’ employer, RTI International.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Configurator Protocol.

[PDF File (Adobe PDF File), 62KB - resprot_v5i2e136_app1.pdf ]

Multimedia Appendix 2
Tile Protocol.

[PDF File (Adobe PDF File), 29KB - resprot_v5i2e136_app2.pdf ]

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e136 | p.614http://www.researchprotocols.org/2016/2/e136/
(page number not for citation purposes)

Furberg et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

resprot_v5i2e136_app1.pdf
resprot_v5i2e136_app1.pdf
resprot_v5i2e136_app2.pdf
resprot_v5i2e136_app2.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 3
Infection Control Protocol.

[PDF File (Adobe PDF File), 30KB - resprot_v5i2e136_app3.pdf ]

References
1. Smith A. U.S. smartphone use in 2015. Chapter one: a portrait of smartphone ownership. Washington, DC: Pew Internet

and American Life Project; 2015 Apr 01. URL: http://www.pewinternet.org/files/2015/03/PI_Smartphones_0401151.pdf
[accessed 2016-06-12] [WebCite Cache ID 6d8l18Ykz]

2. 2015 HIMSS mobile technology survey: executive summary. Chicago, IL: Healthcare Information and Management Systems
Society; 2015 Apr. URL: http://s3.amazonaws.com/rdcms-himss/files/production/public/FileDownloads/
2015%20Mobile%20Technology%20Survey%20EXECUTIVE%20SUMMARY%20FINAL%20040215.pdf [accessed
2015-11-18] [WebCite Cache ID 6d8mbggUs]

3. Patient Adoption of mHealth. Danbury, CT: IMS Institute for Healthcare Informatics; 2015 Sep. URL: http://www.
imshealth.com/da_DK/thought-leadership/ims-institute/reports/patient-adoption-of-mhealth [accessed 2016-06-12] [WebCite
Cache ID 6iCgJZtLc]

4. Claborn KR, Fernandez A, Wray T, Ramsey S. Computer-based HIV adherence promotion interventions: A systematic
review. Transl Behav Med 2015 Sep;5(3):294-306. [doi: 10.1007/s13142-015-0317-0] [Medline: 26327935]

5. Bickmore TW, Silliman RA, Nelson K, Cheng DM, Winter M, Henault L, et al. A randomized controlled trial of an
automated exercise coach for older adults. J Am Geriatr Soc 2013 Oct;61(10):1676-1683. [doi: 10.1111/jgs.12449] [Medline:
24001030]

6. Kaplan CP, Livaudais-Toman J, Tice JA, Kerlikowske K, Gregorich SE, Pérez-Stable EJ, et al. A randomized, controlled
trial to increase discussion of breast cancer in primary care. Cancer Epidemiol Biomarkers Prev 2014 Jul;23(7):1245-1253.
[doi: 10.1158/1055-9965.EPI-13-1380] [Medline: 24762560]

7. Burckley E, Tincani M, Guld Fisher A. An iPad-based picture and video activity schedule increases community shopping
skills of a young adult with autism spectrum disorder and intellectual disability. Dev Neurorehabil 2015 Apr;18(2):131-136.
[doi: 10.3109/17518423.2014.945045] [Medline: 25084013]

8. Dempsey AF, Maertens J, Beaty BL, O'Leary ST. Understanding how different recruitment strategies impact parent
engagement with an iPad-based intervention to provide personalized information about adolescent vaccines. J Adolesc
Health 2015 May;56(5 Suppl):S7-S13. [doi: 10.1016/j.jadohealth.2014.11.022] [Medline: 25863557]

9. Levine J, Wolf RL, Chinn C, Edelstein BL. MySmileBuddy: an iPad-based interactive program to assess dietary risk for
early childhood caries. J Acad Nutr Diet 2012 Oct;112(10):1539-1542. [doi: 10.1016/j.jand.2012.06.010] [Medline:
23017564]

10. Webster R, Gerressu M, Michie S, Estcourt C, Anderson J, Ang CS, MenSS Trial Group. Defining the content of an online
sexual health intervention: The menSS website. JMIR Res Protoc 2015 Jul;4(3):e82 [FREE Full text] [doi:
10.2196/resprot.4316] [Medline: 26142304]

11. Breitenstein SM, Gross D. Web-based delivery of a preventive parent training intervention: A feasibility study. J Child
Adolesc Psychiatr Nurs 2013 May;26(2):149-157. [doi: 10.1111/jcap.12031] [Medline: 23607827]

12. Farmer A, Toms C, Hardinge M, Williams V, Rutter H, Tarassenko L. Self-management support using an Internet-linked
tablet computer (the EDGE platform)-based intervention in chronic obstructive pulmonary disease: Protocol for the
EDGE-COPD randomised controlled trial. BMJ Open 2014 Jan;4(1):e004437. [doi: 10.1136/bmjopen-2013-004437]
[Medline: 24401729]

13. Cook DJ, Moradkhani A, Douglas KS, Prinsen SK, Fischer EN, Schroeder DR. Patient education self-management during
surgical recovery: Combining mobile (iPad) and a content management system. Telemed J E Health 2014 Apr;20(4):312-317.
[doi: 10.1089/tmj.2013.0219] [Medline: 24443928]

14. Apple Configurator 2.: Mac App Store URL: https://itunes.apple.com/us/app/apple-configurator-2/id1037126344?mt=12
[accessed 2015-11-19] [WebCite Cache ID 6d9myVgh0]

15. Rivers K. ClassThink. 2013 May 27. What is Apple Configurator? URL: http://www.classthink.com/2013/05/27/
apple-configurator-or-mdm/ [accessed 2015-11-23] [WebCite Cache ID 6dGN6T4bi]

16. iOS Deployment Reference. Cupertino, CA: Apple Inc; 2015. URL: https://manuals.info.apple.com/MANUALS/1000/
MA1685/en_US/ios_deployment_reference.pdf [accessed 2015-11-19] [WebCite Cache ID 6d9n1Rufm]

17. iOS Education Deployment Overview. Cupertino, CA: Apple Inc; 2014 Sep. URL: http://www.apple.com/education/docs/
EDU_deployment_overview_en_sept14.pdf [accessed 2015-11-19] [WebCite Cache ID 6d9n407Vz]

18. Paczkowski J. All Things D. 2013 Feb 28. Apple’s iTunes U hits one billion downloads URL: http://allthingsd.com/
20130228/apples-itunes-u-hits-1-billion-downloads/ [accessed 2015-11-19] [WebCite Cache ID 6d9nAr4rf]

19. Etherington D. TechCrunch. 2013 Feb 28. Apple has sold over 8M iPads direct to education worldwide, with more than
1B iTunes U downloads URL: http://techcrunch.com/2013/02/28/
apple-has-sold-over-8m-ipads-direct-to-education-worldwide-with-more-than-1b-itunes-u-downloads/ [accessed 2015-11-19]
[WebCite Cache ID 6d9opZ2Yy]

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e136 | p.615http://www.researchprotocols.org/2016/2/e136/
(page number not for citation purposes)

Furberg et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

resprot_v5i2e136_app3.pdf
resprot_v5i2e136_app3.pdf
http://www.pewinternet.org/files/2015/03/PI_Smartphones_0401151.pdf
http://www.webcitation.org/6d8l18Ykz
http://s3.amazonaws.com/rdcms-himss/files/production/public/FileDownloads/2015%20Mobile%20Technology%20Survey%20EXECUTIVE%20SUMMARY%20FINAL%20040215.pdf
http://s3.amazonaws.com/rdcms-himss/files/production/public/FileDownloads/2015%20Mobile%20Technology%20Survey%20EXECUTIVE%20SUMMARY%20FINAL%20040215.pdf
http://www.webcitation.org/6d8mbggUs
http://www.imshealth.com/da_DK/thought-leadership/ims-institute/reports/patient-adoption-of-mhealth
http://www.imshealth.com/da_DK/thought-leadership/ims-institute/reports/patient-adoption-of-mhealth
http://www.webcitation.org/6iCgJZtLc
http://www.webcitation.org/6iCgJZtLc
http://dx.doi.org/10.1007/s13142-015-0317-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26327935&dopt=Abstract
http://dx.doi.org/10.1111/jgs.12449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24001030&dopt=Abstract
http://dx.doi.org/10.1158/1055-9965.EPI-13-1380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24762560&dopt=Abstract
http://dx.doi.org/10.3109/17518423.2014.945045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25084013&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2014.11.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25863557&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2012.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23017564&dopt=Abstract
http://www.researchprotocols.org/2015/3/e82/
http://dx.doi.org/10.2196/resprot.4316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26142304&dopt=Abstract
http://dx.doi.org/10.1111/jcap.12031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23607827&dopt=Abstract
http://dx.doi.org/10.1136/bmjopen-2013-004437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24401729&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2013.0219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24443928&dopt=Abstract
https://itunes.apple.com/us/app/apple-configurator-2/id1037126344?mt=12
http://www.webcitation.org/6d9myVgh0
http://www.classthink.com/2013/05/27/apple-configurator-or-mdm/
http://www.classthink.com/2013/05/27/apple-configurator-or-mdm/
http://www.webcitation.org/6dGN6T4bi
https://manuals.info.apple.com/MANUALS/1000/MA1685/en_US/ios_deployment_reference.pdf
https://manuals.info.apple.com/MANUALS/1000/MA1685/en_US/ios_deployment_reference.pdf
http://www.webcitation.org/6d9n1Rufm
http://www.apple.com/education/docs/EDU_deployment_overview_en_sept14.pdf
http://www.apple.com/education/docs/EDU_deployment_overview_en_sept14.pdf
http://www.webcitation.org/6d9n407Vz
http://allthingsd.com/20130228/apples-itunes-u-hits-1-billion-downloads/
http://allthingsd.com/20130228/apples-itunes-u-hits-1-billion-downloads/
http://www.webcitation.org/6d9nAr4rf
http://techcrunch.com/2013/02/28/apple-has-sold-over-8m-ipads-direct-to-education-worldwide-with-more-than-1b-itunes-u-downloads/
http://techcrunch.com/2013/02/28/apple-has-sold-over-8m-ipads-direct-to-education-worldwide-with-more-than-1b-itunes-u-downloads/
http://www.webcitation.org/6d9opZ2Yy
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Tile: Dimensions. San Mateo, CA: Tile Inc; 2015. URL: https://support.thetileapp.com/hc/en-us/articles/
200591648-Dimensions [accessed 2015-11-19] [WebCite Cache ID 6d9qad1O7]

21. Tile: device compatability. San Mateo, CA: Tile Inc; 2015. URL: https://www.thetileapp.com/compatibility [accessed
2015-11-19] [WebCite Cache ID 6d9qnV3e6]

22. Tile: Welcome to Tile. San Mateo, CA: Tile Inc; 2015. URL: https://www.thetileapp.com/got-my-tile [accessed 2015-11-19]
[WebCite Cache ID 6d9r5CBEN]

23. Tile: Frequently Asked Questions. San Mateo, CA: Tile Inc; 2015. URL: https://www.thetileapp.com/faq [accessed
2015-11-19] [WebCite Cache ID 6d9r802ki]

24. The Tile App. San Mateo, CA: Tile Inc; 2015. URL: https://www.thetileapp.com/ [accessed 2015-11-19] [WebCite Cache
ID 6d9rAtaxi]

25. Tile: How it Works. San Mateo, CA: Tile Inc; 2015. URL: https://www.thetileapp.com/how-it-works [accessed 2015-11-19]
[WebCite Cache ID 6d9rDPrVc]

26. Tile: Community Find. We're All Looking Out for Each Other. San Mateo, CA: Tile Inc; 2015. URL: https://www.
thetileapp.com/community-find [accessed 2015-11-19] [WebCite Cache ID 6d9rG3pb2]

27. Tile: Introducing Shared Tiles. San Mateo, CA: Tile Inc; 2015. URL: https://www.thetileapp.com/blog/shared-tiles-feature
[accessed 2015-11-19] [WebCite Cache ID 6d9rmSdaP]

28. Tile: Sharing a Tile. San Mateo, CA: Tile Inc; 2015. URL: https://support.thetileapp.com/hc/en-us/articles/
205332837-Sharing-a-Tile [accessed 2015-11-19] [WebCite Cache ID 6d9rdM6HQ]

29. Howell V, Thoppil A, Mariyaselvam M, Jones R, Young H, Sharma S, et al. Disinfecting the ipad: evaluating effective
methods. J Hosp Infect 2014 Jun;87(2):77-83. [doi: 10.1016/j.jhin.2014.01.012] [Medline: 24746231]

30. Ulger F, Esen S, Dilek A, Yanik K, Gunaydin M, Leblebicioglu H. Are we aware how contaminated our mobile phones
with nosocomial pathogens? Ann Clin Microbiol Antimicrob 2009 Mar;8(7). [doi: 10.1186/1476-0711-8-7] [Medline:
19267892]

31. Apple Support: How to Clean Apple Products. Cupertino, CA: Apple Inc; 2015. URL: https://support.apple.com/en-us/
ht204172 [accessed 2015-11-18] [WebCite Cache ID 6d8ibEtNd]

Abbreviations
BLE: Bluetooth low energy
CDC: Centers for Disease Control and Prevention
CHG: chlorhexidine gluconate
GPS: Global Positioning System
iOS: iPhone operating system
mHealth: mobile health
MRSA: methicillin-resistant Staphylococcus aureus
OS: operating system
PPE: personal protective equipment
USB: universal serial bus
VRE: vancomycin-resistant enterococcus
Wi-Fi: wireless local area network technology

Edited by G Eysenbach; submitted 01.12.15; peer-reviewed by R Shaw, B Green; comments to author 30.01.16; revised version
received 26.02.16; accepted 31.03.16; published 27.06.16.

Please cite as:
Furberg RD, Ortiz AM, Zulkiewicz BA, Hudson JP, Taylor OM, Lewis MA
Supporting Tablet Configuration, Tracking, and Infection Control Practices in Digital Health Interventions: Study Protocol
JMIR Res Protoc 2016;5(2):e136
URL: http://www.researchprotocols.org/2016/2/e136/ 
doi:10.2196/resprot.5400
PMID:27350013

©Robert D Furberg, Alexa M Ortiz, Brittany A Zulkiewicz, Jordan P Hudson, Olivia M Taylor, Megan A Lewis. Originally
published in JMIR Research Protocols (http://www.researchprotocols.org), 27.06.2016. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e136 | p.616http://www.researchprotocols.org/2016/2/e136/
(page number not for citation purposes)

Furberg et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://support.thetileapp.com/hc/en-us/articles/200591648-Dimensions
https://support.thetileapp.com/hc/en-us/articles/200591648-Dimensions
http://www.webcitation.org/6d9qad1O7
https://www.thetileapp.com/compatibility
http://www.webcitation.org/6d9qnV3e6
https://www.thetileapp.com/got-my-tile
http://www.webcitation.org/6d9r5CBEN
https://www.thetileapp.com/faq
http://www.webcitation.org/6d9r802ki
https://www.thetileapp.com/
http://www.webcitation.org/6d9rAtaxi
http://www.webcitation.org/6d9rAtaxi
https://www.thetileapp.com/how-it-works
http://www.webcitation.org/6d9rDPrVc
https://www.thetileapp.com/community-find
https://www.thetileapp.com/community-find
http://www.webcitation.org/6d9rG3pb2
https://www.thetileapp.com/blog/shared-tiles-feature
http://www.webcitation.org/6d9rmSdaP
https://support.thetileapp.com/hc/en-us/articles/205332837-Sharing-a-Tile
https://support.thetileapp.com/hc/en-us/articles/205332837-Sharing-a-Tile
http://www.webcitation.org/6d9rdM6HQ
http://dx.doi.org/10.1016/j.jhin.2014.01.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24746231&dopt=Abstract
http://dx.doi.org/10.1186/1476-0711-8-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19267892&dopt=Abstract
https://support.apple.com/en-us/ht204172
https://support.apple.com/en-us/ht204172
http://www.webcitation.org/6d8ibEtNd
http://www.researchprotocols.org/2016/2/e136/
http://dx.doi.org/10.2196/resprot.5400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27350013&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.researchprotocols.org, as well as this copyright and license information must be included.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e136 | p.617http://www.researchprotocols.org/2016/2/e136/
(page number not for citation purposes)

Furberg et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

A Cross-Sectional Study on Attitudes to and Understanding of
Risk of Acquisition of HIV: Design, Methods and Participant
Characteristics

Janey Sewell1, BNurs; Andrew Speakman1, PhD; Andrew N Phillips1, PhD; Fiona C Lampe1, PhD; Ada Miltz1, MSc;

Richard Gilson1, MBBS; David Asboe2, MBBS; Nneka Nwokolo2, MBBS; Christopher Scott2, MBBS; Sara Day2,

MBBS; Martin Fisher3†, MBBS; Amanda Clarke3, MBBS; Jane Anderson4, MBBS; Rebecca O'Connell5, MBBS;

Vanessa Apea5, MBBS; Rageshri Dhairyawan6, MBBS; Mark Gompels7, MBBS; Paymaneh Farazmand8, MBBS;

Sris Allan9, MBBS; Susan Mann10, MBBS; Jyoti Dhar11, MBBS; Alan Tang12, MBBS; S Tariq Sadiq13, MBBS;

Stephen Taylor14, MBBS; Simon Collins15; Lorraine Sherr1, PhD; Graham Hart1, PhD; Anne M Johnson1, MBBS;

Alec Miners16, PhD; Jonathan Elford17, PhD; Alison Rodger1, MBBS
1Institute of Epidemiology and Health Care, Research Department of Infection and Population Health, UCL, London, United Kingdom
2Chelsea and Westminster NHS Foundation Trust, London, United Kingdom
3Brighton and Sussex University Hospitals NHS Trust, Brighton, United Kingdom
4Homerton University Hospital NHS Foundation Trust, London, United Kingdom
5Barts Health NHS Trust, London, United Kingdom
6Barking, Havering and Redbridge University Hospitals NHS Trust, London, United Kingdom
7North Bristol NHS Trust, Bristol, United Kingdom
8Calderdale and Huddersfield NHS Foundation Trust, Huddersfield, United Kingdom
9Coventry and Warwickshire Partnership NHS Trust, Coventry, United Kingdom
10King’s College Hospital NHS Foundation Trust, London, United Kingdom
11Staffordshire and Stoke on Trent Partnership NHS Trust, Leicester, United Kingdom
12Royal Berkshire NHS Foundation Trust, Reading, United Kingdom
13Institute for Infection and Immunity, St George's, University of London, London, United Kingdom
14Heart of England NHS Foundation Trust, Birmingham, United Kingdom
15HIV i-Base, London, United Kingdom
16London School of Hygiene and Tropical Medicine, London, United Kingdom
17City University London, London, United Kingdom
†deceased

Corresponding Author:
Janey Sewell, BNurs
Institute of Epidemiology and Health Care
Research Department of Infection and Population Health
UCL
Royal Free Hospital,
London, NW3 2PF
United Kingdom
Phone: 44 20 7794 0500
Fax: 44 20 3108 2079
Email: j.sewell@ucl.ac.uk

Abstract

Background: The annual number of new human immunodeficiency virus (HIV) infections in the United Kingdom among men
who have sex with men (MSM) has risen, and remains high among heterosexuals. Increasing HIV transmission among MSM is
consistent with evidence of ongoing sexual risk behavior in this group, and targeted prevention strategies are needed for those at
risk of acquiring HIV.
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Objective: The Attitudes to and Understanding of Risk of Acquisition of HIV (AURAH) study was designed to collect information
on HIV negative adults at risk of HIV infection in the United Kingdom, based on the following parameters: physical and mental
health, lifestyle, patterns of sexual behaviour, and attitudes to sexual risk.

Methods: Cross-sectional questionnaire study of HIV negative or undiagnosed sexual health clinic attendees in the United
Kingdom from 2013-2014.

Results: Of 2630 participants in the AURAH study, 2064 (78%) were in the key subgroups of interest; 580 were black Africans
(325 females and 255 males) and 1484 were MSM, with 27 participants belonging to both categories.

Conclusions: The results from AURAH will be a significant resource to understand the attitudes and sexual behaviour of those
at risk of acquiring HIV within the United Kingdom. AURAH will inform future prevention efforts and targeted health promotion
initiatives in the HIV negative population.

(JMIR Res Protoc 2016;5(2):e58)   doi:10.2196/resprot.4873

KEYWORDS

HIV infection; HIV negative; HIV undiagnosed; HIV transmission; HIV testing; men who have sex with men; black Africans;
sexual risk behaviour; health and wellbeing.

Introduction

Background
During 2013, 6000 people were newly diagnosed with human
immunodeficiency virus (HIV) in the United Kingdom (UK),
and the estimated number of people living with HIV in the
United Kingdom was 107,800 by the end of that year [1].
Despite no reported rise in the annual number of new diagnoses
since 2005 in the overall UK population, there is evidence that
HIV incidence is increasing among men who have sex with
men (MSM) [2], and in 2013 the number of new HIV diagnoses
remained high in black African men and women, who constitute
two thirds of all heterosexuals living with HIV in the United
Kingdom [1].

An estimated 38,700 black Africans were living with HIV in
the United Kingdom in 2013. Despite a decline in new diagnoses
among people born in sub-Saharan Africa, black Africans form
the second largest social group affected by HIV in the United
Kingdom [1]. The combination of high prevalence of HIV in
the black African community [1] and the high proportion of
undiagnosed infection as a consequence of late presentation [3]
means that the potential for onward transmission of HIV is high
within this community. Although the proportion of late HIV
diagnoses has declined overall in the last decade, late diagnosis
was highest among black African men (69%) and women (57%)
in 2013 [1]. Research into factors that affect attitudes towards
HIV and access to HIV testing and services is important. The
African Health and Sex survey in 2013-2014 demonstrated a
low level of awareness on HIV prevalence within black African
people living in the United Kingdom, and poor knowledge of
HIV treatment and care availability [4], which may impact on
access to HIV testing services and sexual risk behavior.
Furthermore, previous research into late presentation among
black Africans demonstrated that HIV awareness did not
translate into individual perception of risk or use of services,
and that major structural barriers such as stigma, confidentiality
and migration issues inhibit the uptake of HIV testing and
services [5].

Evidence of ongoing, and likely increasing, HIV transmission
among MSM [1,2,6-8] is consistent with evidence of ongoing

sexual risk behavior in this group and there is evidence that the
prevalence of condomless sex among MSM in the United
Kingdom may have changed over the last few decades. In the
United Kingdom the extensive research carried out in
community-venue and clinic based studies [6,8-15] has indicated
an increase in the prevalence of condomless anal intercourse
among MSM during the late 1990s and early 2000s, coincident
with the widespread introduction and use of successful
combination antiretroviral treatment (ART) for HIV in
developed countries. Research from the United States [16,17]
and Europe [18-21] also describes an increase in diagnoses of
other sexually transmitted infections (STI) over this time. It has
been suggested that the increase in condomless sex that occurred
in the late 1990s in the Western world may now have plateaued
[9], and recent data from NATSAL-3 (a large representative
survey of sexual behavior in the UK general population from
September 2010 to August 2012) described no change in
prevalence of condomless sex or risk perception in MSM over
the last decade [22]. However, the incidence of HIV in MSM
in the United Kingdom appears to have increased [2]. This
increase cannot be explained by changes in HIV testing alone
[23], but would be compatible with a modest ongoing increase
in condomless sex among MSM [2].

Sexual transmission risk arises as a result of perceptions and
behaviors which may differ depending on the HIV serostatus
of individuals. Strategies aimed at reduction of HIV transmission
need to address differences in both HIV positive and negative
individuals’ perceptions, choices, and behaviors [24]. As
increasing evidence shows that a suppressed HIV viral load
(VL) greatly reduces the risk of onward transmission of HIV
to sexual partners [25,26], it is important to consider how this
research might have reached and influenced HIV negative
persons in different ways to those who are HIV positive. The
PARTNER study recently presented transmission estimates of
zero in heterosexuals and MSM for condomless sex where the
positive partner was on suppressive ART, albeit with a high
upper confidence limit in MSM [27]. These data may also
influence HIV negative persons in understanding and perception
of HIV transmission risks. Research from the United States
suggests that HIV negative MSM perceive a number of sexual
practices with HIV positive MSM on ART as less risky than
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with HIV positive MSM who are not on ART [24]. Furthermore,
evidence from Australia has demonstrated that a behavioral
response by MSM to the risk of HIV transmission has evolved
considerably over time [28]. Risk reduction strategies such as
using HIV VL to negotiate condom use [28], serosorting (using
HIV status as a decision-making point in choosing a sexual
partner [29,30]), strategic positioning (choosing a different
sexual position or practice depending on the serostatus of a
partner [31]), negotiated safety (choosing not to use condoms
with a primary partner and establishing specific rules for sex
outside of the primary relationship [32]), and withdrawal are
now commonly used to reduce the risk of transmitting or
acquiring HIV during condomless anal intercourse.

Current data from the United Kingdom that inform on these
themes from the perspective of HIV negative MSM and black
Africans are limited. In particular, information is needed on
HIV testing behavior and preferences, patterns of sexual
behavior, prevalence of specific types of condomless sex (to
capture potential risk reduction strategies), attitudes to
condomless sex with individuals of known and unknown HIV
status, and associations with factors such as mental/general
health, STI history, and alcohol and drug use. Data from the
Attitudes to and Understanding of Risk of Acquisition of HIV
(AURAH) study will contribute to an understanding of how
knowledge of ART and detectable/undetectable VLs among
HIV negative individuals may affect attitudes and perceptions
which lead to condomless sex with partners of unknown and/or
known HIV status in the United Kingdom.

Uptake and frequency of HIV testing among MSM in the United
Kingdom remains inadequate (an estimated 25% never tested
[2]), as it does in black Africans (an estimated 40% never tested
[33]). Therefore, improving efforts to expand testing outside
sexual health clinics is a priority, and it is a key recommendation
from Public Health England to reduce the burden of undiagnosed
HIV in these two groups [1]. The first self-testing HIV kit
featuring a Kitemark (a UK product and service quality
certification) was released in the United Kingdom in April 2015
[34]. Although the majority of HIV tests are currently conducted
in sexual health clinics, emerging evidence suggests that HIV
self-testing is highly acceptable to both MSM and black Africans
in low and high income settings [35,36]. HIV self-testing may
remove some of the barriers around accessing sexual health
services that are experienced by black Africans and MSM, and
may help to improve access to HIV testing. However, there is
a need to assess HIV testing preferences in HIV negative
individuals, given the recent expansion of testing options to
include HIV self-testing [34], and the need to increase HIV
testing in the most at-risk populations in the United Kingdom.
Results from the AURAH study will seek to inform on HIV
testing preferences and acceptability of HIV testing outside of
the traditional sexual health clinic setting.

The AURAH study will allow comparison of HIV negative or
undiagnosed MSM and black Africans with HIV positive
participants from the Antiretrovirals, Sexual Transmission Risk
and Attitudes (ASTRA) study [37], a previous questionnaire
study undertaken in 2011-2012 by the same group. The ASTRA
study focused on patients with HIV under care within the United
Kingdom, and asked many of the same questions as the AURAH

about sexual behavior, attitudes, and health and lifestyle factors.
The ASTRA study aimed to assess sexual risk behaviors, beliefs
about HIV transmission risk, and attitudes towards the use of
early ART in this population [37]. Previous studies have
illustrated high prevalence rates of depression, anxiety, and drug
and alcohol use in MSM [38], whilst black and minority ethnic
groups in the UK’s general population are also more likely to
be diagnosed with mental health problems and experience poor
outcomes from treatment than other ethnic groups [39,40]. There
is some evidence that depression in MSM is associated with
higher levels of condomless sex and higher risk behaviors [41]
but there is limited data on mental health and wellbeing, and
sexual behavior, among MSM or black Africans in the United
Kingdom. Data from the AURAH study will allow insight into
these issues. Furthermore, comparison between HIV positive
and negative individuals in both MSM and black Africans will
help to elucidate the specific effect of HIV and HIV treatments
on health, wellbeing, and lifestyle among MSM and black
Africans.

This paper describes key aspects underlying the AURAH study,
including its rationale, design, methods and response rates. A
description of the participant characteristics is also outlined.
Details of both response rates and participant characteristics
may be of use in the comparison to other studies set in sexual
health clinics or outpatient settings, and inform future design
and planning of subsequent studies. Further publications will
address detailed research questions based on the data collected
from the participants in the AURAH study.

Aims and Objectives
The primary aim of the AURAH study was to assess patterns
of sexual behavior, and attitudes to sexual risk, among HIV
negative adults at risk of HIV infection, and to investigate
associations with demographic, socio-economic, health, and
lifestyle factors.

Study Objectives
The detailed objectives of the AURAH study were to assess the
following in HIV negative (not known to be HIV positive)
sexual health clinic attendees:

1. Levels of recent condomless vaginal or anal sex according
to demographic groups (sexuality, ethnicity).

2. Among those who have had condomless sex, the distribution
of: number of sexual partners, type of partners, knowledge
of HIV status of partners, number of times had condomless
sex, type of condomless sex, and reasons for not using
condom.

3. Among those having condomless sex with partners of
positive or unknown HIV serostatus, the prevalence of
risk-reduction measures such as seropositioning.

4. The prevalence of psychological and physical symptoms
(ie, depression, anxiety) and lifestyle factors (ie, drug and
alcohol use), and whether demographic/social factors,
psychological and physical symptoms, quality of life, and
lifestyle factors are associated with condomless sex.

5. Beliefs regarding the effect of ART in HIV positive
individuals, and undetectable VL, on HIV transmission risk
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(transmission risk beliefs) and the association of such beliefs
with sexual behavior.

6. History of any HIV testing and attitudes to HIV and HIV
medications, including awareness of, and any history of,
taking post-exposure prophylaxis (PEP) and pre-exposure
prophylaxis (PrEP).

7. Attitudes towards testing for HIV in different settings (ie,
sexual health clinic, general practitioner, community based
testing), type of testing (ie, self-sampling, self-testing) and
preferred sample type for HIV self-testing (ie, saliva based
or finger-prick sample of blood).

Methods

Study Design
AURAH was a cross-sectional self-administered questionnaire
study in individuals attending 20 sexual health (Genito-Urinary
Medicine) clinics, in 15 clinical centers (National Health Service
trusts), across the United Kingdom. The recruitment period was
17 months, commencing June 2013.

Population and Setting
AURAH was conducted among individuals attending sexual
health clinics for routine STI and/or HIV testing. The inclusion
criteria were as follows: HIV negative (or undiagnosed) subjects
aged 18 years or over, attending for routine STI or HIV testing
in sexual health clinics. Individuals not known to be HIV
positive at the time of recruitment to AURAH, but testing
positive on that (or a subsequent) clinic visit were retained in
the AURAH sample.

The 20 clinical centers were situated across England, and details
of the locations and clinics are listed in the Acknowledgements
section. The sites were selected on the understanding that they
could provide access to large numbers of HIV negative patients
attending clinics for STI screening and HIV testing, including
the key demographic at risk subgroups in the United Kingdom
(MSM and black Africans). Most clinics were able to provide
a mixed demographic of study participants but a few clinics
recruited large numbers of one type only. For example, the 56
Dean Street clinic and the Mortimer Market Center recruited a
large number of MSM to the study. Similarly, there were other
centers that provided a larger number of black African male
and female participants for the study, including the Greenway
Center, City of Coventry Healthcare Center, and the Sydenham
Center, Barking, London.

Sample Size
The AURAH study adopted a recruitment target of 2000 total
sample size, of which 1000 would be MSM, and 1000
heterosexuals, of whom 600 would be black African. After
calculations the study would have sufficient power to:

1. Ascertain the proportion of individuals who report that they
have had condomless sex in the past 3 months with a partner
of unknown or positive HIV status and that one of the

reasons for this was “I knew there was a risk of
acquiring HIV but I am not so concerned about having the
disease that it made me want to have sex using a condom.”
This would be calculated as a proportion of all study
participants and as a proportion of all participants reporting
condomless sex.

2. Ascertain the proportion of individuals who report that they
have had condomless sex in the past 3 months with a
positive partner who gave a reason as “I thought the risks
of catching HIV were low because my partner was taking
anti-retroviral therapy.”

3. Compare the prevalence of depression on the Patient Health
Questionnaire (PHQ-9) scale [42] between HIV positive
and HIV negative individuals, separately for HIV negative
MSM, heterosexual men and women, and black African
men and women.

For objectives (1) and (2), the planned sample size of 1000
MSM would allow estimation of a 5% prevalence (95% CI
3.65-6.35), a 10% prevalence (95% CI 8.65-11.35), and a 20%
prevalence (95% CI 17.52-22.48). For the planned sample size
of approximately 300 black African men (or women),
prevalences of 5% (95% CI 2.55-7.45), 10% (95% CI 6.60-13.4)
and 20% (95% CI 15.47-24.53) would be estimated.

For objective (3), given approximately 2250 MSM, 200 black
African men and 450 black African women in the ASTRA
sample [37], and assuming a prevalence of depressive symptoms
of 25% among each of these groups, the study would have 80%
power (with 5% 2-sided significance level) and absolute
difference in prevalence of 4.5% for MSM, 10.0% for black
African men, and 8.5% for black African women.

Recruitment
Recruitment to the study took place between June 2013 and
November 2014 during different periods at the 20 clinics. A
flowchart of recruitment procedures for the study is included
(see Figure 1).

Initial recruitment in the clinics was not restricted. Each site
identified specific clinics each week, at which subjects were
recruited, aiming to ensure a reasonably representative study
population. Consecutive subjects attending each clinic were
identified, approached, and invited to take part. It was more
feasible to initially recruit in this unrestricted way, and the intent
was to modify recruitment strategy as necessary to recruit a
sufficient number of MSM and black Africans. After 6 months
of unrestricted recruiting, targeted recruitment was implemented
across all study sites, and clinic staff were asked to identify and
recruit only MSM or those of black ethnicity. Once the
recruitment target of 1000 MSM had been met (11 months into
the study), 15 clinics were asked to concentrate on recruiting
only those known to have specifically black African ethnicity
before finishing recruitment, and the 5 sites that had recruited
the largest number of MSM continued with sole recruitment of
MSM to increase the power for some research questions.
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Figure 1. Flowchart of AURAH clinic recruitment.

Consent
All subjects who were invited to participate were given an
information sheet about the study. Those who agreed to
complete the questionnaire were asked to sign a consent form.
The form included an optional section for participants to provide
details to allow contact regarding study reminders and, in the
future, to invite participants to join future research studies.
Participants were informed that consent to be contacted was
optional but that those who provided contact details would be
entered into a monthly draw offering a prize of £100 of shopping
vouchers. Participants who agreed to be contacted were asked
for their preferred contact details (email address and mobile
phone number for short message service contact). The consent
form noted that participants’ contact details would only be used
for these purposes and would be held securely at the study
management center as part of the study records, but would be

deleted after a period of two years. During the consent process,
it was reiterated that the study was for HIV negative or
undiagnosed individuals only. Participants were told that the
questionnaire would take between 15 and 30 minutes to
complete and were given an envelope to seal it in, so that their
answers were not available to clinic staff. There was an option
for participants to take the questionnaire off-site for completion,
and postage paid envelopes were provided to return the
questionnaire directly to the study management center if
required. The option of taking the questionnaire off-site was
aimed at including participants who did not have time to
complete the questionnaire before they were called for their
clinic appointment. Participants were encouraged to complete
the questionnaire on-site if possible, to minimize non-return of
questionnaires by consented participants.
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Clinical Data
Participants were made aware that their participation included
supplying information on the results of any STI or HIV tests
that took place in the clinic on the day they were enrolled in to
the study. The study log was used to record whether any HIV
or STI tests were undertaken and to record the result of any HIV
test (negative/positive) performed on the day of enrolment.

Data Processing
Completed questionnaires were collected in the clinic and
transferred regularly to the study management center.
Questionnaires were identified only by a unique study number.
Participants were instructed not to write their name or clinic
number on the questionnaire to maintain their anonymity.

Details of all clinic attendees approached for the study were
collected in a study log maintained securely and updated daily
at each clinical site. The study log contained study numbers,
clinic identifiers and details of consent status for all patients
invited to participate in the study, whether or not HIV and other
STI tests had been done, and the result of any HIV test. Contact
details of participants were also entered in the log if participants
consented to being contacted about future research. Selected
information from the study log at each clinical center was
securely transferred on a regular basis to the study management
center. At the study management center, contact details for
future research were kept securely and separately from the
questionnaire data.

Regular reports were sent from the study management center
to each site during the recruitment period, detailing trends and
overall progress in recruitment for each of the study sites. In
addition, regular checks were made on the completeness and
quality of the study log and its concordance with received
questionnaires.

Questionnaires received at the management center were digitized
by an external data processing contractor. Each paper
questionnaire was checked for legibility, digitally scanned, and
the resulting images were used as the source for two manual
data entry rounds with subsequent quality checking. The
completed data entry batches delivered by the contractor were
checked for accuracy at the study management center by fully
examining a 5% sample.

The original pseudonymized study datasets, including scanned
images of the questionnaires, were stored at the study
management center in encrypted digital form. They were
preserved by being duplicated and stored on managed servers
with regular backup and professional administration. The
original paper questionnaires were stored securely in locked
cabinets. The study datasets will be made freely and readily
available to the research community after a suitable interval in
a form that ensures that participant anonymity and
confidentiality is maintained.

Study Questionnaire
The questionnaire was based on the design of the ASTRA study
questionnaire, a cross sectional study that took place among
HIV positive participants attending outpatient HIV clinics across
the United Kingdom in 2011-2012 [37] that aimed to include a

representative sample of outpatients attending for care at each
center. The AURAH study questionnaire was adapted to capture
relevant information from HIV negative participants. An initial
questionnaire design was printed in A5 booklet format and
piloted at one study site in June 2013, using the recruitment
procedures described above. Following feedback from
participants and research staff, minor revisions were made to
the final questionnaire, the patient information sheet, the consent
form, and an insert was designed to attain further information
on preferences for HIV testing. These changes were submitted
as amendments for ethical approval and were incorporated into
the final version employed during the main recruitment period,
which commenced in July 2013.

The final questionnaire consisted of a printed A5 booklet, with
versions for men (24-page questionnaire) and women (20-page
questionnaire). The pilot study indicated that the questionnaire
took roughly 20-25 minutes to complete. The questionnaire
sought detailed information on the following factors:

1. Demographic and social factors: including gender, age or
year of birth, ethnicity, education, employment, housing,
financial status, sexuality, relationship status (whether in
long-term partnership and HIV-status of partner), country
of birth, and number of children.

2. Health and well-being: including psychological and physical
symptoms (modified version of Memorial Symptom
Assessment Scale Short-Form [43,44]), depression (PHQ-9
[42]), anxiety (Generalized Anxiety Disorder 7 [45]),
health-related quality of life (EuroQoL-3L [46]), and social
support (modified version of the Duke-UNC Functional
Social Support Questionnaire [47]).

3. Health and relevant medical history: including any major
medical conditions, recently diagnosed STIs, symptoms of
STIs, diagnosed hepatitis B and C, treatment for depression,
treatment for other mental health problems, pregnancy status
for women, and whether circumcised for men.

4. HIV-related information: including HIV status (participants
reporting HIV positive status on the questionnaire were
excluded from the study), history of any HIV tests, beliefs
about transmission risk in relation to ART and undetectable
VL, knowledge and history of use of PEP and PrEP, and
attitudes towards HIV self-testing and clinic based tests.

5. Lifestyle factors: including cigarette smoking status, usual
alcohol intake, evidence of alcohol dependency (the CAGE
questionnaire [48]), recent use of recreational drugs (with
details), and recent use of injecting drugs.

6. Sexual lifestyle: MSM participants were asked about
disclosure of their sexuality to others and involvement in
the gay social scene.

7. Sexual activity: sexual activity (vaginal or anal sex) during
the previous 3 months was ascertained separately for (i)
men having sex with women, (ii) men having sex with men,
and (iii) women having sex with men. For those participants
who reported condomless sex in the past 3 months, there
were questions on number of partners, type of partners
(long-term or other), attitudes to the risk of HIV infection,
and knowledge of the HIV status of partners. There were
additional questions on the number and type of partners if
the participant reported condomless sex with people known
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to be HIV positive. All participants were also asked about
the use of the Internet to find sexual partners, different sex
practices and group sex, attitudes towards disclosure of
HIV status to sexual partners and negotiation of condom
use, their total number of new sexual partners in the past
year, and preferred information sources (if any) about safer
sex.

8. HIV testing preferences: participants were asked to rank
different ways of testing for HIV. Ranking from least liked
to most appealing on a scale of 1-4, the options were (i) in
a sexual health clinic, (ii) general practitioner, (iii)
self-sampling, and (iv) self-testing. Participants were also
asked to indicate a preference for saliva or blood based
self-testing options.

Ethics Statement
The research protocol and all versions of the study documents
for the AURAH study (information sheet, consent form,
questionnaires and insert) were approved by the designated
Research Ethics Committees (REC) (National Research Ethics
Service committee London-Hampstead, ref: 13/LO/0246). Based
on these documents, the study subsequently received permission
for clinical research at all participating National Health Service
(NHS) sites from local Research & Development (R&D). The
REC (NRES committee London-Hampstead) further approved
the protocol and study documents for the AURAH2 study in
December 2014 (REC ref: 14/LO/1881) and subsequent
permission by local R&D for clinical research at the three NHS
clinic sites in March 2015.

Study Management
The study was managed on a day-to-day basis by a core group
of five staff at the study management center: the HIV
Epidemiology and Biostatistics Group, Research Department
of Infection and Population Health, Royal Free Campus,
University College London.

An advisory group was also established at the start of the study
to provide guidance and support. The advisory group consisted
of representatives from University College London, HIV i-Base,
the London School of Hygiene and Tropical Medicine and City
University London.

Results

Over the 17-month study period a total of 4393 eligible patients
were approached and asked to participate in this study. Of those
approached, 3340 (76.03%) gave consent to take part in the
study. The number of completed questionnaires finally collected
was 2630 and thus the response rate was 59.87% (2630/4393)
of eligible patients approached, and 78.74% (2630/3340) of
those who gave consent. The majority of respondents

(1432/2630, 54.44%) agreed to provide their contact details for
participation in future research.

Eighteen of the 20 participating clinics were able to provide
estimates of the number of outpatients seen in all clinical
sessions over the same period, and the numbers of these in the
key groups (MSM and black Africans). More than 288,090
patients were found to have attended these 18 clinics at some
point during the respective recruitment periods. Of the combined
total attending the clinics, it was estimated that approximately
7.6% were black African and 13.6% were MSM. Table 1 shows
the patient population (recruited to AURAH) and response rates
for the 20 clinical centers.

Characteristics of Those Recruited
The mean age (of the 2630 participants who supplied details)
at the time of questionnaire completion was 32 years (SD 10,
range 18-80 years). Overall, 1954 (74.30%) participants were
men and 676 (25.70%) were women. Of the 1939 male
participants whose sexuality was known, 1484 (76.53%)
self-classified as MSM and 455 (23.47%) as heterosexual. Of
the 1484 MSM participants, 965 (65.03%) agreed to provide
their contact details for participation in future research, whereas
only 36.92% (168/455) of heterosexual males and 43.20%
(292/676) of females agreed to provide these details.

In terms of ethnic origin, 1505 of the 2630 (57.22%) participants
self-classified as white, 580 participants (22.05%) as black
African ethnicity, 249 (9.47%) as other black ethnicity, 264
(10.04%) as other ethnicity, and ethnic status was missing for
32 (1.22%). Of 548 people of black African ethnicity, 323
(58.9%) were female and 225 (41.1%) were male. Of 250 men
of black African ethnicity whose sexuality was known, 30
(12.0%) self-classified as MSM and 220 (88.0%) as
heterosexual. Of the 580 participants of black African ethnicity,
213 (36.7%) agreed to provide contact details for participation
in future research.

Overall, 2535 of the 3340 consenting participants (75.90%)
took an HIV test on the day they were approached in clinic. Of
those tested, 18 of 2535 (0.71%) received a positive result that
they were unaware of at the time. Of these 18 participants, nine
returned completed questionnaires (these are retained in the
AURAH sample). All nine of these cases were male, of which
five were MSM and four were black heterosexuals. Clinics
reported that 2624 of the 3340 consenting (78.56%) also tested
for STIs on the day, although information on the nature of each
test and the results were not collected for this study.

The characteristics of those recruited at the 20 clinical centers
in terms of gender, sexual orientation, relevant ethnic status and
testing are detailed in Table 2.
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Table 1. Recruitment results for the 20 AURAH study clinical centers, 2013-2014.

Patients responding = complet-
ed questionnaires received (as
% of approached = response
rate)

Patients consenting (as
% of approached =
consent rate)

Eligible patients
approached

Individual patients
attending during
recruitment period

Length of study
period in days

Site

34 (53%)59 (92%)643475335Barking

11 (69%)13 (81%)16a31Barts

33 (62%)49 (92%)53a127Birmingham

227 (93%)240 (99%)24313918c482Brighton

55 (93%)58 (98%)591021312Bristol

73 (79%)82 (89%)9213662428Calderdale & Huddersfield

246 (91%)256 (95%)269b11218337Coventry

604 (44%)895 (65%)138451882d473Dean Street

123 (77%)149 (94%)15925312300Homerton

84 (36%)131 (56%)23520236d450John Hunter

168 (55%)204 (67%)30515500283Kings

48 (70%)66 (96%)69517384Leicester

313 (82%)370 (97%)38213652e332Mortimer Market

113 (67%)119 (71%)1689203320Newham

75 (91%)75 (91%)8214807405Reading

101 (74%)126 (92%)13733216416Royal Free

81 (74%)90 (82%)11017041333St George's

33 (83%)35 (88%)4013747247The London

164 (35%)270 (58%)46219094d463WLCSH

44 (69%)53 (83%)645933314Whipps Cross

2630 (60%)3340 (76%)4393288090-TOTALS

aClinic unable to supply data on total clinic attendance
bClinic was unable to supply data about those declining to participate – value derived from 95% consent rate estimated by the clinic
cCovers 75% of the recruitment period only
dCovers 90% of the recruitment period only
eCovers 55% of the recruitment period only
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Table 2.

STI test on the
day (as % of
consenting)

Tested for
HIV on the
day (as % of
consenting)

Black African
women (as % of
questionnaires re-
ceived)

Women (as % of
questionnaires re-
ceived)

Black African
men (as % of
questionnaires re-
ceived)

MSM (as % of
questionnaires re-
ceived)

Men (as % of
questionnaires re-
ceived)

Site label

49 (83%)43 (73%)9 (26%)9 (26%)16 (47%)8 (24%)25 (74%)Barking

13 (100%)13 (100%)0 (0%)0 (0%)0 (0%)11 (100%)11 (100%)Barts

49 (100%)40 (82%)3 (9%)22 (67%)0 (0%)7 (21%)11 (33%)Birmingham

185 (77%)170 (71%)9 (4%)20 (9%)5 (2%)197 (87%)207 (91%)Brighton

38 (66%)55 (95%)3 (5%)4 (7%)2 (4%)44 (80%)51 (93%)Bristol

71 (87%)69 (84%)11 (15%)18 (25%)6 (8%)47 (64%)55 (75%)Calderdale &
Huddersfield

161 (63%)124 (48%)105 (43%)142 (58%)57 (23%)34 (14%)104 (42%)Coventry

618 (69%)762 (85%)7 (1%)19 (3%)14 (2%)528 (87%)585 (97%)Dean Street

122 (82%)88 (59%)19 (15%)53 (43%)8 (7%)37 (30%)70 (57%)Homerton

98 (75%)94 (72%)1 (1%)15 (18%)4 (5%)49 (58%)69 (82%)John Hunter

164 (80%)136 (67%)25 (15%)103 (61%)13 (8%)31 (18%)65 (39%)Kings

54 (82%)50 (76%)11 (23%)34 (71%)2 (4%)8 (17%)14 (30%)Leicester

328 (89%)323 (87%)7 (2%)10 (3%)28 (9%)266 (85%)303 (97%)Mortimer
Market

113 (95%)98 (82%)41 (36%)52 (46%)50 (44%)7 (6%)61 (54%)Newham

68 (91%)64 (85%)16 (21%)25 (33%)8 (11%)35 (47%)50 (67%)Reading

116 (92%)98 (78%)16 (16%)60 (59%)6 (6%)29 (29%)41 (41%)Royal Free

82 (91%)65 (72%)7 (9%)25 (31%)10 (12%)36 (44%)56 (69%)St George's

35 (100%)26 (74%)14 (42%)16 (48%)5 (15%)10 (30%)17 (52%)The London

210 (78%)169 (63%)3 (2%)30 (18%)7 (4%)92 (56%)134 (82%)WLCSH

50 (94%)48 (91%)18 (41%)19 (43%)14 (32%)8 (18%)25 (57%)Whipps Cross

2624 (79%)2535 (76%)325 (12%)676 (26%)255 (10%)1484 (56%)1954 (74%)TOTALS

Discussion

The AURAH study recruited 2630 participants from 20 UK
sexual health clinics during 2013-2014. The initial rate for
consent (2630/3340, 78.74%) was relatively high in this study,
and the overall response rate (questionnaires received) was
59.87% (2630/4393) of eligible patients approached. However,
there was considerable variation between the clinics in the
response rate achieved (ranging from 35% to 93%). The
difference in response rates between the clinics could be due to
a number of reasons. When researchers at the sites with low
response rates were asked about potential barriers to
participation they noted education and literacy levels, level of
English fluency, and the perceived amount of time that the study
questionnaire would take to complete, among clinic attendees
at their sites. It was felt that the monthly prize draw had not had
a significant effect as an incentive to participate but potentially
a smaller cash sum might have, however the study did not seek
ethical approval for this due to time restraints.

The intention of this study was also to recruit large numbers
within the key demographic sub-groups most affected by HIV
in the United Kingdom, namely MSM and black African men

and women. The study succeeded in this aim, and there were
2034 individuals in these groups of interest: 1484 MSM
participants and 580 black African participants, with 30
individuals (1.47%) falling into both of these categories.

It is difficult to compare the overall study response rate with
other studies of HIV negative MSM, as many Internet or
venue-based studies have no records of numbers not agreeing
to participate, and therefore response rate cannot be calculated.
Our response rate is comparable with other surveys taking place
outside the clinical context that have investigated sexual
behavior (70% [49]; 65% [50]), and with the previous ASTRA
study on HIV positive patients whose response rate was 64%
[37]. Many of the 1746 non-responding eligible patients were
those who directly refused to participate (1036/1746, 59.34%).
However, the remaining 710 were consenting participants who
took a questionnaire away but did not return it (710/1746,
40.66% of non-responders). Although the option of taking a
questionnaire off-site for completion was intended to maximize
participation, some of the non-response in this study can be
attributed to factors impacting upon questionnaire completion
and postage after the questionnaires had been taken away from
the study site. For example, lack of time or continued motivation
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to complete and post the questionnaire. However, overall the
consent rate was slightly lower than in the comparable ASTRA
study and this may reflect the differences between the respective
clinic populations in terms of potential ongoing engagement
with care, and familiarity with the clinic research staff among
those attending HIV and general sexual health clinics.

The average age of AURAH study participants was 32 years
and, as expected, this was much younger than the average (45
years) of the ASTRA (HIV diagnosed) study participants [37].
The lower mean age for AURAH is consistent with the study’s
intention to sample from large numbers of currently HIV
negative but at risk individuals, who could be expected to be
younger than the HIV positive population.

The study population was not a random sample of those
attending the clinics, as targeted recruitment was implemented
after 6 months of recruitment. It should be noted that the target
number for MSM recruitment (1000) was exceeded and that the
target was reached early in the study. Recruitment was continued
because it was desirable to increase power for some research
questions. The number of black Africans recruited was 548,
however this took a long time to achieve and required selective
recruitment in 15 centers. A similar pattern of relative difficulty
of recruitment in these two respective populations was observed
in the ASTRA study (on HIV diagnosed individuals) [37] where
it was found that MSM were over-represented in its sample in
relation to the national HIV positive population, and conversely
black Africans were under-represented. However, the relative
difficulty of recruitment in AURAH may also be a reflection
of the different proportions within the populations attending the
sexual health clinics, with the overall proportion of MSM
(13.6%) being almost double the proportion of black Africans
(7.6%).

The number of study participants diagnosed as HIV positive
in-clinic during this study was 18 (0.71%, 95% CI 0.38-1.04,
of 2535 consenting and tested). The selective nature of our
sampling means this is not a meaningful prevalence estimate
but, as might be expected in those attending sexual health
clinics, this is very much higher than the general UK population
HIV estimate for undiagnosed HIV of 0.07% [1]. However, it
should be noted that in those identifying as MSM, there were
5 HIV positive cases out of 1484 (0.34%, 95% CI 0.04-0.63)
in this study, which is a relatively low value when compared
with the estimated 0.94% for the prevalence of undiagnosed
HIV in the UK MSM population as a whole [1]. This could
reflect the fact that MSM who regularly attend STI clinics are
likely to test more frequently for HIV than MSM in the United
Kingdom overall.

Conclusions
In summary, the AURAH study includes a substantive but
selective sample of those considered to be at risk of being
infected with HIV in the United Kingdom. AURAH will give
insights into the relationships between socio-demographic
factors, physical and psychological symptoms, lifestyle factors,
health-related quality of life, and sexual behavior in this
population.

The results of the AURAH study will be relevant for
understanding the process of HIV transmission within the United
Kingdom, and for targeting of national prevention efforts. The
data from AURAH will contribute to understanding the social,
psychological and health-related factors that are linked to high
risk sexual and HIV-testing behaviors, and therefore to ongoing
transmission of HIV in the two most at risk groups of people
in the United Kingdom.
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Abstract

Background: While the online environment may promote important developmental and social benefits, it also enables the
serious and rapidly growing issue of cyberbullying. Cyberbullying constitutes an increasing public health problem – victimized
children and youth experience a range of health and mental health concerns, including emotional and psychosomatic problems,
maladaptive behaviors, and increased suicidality. Perpetrators demonstrate a lack of empathy, and may also struggle with health
and mental health issues.

Objective: This paper describes the protocols applied in a longitudinal and multi-perspective mixed-methods study with five
objectives: (1) to explore children/youth’s experiences, and children/youth’s, parents’, and teachers’ conceptions, definitions,
and understanding of cyberbullying; (2) to explore how children/youth view the underlying motivations for cyberbullying; (3)
to document the shifting prevalence rates of cyberbullying victimization, witnessing, and perpetration; (4) to identify risk and
protective factors for cyberbullying involvement; and (5) to explore social, mental health, and health consequences of cyberbullying.

Methods: Quantitative survey data were collected over three years (2012-2014) from a stratified random baseline sample of
fourth (n=160), seventh (n=243), and tenth (n=267) grade children/youth, their parents (n=246), and their teachers (n=103).
Quantitative data were collected from students and teachers during in-person school visits, and from parents via mail-in surveys.
Student, parent, and teacher surveys included questions regarding: student experiences with bullying/cyberbullying; student
health, mental health, and social and behavioral issues; socio-demographics; and information and communication technology
use. In-depth semi-structured qualitative interviews were conducted twice with a sub-sample of students (n=57), purposively
selected based on socio-demographics and cyberbullying experience, twice with their parents (n=50), and once with their teachers
(n=30).
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Results: Data collection for this study is complete. Planned analyses include transition probabilities and repeated measures
analyses to determine involvement in cyberbullying. Repeated measures analyses, including between-subject factors (eg,
socio-demographics), will be utilized to determine factors that protect or increase risk of involvement in cyberbullying. Qualitative
analysis utilizing grounded theory is planned, to permit rich understanding of participant experiences and perspectives. Results
will be reported in 2016 and 2017.

Conclusions: This study will offer insight into the contemporary phenomenon of cyberbullying while also informing interventions
to curb cyberbullying and address its pervasive social, mental health, and health consequences. Knowledge mobilization strategies
and implications for research and practice are discussed.

(JMIR Res Protoc 2016;5(2):e83)   doi:10.2196/resprot.5292

KEYWORDS

cyberbullying; ICT; children; youth; parents; teachers; victimization; mental health; longitudinal; mixed methods

Introduction

Information and Communication Technology Use
Among North American Youth
Information and communication technologies (ICTs) are
pervasive among socio-demographically diverse populations
of young people in North America. Use of these technologies
is increasingly mobile (eg, cell phones, smartphones, tablets).
In the United States in 2014, 92% of adolescents (13-17 years)
were online daily (56% several times per day), while 91% of
youth went online occasionally, at minimum, through a mobile
device [1,2]. The recent advances in ICTs offer immense
benefits for children and youth, including innumerable and
unprecedented opportunities for education, growth, and
development [3-7], as well as facilitating their health and mental
health [8]. The ever-growing ubiquity of ICTs has, however,
inevitably brought new challenges [9,10]. Despite their technical
proficiency, children and youth do not typically possess the
critical thinking and decision-making abilities required to use
technology safely [11], and may be exposed to significant risks
in ICT environments, including cyberbullying.

Cyberbullying: A Growing Public Health Problem
In the past few years, there has been an explosion in research
on cyberbullying, documenting it as a serious, prevalent, and
growing problem. Prevalence rates for cyberbullying vary due
to definitional inconsistencies, the population studied, and the
time frames and methodologies used [12,13,14]. It has been
established, however, that between 10-40% of youth report
being cyberbullied, while 50% know someone who has
experienced cyberbullying [15]. Bullying is generally defined
as a form of aggression that can be direct or indirect, and
includes hostile physical, verbal, psychological, or relational
behaviors. Bullying is characteristically intentional, commonly
occurring in the context of a relationship, and comprising a
power imbalance among those involved. The aggressive
behavior is typically repeated over time, resulting in harm or
negative consequences for the victimized child or youth [2].
Although consensus on the definition of cyberbullying has been
difficult to establish, it may be generally defined as the use of
ICTs to bully another person [15-21]. Young people may be
involved in cyberbullying as victim, perpetrator, and/or witness.
These roles appear to be more fluid and difficult to distinguish
in the case of cyberbullying compared to traditional offline

bullying [22]. Occurrence of bullying and cyberbullying are
also highly correlated [14]. Research suggests that regardless
of the role played in cyberbullying incidents, all children and
youth can experience serious negative social, mental health,
and health consequences as a result of involvement [19-25].

Cyberbullying constitutes a mounting public health problem,
as both victimized youth and perpetrators may experience
significant and prolonged distress [14,17], as well as an array
of mental health concerns and problem behaviors. Victimized
children and youth are at risk of developing depression, anxiety,
poor self-esteem, eating disorders, sleep difficulties, emotional
problems (eg, fear, sadness, loneliness), psychosomatic problems
(eg, abdominal pains, headaches), and suicidal ideation and
behavior [26-28]. Victimized youth may also be at increased
risk of using substances, experiencing difficulties in school,
participating in delinquent behavior, and engaging in unsafe
sexual practices [29-31]. Youth who are perpetrators similarly
experience increased risk of problems including depressive
symptoms, substance use, aggression, and suicidal ideation, and
may demonstrate less empathy and more conduct problems
[23,32,33]. Students who are marginalized due to particular
social markers (such as race/ethnicity, gender, religion,
appearance, sexual orientation, socioeconomic status, or
disability) may be disproportionately vulnerable to experiencing
cyberbullying and associated negative social, mental health,
and health consequences [34,35].

While research to date has illuminated a great deal about the
nature and consequences of cyberbullying, several areas require
further examination. Additionally, few studies have employed
a longitudinal study design to assess trends in cyberbullying
over time. The purpose of this paper is to describe the protocols
implemented in a longitudinal and multi-perspective
mixed-methods cohort study that contributes to the existing
research by investigating several of these underdeveloped areas.

Study Objectives
This study had five objectives: (1) to explore children/youth’s
experiences, and children/youth’s, their parents’, and their
teachers’ conceptions, definitions, and understanding of
cyberbullying; (2) to explore how children/youth view the
underlying motivations for cyberbullying; (3) to document the
shifting prevalence rates of cyberbullying victimization,
witnessing, and perpetration; (4) to identify risk and protective
factors for cyberbullying involvement; and (5) to explore social,
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mental health, and health consequences of cyberbullying among
children/youth. In this paper, the methods of the study are clearly
outlined, and future quantitative and qualitative data analysis
plans are discussed.

Methods

Sample
Three participant groups were included in the baseline study

sample: (1) students in 4th (n=160), 7th (n=243), and 10th (n=267)
grades; (2) their teachers (n=103); and (3) their parents (n=246).
A stratified random sampling strategy was utilized to select
participants. First, a random sample of 19 schools was drawn
from one of the largest school boards in North America [36],
situated in Toronto, Canada, which is a large metropolitan city.
Schools were stratified into three categories of need (low,
medium, and high) based on an index developed by the school
board that ranked schools on external challenges to student
achievement. The school board developed this index using
census data associated with the postal code of students attending
each school. Neighborhood-level census data used to develop
the index included income and education levels, ratio of
households receiving social assistance, and ratio of single parent
families [37]. The stratification of the sample based on this
index ensured representation of ethno-cultural and

socioeconomic diversity - factors that potentially impact access
to ICTs, experiences of cyberbullying, and the manifestation
of negative outcomes [1,38,39]. In year three of the study, 10
additional schools were recruited for participation in order to
follow those students transitioning from elementary/middle
school to middle/secondary school. A total of 29 schools
participated in the study. All students in the selected grades at
the original participating schools were offered the opportunity
to participate, as were their parents and teachers.

Participating students and their parents provided data in all three
years of the study, while matching teachers provided data in
year one only (as student participants’ teachers changed each
year). All three participant groups completed quantitative
questionnaire packages, and a sub-sample of each group
participated in qualitative interviews. Quantitative data were
collected from students and parents in each year of the study,
while qualitative data were collected only during years one and
three, in order to allow for enough time to elapse for any changes
in beliefs, perceptions, attitudes, and understanding of
cyberbullying to emerge (Figure 1). Sub-samples of students,
parents, and teachers were purposefully selected to participate
in interviews based on level of school need, and were
representative of gender, grade, and bullying/cyberbullying
involvement.

Figure 1. Study timeline.

Study Team and Training of Research Assistants
The research team consisted of a principal investigator and five
co-investigators (responsible for general study oversight), one
research manager responsible for data management (including
entry and cleaning), and four research coordinators. The research
coordinators worked in collaboration, but were responsible for
separate aspects of the project: (1) survey administration and
overall coordination, (2) consent and maintenance of
administrative databases, (3) qualitative interview coordination,
and (4) coordination of supports for students identified as
experiencing distress. Coordinators managed a team of
approximately 10-15 research assistants (RAs) who held diverse
and often multiple roles, including: collecting survey data in

the school setting, collecting interview data in the school setting
or by phone, following up with students in distress, and assisting
with administrative tasks. Most RAs were in progress towards
(or held) a Master of Social Work degree, while several were
from other related professional faculties, such as public health
and education.

Prior to working on the project, all RAs participated in a
two-hour general training on study methods and procedures.
RAs were then trained for specific roles and duties depending
on their educational background, clinical experience, and
interests. Training was provided for administering quantitative
surveys in the school setting, conducting qualitative interviews
in person or on the phone, completing assessments to evaluate
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whether a student was in distress, and accomplishing various
administrative study tasks.

Ethics and Consent Process
Ethics approval was sought and received from the University
of Toronto Research Ethics Board (Protocol #26753). The
External Research Review Committee at the partnering school
board also provided ethics approval for this project.

Consent to participate in the study was obtained actively in year
one and, with approval of the school board, passively in years

two and three. In year one, RAs visited each 4th, 7th, and 10th

grade classroom from the 19 selected schools to explain the
study and distribute consent forms. Parents/guardians were
asked to sign the form if they agreed to allow their child to
participate, if they were interested in participating themselves,
and/or if they permitted the research team to ask their child’s
teacher to participate. After collection of the parent/student
consent forms, teachers were asked if they would like to
participate, and completed a consent form. In years two and
three (passive consent), parents/guardians were mailed a letter
reminding them that they had consented for their child and/or
themselves to participate in the study, and that the next year of
the study was ready to commence. The letter also provided
detailed instructions on how to withdraw from the study if
desired.

A $5 gift card was offered to all students, teachers, and parents
who participated in the quantitative survey portion of the
research in each of the three years. A $10 gift card was offered
to all participants who took part in an interview (in person or
by telephone) in years one and three.

In anticipation that some questions could lead to distress or
disclosure of information of a potentially sensitive or distressing
nature, a Research Ethics Board-approved protocol (agreed
upon by both the University and school board) was established
to identify and assist students categorized as being in distress
through their questionnaire and/or qualitative interview
responses. Student participants were classified as in distress if
they met one (or more) of the following five criteria: (1)
indicated on the Bullying & Cyberbullying: Perpetrators,
Victims & Witnesses Survey (B&C:PVWS) that they needed

help and would like to speak to a researcher; (2) endorsed item
related to fire-setting on the Youth Self Report (YSR); (3)
endorsed items related to self-harm/suicide on the YSR; (4)
scored above the 85th percentile on the YSR, which is indicative
of experiencing numerous behavioral problems; and/or (5)
indicated during qualitative interviews that they were highly
stressed and in need of support. All children and youth identified
as in distress were individually interviewed in a private and
confidential school setting by a clinically trained researcher,
who was a Master of Social Work student or who possessed
equivalent education and experience [40]. Children and youth
were interviewed regardless of whether the nature of their
distress was bullying related. Participants were then connected
to appropriate services established within the school board. This
attention to the distress of participants was particularly salient
in the research context, as access to mental health services in
Canada remains problematic [41].

Data Collection

Quantitative Data Collection Methods

In year one, students in 4thgrade (n=160), 7th grade (n=243),

and 10th grade (n=267) completed a 45-60 minute survey in the
school setting, while parents (n=246) completed a 30-45 minute
survey by mail. This procedure changed somewhat for years
two and three of the study, with some students completing
questionnaire packages by mail due to changing schools.
Questionnaires for teachers (n=103), which took approximately
45-60 minutes to complete, were administered in the
participating schools. Teachers were given approximately two
weeks to complete the questionnaires about their students
participating in the study, which were then collected by the
research team.

Quantitative Data Collection Measures
This study utilized a variety of quantitative measures, including
both standardized measures as well as measures developed
specifically for the study (Table 1). Student, parent, and teacher
surveys collected information regarding experiences with
bullying/cyberbullying, socio-demographics, ICT use, and
student mental health, health, social, and behavioral issues.
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Table 1. Measures completed by students, parents, and teachers.

TeachersParentsStudents

Grade
Level

1074CapturesMeasureArea

✓✓✓Experiences as victims, perpetrators, and/or witnesses
of both bullying/cyberbullying; Experiences with
bullying/cyberbullying types (eg, physical, verbal,
social, sexual); Experiences with (and content of)
bullying/cyberbullying specific to a variety of socio-
demographic factors (eg, race, sexual orientation,
gender, disability, appearance, religion); Responses
to bullying/cyberbullying; Thoughts about potential
interventions to address bullying/cyberbullying.
Measure used to identify distress.

Bullying & Cyberbully-
ing: Perpetrators, Vic-
tims & Witnesses Sur-
vey(B&C:PVWS)

Experiences with Bullying/
Cyberbullying

✓✓Youth’s self-reported anxiety/depression, suicidal
ideation, self-harm, somatic complaints, social,
thought and attention problems, delinquent (eg setting
fires) and aggressive (eg hurting others) behaviors;
Measure used to identify distress.

Youth Self-report(YSR)
[ 42]

Mental Health, Health,
Social, & Behavioral Is-
sues

✓Parent counterpart to YSR.Child Behavior Check-
list(CBCL) [ 43]

✓Educator counterpart to YSR.Teacher Report
Form(TRF) [ 44]

✓✓Self-esteem.Self-Perception Profile
for Children(SPPC) [45]

✓Self-concept.Self-Perception Profile
for Adolescents(SPPA) [
46]

✓✓Children’s perceived support and regard from parents,
teachers, close friends, and classmates.

Social Support Scale for
Children[ 47]

✓Youth’s perceived support from family members and
peers with subscales: emotional, socializing, practical
assistance, financial, advice/guidance.

Social Support Behaviors
Scale[ 48]

✓✓✓✓✓Gender, age, country of birth, country of parents’
birth, main language spoken at home, race/ethnicity,
sexual orientation, disability, family composition,
grades, and other socio-demographic characteristics.

Four versions: (1) 4thGrade; (2) 7thand 10thGrade;
(3) Parents; (4) Teachers.

Developed for the pur-
pose of this study (Multi-
ple Versions)

Socio-Demographics

✓✓✓✓✓

Access to ICTs at home, activities while using ICTs,
frequency of activities, online friends and connec-

tions. Four versions: (1) 4thGrade; (2) 7thand

10thGrade; (3) Parents; (4) Teachers.

Developed for the pur-
pose of this study (Multi-
ple Versions)

Information & Communi-
cation Technology Use

Children/youth’s experiences with bullying and cyberbullying
were measured using the B&C:PVWS, which is a compilation
of survey questions developed from the research team’s previous
studies. The bullying and cyberbullying literature was reviewed
and feedback was sought from the participating school board
in order to ensure age-appropriate language. Specific questions
were adapted or removed based on the feedback from the school
board (eg, questions regarding online sex). For the questions
measuring experiences of being bullied and bullying others, the
Cronbach alphas were .77 and .71, respectively, indicating good
internal consistency.

Children/youth’s mental health, health, social, and behavioral

issues were captured for 4th, 7th and 10th grade cohorts. We
captured mental health, health, and behavioral issues using the
YSR, intended for children aged eleven and older [42]. Parents
completed the Child Behavior Checklist (CBCL), which is the
parental counterpart to the students’ YSR [43], while teachers
completed the Teacher Report Form (TRF), which is the
educator counterpart to the YSR and CBCL [44]. These surveys
are widely used measures with excellent reported test-retest
reliability [42-44]. We captured children/youth’s social issues,
including self-esteem, using subscales from the Self-Perception
Profile for Children (SPPC) [45] and the Self-Perception Profile
for Adolescents (SPPA) [46]. These scales have adequate

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e83 | p.636http://www.researchprotocols.org/2016/2/e83/
(page number not for citation purposes)

Mishna et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


internal consistency, and both measures have a stable factor
structure [45,46]. We measured social support for students in

the 4th and 7th grade cohorts using the Social Support Scale for
Children, a 24-item instrument which assesses children’s
perceived support and regard from parents, teachers, close
friends, and classmates [47]. The internal consistencies of the
four subscales range from .72 to .88 using Cronbach alphas

[47]. Adolescents in the 10th grade cohort completed the Social
Support Behaviors Scale to assess perceived support from family
members and peers (emotional, social, practical assistance,
financial, and advice/guidance) [48]. Strong internal consistency
(Cronbach alpha exceeding .85) has been reported for this scale,
which includes several college samples [48,49].

Socio-demographics were collected using two versions of the
student demographic questionnaire, capturing characteristics
such as age, gender, and country of birth, which were developed
by the research team with feedback from the school board (one

for the 4th grade cohort and one for 7th and 10th grade cohorts).
The questionnaires included similar items for both age groups
and were based on previous instruments administered by the
school board, instruments developed by co-investigators for
similar studies, and a review of the literature. The questionnaire
for the older cohorts included items regarding sexuality, which

were not included in the version for 4th grade students. Similar
questionnaires (two versions) were developed for parents and
teachers.

Lastly, we collected data on ICT use, using two versions of the

student ICT usage questionnaire (one for the 4th grade cohort

and one for 7th and 10th grade cohorts), developed by the
research team. Again, both included similar questions, soliciting
information on access to ICTs at home, activities while using
ICTs, frequency of activities (6-point scale, ranging from never
to more than once a day), and online friends and connections.
The questionnaire for older cohorts included items related to
taking and distributing intimate and/or sexual photos, which

were not included in the 4th grade version. These questionnaires
were adapted from two previous studies. Parents and teachers
also completed ICT usage questionnaires (two versions) similar
to those filled out by students.

Qualitative Data Collection Methods

Student participants from 4th grade (n=20), 7th grade (n=21),

and 10th grade (n=16) in the qualitative sub-sample were
purposefully selected from the larger quantitative sample for
qualitative interviews based on diversity of gender, grade, school
need level, and whether they reported bullying/cyberbullying
victimization, perpetration, and/or witnessing. Subsequent to
selecting student participants, their teachers (n=30), and their
parents (n=50) were also invited to participate in in-depth
interviews. Interviews lasted approximately one hour, ranging
in length from thirty to ninety minutes. All year one interviews
(with students, parents, and teachers) took place in the school
setting, and utilized a semi-structured interview guide. Following
preliminary analysis, this interview guide was expanded and
refined for use in the year three follow-up phone interviews
with the students and parents (Multimedia Appendix 1).

Interviews provided nuance and context to the information
obtained through the quantitative measures. Areas explored
included views and understanding of cyberbullying and how it
compares with traditional offline bullying, experiences of online
aggression, and others’ attitudes and responses to the issue.
Questions were guided by existing literature and the research
team’s considerable experience. Parent and teacher interviews
included questions about their awareness and understanding of
cyberbullying, their child or student’s involvement in
cyberbullying, links between cyber and traditional bullying,
supports, and their responses to cyberbullying.

Data Management
All participants were assigned a unique code to maintain
anonymity. Participants’ names do not appear anywhere in the
quantitative survey packages or qualitative transcripts. Paper
surveys were scanned using Cardiff Teleform software, and
entered into a project-specific IBM SPSS Statistics 22 database.
Entry and cleaning of quantitative data took place throughout
the study, and all cases were cross-referenced by hand twice
(during entry and after preliminary data sets were compiled) to
ensure accuracy of entries. Qualitative data were transcribed
verbatim, anonymized, and prepared for analysis. The same
unique identifiers were used to identify the qualitative interviews
and quantitative surveys, in order to facilitate matching these
two data sources for individual participants.

Results

Data collection for this study is complete. Results of the
proposed analyses, outlined below, will be reported in 2016 and
2017.

Proposed Quantitative Data Analyses
Descriptive analyses will be conducted to calculate frequencies
for categorical variables, and means and standard deviations
for continuous variables. We will summarize socio-demographic
variables among participants in each grade level (4, 7, 10) and
differences between grades will be assessed using Student t-tests
for continuous variables, and χ2 analyses or Fisher’s exact tests
for categorical variables. Items for each outcome scale (eg,
Social Support Scale for Children) will be summed to calculate
total or subscale scores for each measure. Reliability of scaled
measures will be described using Cronbach alphas. Advanced
statistical analyses are also planned. An example of a more
advanced analysis that will be conducted is transition
probabilities, which will determine involvement in
cyberbullying, consistent with our objective of documenting
the shifting prevalence rates of cyberbullying victimization,
witnessing, and perpetration. To meet our objective of
identifying factors that protect against (or increase risk of)
involvement in cyberbullying, between-subject factors will be
included in a repeated measures analysis. These factors include
demographic variables, CBCL scales, self-esteem, and social
support to determine their individual and combined contribution
to cyberbullying experiences. Considering participants are
clustered in classrooms, independence of the data cannot be
assumed, and the data are dependent to some degree. Thus,
classroom will be included as a dummy variable in the
regressions. Multilevel analysis will be used to assess the
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contribution of school need level (low, high, and medium) on
individual cyberbullying experience.

Proposed Qualitative Data Analyses
Using the systematic procedures of a rigorous grounded theory
inquiry, a theory about children/youth’s, parents’, and teachers’
conceptions of cyberbullying and underlying motivations will
be generated. Using this approach, researchers concurrently
collect, analyze, and theorize about data in a reciprocal process
of constant comparison to inductively construct empirically
corroborated, explanatory theories [50-53]. The iterative process
permits the analytical and theoretical categories developed by
previously collected data to inform, as well as refine and focus,
subsequent collection of data [52,54,55]. This refining and
focusing commenced during data collection for this study,
particularly between the qualitative interview phases (years 1
and 3), and is ongoing. With future analyses, emergent themes
among youth, parents, and teachers over time will continue to
be identified, and children’s and adults’ views compared.

While the intent is to develop a theoretical model, grounded
theory methods will simultaneously allow for further exploration
of interpersonal processes and experiences in a process of
reciprocal analysis. Line-by-line and open coding of transcripts
were, and will continue to be, conducted to establish preliminary
analytic focuses, and subsequently emerging categories will be
built and expanded. Axial coding will promote connections both
within and between categories and sub-categories, and facilitate
synthesis and explanation [50,51,56]. Several measures have
been employed to ensure trustworthiness and authenticity. The
researchers’ prolonged engagement through many years of
research and practice in this area will guide development of the
grounded theory. Theory development will continue until
saturation occurs. Reflexive journaling, bracketing, an audit
trail, and dense descriptions will further ensure trustworthiness
and transferability [50,51,54].

Discussion

The study described in this paper provides one of the first
assessments of the understanding and experiences of children
and youth involved in cyberbullying as victims, perpetrators,
and/or witnesses, and involved the investigation of their
perceptions, as well as those of their parents and teachers. We

followed a baseline sample of 4th (n=160), 7th (n=243), and 10th

(n=267) grade children/youth and their parents (n=246), for
three years (2012-2014), along with collecting baseline data
from their teachers (n=103). This study’s multi-perspective
approach allows for triangulated analysis of cyberbullying
issues, and the design was strengthened by tracking participants
longitudinally, during a period in which ICT use has continued
to expand rapidly [57]. Recruiting students across
grades/ages/socio-economic status permits the comparison of
experiences across diverse socio-demographic groups and allows
for an examination of trends in primary, middle, and secondary
schools. Data collection for this study is complete, with results
of proposed analyses anticipated in 2016 and 2017.

This research will elucidate the complex dynamics of
cyberbullying incidents and contributes to the growing body of

literature on the rates of cyberbullying, as well as risk and
protective factors of involvement. In addition, this study will
explicate how children/youth understand cyberbullying and
how they experience and judge the underlying motivations for
involvement. This inquiry addresses the lack of research
capturing children and youth’s experiences, feelings, and
conceptions of cyberbullying, and uniquely examines the
congruence or incongruence of children and youth’s views with
those of significant adults in their lives. Identifying how
children, youth, and adults conceptualize cyberbullying is critical
to ensuring the understanding of its extent and impact, and
developing effective prevention and intervention strategies [15].
Developing informed strategies relevant to contemporary young
people’s lives and contexts is especially salient, as increasing
recognition of the negative consequences of cyberbullying “has
lead parents, educators, and policymakers to embrace
intervention efforts, and there is now substantial educational
and clinical interest in programs that help to mitigate… harmful
outcomes” [58]. For emerging findings based upon study
objectives, please refer to Multimedia Appendix 2 .

Knowledge translation and exchange activities will be a priority
in order to translate study findings for study participants,
educators, helping/healthcare professionals, and the broader
community. Presentations will be made to the partner school
board and a report will be provided to schools, participants, and
community members. Any requests by individual schools for
presentations will be accommodated by a member of the
research team. Findings will be disseminated within the
academic community through refereed journals and
presentations at juried Canadian and international conferences.
We will publish in relevant academic journals, and results will
be disseminated to policy makers and practitioners, and
presentations will be made to professional organizations and to
the community.

Most importantly, these findings can inform interventions to
curb cyberbullying among young people in an effort to prevent
the negative social, mental health, and health consequences. In
keeping with the preliminary findings of this study, previous
research has indicated that most children and youth do not
disclose their experience with cyberbullying to parents, and are
even less likely to disclose cyberbullying experiences to
school-based adults (eg, teachers, administrators) [12]. Such
lack of disclosure indicates a critical need to provide prevention
and intervention efforts in school settings as a way to promote
disclosure [12]. Further, little evidence for best practices in
intervention efforts exists [13]. The study described in this paper
can inform intervention efforts by offering insight into student
perceptions of what is helpful or not helpful when experiencing,
perpetrating, and/or witnessing cyberbullying, as well as the
contexts in which prevention and intervention efforts may be
most effective (including via ICTs) [12]. Results of our
quantitative data analysis exploring the social, mental health,
and health consequences of cyberbullying can inform the
development of resources at the school-level. Moreover, future
papers focusing on the research process of this study may glean
important insights into the challenges of conducting longitudinal
studies with children and youth in a school-based setting (ie,
participant retention), and potential strategies to mitigate these
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challenges (ie, the use of passive consent). Future research may
also focus on mechanisms, beyond built-in research study
protocols, to support students in distress.

The burgeoning body of literature on the phenomenon of
cyberbullying is a relatively recent scholarly development,
highlighting the crucial need to engage in discourse regarding
this emerging field of research. This unique study offers insight

into cyberbullying and provides a foundation for future research
in this important and flourishing field. Importantly, as the
frequency of ICT use is constantly growing, and with younger
and younger children increasingly using ICTs, understanding
the social, mental health, and health consequences of
cyberbullying across grade levels may point to differing
developmental impacts and inform targeted interventions.
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Abstract

Background: Anastomotic leakage (AL) remains the most important complication following colorectal surgery, and is associated
with high morbidity and mortality rates. Previous research has focused on identifying risk factors and potential biomarkers for
AL, but the sensitivity of these tests remains poor.

Objective: This prospective multicenter observational study aims at combining multiple parameters to establish a diagnostic
algorithm for colorectal AL.

Methods: This study aims to include 588 patients undergoing surgery for colorectal carcinoma. Patients will be eligible for
inclusion when surgery includes the construction of a colorectal anastomosis. Patient characteristics will be collected upon
consented inclusion, and buccal swabs, breath, stool, and blood samples will be obtained prior to surgery. These samples will
allow for the collection of information regarding patients’ inflammatory status, genetic predisposition, and intestinal microbiota.
Additionally, breath and blood samples will be taken postoperatively and patients will be strictly observed during their in-hospital
stay, and the period shortly thereafter.

Results: This study has been open for inclusion since August 2015.

Conclusions: An estimated 8-10% of patients will develop AL following surgery, and they will be compared to non-leakage
patients. The objectives of this study are twofold. The primary aim is to establish and validate a diagnostic algorithm for the
pre-operative prediction of the risk of AL development using a combination of inflammatory, immune-related, and genetic
parameters. Previously established risk factors and novel parameters will be incorporated into this algorithm, which will aid in
the recognition of patients who are at risk for AL. Based on these results, recommendations can be made regarding the construction
of an anastomosis or deviating stoma, and possible preventive strategies. Furthermore, we aim to develop a new algorithm for
the post-operative diagnosis of AL at an earlier stage, which will positively reflect on short-term survival rates.
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Introduction

Surgery remains the predominant curative treatment for patients
with colorectal cancer (CRC), but can lead to severe
post-operative complications, of which anastomotic leakage
(AL) is the most feared. AL occurs in 8-15% of patients
undergoing colorectal surgery and is associated with high
morbidity and short-term mortality rates of up to 39% [1-4].
AL often requires one or more re-interventions, leading to a
significant increase in length of hospital stay and subsequently
to high health care costs [3]. Some authors even suggest that
AL is associated with an impaired oncological prognosis [5-8].
Both decreased disease-specific survival (odds ratio [OR] 1.75)
[9,10] and an increased local recurrence rate of CRC (OR 2.9)
[10] have been reported.

In the past decades, important risk factors for AL such as male
gender [4], neo-adjuvant chemotherapy [11], tumor size [12],
malnutrition [13], smoking [14], steroid treatment [1,15], and
the use of non-steroidal anti-inflammatory drugs (NSAIDs) [16]
have been identified. Despite the determination of these risk
factors for AL, surgeons’ prediction of the risk to develop AL
for the individual patient remains inaccurate [17]. Despite
decades of extensive research on preventive methods, the
introduction of innovative surgical techniques, and fast-track
protocols, incidence rates of AL have remained stable [18].

A recently conducted study in one of the participating centers,
that can be considered a pilot study, suggests that pre-operative
levels of a certain plasma marker (intestinal fatty acid binding
protein, I-FABP) can predict the development of AL in patients
undergoing CRC surgery. I-FABP is present in mature
enterocytes of the small and large intestine, and is released upon
intestinal damage [19]. It is hypothesized that increased plasma
levels of I-FABP are the result of an underlying clinical
condition of the gastrointestinal tract, predisposing the patient
to AL [20].

Cumulative evidence in the literature suggests that perioperative
pain treatment with NSAIDs, commonly prescribed analgesics
that inhibit cyclo-oxygenase 2 (COX-2) expression, increase
the risk of AL [16,21,22]. COX-2 knockout mice have an
increased risk of developing AL, and this risk can be reduced
by the administration of prostaglandin E2, a product of COX-2
[23]. Another study conducted by our research group has
demonstrated that decreased COX-2 expression, due to a
polymorphism in the COX-2 gene, leads to an increased risk of
the development of AL [23]. Furthermore, it has been shown
that patients with different genotypes of mannose-binding lectin
(MBL), an important complement factor of the immune system,
respond differently to intestinal damage [24].

In the pilot study mentioned previously, it was shown that a
combination of C-reactive protein (CRP) and calprotectin levels
in plasma provides high diagnostic accuracy for AL during the
post-operative period. Finally, we have shown that functional
compromise (characterized by malnutrition, frailty, and
sarcopenia) is associated with post-operative morbidity and
mortality [25]. Malnutrition, as indicated by high Short
Nutritional Assessment Questionnaire (SNAQ) scores, and
sarcopenia were predictive for, or showed a trend towards,
prediction of AL.

Based on previous literature and both our experimental and
clinical data, we hypothesize that the occurrence of AL is partly
due to patient-derived factors such as a compromised immune
response, sarcopenia, genetic predisposition, and an aberrant
intestinal microbiome composition, and that the post-operative
course can be further influenced by surgical stress, ischemia,
and a derailed systemic response. Our hypothesis is that, based
on these parameters, individual risks for the development of
AL can be assessed pre-operatively.

Besides the obvious improvements that can be made regarding
pre-operative risk assessment, the post-operative recognition
and management of AL has also proven to be challenging. The
timing of AL diagnoses varies greatly, from post-operative day
3 to beyond 30 days, with a mean of 12.7 days post-operatively
[26]. Abnormal vital signs and biochemical tests are quite
common following the construction of a colorectal anastomosis,
and can therefore not be used adequately in the diagnosis of
AL. The presentation of AL can vary from abdominal pain and
low-grade fever to peritonitis and severe sepsis. This nonspecific
course of AL often delays radiologic imaging, and even if this
test is undertaken, the diagnoses frequently remain uncertain.
Previous research has presented false-negative rates varying
from 17-52% for both contrast enemas and computerized
tomography (CT) scans [27], resulting in a significant delay of
re-intervention [28].

Since a delayed diagnosis of AL is associated with poor outcome
[29] and premature re-intervention could lead to a high number
of negative re-explorations, one should outweigh the risks of a
delayed intervention and the morbidity of re-intervention.
Physicians are armed with a restricted number of parameters
contributing to risk analysis for the development of AL, with
only limited specificity and sensitivity.

Study Objectives
The objectives of the Predictive Factors of Anastomotic Leakage
after Colorectal Surgery (REVEAL) study are twofold. The
primary aim of this study is to establish a risk assessment tool
for the pre-operative prediction of the development of AL based
on a combination of inflammatory, immune-related, and genetic
parameters. This algorithm should enable surgeons to make an
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adequate estimation for every individual patient’s risk of AL,
and will eventually aid in the decision-making process regarding
the construction of anastomoses and deviating ostomies. In
addition, this study aims to provide additional post-operative
biomarkers for AL diagnosis at earlier stages, thereby reducing
the clinical impact of this feared complication.

Methods

This is a study protocol for a multicenter, prospective
observational study. This study is approved by the Medical
Ethical Committee of the Maastricht University Medical Centre.
A written informed consent is required from all participating
patients and the trial will be conducted in compliance with the
rules of Good Clinical Practice.

Study Population
All patients aged >18 years undergoing elective colorectal
surgery for colorectal carcinoma, with the construction of an
anastomosis, in one of the three participating centers are eligible
for inclusion. Patients with large adenomas (large tubular,
tubulovillous, or sessile) that cannot be resected radically by
means of endoscopy will be included as well, provided that the
adenoma is removed surgically with the construction of a
colorectal anastomosis. Sample size analysis revealed that 588
consecutive patients have to be included at the outpatient
department, prior to surgery. Patients undergoing colorectal
surgery for benign conditions, those with permanent stomata
without anastomosis, or patients that are unable to give informed
consent will be excluded from participation in this study, as
well as pregnant patients. If no anastomosis is constructed during
surgery, the patient will be withdrawn from the study. Eligibility
for inclusion will be determined during a visit at the outpatient
department. Upon approval, the patient will receive oral and
written information regarding the study, after which he/she will
have ample time to reconsider participation. Informed consent
will be signed in the presence of the surgeon or researcher.

Participating Centers
This study will be conducted at Maastricht University Medical
Centre (MUMC+, Maastricht, The Netherlands), Zuyderland
Medical Centre (Sittard-Geleen and Heerlen, The Netherlands),
and Máxima Medical Centre (MMC, Veldhoven, The
Netherlands).

Study Outline
Patients will be admitted to the ward one day prior to surgery,
and perioperative care will be performed according to Enhanced
Recovery After Surgery guidelines for elective colonic surgery
[30]. Due to the compelling evidence regarding the detrimental
effects of NSAIDs on intestinal wound healing, these drugs will
not be administered in this patient population during the
perioperative phase. Instead, adequate pain treatment will be
provided by means of acetaminophen and opioids if necessary.
A Data Safety Monitoring Board has been commissioned to
evaluate the quality of data collection and monitor patient safety.
A web-based system was constructed in order to facilitate the
collection of standardized and coded patient data.

The primary end point of this study is post-operative AL,
occurring during the first 30 days after surgery, either during
hospital admission or following discharge. AL is defined as a
communication between the intra- and extra-luminal
compartments, resulting from a defect in the integrity of the
intestinal wall. Leakage from the suture or staple line from a
neorectal reservoir, as well as an abscess near the anastomosis,
are also considered leaks [31]. The impact of AL on clinical
management is recorded, together with the presence of
subclinical (radiological) leaks.

Upon hospital admission, a buccal swab will be performed in
order to collect DNA to screen for MBL and COX-2
polymorphisms. In addition, composition of volatile organic
compounds (VOCs) in exhaled air will be measured both pre-
and post-operatively. Various metabolic processes produce
markers that are released into the circulation and, upon passage
through the pulmonary system, can be identified as volatile
products in exhaled air. The occurrence of (chronic)
inflammation and/or oxidative stress can result in the excretion
of volatile compounds that generate unique VOC patterns [32].
Furthermore, several baseline characteristics will be acquired
prior to surgery, and stool will be collected on three occasions
(pre-operatively, post-operatively and at the outpatient
department during a control visit) in which the intestinal
microbiome can be identified. It has been suggested that the
microbiota play an important role in the pathogenesis of AL
[33] and that the composition of the intestinal flora can be
altered by surgical stress [34]. Plasma will be collected prior to
surgery and on post-operative days 1, 3, and 5, in order to
determine the concentration of markers for enterocyte damage
(eg, I-FABP, citrullin, and calprotectin), transmural ischemia
(eg, smooth muscle protein 22), and general inflammation
markers (eg, CRP and leukocyte count).

In addition, SNAQ and Malnutrition Universal Screening Tool
scores are obtained to assess the nutritional status of the patient,
and CT-images are analyzed for total skeletal muscle
cross-sectional area in order to distinguish sarcopenic patients
from those in good nutritional health [25]. Generalized
atherosclerosis will be assessed using abdominal CT-scans, as
this is a proposed risk factor for AL [35,36]. Finally, a tissue
sample will be obtained from the resected specimen, on which
conventional and immunohistochemical staining will be
performed.

Statistical Analyses

The sample size is calculated with a power analysis and is aimed
at our main study outcome, AL. From literature, we know that
approximately 10% of all colorectal patients receiving an
anastomosis will develop AL [14,37]. The aim of the study is
to detect significant and clinically relevant differences between
the AL group and the non-AL group. Therefore, we used data
from a previous study undertaken by our group to determine
sample size [20]. We chose our least significant finding, to avoid
the study being underpowered. Based on an effect size of 0.41
(calculated with mean calprotectin levels and SD on day 1),
with a power of 0.80 and a 95% confidence interval, the total
sample size will be 560, of whom an estimated 51 patients will
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develop AL. Assuming a 5% dropout rate, the total number of
patients that needs to be included in this study is 588.

After data collection, normality will be tested by the
D’Agostino-Pearson test. Student’s t-tests will be used for
between-group comparisons for continuous data. Dichotomous
variables will be compared using Pearson’s chi-squared test.
All data will be presented as mean and standard error of the
mean. The area under the curve of receiver operating
characteristic (ROC) curves will be used to calculate the
diagnostic ability of the studied markers predicting AL. The
area under the ROC curve is a summary measure of accuracy,
lying in the range from 0.5 to 1, with 1 indicating perfect
discrimination and 0.5 indicating no discrimination capacity.
To determine the most ideal combination of markers, logistic
regression analyses will be performed.

Results

This study has been open for inclusion since August 2015.

Discussion

Despite important improvements in peri-operative care for CRC
surgeries and increased awareness of AL, incidence rates of this
dreaded complication have remained stable for several decades.
Most strikingly, leakage continues to occur in patients treated
under the most expert care, without the presence of any known
risk factors [38]. The lack of knowledge regarding the
pathophysiological process of AL and the process of normal
intestinal healing hampers the development of novel predictive
and preventive methods. AL has significant impacts on
morbidity and mortality, quality of life, and health care costs,
and is suggested to negatively interfere with oncological
prognoses [5,6,7,8]. Although large numbers of clinical trials
have identified important patient-related and technical factors
that aid in the prediction of AL [38,39], the search for a
predictive biomarker for AL has hitherto remained unsuccessful.
Almost all previously conducted studies reported a single risk
factor for the development of AL in CRC patients undergoing
surgery. The multi-modal design of the current study enables
us to bypass the limitations encountered by previous studies.

In order to minimize the potentially life threatening clinical
consequences of a leak, some surgeons opt to perform a
deviating ostomy directly following the initial operation [41].
Although it is generally accepted that the presence of a
colostoma or ileostoma reduces the sequelae of AL and the need
for reoperation in case of a leak [42,43], a decrease in incidence
of post-operative mortality has not yet been proven [42-46].
The presence of selection bias, in which an ostomy is performed
in high-risk patients, should be considered when interpreting
these results. Surgeons perform elective deviating ostomy in
approximately 70% of cases of low rectal carcinoma, of which
a significant percentage (19-40%) will never have their
temporary ostomy reversed [47,48]. Possible benefits of a
deviating stoma should be weighed against stoma-related
morbidity, the impact on quality of life, and the mortality rates
after stoma closure [49,50]. An adequate pre-operative risk
analysis could aid surgeons and their patients in the
decision-making process regarding the construction of temporary
ostomies. The successful implementation of risk assessment
tools would have a positive influence on morbidity and mortality
rates, duration of hospital stays, and number of readmissions,
re-interventions, and admissions to the ICU, leading to a
significant increase in quality of life for the general patient
population [38]. Anastomoses are also constructed in
gastrointestinal surgery for other purposes than malignancies,
such as inflammatory bowel disease or diverticulitis [51,52].
We have chosen to exclude these patients since their
inflammatory status can be a confounding factor in the early
detection and/or risk assessment of AL [53-55].

This study outline is based on the hypothesis that AL is partly
due to patient-derived factors such as a derailed immune
response, genetic predisposition, and a deficient microbiome
composition, and that the clinical course can be further
influenced by surgical stress, ischemia, and a compromised
systemic response. This study aims at broadening our
understanding of the pathophysiological process of AL by
introducing novel biomarkers of intestinal damage and function,
and to decrease the clinical burden of AL by both individual
pre-operative risk assessment and early post-operative detection
in the future.
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Abstract

Background: Recent progress in the pathophysiology of heart failure (HF) has led to the development of new therapeutic options
such as gene therapy and the use of adeno-associated viral (AAV) vectors. Despite the promising results in early clinical trials
of gene therapy for HF, various obstacles have been faced, such as the presence of neutralizing antibodies (NAbs) against the
capsid vectors. NAb activity limits vector transduction levels and therefore diminishes the final therapeutic response. Recent
studies evaluating the prevalence of NAbs in various populations found considerable geographic variability for each AAV serotype.
However, the levels of NAbs in Latin American populations are unknown, becoming a limiting factor to conducting AAV vector
therapeutic trials in this population.

Objective: The goal of this study is to determine for the first time, the prevalence of anti-AAV NAbs for the serotypes 1, 2,
and 9 in HF patients from the city of Bucaramanga, Colombia, using the in vitro transduction inhibition assay.

Methods: We will conduct a cross-sectional study with patients who periodically attend the HF clinic of the Cardiovascular
Foundation of Colombia and healthy volunteers matched for age and sex. For all participants, we will evaluate the NAb levels
against serotypes AAV1, AAV2, and AAV9. We will determine NAb levels using the in vitro transduction inhibition assay. In
addition, participants will answer a survey to evaluate their epidemiological and socioeconomic variables. Participation in the
study will be voluntary and all participants will sign an informed consent document before any intervention.

Results: The project is in the first phase: elaboration of case report forms and the informed consent form, and design of the
recruitment strategy. Patient recruitment is expected to begin in the spring of 2016. We expect to have preliminary results,
including the titer of the viral vectors, multiplicity of infections that we will use for each serotype, and the general validation of
the assay, at the end of 2016. The final results are expected mid-2017.

Conclusions: This project is the first effort to evaluate NAb levels against AAV1, AAV2, and AAV9 serotypes in patients with
HF in Latin America. Our results will allow us to check the cross-reactivity response between the serotypes assessed, to describe
the epidemiological characteristics of the participant population, and to set up a link with earlier reports of NAb prevalence in
the literature.

(JMIR Res Protoc 2016;5(2):e102)   doi:10.2196/resprot.5535
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Introduction

Heart failure (HF) is the cardiovascular disease (CVD) with the
highest mortality and morbidity globally. Recent reports indicate
that up to 1% to 2% of adult populations in developed countries
have HF, with an increasing prevalence of ≥10% among people
≥70 years old [1]. Despite the significant improvement in
management of disease symptoms and the decreased disease
progression achieved with newly developed pharmacological
therapies and invasive procedures, alternative therapeutic
approaches are still urgently needed to provide a definitive cure
[2]. Recent advances in structural and molecular cardiology
have shown that abnormalities in the calcium cycling proteins
play a significant role in the induction and progression of HF.

Decreased sarcoplasmic reticulum Ca2+-ATPase (SERCA2a)
activity has been described to be a critical pathway responsible
for pathologic modification of the cardiomyocytes during HF
[3]. These findings, together with advances in gene transfer
technologies, have led to gene therapy being considered as a
new therapeutic option for CVDs, and specially for HF.
Encouraging results from early clinical trials involving the use
of adeno-associated viral (AAV) vectors delivering the SERCA2
gene have generated high expectations [4]. Additionally, other
proteins have shown promising results in preclinical models of
HF, such as S100A1 and adenylyl cyclase 6 [5,6].

Emergence of Gene Therapy as a Therapeutic Option
for HF and CVD
Three elements must be considered in the design of a gene
therapy strategy: the therapeutic gene that will be cloned into
the transgene expression cassette; the target cells or tissues in
which the vector will deliver the genetic material; and the viral
vector used to facilitate entry of the gene into the target tissue
[7]. Viral vectors consist of genetic material surrounded by a
protein capsid, which facilitates the transcellular transport and
internalization of the therapeutic gene into the target cell [7].
Additionally, the capsid protects the transgene expression
cassette from lysosomal degradation during its trafficking to
the nucleus [8]. The discovery of viral vectors with
cardiomyocyte and endothelial tropism accelerated the
progression of gene therapy as a therapeutic option for HF [9].
Novel transductional modifications of the first-generation
vectors and translational strategies in the transgene expression
cassettes have been developed to achieve higher and longer-term
expression of the transfected gene while trying to decrease the
amount of adverse effects [10]. As Mingozzi and High state,
“The gene is the active agent of therapeutic, but the vector, in
most cases derived from a virus, is also a critical determinant
of therapeutic success and of the toxicity profile” [11].
Importantly, depending on the viral vector selected, the immune
response to the vector or to the cells expressing the modified
gene varies and can become a limiting factor for successful
therapy [12]. Specific immune responses can prevent vector
gene transfer after readministration of the vector, limit the

duration of gene expression, or produce an immune response
against the genetically modified cells [13].

Viral vectors derived from adenovirus, retrovirus, lentivirus, or
AAV have been used as therapeutic tools for a broad spectrum
of genetic and nongenetic diseases, including CVD and HF.
Lentivirus vectors originate from human immunodeficiency
virus 1 and have been used successfully to treat hematopoietic
monogenic diseases thanks to their therapeutic long-term effects
[14,15]. However, their use in gene therapy applications for
CVD or specifically for HF is more limited, given their relatively
poor transduction after systemic administration and the risk of
insertional mutagenesis [16]. Adenoviral vectors are
non-enveloped double-stranded DNA vectors, which are not
able to insert the genome into the host cell DNA. Adenovirus
serotype 5 has been used predominantly in preclinical and
clinical trials of gene therapy for myocardial infarction and
ischemic diseases, in which short-term transgenic expression
is required [17].

The most commonly used viral vectors for HF and the focus of
our project are the AAV vectors. AAV vectors are
single-stranded DNA vectors with a favorable safety profile
and the ability to achieve long-term transgene expression in a
wide range of tissues, including heart [18]. The storage capacity
of the AAV vector (up to 4.7 kB) restricts the size of the
transgene expression cassette that can be used and needs to be
considered beforehand [19]. More than 100 AAV serotypes
existing in nature have been reported, many of them with
variable tissue tropism, which is determined by the structure of
the proteins in the capsid [18]. AAV1, AAV6, AAV8, and
AAV9 have been reported as the serotypes with favorable
tropism for cardiomyocytes after systemic administration.
However, tropism for other cell types, such as hepatocytes, is
still present and needs to be carefully considered before any
clinical trial [9,20,21]. Satisfactory preclinical results in large
experimental animal models with a heart anatomy similar to
that of humans led to the clinical translation of AAV-based
technology for transgene expression of key proteins involved
in the progression of HF, such as SERCA2a [22]. The first
clinical trial for HF was conducted using an AAV1 vector, the
Calcium Upregulation by Percutaneous Administration of Gene
Therapy in Cardiac Disease (CUPID) trial [23]. Simultaneously,
two other clinical trials are in the late phases of recruitment, the
phase 2 study Investigation of Safety and Feasibility of
AAV1/SERCA2a Gene Transfer in Patients With Chronic Heart
Failure (SERCA-LVAD; NCT00534703) and the
AAV1-CMV-SERCA2a Gene Therapy Trial in Heart Failure
(AGENT-HF; NCT01966887), with results expected in 2016.

Immune Response Against AAV Vectors
Immune responses of T cells against antigens of the AAV capsid
presented in association with major histocompatibility complex
class I on the surface of transduced target cells can reduce
long-term gene expression, after an immune rejection of the
genetically modified target cells [11]. Transient
immunosuppressive therapies or AAV capsid variants that
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reduced the presentation of peptides derived from the AAV
capsid can decrease this risk of immune responses [24,25]. The
vector capsid is, in most cases, an exact replica of the viral
capsid, and thus the immune response against the vector may
be influenced by previous exposure of the immune system to
environmental viruses from which the vector is designed [26].
Humans, early in life, are naturally exposed to wild-type AAV,
and consequently the frequency of seropositivity of anti-AAV
steadily increases after 2 years of age [26]. Humoral immunity
to AAV can also be found in infants, as a result of vertical
transmission of anti-AAV antibodies from the mother. In adults,
anti-AAV2 antibodies are the most prevalent (up to 70% of
healthy humans), followed by serotypes such as AAV5, AAV9,
and AAV8, which are much less frequent [27]. Although the
risk of inflammatory immune responses after AAV vector
transduction is significantly lower than with adenoviral vectors,
there are still significant immunological complications that must
be evaluated. In particular, the high prevalence of preexisting
anti-AAV neutralizing antibodies (NAbs) in the population may
result in rapid neutralization of vectors derived from AAV,
preventing adequate gene transfer [12]. Similarly, the induction
of NAbs after AAV-based gene therapy impedes adequate
therapeutic response following readministration of AAV vectors
[7,28].

Anti-AAV NAbs
There is a high degree of amino acid sequence conservation
between AAV capsids, leading to anti-AAV antibody
cross-reactivity in a wide range of serotypes [29]. Although
antibodies to AAV2 are clearly the most prevalent in humans
(up to 70%), the natural host for this serotype, antibodies that
recognize virtually all serotypes of AAV may be found in a
high proportion of humans [26]. Studies have shown that, after
AAV vectors were introduced into the systemic circulation in
humans, the preexisting humoral immunity to AAV vectors
profoundly reduced transduction efficiency in the target tissue.
Results of the first clinical trial for hemophilia B showed that
relatively low titers of NAbs, as low as 1:17, can completely
neutralize large vector doses, without detection of transgene
expression [12]. The existence of anti-AAV NAbs is one of the
main limitations faced in gene therapy clinical trials after
intravascular delivery of AAV vectors. In the CUPID 2 trial,
patients with high levels of NAbs were excluded. Of the 509
patients initially evaluated, >50% were excluded for presenting
levels of NAbs outside of the safety range established in the
study [30], suggesting the importance of prior determination of
anti-AAV NAb circulating levels in different populations.

The prevalence of NAbs against AAV in humans was initially
reported in the 1960s and 1970s, mainly anti-AAV1 and -AAV2
serotypes, the only known serotypes at that time. NAb variation
is estimated at between 30% and 80% based on previously
published studies in other populations [31,32]. More recent
studies have evaluated the prevalence of NAbs in the most
commonly used serotypes for preclinical studies (AAV5, AAV7,
AAV8, and AAV9) and compared them with previously
described serotypes. One study that collected samples from 10
countries on 4 continents (United States, Europe, Africa, and
Australia) showed a prevalence of NAbs to AAV2 of between
30% and 60% of the total population [27]. This was significantly

higher than the prevalences of NAbs to AAV7, AAV8, and
AAV9 serotypes, which were reported to be between 15% and
30%. Notably, higher frequencies of NAbs were observed for
all AAV serotypes in Africa than in the other regions [27].
However, none of the existing reported studies have included
a Latin American population.

An interesting finding is the significant variability in the
prevalence of anti-AAV NAbs, influenced by the geographic
origin of the population. While the prevalence of NAbs against
AAV1 in Africa and China is around 50% to 70%, in other
countries such as Belgium, Greece, Italy, and the United States,
it is only 20% to 30% [27]. Overall, the prevalence of anti-AAV
NAbs appears to be greater in developing countries. Factors
such as living conditions, population density, hygienic
conditions, different levels of health care, and the AAV detection
method for NAbs can influence these results; in particular, the
prevalence of anti-AAV1 NAbs was higher in women than in
men [27]. The health status of the target population can also
affect the prevalence NAbs against AAV, especially in those
patients with a compromised immune system. These people had
a lower prevalence of anti-AAV NAbs than that in the healthy
population [26,27,33,34]; furthermore, the prevalence of NAbs
was higher in elderly than in younger populations [35].

AAV Antibody Determination
Diverse methods have been developed to detect antibodies
against different serotypes of AAV. Some of them are based on
total binding antibodies to the AAV capsid, and others on the
functional determination of antibodies that neutralize AAV
vector transduction in vitro or in vivo [29]. The first reports, in
the 1970s, were based on binding of antibodies to AAV capsid
vector evaluated by enzyme-linked immunosorbent assay
(ELISA) and Western blot [32]. These studies focused on AAV1
and AAV2. The discovery in the last decade of new AAV
vectors required more accurate assays to evaluate not only the
level of binding but also the effect of the specific NAb for each
AAV serotype on vector activity. Given the profound effect of
anti-AAV antibody on transduction efficiency, the development
of sensitive and reliable methods for measuring patients’ titers
of NAbs is critical before starting a clinical trial with gene
therapy. Furthermore, the method of choice must ensure
correlation of titers with the clinical outcome reported for gene
therapy.

Elisa
ELISA is based on a capture assay in which the entire AAV
capsid or peptides coated on a plate and AAV immunoglobulin
antibodies present in serum are detected with a secondary
antibody. ELISAs are easier to configure and are relatively
sensitive at determining antibody levels. However, the total
amount of anti-AAV antibodies is not always proportional to
its neutralizing activity, especially in people with low titers,
making this assay unreliable for determining the eligibility of
people for their participation in clinical trials with AAV vectors.

In Vitro Cell-Based Assays
These are among the most widely used methods to determine
anti-AAV NAbs [27,36,37]. Specifically, the in vitro
transduction inhibition assay has become the standard test to
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evaluate the presence of anti-AAV NAbs [37]. Typically, an
AAV vector expressing a reporter gene is mixed with serially
diluted amounts of the test sample, and this vector serum mixture
is incubated with the cell line of choice, which is then analyzed
for reporter gene expression. The starting dilution of the test
sample, which defines assay sensitivity, varies across studies,
ranging from 1:2 to 1:20. The NAb50 titer is reported as the
highest serum dilution that inhibits the transduction of the
reporter gene by 50% [37]. While NAb in vitro assays are
relatively easy to set up and give consistent results, they have
some limitations: the most important derives from the fact that
most of the AAV serotypes are highly inefficient for in vitro
cell transduction. This limitation can be at least partially
overcome with the use of reporter genes with high detection
sensitivity (eg, luciferase) and cell lines more permissive for
AAV transduction [37]. In addition, several related parameters
of the cell culture conditions can contribute to variability of the
assay, such as the cell line used, cell density, and the number
of passages of cells during cultivation.

In summary, recent reports highlight the importance of
identifying the prevalence of NAbs for each AAV serotype in
various human populations, due to the serotypes’ geographic
variability and their major role in selection of participants for
AAV vector clinical trials. This increases the importance of
conducting NAb prevalence studies in the Latin American
population. Considering the major impact of CVD on the health
care systems of developing countries, we intend to determine
the prevalence of anti-AAV vector NAbs for the serotypes
AAV1, AAV2, and AAV9 in patients with HF in the
Cardiovascular Foundation of Colombia (FCV) by the in vitro
transduction inhibition assay.

Methods

We will conduct a cross-sectional study to evaluate NAbs
against AAV1, AAV2, and AAV9 serotypes in patients with

HF at the FCV-HF clinic. Patients who fulfill the inclusion
criteria will be invited to participate in the study. Those who
accept will be asked to read and ask the questions they deem
relevant to informed consent before signing the form (see
Multimedia Appendix 1). Once the patients consent to
participate, a standardized and approved survey to evaluate
epidemiologic and socioeconomic variables and major CVD
risk factors will be applied and complemented with relevant
clinical information obtained from the electronic medical record
system (SAHI 2.0 software, integrated hospital management
system) developed by the FCV. A physical examination will
be performed, including evaluation of blood pressure levels,
anthropometric measurements, and a record of the last
echocardiographic parameters available. Finally, a sample of
peripheral blood will be collected from each participant to
determine the presence of anti-AAV NAbs.

Study Population
We will evaluate 60 patients with a diagnosis of HF (American
Heart Association stage B or higher criteria) followed in the
FCV-HF clinic (see Textbox 1 for inclusion criteria for the
patient group). All adult patients (≥18 years old) followed in
the HF clinic at FCV will be eligible for the study. We will use
various methods to recruit patients, including electronic clinical
data from the SAHI 2.0 records. Additionally, we will invite
60 healthy volunteers, matched by age and sex, to participate.
Participants will be considered as healthy volunteers if they are
≥18 years old, nationals from a Latin America country with a
residence address in Colombia, and not meeting any of the
exclusion criteria detailed in Textbox 2. We selected the number
of participants as convenience size due to the internal financial
and technical limitations of the project.

Textbox 1. Inclusion criteria for patients in the ANVIAS study.

• Age ≥18 years

• Diagnosis of heart failure stage B or higher according to the American Heart Association criteria

• National of a Latin America country with residence address in Colombia

• Followed in the Cardiovascular Foundation of Colombia heart failure clinic
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Textbox 2. Exclusion criteria for patients simultaneously presenting with heart failure and for volunteer participants the ANVIAS study.

• Multiple blood transfusions

• Recent plasmapheresis

• Infection with human immunodeficiency virus

• Immunosuppression or recent treatment with corticosteroids

• Solid organ or bone marrow transplantation

• Diagnosis of Chagas disease

• Pregnancy

• Preexisting condition of asthma, obstructive sleep apnea, or chronic obstructive pulmonary disease

• Prior hormone replacement therapy

• Heavy drinking, defined as the consumption of ≥5 alcoholic drinks on the same occasion on each of ≥5 days in the past 30 days (US Substance
Abuse and Mental Health Services Administration definition)

Storage of Biological Material
Participants will be asked to consent to donate biological
material to be stored according to all quality and ethical
requirements in the biobank of the FCV. The FCV biobank is
a biomedical platform for future research, which is of great
relevance in contributing to establishing bridges between basic,
translational, and clinical research, and health care practice.
Importantly, participants in this proposed study will be required
to grant additional consent for taking and storing samples in the
biobank (see Multimedia Appendix 1).

Blood Sample Collection and Separation of
Components
Samples of peripheral blood will be collected by antecubital
venipuncture with a Vacutainer system (Becton, Dickinson and
Company, Franklin Lakes, NJ, USA) into 2 tubes containing 4
mL of EDTA anticoagulant and labelled to identify the
participant. Then, the sample will be centrifuged to separate the
components and stored according to established protocols by
the FCV biobank. A physical and digital date and time record
of sampling separation and storage components will be kept,
as well as the name of the person responsible for the procedures.

Samples will be handled from the first to the final phase by the
following FCV biobank storage steps: 1) obtaining informed
consent for storage of samples in the biobank: Protocol
PR-BIO-01, 2) blood sampling: Protocol PR-BIO-03, 3)
transporting biological samples: Protocol PR-BIO-02, 4)
receiving and storing samples: Protocol PR-BIO-05, 5) quality
control of human biological material, storage, and registration:
Protocol PR-BIO-08.

Data Processing and Quality Control
The data will be recorded on case report forms previously
designed for that purpose. After completing the case report
form, the monitor of the study will review the data to confirm
completeness, readability, accuracy, and consistency. All
detected errors will be reported, evaluated, and properly
corrected by the originator of the forms. All corrections will be
noted with dates and initials of the person issuing the correction
in accordance with the World Health Organization’s Guidelines

for Good Clinical Practice [38]. Immediately after the form is
correct, the information will be recorded in a database.

Production and Purification of Viral Vectors
We will produce the AAV1, AAV2, and AAV9 vectors using
the cotransfection strategy of human embryonic kidney 293
cells specially modified to facilitate transfection of AAV
(AAV-293; Agilent Technologies, Santa Clara, CA, USA;
catalog #240073) via calcium phosphate (ThermoFisher
Scientific, Waltham, MA, USA) [39]. We will use a pAAV with
the plasmid of interest, a helper adenoviral plasmid, and a
chimeric construct having the AAV2 rep gene, along with the
corresponding AAV1, AAV2, or AAV9 cap gene [9].

We will evaluate the AAV-293 cells for microbial contamination
using the polymerase chain reaction protocol for detecting
mycoplasma. Following the previously described protocol, 2
days after transfection, we will collect cells and purify the vector
particles using precipitation gradient centrifugation methods.
The harvested cells will be lysed by successive cycles of
freezing, thawing, and sonication, then treated with Benzonase
nuclease (Novagen, Madison, WI, USA) and deoxycholic acid
(Sigma-Aldrich, St. Louis, MO, USA), and then subjected to 3
successive rounds of cesium chloride density-gradient
ultracentrifugation (ThermoFisher Scientific). We will collect
the fractions containing AAV vector, concentrate it using
1-mmol/L MgCl2(phosphate buffered saline) (Gibco, BRL),
and store it at –80°C until use. Quantification of AAV1, AAV2,
or AAV9-cytomegalovirus-luciferase (in viral genomes/mL)
vectors will be determined by quantitative real-time polymerase
chain reaction probes using SYBR Green Supermix (Bio-Rad,
Hercules, CA, USA) and primers specific for luciferase
complementary DNA. The forward and reverse primers that we
will use are CCCACCGTCGTATTCGTGAG5'-3' and
5'TCAGGGCGATGGTTTTGTCCC-3', respectively.

Typically, we have managed to standardize the protocol and

achieve titers in the range of 2×1012 to 5×1012 viral
genomes/mL. To generate standard curves, we will use a plasmid
of known copy numbers corresponding to the vectors used to
generate AAV vectors carrying the appropriate complementary
DNA. Viral vectors will be produced in collaboration with the
laboratory of the Department of Gene Therapy and Regenerative
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Medicine, Free University of Brussels, by the principal
investigator, Dr Melvin Rincon.

Determination of Neutralizing Antibodies
We will determine NAb titers against serotypes AAV1, AAV2,
and AAV9 following the recently published protocol in Human
Gene Therapy Methods by Dr F Mingozzi’s group [37]. This
protocol is used due to high reproducibility of the results, in
addition to the efficiency and safety it offers. Determination of
NAb titers is based on an AAV vector expressing a reporter
gene, which is incubated with the sample to be evaluated before
in vitro transduction of a specific cell line. We describe the main
features of the protocol below; for a more detailed protocol
please review the publication by Meliani et al [37].

Multiplicity of Infection Selection
Importantly, as Meliani et al [37] mention, an optimal
multiplicity of infection (MOI) should be determined for each
serotype. We will select the MOI for each serotype NAb assay
by determining the viral vector needed to give a luciferase signal
above background signal and below saturation levels, measured
in relative light units, considering that the number of AAV
genome copy particles to be used is equal to the desired MOI
multiplied by the number of cells to be infected.

For our project, we will transduce human embryonic kidney
293-derived 2V6.11 cells with an increasing MOI of the
corresponding serotype (AAV1, AAV2, or AAV9); 24 hours
later we will measure luciferase expression and select the most
appropriate MOI for each serotype.

Assay Validation
Validation of any assay is fundamental before translation to
clinical practice. Simultaneously with execution of the project
and, based on initial results from the patients’ samples, we will

perform a process similar to the following (to be reported in the
final paper): 1) determine the optimal cut point (threshold), 2)
determine sensitivity, 3) select quality controls, 4) set specificity
and assay precision, and 5) determine selectivity. We refer the
reader to previously published papers for more detailed
information [40,41].

After selecting the desired MOI and establishing the conditions
of the assay, we will conduct a 4-day NAb assay protocol, as
follows.

Day 1: Cell Culture 2V6.11

We will suspend 2×104 2V6.11 cells in 100 μL of Dulbecco’s
modified Eagle’s medium (DMEM)/Ham’s nutrient mixture
F-12 culture medium (Sigma-Aldrich) supplemented with 10%
fetal bovine serum. The cells will be cultured for 24 hours in
an incubator (37°C, 5% CO2) in 96-well culture plates. To
induce expression of the E4 gene, Ponasterone A will be added
to the culture medium (Sigma-Aldrich) (10 mL).

Day 2: Sample Controls and AAV Vector Preparation
For transduction, we will prepare serial dilutions of 10 mL of
patient serum and a control sample using fetal bovine serum as
the diluent (Table 1). One control sample will correspond to
100% transduction of the vector and another to 0% transduction
of the vector to allow for determining the background
luminescence signal. The viral vector will be diluted to the
concentration selected (according to the desired working MOI)
in DMEM without the use of fetal bovine serum. Subsequently,
we will add 20 μL of the vector to each of the sample dilutions
and controls. These samples will be grown for 1 hour at 37°C
and, subsequently, 7.5 μL of each neutralized sample will be
added to the cell culture medium. Cells will remain in overnight
incubation at 37°C and 5% CO2.

Table 1. Examplea of half-log dilution preparation for the test sample and control using fetal bovine serum as the diluent before being mixed with the
viral vector (20 μL) and added to 96-well plated cultured cells.

Volume (μL) of diluentVolume (μL) of sample/controlRelationDilution no.

0401:11

2612 of dilution 11:3.162

2612 of dilution 21:103

2612 of dilution 31:31.64

2612 of dilution 41:1005

2612 of dilution 51:3166

2612 of dilution 61:10007

2612 of dilution 71:31608

aModified from Meliani et al [37].

Day 3: Cell Lysis and Measurement of Luciferase
Activity
On this day, we will use the protocol for the Bright-Glo
Luciferase Assay System (Promega Corporation, Madison, WI,
USA). After incubating the assay for 15 minutes at room
temperature, we will add 100 μL of cell lysis medium and the
luminescence substrate, then wait for 3 minutes until lysis is

complete. Luminescence will be measured using the EnSpire
reader (PerkinElmer, Inc, Waltham, MA, USA).

Day 4: Determination of Anti-AAV NAb titers
To calculate the luciferase expression percentage (LEP) and
luciferase inhibition percentage (LIP), we will use the formulas
LEP=[(test sample luciferase reading−no virus luciferase
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signal)/(maximum luciferase signal−no virus luciferase
signal)]×100 and LIP = 100 – LEP.

The neutralizing titer of the sample is reported as the first
dilution at which ≥50% inhibition of luciferase expression is
measured. For example, if ≥50% inhibition is observed at a
sample dilution of 1:10, then the neutralizing titer is reported
as 1:10. NAb titers will be determined for the selected serotypes
in collaboration with the laboratory of the Department of Gene
Therapy and Regenerative Medicine at the Free University of
Brussels by the principal investigator, Dr Melvin Rincon.

Statistical Analysis
We will describe data from all measurements of continuous
variables using measures of central tendency such as means and
standard deviations, considering the coefficients of variation
between replicates (3) of the experiments. We will report counts
and proportions of categorical variables with their respective
95% confidence intervals. For tests between study groups, we
will use analysis of variance to assess differences between means
and the chi-square test for differences between proportions.
Differences with a value of P<.05 will be considered significant.
We will use Stata 8.0 statistical software (StataCorp LP).

Results

We have completed the first phase of the project. During this
stage, all the documents necessary for recording and storing
information have been elaborated and submitted to the ethical
committee of the FCV for approval. We expect to begin
recruiting patients in the spring of 2016. We expect to complete
the second phase, in which we will validate all the protocols
for the project—including determining the titer of the viral
vectors, selecting the MOI that we will use for each serotype,
and validating the assay—by the end of 2016. Finally, we will
conduct the third phase, in which we will analyze serum samples

from patients and healthy volunteers, during 2017. We expect
to have the first results in mid-2017.

Discussion

For this project, we will evaluate anti-AAV1, -AAV2, and
-AAV9 NAbs by using the in vitro transduction inhibition assay,
to determine the presence, activity, and titers of NAbs in patient
sera. Several critical steps and validation of the protocol should
precede analysis of the patient samples (eg, selection of MOI,
selection of the cells to be used during the assay). We expect
that the final results may indicate the seroprevalence of NAbs
for the selected serotypes and allow for comparison with
previously reported results from other populations. The causes
of the demonstrated high variability between the evaluated
populations continue to be debated, and more studies including
different healthy populations and under specific pathologic
circumstances need to be conducted worldwide. Importantly,
the method of determination should be standardized to obtain
more reliable and comparable data. Recent reports support the
higher sensitivity of intramuscular in vivo assays to determine
NAb response [42], suggesting that in vivo NAb assays are more
sensitive than in vitro assays for determining inclusion and
exclusion criteria in clinical trials; however, the technical
difficulties and higher cost associated with using in vivo assays
in population studies mean that in vitro assays still have an
important function.

Conclusion
We expect to have preliminary results, including the titer of the
viral vectors, the MOI that we will use, and test assay
validations, at the end of 2016. The results of this study will
become the initial step for bigger population studies to
characterize our population and provide the necessary
epidemiological information for clinical trials using AAV in
Latin America.
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Abstract

Background: The objective of focal brachytherapy (BT) is to provide effective prostate cancer control for low-risk disease but
with reduced genitourinary, gastrointestinal and sexual side effects in a cost-effective way.

Objective: The aim of this study is to describe a phase II study examining technical and dosimetric feasibility and toxicity,
quality of life changes, and local control with post-treatment biopsy outcomes in men with early stage low volume prostate cancer
treated with focal iodine-125 seed BT.

Methods: The study design is a prospective, multicenter trial with a planned sample size of 20 patients including men with a
minimum age of 60 years, a life expectancy estimated to be greater than 10 years, with low or low-tier intermediate risk prostate
cancer, unilateral disease on the biopsy, and a Gleason score of ≤3+4 and <25% cores involved. The investigations specific for
the study are multi-parametric magnetic resonance imaging (Mp-MRI) baseline, at 20 and 36 months to rule out high grade disease
and a transperineal mapping biopsy (baseline and at 36 months) for more accurate patient selection. The hemigland region will
receive 144 Gy. Standard normal tissue constraints will be considered as for a whole gland (WG) implant. Dosimetric parameters
will be evaluated at day 30 after the implant. Toxicity and quality of life will be evaluated with international validated questionnaires
focusing on urinary, rectal, sexual domain, and general health-related quality of life. The patients will complete this assessment
at baseline and then approximately every 6 months after the implant up to 10 years.

Results: To date, one patient is involved in the trial. He underwent the pre-implant investigations which found bilateral disease.
Therefore, a standard seed implant was performed. If the results from this trial provide evidence that the treatment is safe, feasible,
and improves toxicity, funding will be sought to conduct a large, multicenter, randomized controlled trial (RCT).

Conclusions: This protocol is designed to show feasibility in delivering hemigland focal therapy with seed BT. It may answer
crucial questions and obtain data which will enable downstream decisions on focal low dose rate (LDR) prostate BT.

ClinicalTrial: Clinicaltrial.gov NCT02643511; https://www.clinicaltrials.gov/ct2/show/NCT02643511 (Archived by Webcite
at http://www.webcitation.org/6ghLCzIhY)

(JMIR Res Protoc 2016;5(2):e98)   doi:10.2196/resprot.5433
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Introduction

Prostate cancer is the most commonly diagnosed non-cutaneous
neoplasm in males in the United States and the second leading
cause of cancer mortality. Estimated new cases and deaths from
prostate cancer in 2014 were 233,000 and 29,480, respectively.
[1].

Widespread screening with the prostate-specific antigen (PSA)
test, which can identify patients with asymptomatic tumors that
have little or no lethal potential, has decreased the age of
diagnosis [2]. With an enormous reservoir of cancers in ageing
men, there is a major risk of detection of many cancers that will
often never cause symptoms or death [3,4]. Surgery and
radiotherapy are widely-employed definitive treatment options;
however, their corresponding side-effects include urinary, sexual
(ie, erectile dysfunction), and gastrointestinal complications
[5]. There are reports showing similar or better outcomes for
brachytherapy (BT) versus surgery regarding quality of life in
the urinary, bowel or sexual domain [6,7] .

It is increasingly apparent that some older men with low volume
favorable cancers and significant medical co-morbidities may
be appropriately managed with observation [8]. Recently, active
surveillance (AS) has been advocated for selected low-risk
cancers with the recognition that Gleason 6 disease is rarely a
cause of cancer mortality. A recent cohort study published in
2010 showed, at a median follow-up of 6.8 years, the 10-year
prostate cancer actuarial survival was 97.2% in patients
undergoing AS [9,10]. After 2 to 3 years of follow-up,
approximately one third of patients ceased AS and switched to
active therapy [11]. The most common reason for this change
was a change in risk classification as a result of repeated
biopsies, leading to definitive therapy [12]. Despite the fact that
AS was associated with the greatest quality-adjusted life
expectancy when compared with definitive treatment of low-risk
prostate cancer [13], a considerable majority of men in the
United States and Europe who are diagnosed with
screen-detected localized tumors still receive aggressive
treatment [14,15].

What is Focal Therapy?
There is increasing evidence that the largest tumor focus within
the prostate (called the index lesion) drives the natural history
of prostate cancer [16]. Liu and colleagues have shown that
metastases in prostate cancer have a common origin (ie, these
metastatic cells originate from the same clone) [17]. If the single
lesion harboring this metastatic clone could be accurately
identified and then conformally targeted, it seems likely that
the side effects of treatment for prostate cancer could be reduced
due to a smaller treatment volume. Other lesions could then
potentially undergo a surveillance approach. The pathological
characteristics of the index lesion, namely, the grade and the
presence or absence of extracapsular extension, generally
indicate the prognosis. Both the index lesion hypothesis and the
monoclonal origin of metastatic prostate cancer open the way
to a consideration of focal therapy in the majority of men who
have multifocal, bilateral disease in which only the clinically
important lesion might be ablated [18].

There is no standard definition for focal therapy, but in general
it refers to a tissue preservation technique that does not treat
the entire prostate gland but instead focuses the treatment to
either an index lesion or some defined part of the prostate [19].
This approach is based on the premise that, in appropriately
selected men, treating only part of the prostate can be as
clinically effective as treating the whole prostate with far less
morbidity. This, therefore, is an attractive option for patients
where quality of life issues are important. Prostate focal
treatment is a potential compromise between definitive treatment
and AS. Advances in ultrasound and magnetic resonance
imaging (MRI) techniques, as well as tissue sampling, have
enhanced the ability to select these patients [20-23].

Why Low Dose Rate Brachytherapy for Focal
Therapy?
A variety of treatment modalities have been used to deliver
prostate cancer focal therapy. The literature mainly includes
reports on high intensity focused ultrasound (HIFU) [24,25]
and cryotherapy [26-28], but neither modality is first line for
whole gland (WG) treatment because of toxicity and lack of
comparable efficacy.

Low dose rate (LDR) monotherapy has established long-term
track record in terms of biochemical control for low and low
tier intermediate risk prostate cancer. For favorable risk prostate
cancer, LDR BT as monotherapy provides a highly effective
treatment option, commonly achieving an undetectable PSA
within 4 to 7 years [29,30]. A 15-year biochemical relapse-free
survival has been reported at 85.9% for low risk patients [31],
and a 10-year disease-specific survival at 96% [32].

The hallmark of LDR prostate BT toxicity is urinary side effects.
About 50% will have moderate irritative and obstructive urinary
symptoms after the procedure lasting several months. By 12
months, the urinary symptoms of most patients (90%) will return
to baseline, although full recovery can be prolonged in 10% to
20% of individuals in 2 to 3 years [33-35]. Mild self-limiting
rectal irritation affects 20% to 30% of patients in the first 1 to
2 years after the implant, and rectal bleeding is reported in 2%
to 7% of patients [36,37]. The risk of rectal complications has
consistently been linked to greater rectal wall doses [38-40]. In
a series by Tran et al in which 503 patients were treated with
permanent interstitial prostate BT using iodine-125 or
palladium-103, 44 patients developed persistent rectal bleeding,
including 2 patients with fistula formation. In both of these
cases, the volume of rectum receiving greater than or equal to
the prescription dose (RV100) exceeded 1 cc [41]. Merrick et
al [42] reported on the incidence of BT-related
bulbomembranous urethral strictures in a series of 1186 men.
The authors described 29 cases (3.6%) noting an association
with urethral radiation dose and external beam radiation therapy
(EBRT). Kamrava et al [43] compared hemigland BT treatment
plans to WG. Hemigland plans revealed a statistically significant
decreased radiation dose to organs at risk. The degree of
reduction in the dose of 2 cc to these organs was from 64% to
53% for the rectum, 67.5% to 56% to the bladder, and from
95% to 69% to the urethra. One Swiss group used high dynamic
range imaging (HDRI) as a partial boost after 64 to 64.4 Gy of
EBRT to the prostate, followed by either bilateral or unilateral
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HDR BT boost. They found no differences in late rectal toxicity
and in severe grade ≥3 late urinary toxicity at five years [44].
However, with a background of a significant dose to the WG it
is hard to detect a significant decrease in toxicity that this trial
aims to achieve.

All curative treatments for prostate cancer have a major potential
impact on sexual function. Erectile dysfunction (ED) rates are
low at 1 year after the implant with 70% to 80% of men retaining
erectile function; this rate declines to around 50% at 5 years
post-implant [45]. Although Princess Margaret Hospital
published a report on 1111 men with follow-up ranging to over
9 years, with 82% retaining satisfactory erectile function beyond
5 years [29]. Many patients will have improvement in their
function with oral phosphodiesterase5 (PDE-5) inhibitors such
as sildenafil, vardenafil, and tadalafil [46]. Merrick et al strongly
suggested that BT-induced ED is related to the radiation dose
delivered to the penile bulb and the proximal crura [47]. As the
proximal penis is the most significant treatment-related predictor
of BT-related ED, techniques to minimize the radiation dose to
the proximal penis such as hemigland may result in improved
rates of potency preservation [47].

Apart from the potential of a more favorable toxicity profile
due to a dose reduction to the organs at risk with LDR
hemigland BT, there are also some technical advantages of
delivering LDR BT. LDR is a less invasive procedure that can
be done in two stages with a pre-plan before the implant [48]
or in a 1-step procedure planned intra-operatively with real-time
dosimetry [49]. Although excellent dose distributions can be
achieved with pre-planning techniques, intra-operative planning
takes into account the intra-operative geometry of the prostate
and the surrounding normal tissues. There are methods to
dynamically modify the treatment plan as the implant procedure
is ongoing based on the coordinates of the deposited seeds such
as minimizing the possibility of tumor under dosage and
enhancing the conformality of LDR prostate BT [50].

The proposal described here is based on the long-term evidence
in the literature that we have for LDR monotherapy for low and
low tier intermediate risk prostate cancer over HDR or other
techniques. Other treatments available for focal therapy have
lack of comparable efficacy and long-term follow-up. It might
be more logical to consider whether a therapy might be suitable
for focal application after it has been demonstrated to be
effective as a WG treatment.

The radiation source used for LDR, iodine-125, has a lower
energy of 0.028 MeV giving us more flexibility for planning
purposes than the HDR radiation source iridium-192 with 0.38
MeV. Most importantly, prostate seed BT has a post-implant
quality verification process where seeds are identified giving
us a permanent record of the prostate region treated enabling
salvage approaches easier. Focal therapy utilizing LDR BT has
been chosen as the above mentioned data provides the most
comprehensive treatment modality that addresses the issues of

local efficacy, quality assurance verification, excellent toxicity
profile, and the ability to localize previous therapy in the setting
of potential salvage therapy.

Summary of the Evidence on Brachytherapy on Focal
Therapy
While the use of LDR BT for WG treatment is very well
established, there is little data with its use in focal-only
treatment. LDR has been delivered to the peripheral zone alone
identified by intra-operative magnetic resonance imaging (MRI)
[51] with a biochemical free survival (BFS) for low risk patients
at 5 and 8 years that was acceptable at 95.6% and 90.0%,
respectively, using the Phoenix definition plus PSA velocity
greater than 0.75 ng/ml/year. However, the results were poor
for intermediate risk patients with a 5 and 8 year
progression-free survival (PFS) at 73% and 66%, respectively.
Cosset et al [52] have reported their preliminary results on the
first 21 patients treated with focal BT with iodine-125 loose
seeds targeting the positive region in the biopsy within the
prostate and the suspicious sites on MRI, an approach called
ultra-focal (UF) BT. After 12 months of follow-up only, a
borderline advantage was seen in the International Prostate
Symptom Score (IPSS) recovery at 6 months after the implant
when compared with a previous cohort treated by WG treatment
(P =.04). The pre-implant dosimetric parameters for the UF
volume with a minimum dose received by the 90% of the
prostate volume (D90) of 183.2 Gy and the volume of the
prostate receiving 100% prescription dose of 99% (V100) were
successfully achieved [52]. Currently, there are three active
phase II trials using LDR BT as focal therapy (Table 1). Morris
et al are recruiting patients with low or low tier intermediate
risk after MRI elastography transrectal ultrasound biopsy
targeting high grade areas [53]. In France, Bachaud is recruiting
patients with low risk prostate cancer for a focal target seed
implantation [54], and Langley et al in the United Kingdom are
evaluating side effects, quality of life, and cancer control in
patients with prostate cancer diagnosed on only one side of the
prostate gland [55]. Zelefsky opened a phase II study for men
with early-stage low-risk prostate cancer treated with hemigland
and focal LDR BT examining the tolerance profile.
Unfortunately, this trial was terminated due to lack of accrual.
[56].

The aim of this study is to address the toxicity, feasibility, and
utility of hemiablative focal LDR BT as treatment for localized
prostate cancer. We hypothesize that this form of LDR BT is
safe and will give similar disease control outcomes when
compared to established WB treatment techniques, but with
decreased toxicity leading to an improved quality of life. As
this is a feasibility study, we are looking at toxicity and safety
(adequate implant) in highly selected candidates.

Trial Objectives
The trial objectives for this study are described in Textbox 1.
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Table 1. Phase II studies using low dose rate focal brachytherapy.

Phase II studyStudy details

Zelefsky [56]Langley et al [55]Bachaud [54]Morris et al [53]

Memorial Sloan Kettering
Cancer Center, United States

Royal Surrey county Hospital
NHS, United Kingdom

Institut Claudius Regaud,
France

British Columbia Cancer
Agency (BCCA), Canada

Location

Terminated in February
2016 due to lack of accrual

N/ARecruitingRecruitingCurrent progress

Hemigland LDR BT; PD
144 Gy

LDR BT hemigland 145 GyLDR focal BT; prescription
dose (PD) 160 Gy +/- 5%

LDR focal BTTreatment

80341710Patientsa, n

≤T2a≤T2b≤T2a≤T2aStage

Up to Gleason 7 in just 2
cores

≤4+3≤3+3≤3 4≤2 coresGleason

<10<15<10<10PSA

TRUSTransperineal template-guided
mapping (TTGM) multi-para-
metric magnetic resonance
imaging (Mp-MRI)

3D prostate mapping biopsy,
MRI

Transrectal ultrasound
(TRUS)

Inclusion tests

Late toxicityUrinary, sexual and bowel
toxicity, and quality of life

Successful post-implant
dosimetry

To fit for focal disease and
adequate treatment plans

Primary outcome

Efficacy, quality of life,
post-treatment MRI vs post-
biopsy

Tumor controlProgression-free survival
(PFS; (Phoenix definition),
qualify of life, biopsy, toxicity

Quality of life, treatment
evaluation

Secondary outcome

2534Timeframe, years

aOpen estimate.

Textbox 1. Trial objectives.

Objectives

• Primary objective

To demonstrate the feasibility of delivering hemigland focal therapy (the delivery of the prescription dose to the half of the prostate) with a seed
BT implant in a multi-center Australian study.

• Secondary objectives

• To determine acute and late rectal, urinary, and sexual toxicity following hemiablative iodine-125 brachytherapy (BT) treatment.

• To assess the change from baseline in quality of life indicators at specific time intervals using the following validated international
questionnaires after hemiablative iodine-125 (BT) treatment:

• International Prostate Symptom Score (IPSS)

• International Index of Erectile Function (IIEF)

• Expanded Prostate Cancer Index (EPIC)

• To evaluate the local tumor control in terms of biopsy outcomes after focal BT 36 months after the treatments.

• To compare target coverage and relative doses to the rectum and the urethra for the same patient performing a hemigland treatment planning
versus WG treatment planning, and compare rates of toxicity and quality of life after hemigland implant with historical WG cohorts.

Methods

Study Design
This multi-institution, prospective phase II trial aims to
determine whether hemiablative treatment with LDR for prostate
cancer is dosimetrically safe and feasible. This study will record

data for patient quality of life parameters, in particular in terms
of urinary, rectal, and sexual function side effects.

Study Group
Patients with ipsilateral low grade disease (N=20) will be
evaluated prospectively after hemiablative focal therapy.
Because of the historically small size of trials in this area,
probably reflecting the difficulty of recruitment of patients in
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this scenario, a pilot will be conducted to establish the feasibility
of a full scale trial prior to committing to a large study.

Eligibility Criteria
To be eligible for the study, participants must meet each of the
eligibility requirements (Textbox 2). If a participant has one of
the following, they will be ineligible for the study: (1) does not

meet staging criteria for low risk or low tier intermediate risk
prostate cancer, (2) bilateral prostatic disease, (3) prior hormonal
therapy, (4) recent IPSS more than 17, (5) unfit for general
anesthetic, (6) MRI contraindicated, (7) unable to cease
anticoagulant therapy, and (8) life expectancy less than 10 years.
The trial schema is shown in Figure 1.

Textbox 2. Eligibility requirements.

Requirements

Patients must have histologically proven adenocarcinoma of the prostate.

Patients must have low or low tier intermediate prostate cancer.

Low risk prostate cancer patients must have:

• Clinical stage ≤ T2a

• Gleason score of 6 and iPSA ≤10 ng/ml

• Less than 25% cores positive

Low tier intermediate risk patients may have:

• Clinical stageT2a

• Gleason score ≤3+4=7

• PSA ≤10 ng/ml

• Less than 25% cores positive

Patients must be fit for general anesthetic.

Patients must have unilateral disease on biopsy.

Patients must have an Eastern Cooperative Oncology Group (ECOG) performance status of 0-2.

Men ≥60 years of age with a life expectancy estimated to be >10 years.

Patients must have no contraindications to interstitial prostate BT.

International Prostate Symptom Score (IPSS) ≤16

Patients on anticoagulant therapy must be able to stop therapy safely for at least 7 days.

Patients must not have any contraindications to MRI.
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Figure 1. Trial schema.

Pre-Treatment Evaluation
The components of the pre-treatment evaluation are shown in
Textbox 3. The transperineal template is diagramed in Figure
2.

The protocol includes a screening phase with multi-parametric
magnetic resonance imaging (Mp-MRI) and mapping biopsy

for patient selection. Improved imaging techniques coupled
with better sampling of the prostate [57,58] allows to identify
men with low volume focal disease selection who may be
suitable for tissue preservation strategies. It has been estimated
that between one half and two thirds of men with prostate cancer
may be amenable to some form of focal therapy [59,60].
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Textbox 3. Pre-treatment evaluation.

Pre-treatment

Patient demographics and histological information from transrectal ultrasound (TRUS) prostate biopsy will be collected.

For preplanning technique, ultrasound volume study to assess prostatic volume and pubic arch interference will be performed.

A multi-parametric prostatic MRI (Mp-MRI) (1.5 T with endorectal coil or 3T). The data set should include T1-weighted, T2-weighted,
diffusion-weighted, and contrast-enhanced MRI. Imaging could be adequately performed at 1.5 T with endorectal coil or 3T without endorectal coil
[57]. Suspicion of bilateral disease or high grade unilateral disease will exclude the patient from the study. Biopsy of any suspicious target lesions as
identified on Mp-MRI is recommended.

If a TRUS biopsy has only been performed then the patient will also undergo a transperineal template guided mapping (TTGM) biopsy, with a minimum
of 20 cores obtained, at the time of the volume study (for preplanning technique) (Figure 2). A single anatomical pathologist will review the biopsy.
In addition the following parameters will be recorded to allow for stratification according to:

• T stage: T1c vs T2a

• Gleason: 3+3=6 vs 3+4=7

• Presence of lymphovascular invasion

• Presence of perineural invasion

Baseline quality of life assessments:

• International Prostate Symptoms Score (IPSS) questionnaire

• International Index Erectile Function (IIEF) questionnaire

• Expanded Prostate Cancer Index Composite (EPIC) questionnaire

Figure 2. Transperineal template. Diagram prepared by Warick Delprado at Douglass Hanly Moir Pathology and used by permission.

Informed Consent, Registration, and Enrolment
All patients must sign an informed consent form to be registered
in this study. Completed consent forms will be sent to the
Radiation Oncology Clinical Trials Office at the St George
Cancer Care Centre (STGCCC) and eligibility will be confirmed
by the study coordinator. A patient identification number (PIN)
will be assigned to the patient. The registration process will
include the consent and the prostate Mp-MRI and a transperineal

template-guided mapping (TTGM) biopsy of the prostate to
rule out high grade disease and ensure eligibility for focal
therapy. Only patients still suitable for focal therapy after these
studies will be enrolled in the trial and will go ahead with the
treatment. They will be followed up to 10 years. Patients not
suitable for the trial will go ahead with standard WG BT if they
still wish to have active radiation treatment. This is a feasibility
study to assess the feasibility of this technique with a permanent
seed implant to half of the prostate in terms of acute side effects
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and post-implant dosimetry parameters. Normal tissue tolerance
will have the priority in the planning algorithm. There is no
randomization process.

Investigations
All investigations required before study entry are standard for
this grade and presentation of prostate cancer and include a
TRUS-guided prostate biopsy for diagnosis and a PSA test
within the last 3 months. Investigations specific for the study
include a Mp-MRI of prostate using either a 3 Tesla magnet
alone or a 1.5 Tesla magnet and an endorectal coil. A baseline
Mp-MRI should be performed at least 6 to 8 weeks after the
initial biopsy and the Mp-MRI should be repeated at 20 and 36
months after treatment or earlier if PSA is detected to be rising
during follow-up. Patients should be scanned on the same
scanner for all three examinations, especially when tracking
changes in apparent diffusion coefficient (ADC) values over
time. A central radiology review of the images will take place
in Southern Radiology by Dr Jonathan Seef. In addition, a
TTGM prostate biopsy with a minimum of 20 cores and at 36
months post treatment will be included. Central pathology
review of the specimens will take place in a center assigned in
each participating Australian state.

Interventions
A preplanned technique or intra-operative planning technique
will be used depending on the individual institutional preference.
Patients participating in this study will undergo hemigland LDR
prostate BT performed by experienced BT teams that perform
a minimum of 40 cases per year (Figure 3).

The prostate volume study will be performed under sedation or
general anesthesia, and patients will be set up in the
dorso-lithotomy position. The urethra will be identified by
insertion of aerated gel allowing visualization on ultrasound. A
TRUS volume of the prostate will be performed. A set of 5 mm
slice images are acquired using the transverse mode for 3D
reconstruction of the prostate. Pubic arch interference will be
identified in case modification of probe angle or leg position if
necessary.

For the hemigland preplanning, the pre-implant clinical target
volume (CTV) will be defined as half of the prostate excluding
the urethra, as visualized and contoured on the reconstructed
ultrasound images. The planning target volume (PTV) will be
created by adding a 3 to 5 mm margin around the CTV except
for the posterior margin that will be 0 mm. The PTV will
encompass 45% to 70% of the total prostate volume maximum.
A hemiablative approach over two different focal therapy
scenarios has been chosen, as shown in Figure 1, with
hemiablation or zonal ablation (hockey stick 5 mm beyond
midline). An experienced medical physicist will plan the
iodine-125 seed and needle positions achieving dosimetric
parameter goals. All plans will be approved by both the

responsible radiation oncologist and a medical physicist, both
of whom are experienced in prostate BT; the STGCCC team of
investigators has performed more than 1000 prostate BT
procedures.

The treatment planning dosimetric parameters used for
optimization aim for prostate PTV V100 is greater than 98%,
with a V150 of 55% to 65% and V200 of less than 20%. (V100,
V150, and V200 are the percentage of the prostate volume
covered by the prescription isodose, the 150%, and the 200%
isodose, respectively). Urethral dose (UD) is usually described
as the UD5 or UD30, which are the dose to 5% and 30% of the
urethra, respectively. UD5 is representative of a urethral
maximum dose and should be less than 150% of the prescription
dose, while UD30 should be less than 125%. For the rectum,
the rectal volume in cubic centimeters receiving 100% of the
prescribed dose (RV100) is commonly used and should be less

than 1.3 cm3for day 30 dosimetry.

In addition, a whole prostate LDR planning will be performed
for a potential matched historical control toxicity comparison
with patients from the existing large LDR database based on
standard whole prostate dosimetric features as well as other
clinical features like prostate volume, IPSS and potency, and
medical conditions (eg, diabetes). This will enable us to report
the difference in dose for the two plan sets for the targets
hypothesized to be responsible for toxicities like urethritis or
proctitis. This will require a pre-implant CTV defined as the
prostate excluding the urethra, as visualized and contoured on
the reconstructed ultrasound images. The PTV will be created
adding a 5 mm margin around the CTV except for the posterior
margin that will be 0 mm. The same planning dosimetric
parameters will be recorded as for the hemigland treatment
planning.

For the implant procedure, the patient will be under general
anesthesia and set up in the dorsal lithotomy position on the
operating table in the BT theatre as per the local institutional
seed implant protocol. A TRUS volume of the prostate will be
matched to the images of the preplanned study. An
intra-operative approach is also acceptable. Iodine-125 seeds
will be inserted under US template and fluoroscopy guidance
according to the plan.

At the completion of the needle and seed insertion, the Foley
catheter will be kept in place and the patient will be taken to
the post-anesthesia recovery (PAR) area. Patients will be
discharged from PAR when they have made an appropriate
recovery from anesthesia and have successfully voided urine
after the Foley catheter is removed.

Patients participating in this study will be followed in the usual
fashion and only require the following additional tests beyond
those of standard practice: Mp-MRI at 18 and 36 months and
TTGMB at 36 months.
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Figure 3. Hemiablation.

Patient Follow-Up

Postimplant Dosimetry
Post-plan quality assurance using magnetic resonance computed
tomography (CT) fusion (MR-CT fusion) is required because
it reduces inter-observer variation by improving prostate edge

detection, and allows appreciation of treatment margins [61,62].
Fusion can be accurately performed to sub-millimeter accuracy
using the seeds as fiducial markers. It is essential to use the
appropriate MR sequences in order to facilitate both prostate
contouring and seed localization. A Fast Spin Echo T2-weighted
MR sequence is used, with the technical parameters described
in Textbox 4.

Textbox 4. Technical parameters used with the Fast Spin Echo T2-weighted MR sequence.

Parameters

• Repetition time (TR) = 4500 msec

• Echo time (TE) = 90 msec

• Echo train length (ETL) =10,

• Pixel bandwidth (BW) = 580 Hz/pixel

• Field of view = 20 x 20 cm

• 3 mm slice thickness, 0 mm gap

• Acquired matrix size = 320 x 224 with phase encoding direction along rows

• Flip angle = 90°

CT images are likewise obtained in the supine position, imaging
the prostate and all seeds visible on the scout image in 2 mm
slices. Aerated gel with Ultravist contrast is inserted for the
pelvic CT for urethral localization by the oncologist. No specific
bowel preparation is used before either scan but they should be
performed sequentially, with the CT following the MRI

generally within half an hour. Patients will also undergo a pelvic
and chest x-ray to assess for any seed migration.

In order to improve this pilot trial consistency and check the
hemi-implant quality, MR-CT fusion for all the participants
will be reviewed by one of the two primary investigators with
experience in MRI contouring and MRI-CT fusion; Dr A
Fernandez has performed more than 100 MRI-CT fusions.
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Follow-Up Schedule
Routine assessment following completion of treatment includes
PSA and clinical evaluation 4 to 6 weeks after the implant to
manage and document any acute toxicity. The assessment will
continue every 3 to 6 months depending on symptoms up to 3
years, and then every 6 to 12 months, with a PSA and digital
rectal exam at each visit beyond 6 months up to 10 years. The
IPSS, the International Index of Erectile Function (IIEF), and
the Expanded Prostate Cancer Index Composite (EPIC)
questionnaire are recorded at baseline and at each visit as is
standard for all men receiving any type of prostate BT in the
STGCCC. Specific follow-up for the study will involve a repeat
Mp-MRI by 20 and 36 months and a TTGMB at 36 months.
Patients will be followed up to 10 years after the implant,
although the study finishes after 36 months of enrollment. Once
we reach a median of 3-year follow-up (ie, sufficient time to
determine rate of local control with the biopsies in 50%
patients), then it would be adequate to commence the
randomized controlled trial (RCT).

Exit Strategy and Rescue Therapy
Biochemical failure will follow a PSA velocity greater than
0.75 ng/ml years in addition to nadir +2. Both parameters appear
to better predict clinical failure after therapies that target less
than the WG. Failure may also be proven on the TTGM control
biopsies at 36 months or earlier in case of biochemical failure
defined by Nguyen et al [51].

Definition of treatment failure will involve relapse in PTV or
outside our PTV confirmed by biopsy. Relapse outside the PTV
is not essentially a local treatment failure, and may be due to
suboptimal patient selection. Due to the additional resources
required to continue on this trial, these cases will be recorded
as a treatment failure for further validation of the hemifocal BT
as a treatment alternative to WG therapy. Interval from treatment
to failure will be recorded.

After biochemical or local failure, the patient will exit the study.
After appropriate investigations different salvage therapies can
be offered to the patients who have failed. For local failure
radical prostatectomy, HDR salvage BT or salvage cryotherapy
in case of ipsilateral or contralateral relapse, or hemigland focal
seed BT in case of contralateral relapse alone will be initiated.
A choice of the treatment will be made after appropriate
discussion in a multidisciplinary meeting and will be
individualized.

Study Endpoints

Primary
Feasibility of the hemigland focal therapy (the delivery of the
prescription dose to half of the prostate) using a BT seed

implant, while respecting standard tolerance doses of adjacent
normal organs is the primary study endpoint.

Secondary
Secondary study endpoints are (1) assessment of rectal, urinary,
and sexual toxicity following hemiablative prostate seed BT;
(2) change from baseline in quality of life indicators at specific
time intervals using validated international questionnaires (IPSS,
IIEF, EPIC) following hemiablative iodine-125 BT treatment;
(3) evaluation of local tumor control in terms of biopsy
outcomes after focal BT 36 months after completion of therapy;
and (4) comparison of target coverage and relative doses to the
rectum and the urethra for the same patient performing an
hemigland treatment planning versus WG treatment planning
and toxicity and quality of life after hemigland implant
comparison with historical whole gland cohorts.

Measurement of Endpoints

Feasibility

Dose parameters for prostate (V100, V150, V200), rectum
(V100), and urethra (D5, D30) will be recorded for the
hemigland and the WG treatment planning. Dosimetric
parameters in the post-implant dosimetry at day 30 for WG BT
are well defined in the literature and they are correlated to
efficacy and toxicity. The post-implant dosimetric study for
hemigland BT patients will aim for the same dosimetric
parameters at day 30 after the implant for tumor coverage and
organs at risk dose.

Toxicity Evaluation Assessment

Patients will be assessed on the day of enrollment, at 4 to 6
weeks, and every time they come back for follow-up (every 6
months) to determine acute, sub-acute, and late toxicity after
the implant in the urinary, rectal, and sexual domain. An adverse
event is any deleterious effect which may occur as a result of
the intervention. Treatment-related toxicities will be graded
using the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE) Version 4.0 as follows:
(1) grade 0 is no adverse events, (2) grade 1 is mild events not
requiring intervention, (3) grade 2 is moderate events interfering
with normal activities, (4) grade 3 is severe events causing
inability to carry out normal activities, (5) grade 4 is life
threatening or disabling events, and (6) grade 5 is death (Figure
4). A follow-up assessment will be undertaken within seven
days in patients reporting greater than grade 1 toxicities, and
will continue in this manner until toxicity has resolved, with
documentation of action taken at each time point. Failure of an
adverse event to resolve and its translation to chronicity at a
given time point will be documented by the clinician. Serious
adverse events (grade 3 or greater) will require assessment by
the clinician and documentation of action taken.
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Figure 4. The necessary data to be collected at various time points of the study.

Quality of Life

Quality of life will be assessed using the IPSS, IIEF, and EPIC
questionnaires. The change from baseline will be measured at
specific time points (Multimedia Appendix 1).

Local Tumor Control

Local tumor control will include negative or indeterminate
TTGMB 36 months after the treatment within the whole
prostate. Definition of treatment failure will involve relapse in
PTV or outside our PTV and confirmed by biopsy. In addition,
dosimetric parameters and toxicity rates will be compared with
historical WG treatment cohorts.

Data Collection
The necessary data to be collected at various time points of the
study is outlined in Figure 4.

Statistical Considerations
It is anticipated that a sample size of 20 patients will be accrued
to enable the investigator to deliver hemiablative seed BT with
a reasonable amount of confidence. This feasibility study will
proceed in 5 participating centers. Failure to accrue 15 patients
in 24 months will initiate early closure of this study. The
time-frame for completion of recruitment will be approximately
12 months, with a further 24 months required for collection of
acute and late toxicity data, maturation of quality of life data,
and correlation with the biopsy by 36 months.

We do not consider it necessary to use early stopping rules for
poor quality implants (not adequate dosimetric parameters on
day 30), or acute treatment-related toxicities because of the low
number of patients we are aiming for. An analysis will be
performed after 20 patients have participated in the study.
Therefore, if greater than 20% of patients have poor quality
implants, this procedure will be unacceptable.

Descriptive statistics will be used to describe the frequency at
which prostatic cancer low grade disease can be seen on

Mp-MRI, and the frequency of unilateral prostatic disease is
found after a mapping of the prostate. In addition to standard
PSA follow-up, response will be assessed by imaging at 20 and
36 months as well as by TRUS-guided biopsy at 36 months.

Data analysis will be undertaken by Dr Ana Fernandez with the
assistance of a qualified statistician.

Resources and Implementation

Ethics
The application for the South Eastern Sydney Local Health
District (SESLHD) Human Research Ethics Committee has
been recently approved.

Skills and Resources
Three of the investigators are experienced BT proceduralists
with extensive experience in the use of TRUS and transperineal
needle implantation. The fourth investigator is a BT fellow in
training and will be assisting with the procedure.

Planning systems will be institution-dependant but must allow
appropriate collection of the above mentioned data. Acceptable
planning systems will include Variseed, Nucletron First, PSID,
and MIM Symphony. TGA-approved iodine-125 seeds may be
purchased from any of the vendors within Australia.

Data Collection
The necessary data to be collected at various time-points of the
study is outlined in Figure 4. The principal and co-investigators
will be responsible for collection of this data. This data will be
manually entered onto paper forms and transferred to a secure
database which is password protected and accessible only to
the investigators.

Budget and Funding
The investigations beyond normal practice that are required for
this protocol are (1) two TTGM biopsies of the prostate, one
pretreatment and another one at 36 months following treatment;
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and (2) Mp-MRI of the prostate, required at baseline and again
20 and 36 months following completion of treatment to assess
response.

The post-implant quality assessment will require a a non-Mp
prostatic MRI at day 30. This is not our standard practice but
we arrange it sometimes for specific patients that require more
accurate post-implant quality evaluation. Apart from the 20
month and 36 month assessments, follow-up after completion
of treatment is standard. The costs entailed by the MRI
examinations and the TTGM prostate biopsy will be billed to
the Internal Hospital Research Budget. Internal funding prior
to commencement will be undertaken by each institution.
SGCCC has already coordinated local funding using trust fund
cost centre number and hence can proceed immediately after
ethics approval. A grant application will cover part of the
expenses. There will be no out-of-pocket cost for the patients
enrolled in the study.

Results

The study opened for recruitment in September 2015. One
patient has been involved so far in the study that initially met
the eligibility criteria and signed the consent. During the
pre-treatment evaluation process he underwent a Mp-MRI which
showed Prostate Imaging Recording and Data System Score 5
(PI-RADS 5) on the left lobe and PI-RADS 4 on the right lobe.
A PI-RADS 5 represents clinically significant, highly likely to
be present and PI-RADS 4 is clinically significant and cancer
likely to be present [63]. Subsequently, as per protocol, a

TTGMB was performed finding a Gleason score of 3+4= 7 in
3 cores on the right side and in 8 cores of the left side. The
histopathology report was reviewed. The patient underwent a
standard seed implant prescribing 144 Gy to the whole prostate.

Discussion

This protocol is designed to show feasibility in delivering
hemigland focal therapy with seed BT. Our whole-prostate seed
BT program has been running for more than 10 years with
excellent results (data not published). We believe that our
well-established experience with seed BT will ease the
performance of the hemigland technique. The reduction in
toxicity can be of significant importance, particularly in a
well-selected population, therefore we consider the pre-implant
investigations crucial.

If the trial is successful, showing feasibility meeting the
dosimetric parameters in the post-implant setting, toxicity
parameters, quality of life, and tumor local control will be
evaluated. Once evaluated we will be able to move towards a
RCT scenario comparing standard WG seed implant versus
hemigland to confirm the benefit in toxicity and quality of life
with the highest level of evidence. Cost effective analysis should
be performed in the future given the cost of the pre-implant
investigations before establishing the focal therapy technique.

Furthermore, this protocol will give us opportunities to study
more data, such as the correlation between Mp-MRI findings
with TTGMB which is still in early stages [64,65].
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Multimedia Appendix 1
Quality of life instruments: Expanded Prostate Cancer Index Composite (EPIC) questionnaire, International Prostate Symptoms
Score (IPSS) questionnaire, International Index Erectile Function (IIEF) questionnaire.

[PDF File (Adobe PDF File), 90KB - resprot_v5i2e98_app1.pdf ]

References
1. American Cancer Soceity. Cancer Facts and Figures, 2014. URL: http://www.cancer.org/acs/groups/content/@research/

documents/webcontent/acspc-042151.pdf [accessed 2016-02-23] [WebCite Cache ID 6fWdJukvF34]
2. Welch HP, Albertsen PC. Prostate cancer diagnosis and treatment after the introduction of prostate-specific antigen screening:

1986-2005. J Natl Cancer Inst 2009 Oct 7;101(19):1325-1329 [FREE Full text] [doi: 10.1093/jnci/djp278] [Medline:
19720969]

3. Powell IJ, Bock CH, Ruterbusch JJ, Sakr W. Evidence supports a faster growth rate and/or earlier transformation to clinically
significant prostate cancer in black than in white American men, and influences racial progression and mortality disparity.
J Urol 2010 May;183(5):1792-1796 [FREE Full text] [doi: 10.1016/j.juro.2010.01.015] [Medline: 20299055]

4. Thompson IM, Pauler DK, Goodman PJ, Tangen CM, Lucia MS, Parnes HL, et al. Prevalence of prostate cancer among
men with a prostate-specific antigen level < or =4.0 ng per milliliter. N Engl J Med 2004 May 27;350(22):2239-2246. [doi:
10.1056/NEJMoa031918] [Medline: 15163773]

5. Sanda MG, Dunn RL, Michalski J, Sandler HM, Northouse L, Hembroff L, et al. Quality of life and satisfaction with
outcome among prostate-cancer survivors. N Engl J Med 2008 Mar 20;358(12):1250-1261. [doi: 10.1056/NEJMoa074311]
[Medline: 18354103]

6. Hashine K, Yuasa A, Shinomori K, Ninomiya I, Kataoka M, Yamashita N. Health-related quality of life after radical
retropubic prostatectomy and permanent prostate brachytherapy: a 3-year follow-up study. Int J Urol 2011 Dec;18(12):813-819
[FREE Full text] [doi: 10.1111/j.1442-2042.2011.02866.x] [Medline: 21995507]

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e98 | p.671http://www.researchprotocols.org/2016/2/e98/
(page number not for citation purposes)

Fernandez Ots et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

resprot_v5i2e98_app1.pdf
resprot_v5i2e98_app1.pdf
http://www.cancer.org/acs/groups/content/@research/documents/webcontent/acspc-042151.pdf
http://www.cancer.org/acs/groups/content/@research/documents/webcontent/acspc-042151.pdf
http://www.webcitation.org/6fWdJukvF34
http://jnci.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19720969
http://dx.doi.org/10.1093/jnci/djp278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19720969&dopt=Abstract
http://europepmc.org/abstract/MED/20299055
http://dx.doi.org/10.1016/j.juro.2010.01.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20299055&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa031918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15163773&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa074311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18354103&dopt=Abstract
http://dx.doi.org/10.1111/j.1442-2042.2011.02866.x
http://dx.doi.org/10.1111/j.1442-2042.2011.02866.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21995507&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Frank SJ, Levy LB, van Vulpen M, Crook J, Sylvester J, Grimm P, et al. Outcomes after prostate brachytherapy are even
better than predicted. Cancer 2012 Feb 1;118(3):839-847 [FREE Full text] [doi: 10.1002/cncr.26307] [Medline: 21751187]

8. Klotz L. Active surveillance for prostate cancer: a review. Curr Urol Rep 2010 May;11(3):165-171. [doi:
10.1007/s11934-010-0110-z] [Medline: 20425623]

9. Klotz LM, Emberton M. Management of low risk prostate cancer: active surveillance and focal therapy. Curr Opin Urol
2014 May;24(3):270-279. [doi: 10.1097/MOU.0000000000000055] [Medline: 24710055]

10. Liu J, Lichtensztajn DY, Gomez SL, Sieh W, Chung BI, Cheng I, et al. Nationwide prevalence of lymph node metastases
in Gleason score 3 + 3 = 6 prostate cancer. Pathology 2014 Jun;46(4):306-310. [doi: 10.1097/PAT.0000000000000097]
[Medline: 24798166]

11. Dall'Era M, Albertsen P, Bangma C, Carroll P, Carter H, Cooperberg M, et al. Active surveillance for prostate cancer: a
systematic review of the literature. Eur Urol 2012 Dec;62(6):976-983. [doi: 10.1016/j.eururo.2012.05.072] [Medline:
22698574]

12. Bul M, Zhu X, Valdagni R, Pickles T, Kakehi Y, Rannikko A, et al. Active surveillance for low-risk prostate cancer
worldwide: the PRIAS study. Eur Urol 2013 Apr;63(4):597-603. [doi: 10.1016/j.eururo.2012.11.005] [Medline: 23159452]

13. Hayes JH, Ollendorf DA, Pearson SD, Barry MJ, Kantoff PW, Stewart ST, et al. Active surveillance compared with initial
treatment for men with low-risk prostate cancer: a decision analysis. JAMA 2010 Dec 1;304(21):2373-2380 [FREE Full
text] [doi: 10.1001/jama.2010.1720] [Medline: 21119084]

14. Wolters T, Roobol MJ, Steyerberg EW, van den Bergh RC, Bangma CH, Hugosson J, et al. The effect of study arm on
prostate cancer treatment in the large screening trial ERSPC. Int J Cancer 2010 May 15;126(10):2387-2393 [FREE Full
text] [doi: 10.1002/ijc.24870] [Medline: 19739124]

15. Andriole GL. PSA screening and prostate cancer risk reduction. Urol Oncol 2012;30(6):936-937. [doi:
10.1016/j.urolonc.2012.09.009] [Medline: 23218069]

16. Stamey TA, McNeal JM, Wise AM, Clayton JL. Secondary cancers in the prostate do not determine PSA biochemical
failure in untreated men undergoing radical retropubic prostatectomy. Eur Urol 2001 Apr;39 Suppl 4:22-23. [doi:
10.1159/000052577] [Medline: 11340281]

17. Liu W, Laitinen S, Khan S, Vihinen M, Kowalski J, Yu G, et al. Copy number analysis indicates monoclonal origin of
lethal metastatic prostate cancer. Nat Med 2009 May;15(5):559-565 [FREE Full text] [doi: 10.1038/nm.1944] [Medline:
19363497]

18. Ahmed HU. The index lesion and the origin of prostate cancer. N Engl J Med 2009 Oct 22;361(17):1704-1706. [doi:
10.1056/NEJMcibr0905562] [Medline: 19846858]

19. Langley S, Ahmed H, Al-Qaisieh B, Bostwick D, Dickinson L, Veiga F, et al. Report of a consensus meeting on focal low
dose rate brachytherapy for prostate cancer. BJU Int 2012 Feb;109 Suppl 1:7-16 [FREE Full text] [doi:
10.1111/j.1464-410X.2011.10825.x] [Medline: 22239224]

20. Nishida K, Yuen S, Kamoi K, Yamada K, Akazawa K, Ito H, et al. Incremental value of T2-weighted and diffusion-weighted
MRI for prediction of biochemical recurrence after radical prostatectomy in clinically localized prostate cancer. Acta Radiol
2011 Feb 1;52(1):120-126. [doi: 10.1258/ar.2010.100293] [Medline: 21498337]

21. Onik G, Miessau M, Bostwick DG. Three-dimensional prostate mapping biopsy has a potentially significant impact on
prostate cancer management. J Clin Oncol 2009 Sep 10;27(26):4321-4326 [FREE Full text] [doi: 10.1200/JCO.2008.20.3497]
[Medline: 19652073]

22. Puech P, Potiron E, Lemaitre L, Leroy X, Haber G, Crouzet S, et al. Dynamic contrast-enhanced-magnetic resonance
imaging evaluation of intraprostatic prostate cancer: correlation with radical prostatectomy specimens. Urology 2009
Nov;74(5):1094-1099. [doi: 10.1016/j.urology.2009.04.102] [Medline: 19773038]

23. Villers A, Puech P, Mouton D, Leroy X, Ballereau C, Lemaitre L. Dynamic contrast enhanced, pelvic phased array magnetic
resonance imaging of localized prostate cancer for predicting tumor volume: correlation with radical prostatectomy findings.
J Urol 2006 Dec;176(6 Pt 1):2432-2437. [doi: 10.1016/j.juro.2006.08.007] [Medline: 17085122]

24. Ahmed HU, Freeman A, Kirkham A, Sahu M, Scott R, Allen C, et al. Focal therapy for localized prostate cancer: a phase
I/II trial. J Urol 2011 Apr;185(4):1246-1254. [doi: 10.1016/j.juro.2010.11.079] [Medline: 21334018]

25. Muto S, Yoshii T, Saito K, Kamiyama Y, Ide H, Horie S. Focal therapy with high-intensity-focused ultrasound in the
treatment of localized prostate cancer. Jpn J Clin Oncol 2008 Mar;38(3):192-199 [FREE Full text] [doi: 10.1093/jjco/hym173]
[Medline: 18281309]

26. Onik G, Vaughan D, Lotenfoe R, Dineen M, Brady J. The “male lumpectomy”: focal therapy for prostate cancer using
cryoablation results in 48 patients with at least 2-year follow-up. Urol Oncol 2008;26(5):500-505. [doi:
10.1016/j.urolonc.2008.03.004] [Medline: 18774463]

27. Ellis DS, Manny TB, Rewcastle JC. Focal cryosurgery followed by penile rehabilitation as primary treatment for localized
prostate cancer: initial results. Urology 2007 Dec;70(6 Suppl):9-15. [doi: 10.1016/j.urology.2007.07.036] [Medline:
18194712]

28. Lambert EH, Bolte K, Masson P, Katz AE. Focal cryosurgery: encouraging health outcomes for unifocal prostate cancer.
Urology 2007 Jun;69(6):1117-1120. [doi: 10.1016/j.urology.2007.02.047] [Medline: 17572198]

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e98 | p.672http://www.researchprotocols.org/2016/2/e98/
(page number not for citation purposes)

Fernandez Ots et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1002/cncr.26307
http://dx.doi.org/10.1002/cncr.26307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21751187&dopt=Abstract
http://dx.doi.org/10.1007/s11934-010-0110-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20425623&dopt=Abstract
http://dx.doi.org/10.1097/MOU.0000000000000055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24710055&dopt=Abstract
http://dx.doi.org/10.1097/PAT.0000000000000097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24798166&dopt=Abstract
http://dx.doi.org/10.1016/j.eururo.2012.05.072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22698574&dopt=Abstract
http://dx.doi.org/10.1016/j.eururo.2012.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23159452&dopt=Abstract
http://europepmc.org/abstract/MED/21119084
http://europepmc.org/abstract/MED/21119084
http://dx.doi.org/10.1001/jama.2010.1720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21119084&dopt=Abstract
http://dx.doi.org/10.1002/ijc.24870
http://dx.doi.org/10.1002/ijc.24870
http://dx.doi.org/10.1002/ijc.24870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19739124&dopt=Abstract
http://dx.doi.org/10.1016/j.urolonc.2012.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23218069&dopt=Abstract
http://dx.doi.org/10.1159/000052577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11340281&dopt=Abstract
http://europepmc.org/abstract/MED/19363497
http://dx.doi.org/10.1038/nm.1944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19363497&dopt=Abstract
http://dx.doi.org/10.1056/NEJMcibr0905562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19846858&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-410X.2011.10825.x
http://dx.doi.org/10.1111/j.1464-410X.2011.10825.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22239224&dopt=Abstract
http://dx.doi.org/10.1258/ar.2010.100293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21498337&dopt=Abstract
http://jco.ascopubs.org/cgi/pmidlookup?view=long&pmid=19652073
http://dx.doi.org/10.1200/JCO.2008.20.3497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19652073&dopt=Abstract
http://dx.doi.org/10.1016/j.urology.2009.04.102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19773038&dopt=Abstract
http://dx.doi.org/10.1016/j.juro.2006.08.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17085122&dopt=Abstract
http://dx.doi.org/10.1016/j.juro.2010.11.079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21334018&dopt=Abstract
http://jjco.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=18281309
http://dx.doi.org/10.1093/jjco/hym173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18281309&dopt=Abstract
http://dx.doi.org/10.1016/j.urolonc.2008.03.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18774463&dopt=Abstract
http://dx.doi.org/10.1016/j.urology.2007.07.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18194712&dopt=Abstract
http://dx.doi.org/10.1016/j.urology.2007.02.047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17572198&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Crook J, Borg J, Evans A, Toi A, Saibishkumar EP, Fung S, et al. 10-year experience with I-125 prostate brachytherapy at
the Princess Margaret Hospital: results for 1,100 patients. Int J Radiat Oncol Biol Phys 2011 Aug 1;80(5):1323-1329. [doi:
10.1016/j.ijrobp.2010.04.038] [Medline: 20675072]

30. Stock RG, Klein TJ, Cesaretti JA, Stone NN. Prognostic significance of 5-year PSA value for predicting prostate cancer
recurrence after brachytherapy alone and combined with hormonal therapy and/or external beam radiotherapy. Int J Radiat
Oncol Biol Phys 2009 Jul 1;74(3):753-758. [doi: 10.1016/j.ijrobp.2008.08.049] [Medline: 19084351]

31. Sylvester JE, Grimm PD, Wong J, Galbreath RW, Merrick G, Blasko JC. Fifteen-year biochemical relapse-free survival,
cause-specific survival, and overall survival following I(125) prostate brachytherapy in clinically localized prostate cancer:
Seattle experience. Int J Radiat Oncol Biol Phys 2011 Oct 1;81(2):376-381. [doi: 10.1016/j.ijrobp.2010.05.042] [Medline:
20864269]

32. Stock RG, Cesaretti JA, Stone NN. Disease-specific survival following the brachytherapy management of prostate cancer.
Int J Radiat Oncol Biol Phys 2006 Mar 1;64(3):810-816. [doi: 10.1016/j.ijrobp.2005.09.005] [Medline: 16309852]

33. Keyes M, Schellenberg D, Moravan V, McKenzie M, Agranovich A, Pickles T, et al. Decline in urinary retention incidence
in 805 patients after prostate brachytherapy: the effect of learning curve? Int J Radiat Oncol Biol Phys 2006 Mar
1;64(3):825-834. [doi: 10.1016/j.ijrobp.2005.04.056] [Medline: 16458775]

34. Keyes M, Miller S, Moravan V, Pickles T, McKenzie M, Pai H, et al. Predictive factors for acute and late urinary toxicity
after permanent prostate brachytherapy: long-term outcome in 712 consecutive patients. Int J Radiat Oncol Biol Phys 2009
Mar 15;73(4):1023-1032. [doi: 10.1016/j.ijrobp.2008.05.022] [Medline: 19111402]

35. Crook J, Fleshner N, Roberts CG, Pond G. Long-term urinary sequelae following 125iodine prostate brachytherapy. J Urol
2008 Jan;179(1):141-5; discussion 146. [doi: 10.1016/j.juro.2007.08.136] [Medline: 17997424]

36. Keyes M, Spadinger I, Liu M, Pickles T, Pai H, Hayden A, et al. Rectal toxicity and rectal dosimetry in low-dose-rate
(125)I permanent prostate implants: a long-term study in 1006 patients. Brachytherapy 2012;11(3):199-208. [doi:
10.1016/j.brachy.2011.05.007] [Medline: 21763213]

37. Zelefsky MJ, Kuban DA, Levy LB, Potters L, Beyer DC, Blasko JC, et al. Multi-institutional analysis of long-term outcome
for stages T1-T2 prostate cancer treated with permanent seed implantation. Int J Radiat Oncol Biol Phys 2007 Feb
1;67(2):327-333. [doi: 10.1016/j.ijrobp.2006.08.056] [Medline: 17084558]

38. Waterman FA, Dicker AP. Probability of late rectal morbidity in 125I prostate brachytherapy. Int J Radiat Oncol Biol Phys
2003 Feb 1;55(2):342-353. [Medline: 12527047]

39. Merrick GS, Butler WM, Wallner KE, Galbreath RW, Kurko B, Cleavinger S. Rectal function following brachytherapy
with or without supplemental external beam radiation: results of two prospective randomized trials. Brachytherapy
2003;2(3):147-157. [doi: 10.1016/S1538-4721(03)00131-4] [Medline: 15062137]

40. Mueller A, Wallner K, Merrick G, Ford E, Sutlief S, Cavanagh W, et al. Perirectal seeds as a risk factor for prostate
brachytherapy-related rectal bleeding. Int J Radiat Oncol Biol Phys 2004 Jul 15;59(4):1047-1052. [doi:
10.1016/j.ijrobp.2003.12.016] [Medline: 15234038]

41. Tran A, Wallner K, Merrick G, Seeberger J, Armstrong J, Mueller A, et al. Rectal fistulas after prostate brachytherapy. Int
J Radiat Oncol Biol Phys 2005 Sep 1;63(1):150-154. [doi: 10.1016/j.ijrobp.2005.01.021] [Medline: 16111583]

42. Merrick G, Butler W, Wallner K, Galbreath R, Anderson R, Allen ZE, et al. Risk factors for the development of prostate
brachytherapy related urethral strictures. J Urol 2006 Apr;175(4):1376-80; discussion 1381. [doi:
10.1016/S0022-5347(05)00681-6] [Medline: 16516001]

43. Kamrava M, Chung MP, Kayode O, Wang J, Marks L, Kupelian P, et al. Focal high-dose-rate brachytherapy: a dosimetric
comparison of hemigland vs. conventional whole-gland treatment. Brachytherapy 2013;12(5):434-441. [doi:
10.1016/j.brachy.2012.09.002] [Medline: 23406987]

44. Schick U, Popowski Y, Nouet P, Bieri S, Rouzaud M, Khan H, et al. High-dose-rate brachytherapy boost to the dominant
intra-prostatic tumor region: hemi-irradiation of prostate cancer. Prostate 2011 Sep;71(12):1309-1316. [doi:
10.1002/pros.21347] [Medline: 21308714]

45. Hayden A, Catton CT, Pickles T. Radiation therapy in prostate cancer: a risk-adapted strategy. Curr Oncol 2010 Sep;17
Suppl 2:S18-S24 [FREE Full text] [Medline: 20882127]

46. Shemtov OM, Radomski SB, Crook J. Success of sildenafil for erectile dysfunction in men treated with brachytherapy or
external beam radiation for prostate cancer. Can J Urol 2004 Dec;11(6):2450-2455. [Medline: 15636671]

47. Merrick GS, Butler WM, Wallner KE, Lief JH, Anderson RL, Smeiles BJ, et al. The importance of radiation doses to the
penile bulb vs. crura in the development of postbrachytherapy erectile dysfunction. Int J Radiat Oncol Biol Phys 2002 Nov
15;54(4):1055-1062. [Medline: 12419431]

48. Kaplan ID, Holupka EJ, Meskell P, Soon SJ, Saltzman B, Church P, et al. Intraoperative treatment planning for radioactive
seed implant therapy for prostate cancer. Urology 2000 Sep 1;56(3):492-495. [Medline: 10962322]

49. Beyer DC, Shapiro RH, Puente F. Real-time optimized intraoperative dosimetry for prostate brachytherapy: a pilot study.
Int J Radiat Oncol Biol Phys 2000 Dec 1;48(5):1583-1589. [Medline: 11121665]

50. Zelefsky MJ. Three-dimensional conformal brachytherapy for prostate cancer. Curr Urol Rep 2004 Jun;5(3):173-178.
[Medline: 15161565]

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e98 | p.673http://www.researchprotocols.org/2016/2/e98/
(page number not for citation purposes)

Fernandez Ots et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ijrobp.2010.04.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20675072&dopt=Abstract
http://dx.doi.org/10.1016/j.ijrobp.2008.08.049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19084351&dopt=Abstract
http://dx.doi.org/10.1016/j.ijrobp.2010.05.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20864269&dopt=Abstract
http://dx.doi.org/10.1016/j.ijrobp.2005.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16309852&dopt=Abstract
http://dx.doi.org/10.1016/j.ijrobp.2005.04.056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16458775&dopt=Abstract
http://dx.doi.org/10.1016/j.ijrobp.2008.05.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19111402&dopt=Abstract
http://dx.doi.org/10.1016/j.juro.2007.08.136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17997424&dopt=Abstract
http://dx.doi.org/10.1016/j.brachy.2011.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21763213&dopt=Abstract
http://dx.doi.org/10.1016/j.ijrobp.2006.08.056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17084558&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12527047&dopt=Abstract
http://dx.doi.org/10.1016/S1538-4721(03)00131-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15062137&dopt=Abstract
http://dx.doi.org/10.1016/j.ijrobp.2003.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15234038&dopt=Abstract
http://dx.doi.org/10.1016/j.ijrobp.2005.01.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16111583&dopt=Abstract
http://dx.doi.org/10.1016/S0022-5347(05)00681-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16516001&dopt=Abstract
http://dx.doi.org/10.1016/j.brachy.2012.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23406987&dopt=Abstract
http://dx.doi.org/10.1002/pros.21347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21308714&dopt=Abstract
http://www.current-oncology.com/index.php/oncology/article/view/704/498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20882127&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15636671&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12419431&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10962322&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11121665&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15161565&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


51. Nguyen PL, Chen M, Zhang Y, Tempany CM, Cormack RA, Beard CJ, et al. Updated results of magnetic resonance imaging
guided partial prostate brachytherapy for favorable risk prostate cancer: implications for focal therapy. J Urol 2012
Oct;188(4):1151-1156 [FREE Full text] [doi: 10.1016/j.juro.2012.06.010] [Medline: 22901567]

52. Cosset J, Cathelineau X, Wakil G, Pierrat N, Quenzer O, Prapotnich D, et al. Focal brachytherapy for selected low-risk
prostate cancers: a pilot study. Brachytherapy 2013;12(4):331-337. [doi: 10.1016/j.brachy.2013.02.002] [Medline: 23601349]

53. Morris WJ. Focal Therapy for Prostate Cancer - A Pilot Study of Focal Low Dose Rate Brachytherapy (FTPC). URL: https:/
/clinicaltrials.gov/ct2/show/NCT01830166?term=Morris+focal+therapy+brachytherapy&rank=1 [accessed 2016-02-23]
[WebCite Cache ID 6fWdV6f5J34]

54. Bachaud JM. Phase II Study of Feasibility of Focal Therapy for Prostate Cancer of Good Prognosis With Permanent I125
Localized Implant. (CURIEFOCALE). URL: https://clinicaltrials.gov/ct2/show/
NCT01902680?term=Bachaud+focal+therapy+brachytherapy&rank=1 [accessed 2016-02-23] [WebCite Cache ID
6fWeBCxpf34]

55. Jamieson C, Langley S. Hemi-Ablative Prostate Brachytherapy (HAPpy). URL: https://clinicaltrials.gov/ct2/show/
NCT02632669 [accessed 2016-03-01] [WebCite Cache ID 6fhDg9h1E34]

56. Zelefsky M. Assessing the Potential for Reduced Toxicity Using Focal Brachytherapy in Early Stage, Low Volume Prostate
Cancer. URL: https://clinicaltrials.gov/ct2/show/NCT01354951?term=focal+prostate&rank=5 [accessed 2016-02-23]
[WebCite Cache ID 6fWckbwUL34]

57. Dickinson L, Ahmed HU, Allen C, Barentsz JO, Carey B, Futterer JJ, et al. Magnetic resonance imaging for the detection,
localisation, and characterisation of prostate cancer: recommendations from a European consensus meeting. Eur Urol 2011
Apr;59(4):477-494. [doi: 10.1016/j.eururo.2010.12.009] [Medline: 21195536]

58. Bott SR, Henderson A, McLarty E, Langley SE. A brachytherapy template approach to standardize saturation prostatic
biopsy. BJU Int 2004 Mar;93(4):629-630. [Medline: 15008745]

59. Bott SR, Ahmed HU, Hindley RG, Abdul-Rahman A, Freeman A, Emberton M. The index lesion and focal therapy: an
analysis of the pathological characteristics of prostate cancer. BJU Int 2010 Dec;106(11):1607-1611 [FREE Full text] [doi:
10.1111/j.1464-410X.2010.09436.x] [Medline: 20553262]

60. Karavitakis M, Ahmed HU, Abel PD, Hazell S, Winkler MH. Tumor focality in prostate cancer: implications for focal
therapy. Nat Rev Clin Oncol 2011 Jan;8(1):48-55. [doi: 10.1038/nrclinonc.2010.190] [Medline: 21116296]

61. Petrik D, Araujo C, Kim D, Halperin R, Crook JM. Implications of CT imaging for postplan quality assessment in prostate
brachytherapy. Brachytherapy 2012;11(6):435-440. [doi: 10.1016/j.brachy.2012.05.001] [Medline: 22732323]

62. Bowes D, Crook JM, Rajapakshe R, Araujo C, Parker B. Defining a magnetic resonance scan sequence for permanent seed
prostate brachytherapy postimplant assessment. Brachytherapy 2013;12(1):25-29 [FREE Full text] [doi:
10.1016/j.brachy.2012.03.001] [Medline: 22513105]

63. Weinreb JC, Barentsz JO, Choyke PL, Cornud F, Haider MA, Macura KJ, et al. PI-RADS Prostate Imaging - Reporting
and Data System: 2015, Version 2. Eur Urol 2016 Jan;69(1):16-40. [doi: 10.1016/j.eururo.2015.08.052] [Medline: 26427566]

64. Sartor A, Hricak H, Wheeler T, Coleman J, Penson D, Carroll P, et al. Evaluating localized prostate cancer and identifying
candidates for focal therapy. Urology 2008 Dec;72(6 Suppl):S12-S24. [doi: 10.1016/j.urology.2008.10.004] [Medline:
19095124]

65. Muller BG, Fütterer JJ, Gupta RT, Katz A, Kirkham A, Kurhanewicz J, et al. The role of magnetic resonance imaging
(MRI) in focal therapy for prostate cancer: recommendations from a consensus panel. BJU Int 2014 Feb;113(2):218-227
[FREE Full text] [doi: 10.1111/bju.12243] [Medline: 24215670]

Abbreviations
AS: active surveillance
BT: brachytherapy
CT: computed tomography
CTV: clinical target volume
ED: erectile dysfunction
HDRI: high dynamic range imaging
IIEF: International Index of Erectile Function
IPSS: International Prostate Symptom Score
LDR: low dose rate
Mp-MRI: multi-parametric-magnetic resonance imaging
MR-CT fusion: magnetic resonance imaging computed tomography fusion
MRI: magnetic resonance imaging
PAR: post-anesthesia recovery
PI-RADS 4: Prostate Imaging Recording and Data System Score 4
PI-RADS 5: Prostate Imaging Recording and Data System Score 5
PSA: prostate-specific antigen

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e98 | p.674http://www.researchprotocols.org/2016/2/e98/
(page number not for citation purposes)

Fernandez Ots et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/22901567
http://dx.doi.org/10.1016/j.juro.2012.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22901567&dopt=Abstract
http://dx.doi.org/10.1016/j.brachy.2013.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23601349&dopt=Abstract
https://clinicaltrials.gov/ct2/show/NCT01830166?term=Morris+focal+therapy+brachytherapy&rank=1
https://clinicaltrials.gov/ct2/show/NCT01830166?term=Morris+focal+therapy+brachytherapy&rank=1
http://www.webcitation.org/6fWdV6f5J34
https://clinicaltrials.gov/ct2/show/NCT01902680?term=Bachaud+focal+therapy+brachytherapy&rank=1
https://clinicaltrials.gov/ct2/show/NCT01902680?term=Bachaud+focal+therapy+brachytherapy&rank=1
http://www.webcitation.org/6fWeBCxpf34
http://www.webcitation.org/6fWeBCxpf34
https://clinicaltrials.gov/ct2/show/NCT02632669
https://clinicaltrials.gov/ct2/show/NCT02632669
http://www.webcitation.org/6fhDg9h1E34
https://clinicaltrials.gov/ct2/show/NCT01354951?term=focal+prostate&rank=5
http://www.webcitation.org/6fWckbwUL34
http://dx.doi.org/10.1016/j.eururo.2010.12.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21195536&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15008745&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-410X.2010.09436.x
http://dx.doi.org/10.1111/j.1464-410X.2010.09436.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20553262&dopt=Abstract
http://dx.doi.org/10.1038/nrclinonc.2010.190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21116296&dopt=Abstract
http://dx.doi.org/10.1016/j.brachy.2012.05.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22732323&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1538-4721(12)00108-0
http://dx.doi.org/10.1016/j.brachy.2012.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22513105&dopt=Abstract
http://dx.doi.org/10.1016/j.eururo.2015.08.052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26427566&dopt=Abstract
http://dx.doi.org/10.1016/j.urology.2008.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19095124&dopt=Abstract
http://dx.doi.org/10.1111/bju.12243
http://dx.doi.org/10.1111/bju.12243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24215670&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


PTV: planning target volume
RCT: randomized controlled trial
STGCCC: St George Cancer Care Centre
TRUS: transrectal ultrasound
TTGM: transperineal template-guided mapping
UF: ultra-focal
WG: whole gland
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Abstract

Background: The Patient-Centered Outcomes Research Institute (PCORI) created a new national network infrastructure to
enable large-scale observational comparative effectiveness research across diverse clinical care settings. As part of testing the
feasibility of this effort, each clinical data research network (CDRN) was required to construct cohorts of patients, including one
of patients with overweight and obesity.

Objective: The aim of this paper is to report on the development of the Patient Outcomes Research to Advance Learning
(PORTAL) overweight and obese cohort, which includes patients from 10 health plans located across the United States.

Methods: Information was gathered from each plan’s electronic health records (EHR). Eligibility included 18 years of age or

older, a valid height and weight in 2012 or 2013, and body mass index (BMI) greater than 22.9 kg/m2. Pre-diabetes and diabetes
status was defined using the American Diabetes Association (ADA) criteria, using lab values of glycated hemoglobin (HbA1c)
or fasting glucose available in the EHR. Hypertension was identified from the International Classification of Diseases (ICD)

diagnosis codes. Individuals were classified into BMI categories: healthy weight (23.0-24.9 kg/m2), overweight (25.0-29.9 kg/m2),

obese class 1 (30.0-34.9 kg/m2), obese class 2 (35.0-39.9 kg/m2), obese class 3 (40.0-49.0 kg/m2), and obese class 4 (>50.0

kg/m2).

Results: A cohort of 5,293,458 non-pregnant adults was created. Weight status was 20.39% (1,079,289/5,293,458) healthy
weight, 40.40% (2,138,520/5,293,458) overweight, 22.78% (1,205,866/5,293,458) obese class 1, 9.86% (521,872/5,293,458)
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obese class 2, 5.59% (295,786/5,293,458) obese class 3, and 0.98% (52,125/5,293,458) obese class 4. Race/ethnicity was 49.02%
(2,594,776/5,293,458) non-Hispanic white, 22.89% (1,211,677/5,293,458) Hispanic, 10.40% (550,608/5,293,458) Asian, 10.83%
(573,506/5,293,458) black, and 6.59% (348,830/5,293,458) other. About 34.33% (1,817,438/5,293,458) met the definition of
hypertension, 20.49% (1,660,940/5,293,458) of individuals met the criteria for pre-diabetes, and 14.98% (793,069/5,293,458)
met criteria for diabetes. Prevalence of pre-diabetes and diabetes varied across health plans to a greater extent than expected based
on hypertension prevalence and BMI status variability.

Conclusions: This large, race, ethnic, and geographically diverse cohort will be useful for future studies of rare exposures or
outcomes and differences in health care practices.

(JMIR Res Protoc 2016;5(2):e87)   doi:10.2196/resprot.5589

KEYWORDS

overweight; obesity; race and ethnic diversity; pre-diabetes; diabetes

Introduction

In 2014, the Patient-Centered Outcomes Research Institute
(PCORI) funded 11 Clinical Data Research Networks (CDRN)
and 18 Patient-Powered Research Networks to develop a
National Patient-Centered Clinical Research Network
(PCORnet), with the purpose of building a common
infrastructure across the CDRNs to enable highly representative
future clinical outcomes research. The goal of PCORnet is to
"transform clinical research by engaging patients, care providers,
and health systems in collaborative partnerships to improve
healthcare and advance medical knowledge." One of the CDRNs
is the Patient Outcomes Research to Advance Learning
(PORTAL) network. PORTAL combines four health care
delivery systems that have about 11 million members enrolled
across nine states (CA, CO, GA, HI, MD, MN, OR, VA, WA)
and the District of Columbia, reaching into most regions in the
United States and offering a diverse patient population.

The PORTAL health care systems are previously described [1].
In brief, PORTAL includes all Kaiser Permanente regions
(Hawaii, Northwest [Northern Oregon and Southwest
Washington], Northern California, Southern California,
Colorado, Mid-Atlantic States [Maryland, Virginia, and District
of Columbia], and Georgia [through 2015]), Group Health
Cooperative (Washington), HealthPartners (Minnesota and
Wisconsin), and Denver Health. Individuals of all the health
care systems except for Denver Health are insured (public or
private); Denver Health is a safety net institution that provides
medical services regardless of ability to pay.

All CDRNs were required to develop three cohorts to
demonstrate each network’s ability to identify individuals with
a condition of interest and to test the commonality of data
elements across sites. They also were required to field a survey
of the cohorts to test the ability to reach out to patients. One of
the pre-specified cohorts common to all of the PCORnet CDRNs
was a cohort of individuals with obesity. The PORTAL
overweight and obesity cohort was defined as adult members
of our health care systems during 2012 or 2013 that were
overweight or obese, defined as having a body mass index (BMI)

greater than or equal to 23.0 kg/m2. Although overweight is

defined as BMI greater than 25 kg/m2we recognize that the
World Health Organization (WHO) recommends lower

overweight and obesity cut points for Asians: 23.0-27.4 kg/m2for

overweight and greater or equal to 27.5 kg/m2for obesity [2].
Given that our health plans have a significant number of Asian
individuals, we chose this lower cut point so future studies can
examine health risks for Asians deemed overweight by WHO
recommendations.

We constructed a cross-sectional cohort of adults enrolled in
any of the PORTAL health plans; all of those meeting eligibility
criteria are considered cohort members. For all sites except
Denver Health, we first identified health plan members with at
least 12 months of continuous membership between January 1,
2012 and December 31, 2013, and who were at least 18 years
of age on December 31, 2013. Members were further restricted
to those who had a weight recorded during 2012 or 2013, had
a height recorded in the electronic health record (EHR), and
who were not pregnant during 2012-2013. For Denver Health,
the initial eligibility criteria included all adults who had a
primary care encounter during 2012 or 2013 because Denver
Health, as a safety-net organization, does not enroll members.

Methods

Data Harmonization
Each health care system has its unique methods of capturing its
electronic health care data, resulting in information that widely
varies in terms of content, format, and structure, thus requiring
consistent data standards and terminology. We used the Health
Care Systems Research Network (formerly HMO Research
Network) Virtual Data Warehouse (VDW) for data extraction.
The VDW is a federated database in which all data reside at
each health system behind each site’s secure system, or firewall
[3]. The data model consists of taking the clinical and claims
datasets from the individual health care systems and converting
them into a series of identical dataset standards, automated
processes, and common data dictionaries. This allows for a
single Statistical Analysis System (SAS) program to be written
and distributed to other sites with a minimum of site-specific
customization. Sites typically return the datasets to the lead site
within 2 weeks. Future studies using data from the PORTAL
cohort will use the PCORnet common data model (CDM), which
is the data structure built for all PCORnet networks. The CDM
and VDW have similar data structures; sites run a program that
extract data from the VDW into the CDM. The PCORnet CDM
was being developed concurrently with the PORTAL cohort;
thus, we used the VDW for data extraction.
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Kaiser Permanente Southern California (KPSC) is the lead site
for the cohort and obtained its institutional review board’s (IRB)
approval for human subjects protections for the research. The
IRBs at the other sites reviewed the protocol and subsequently
ceded review to the KPSC IRB.

Weight and Height
Weight is routinely measured as part of obtaining vital signs
during outpatient clinic visits. Height is typically assessed less
often, as it is considered to be more static. If BMI was not
available in the EHR, it was calculated. If more than one weight,
height, or BMI was in the EHR in 2012-2013, the most recent
value was used. EHR records of heights less than 4 ft or equal
to or greater than 8 ft, and weights less than 50 lbs or equal or
greater than 1000 lbs were considered implausible and were
removed from the data set. Similarly, calculated BMI less than

5 kg/m2or equal to or greater than 90 kg/m2were excluded. A
total of 6954 (0.11%, 6954/6,255,688) individuals were excluded
from the cohort because they had no biologically plausible
weight, height, or BMI values.

We categorized individuals as healthy weight (BMI 23.0-24.9

kg/m2), overweight (25.0-29.9 kg/m2), obese class 1 (30.0-34.9

kg/m2), obese class 2 (35.0-39.9 kg/m2), obese class 3 (40.0-49.9

kg/m2), or obese class 4 (>50 kg/m2) [4]. We classified
Asian/Pacific Islanders in the same manner for this initial
analysis.

Race and Ethnicity
Race and ethnicity was obtained from self-report during
enrollment into the health plan, during a health care encounter,
or from birth certificates (if applicable). Individuals had the
option to identify themselves as Asian, Black or African
American, Hispanic, Native Hawaiian or other Pacific Islander,
American Indian or Alaskan Native, White, or other. If the
information was not available in the VDW or individuals
identified themselves as belonging to another race or ethnic
group, the individual was categorized as "other/unknown."

Education and Income
Our health plans do not routinely collect individual-level data
on educational attainment or income levels, so investigators
rely on neighborhood-level information to estimate
socioeconomic status. Neighborhood education and income
were estimated using geospatial entity object codes (geocodes)
that linked addresses to 2010 US census data at the block group
level. The probability of different education levels within a
block group was used to calculate individual averages. The
probability of different family and household income levels
within a block group was used to calculate individual averages.

Pre-Diabetes and Diabetes
Pre-diabetes was defined by the American Diabetes Association
(ADA) and from the work of Schmittdiel et al as follows: if
during the study period the EHR had (1) at least one HbA1C
between 5.7% and 6.4%, or (2) at least one fasting plasma
glucose measurement between 100 and 125 mg/dL, or (3) at
least one oral glucose tolerance test between 140 and 199 mg/dL,

or (4) at least one outpatient International Classification of
Diseases, Ninth Revision (ICD-9) code of 790.2, 790.29, 790.21,
or 790.22 [5,6]. These laboratory and diagnoses criteria qualified
for pre-diabetes only if they were not superseded by the criteria
used to meet the definition of diabetes (see below).

Diabetes was defined using the methodology developed for
Surveillance, Prevention, and Management of Diabetes Mellitus
(SUPREME DM), a large multi-site observational diabetes
study [7]. The definition was adapted from the ADA definition
of diabetes [5]. Briefly, the definition included one inpatient
diagnosis of diabetes or any combination of two other events
(outpatient diagnosis, dispense of an anti-hyperglycemic
medication, HbA1C equal or greater than 6.5%, fasting plasma
glucose equal or greater than 126 mg/dL or random plasma
glucose equal or greater than 200mg/dL).

Hypertension
Hypertension was considered present if an individual had at
least two outpatient or one inpatient ICD-9 codes of 401-405xxx.

Bariatric Surgery
Individuals who had undergone bariatric surgery were identified
by an algorithm developed by Arterburn et al in 2009, which
used the Current Procedural Terminology 4 (CPT-4) codes
(43842, 43843, 43846, 43847), and ICD-9 codes (CPT-4 codes
43659, 43621, 43633) [8]. Verification of this strategy resulted
in sensitivity of 99.2% and specificity of 99.9% [8]. Since
additional bariatric procedure codes have been created since
2009, the above algorithm was adapted by adding the following
codes: 43.82, 43.89, 44.31, 44.38, 44.39, 44.68, 44.69, 44.95,
43633, 43644, 43645, 43770, 43775, 43844, 43845, S2082,
S2085. The algorithm was used to search EHR records from
the years 2009 to 2013 to identify possible cases of bariatric
surgery.

Charlson Index
Presence of comorbid conditions was assessed with a modified
Charlson Comorbidity Index [9-11], which used diagnosis codes
for 22 health conditions during the two-year period of January
1, 2012 to December 31, 2013 to create a summary score.

PORTAL Health Survey
A random sample of 675 overweight and obese English or
Spanish reading or speaking individuals were selected from
each of the seven KP health plans and Denver Health to
complete a brief health survey, for a total of 5400 individuals.
An equal number of participants were selected from the
categories of overweight, obese class 1, and obese class 2
(n=1080 per category). We randomly selected 2160 for those
with obese class 3 and greater, as we were concerned that the
extremely obese may not choose to complete the survey. The
survey took about 10 minutes to complete and included items
on general health and well-being, physical activity, eating
patterns, sleep patterns, and perceived health care sensitivities
surrounding weight status. The survey was mailed to individuals
with telephone follow-up for those who did not return the
survey. A US $20 incentive was offered to complete the survey.
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Figure 1. PORTAL overweight and obesity flow chart to construct the cohort.
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Figure 2. The number of individuals in each BMI category, all PORTAL sites combined.

Results

Cohort
The cohort includes over 5 million adults with a BMI >23.0

kg/m2. The cohort flow chart with all sites combined is displayed
in Figure 1. We identified over 10 million individuals who had
continuous membership in 2012 to 2013. After excluding those
who were less than 18 years old (n=2,309,558), those who did
not have a height and weight recorded (n=1,715,657), who were
pregnant during 2012-2013 (n=181,129), and those with
implausible height, weight, or BMI measurements (n=6954), a
total of 6,218,734 adults remained. We then excluded individuals

with a BMI less than 23.0 kg/m2 (n=925,276), leaving a cohort
of 5,293,458 individuals. A subgroup of the cohort includes a
nested cohort of 3,166,919 members who were also enrolled in
one of the health plans in 2009 that can be used for future
analyses. Although these individuals were members in 2009
and 2013, they may have had different health plan coverage
from 2010 to 2012.

Cohort demographics are displayed in Multimedia Appendix
1. Across all network sites 51.95% (2,750,077/5,293,458) are
women and 49.02% (2,594,776/5,293,458) are white, 22.89%
(1,211,677/5,293,458) are Hispanic, 10.40%
(550,608/5,293,458) are Asian, and 10.83% (573,506/5,293,458)
are Black. Even though only 1% (75,489/5,293,458) of the
cohort is Native Hawaiian/other Pacific Islanders and less than
1% (28,964/5,293,458) is American Indian/Alaskan Natives,
they total 75,489 and 28,964 individuals, respectively. The race
and ethnicity distribution and neighborhood education and
income at each of the ten sites is consistent with the underlying
demographics of each region’s population [3-6]. About 2.58%

(136,374/5,293,458) of the cohort is insured through a
state-subsidized medical insurance plan (eg, Medicaid); another
22.47% (1,189,209/5,293,458) are Medicare recipients. Most
individuals (74.81%, 3,959,913/5,293,458) have private
insurance, with employer or self-pay options the most prevalent.

Overall, about 85.03% (5,293,458/6,225,688) of non-pregnant
individuals over the age of 18 with valid BMI measures obtained
in 2012 to 2013 are members of the cohort (Figure 1). The
cohort by BMI category, both by the numbers of individuals
and prevalence of individuals in each category are shown in
Figure 2 and Multimedia Appendix 1. The most common
category is overweight, which includes 40.40%
(2,138,520/5,293,458) of the individuals in the cohort. The
cohort has 52,125 (0.98%, 52,125/5,293,458) persons

categorized as obese class 4 (BMI >50 kg/m2). The distribution
of BMI category is remarkably similar across sites; for example,
the prevalence of those in the healthy weight category varied
from 17.23% (23,935/138,900) to 21.96% (397,683/1,810,899)
and in the obese class 2 category ranged from 8.95%
(23,837/266,470) to 11.66% (16,195/138,900) across the 8 sites.

Pre-diabetes varied across sites, with an overall cohort
prevalence of 29.49% (1,560,940/5,293,458) and a range from
15.30% (21,248/138,900) to 34.45% (39,171/113,699) across
the health plans (Multimedia Appendix 1). Diabetes is prevalent
among 14.98% (793,069/5,293,458) of individuals with a range
of 12.03% (32,051/266,470) to 20.56% (10,232/49776), and
hypertension is prevalent among 34.33% (1,817,436/5,293,458)
of individuals with a range of 31.86% (84,886/266,470) to
39.26% (110,560/281,641) in the cohort. Over 25,000
individuals (0.97%, 25,187/5,293,458) were identified as
previously having had bariatric surgery.
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Table 1. Sociodemographic and BMI categories for those who returned the PORTAL health survey (N=2809) compared with those who did not
(N=2591).

Did not return survey, n (%)Returned survey, n (%)

Sex

1553 (47.20)1737 (52.80)Female, n=3290

1038 (49.19)1072 (50.81)Male, n=2110

Age category

56 (70.00)24 (30.00)<20 years, n=80

331 (60.62)215 (39.38)20-29 years, n=546

519 (59.93)347 (40.07)30-39 years, n=866

576 (51.66)539 (48.34)40-49 years, n=1115

540 (44.26)680 (55.74)50-59 years, n=1220

381 (37.39)638 (62.61)60-69 years, n=1019

146 (33.03)296 (66.97)70-79 years, n=442

42 (37.50)70 (62.50)>80 years, n=112

Race/ethnicity

1100 (43.39)1435 (56.61)White, n=2535

567 (57.45)420 (42.55)Hispanic, n=987

139 (45.72)165 (54.28)Asian, n=304

548 (47.90)596 (52.10)Black, n=1144

133 (44.19)168 (55.81)Native Hawaiian/other Pacific Islander, n=301

14 (41.18)20 (58.82)American Indian/Alaskan Native, n=34

90 (94.74)5 (5.26)Other/unknown, n=95

BMI category

503 (46.57)577 (53.43)Overweight (25.0-29.9 kg/m 2), n=1080

514 (47.59)566 (52.41)Obese class 1 (30.0-34.9 kg/m 2), n=1080

530 (49.07)550 (50.93)Obese class 2 (35.0-39.9 kg/m2), n=1080

875 (48.32)936 (51.68)Obese class 3 (40.0-49.9 kg/m2), n=1811

170 (48.71)179 (51.29)Obese class 4 (>50.0 kg/m2), n=349

Health Survey
From the sample of 5400 individuals, 2809 surveys were
completed, 114 were deemed ineligible (ie, no valid address,
deceased), 924 persons refused, and 1553 did not respond to
mail or telephone attempts, resulting in a 53.14% response of
those eligible. Among those who were selected for the survey,
women (52.80%, 1737/2809) were slightly more likely to
complete the survey than men (50.81%, 1072/2809), and more
older individuals returned the survey, for example 62.61%
(638/1019) of those age 60 to 69 years completed the survey
compared with 39.38% (215/546) of those age 20 to 29 years
(Table 1). Completion by race/ethnicity was 59% (20/34)
American Indian/Alaskan, 56.61% (1435/2535) White, 55.81%
(168/301) Native Hawaiian/Pacific Islanders, 54.28% (165/304)
Asians, 52.10% (596/1144) Black, and 42.55% (420/987)
Hispanics. There was virtually no difference in response by
BMI category, with responses ranging from 50.93% (550/1080)

to 53.43% (577/1080) across the five categories, or by
self-reported education level.

Discussion

Principal Findings
The PORTAL overweight and obesity cohort is large and
extends across all regions in the United States. Racial and ethnic
diversity, as well as socioeconomic diversity, is large and
generally representative of the underlying populations of the
health plans’ service regions [12]. The large sample size is
particularly useful to support the study of rare exposures or
outcomes. Available clinical information is robust and reflects
"real world" information that clinicians and health plans use to
document health care rather than research quality data collected
at pre-specified study intervals. However, prior studies have
shown that BMI information collected in the medical record is
valid [13]. The cohort can be examined retrospectively and
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prospectively. For example, exposures identified in 2009 in the
sub-cohort can be linked to outcomes identified in 2012 to 2013.
The variation across regions, across medical practices, and
across different types of health plans with variations in coverage
can be examined. A large majority of individuals have access
to health insurance (public or private); thus, confounding by
health care access is reduced for research focused on health
disparities.

The prevalence of individuals across BMI categories and
hypertension prevalence was fairly similar across health plans.
In contrast, pre-diabetes and diabetes prevalence varied to a
greater extent than expected based on hypertension prevalence
and BMI status variability. This variability may be due to local
differences in testing for pre-diabetes and diabetes, which
requires blood work while weight and blood pressure are
routinely measured at each visit. The ADA recommends testing
for pre-diabetes and diabetes for all adults starting at age 45
years or for those who are overweight and who have additional
risk factors, including physical inactivity, hypertension, and
being from minority race and ethnicities [5]. However, according
to National Health and Nutrition Examination Survey
(NHANES) data, only about one-half of those eligible have
been tested [14]. Additional research is needed to understand
the processes that may explain differences in testing for
pre-diabetes and diabetes across sites.

Follow-up of the cohort will be through the clinical information
available in EHR. The five year retention is expected to be about
60%, but will vary by health care system. For the 3.1 million
individuals who were health plan members in 2009 and 2013,
clinical data are available with 5 year follow-up. This
information includes repeated measures of height, weight, BMI,
prevalent and incident diagnoses from inpatient and outpatient
encounters, procedures performed, laboratory test results,
pharmaceuticals dispensed, and pathology and radiology results.

PCORnet is created to foster collaborative partnerships across
networks and institutions and PORTAL investigators adhere to

this principle. The PCORnet CDM (similar to the VDW) has a
query function to allow non-PORTAL investigators to inquire
about data availability. In general, the information available in
the EHR is protected and confidential and remains behind each
health plan’s firewall. We welcome external collaborations,
particularly collaborations that include establishment of research
questions, study design decisions, and analysis and interpretation
of the data. Current analyses underway include descriptions of
cardiometabolic health among cohort members, incidence of
outcomes across BMI categories, and survey results.

Limitations
In some regions, individuals with low socioeconomic status
may be underrepresented, although all health plans except one
include individuals covered under state-subsidized insurance,
and Denver Health’s mission is to serve those with limited
ability to pay for medical services. There is also marginal
underrepresentation of those with high incomes. While a large
population, the cohort does not include individuals from all 50
states and, therefore, cannot be considered as fully representative
of the United States. Because data are collected as part of
clinical care, some data elements may not be research quality
and are likely to have errors or misclassifications imbedded in
them. The classifications of disease status (eg, hypertension,
diabetes status) are based on data available in the VDW and
have not been chart-reviewed for their validity. However, the
quality of diagnosis codes is relatively high in managed care
systems and has been validated for many health conditions [15-
17]. The cohort does not include individuals with BMI values

less than 23.0 kg/m2; therefore we cannot directly compare the
cohort to national data sets, such as NHANES.

Conclusion
The PORTAL overweight and obesity cohort is a rich resource
of considerable diversity. It represents the ability of clinical
data to be combined across health plans to be available for future
epidemiological and comparative effectiveness research.
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Abstract

Background: One of the greatest challenges facing health promotion and disease prevention is translating research findings
into evidence-based practices (EBP). There is currently a limited research base to inform the design of dissemination action plans,
especially within medically underserved communities.

Objective: The objective of this paper is to describe an innovative study protocol to disseminate colorectal cancer (CRC)
screening guidelines in seven Asian subgroups.

Methods: This study integrated a market-oriented Push-Pull-Infrastructure Model, Diffusion of Innovation Theory, and
community-based participatory research approach to create a community-centered dissemination framework. Consumer research,
through focus groups and community-wide surveys, was centered on the adopters to ensure a multilevel intervention was well
designed and effective.

Results: Collaboration took place between an academic institution and eight community-based organizations. These groups
worked together to conduct thorough consumer research. A sample of 72 Asian Americans participated in 8 focus groups, and
differences were noted across ethnic groups. Furthermore, 464 community members participated in an Individual Client Survey.
Most participants agreed that early detection of cancer was important (434/464, 93.5%), cancer could happen to anyone (403/464,
86.9%), CRC could be prevented (344/464, 74.1%), and everyone should screen for CRC (389/464, 83.8%). However, 35.8%
(166/464) of participants also felt that people were better off not knowing it they had cancer, and 45.5% (211/464) would screen
only when they had symptoms. Most participants indicated that they would screen upon their doctor’s recommendation, but half
reported that they only saw a doctor when they were sick. Data collection currently is underway for a multilevel intervention
(community health advisor and social marketing campaign) and will conclude March 2016. We expect that analysis and results
will be available by June 2016.

Conclusions: This study outlines a complementary role for researchers and community organizations in disseminating EBP,
and incorporates social interactions and influences to move individuals from simple awareness to decisions towards positive
action.

(JMIR Res Protoc 2016;5(2):e123)   doi:10.2196/resprot.5625
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Introduction

One of the greatest challenges facing health promotion and
disease prevention is translating research findings into
evidence-based practices (EBP). Despite significant
accomplishments in basic, clinical, and population health
research, a wide gap persists between what we know and what
we do. Failing to translate knowledge into practice is costly and
harmful; it leads to overuse of ineffectual care, underuse of
effective care, and errors in execution [1]. In recent years, there
has been a growing effort to bridge the knowledge and practice
gap, yet there is a limited research base to inform the design of
dissemination action plans, resulting in slow and uneven
adoption of EBP [2-6]. EBP is essential in health care, since it
provides direction and rationale for guiding health behaviors,
decision-making, and treatments [7]. Based on marketing and
diffusion theories, many researchers agree that a fundamental
obstacle to successfully disseminating EBP to a wider audience
is the lack of systems and infrastructure to carry out marketing
and distribution [8-12]. Marketing and distribution systems
bring products and services from development to use through
a system of intermediaries [13]. These intermediaries identify
potential users, promote the product to them, provide them with
easy access to the product through multiple channels, and
support the product after purchase [14,15]. Building a successful
marketing and distribution system to bring EBP to medically
underserved communities has great potential to reduce
unnecessary disease burden.

Asian Americans (AAs) are the fastest growing minority group
in the United States, and there are approximately 17.3 million
AAs nationwide [16]. More than 65% of AAs are foreign-born
with greater than 30% having limited English proficiency [17].
AAs are the first and only racial/ethnic group to experience
cancer as the leading cause of death [18]. Although colorectal
cancer (CRC) is the third most common cancer in the United
States, it is the second most common cancer among AAs [19,20].
Disturbingly, 50% of new cases diagnosed yearly in the United
States could have been avoided with routine CRC screening
[21,22]. Although there was a significant increase in CRC
screening in the overall US population between 2008 and 2010,
AAs remained the only racial/ethnic subgroup without any
improvement [23]. In addition, important differences exist in
knowledge, attitudes, and beliefs among Asian subgroups [24].
In this project, we aim to develop a community-centered
dissemination system for EBP in Asian communities.

Methods

Conceptual Framework
We integrated a market-oriented Push-Pull-Infrastructure Model
[25] with Diffusion of Innovations Theory [26], and
Community-Based Participatory Research (CBPR) approach
to create a community-centered EBP dissemination framework
(Figure 1). The Push-Pull-Infrastructure Model implies that a
sole emphasis on pushing (supplying) knowledge from science
is ineffective. The supply of knowledge must be accompanied
by both an increase pull (demand) for innovations and an
increase in capacity of the infrastructure to deliver the
innovations [11]. To date, most efforts in dissemination research
have focused mainly on disseminating innovations, with little
emphasis on increasing demand among potential users [27].
Consumers’ preexisting dispositions, preferences, perceptions,
capacities, and behaviors determine their response to the
innovation and shape their decision-making processes [9].
Partnering with the community is a critical component to
translate research into a wider population practice [28-30], and
community involvement may enhance the translation and
dissemination process [31-34]. In this new model, we use a
CBPR approach to bridge the gap between research and practice,
as well as academia and community. A successful market
depends on the availability of information about the available
products and the ability of individuals to access that information,
and it can be achieved by using multiple formal and informal
media, including newspapers and websites [26]. However, this
one-way communication, even if it is repeated through multiple
channels, is typically insufficient to move an individual toward
a positive action. Persuasion through a two-way communication
of social influence has proven more effective [35]. In this
project, we used community health advisors (CHAs) who were
familiar with the culture, language, and local community, to
spread information and generate demand from community
members. A social norm marketing campaign in the form of
small media, which was found to be effective in promoting CRC
screening [36], was conducted to build public awareness and
generate demand. This project was approved by the University
of Chicago Institutional Review Board (IRB: 052689-0). All
procedures followed were in accordance with the ethical
standards of the responsible committee on human
experimentation, and with the Helsinki Declaration of 1975.
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Figure 1. A community-centered dissemination framework for evidence-based practice.

Creating a Research-Community Dissemination
Infrastructure
We invited six Asian-American community-based organizations
(CBOs) to join our EBP dissemination community task force
during year one. These six CBOs provide direct services to five
Asian subgroups (Cambodian, Chinese, Korean, Laotian, and
Vietnamese). In Year two, we invited two additional CBOs that
serve Filipinos and Southern Asians. Recognizing that the
complexity in translating lessons learned from science into
practice required a multilevel approach, we also assembled an
academic EBP steering committee to accelerate the integration.
The academic EBP steering committee consisted of seven
different internal departments from the academic institution.
Our EBP dissemination community task force and academic
EBP steering committee met periodically, separately and jointly,
to communicate project progress and disseminate study findings.

Assessing Community Partners’ Capacity and
Readiness for Evidence-Based Practice Dissemination
The adoption of EBP depends on the capacity of CBOs to
implement and sustain particular activities. An initial assessment
of each CBO’s capacity, based on the strength of its leadership,
existing programs and outreach, strategic plan, financial
stability, and support staff, was important for the implementation

of dissemination-related activities. Assessments were completed
via a paper-and-pencil survey. Not all items contributed equally
to the implementation process, so the research team used a
Delphi method to develop a score system to consider the
significance of each item. The Delphi expert panel included
three academic experts and two community experts. The
research team also developed an EBP readiness survey based
on literature review and expert inputs. The EBP readiness survey
assessed the stage of our CBO partners along a continuum of
readiness. The 7-item EBP readiness survey measured four
domains related to the readiness to adopt EBP. These four
domains were (1) a defined need for EBP, (2) readiness for
change in organizational culture, (3) time, resources, and
personnel for EBP, and (4) ability to sustain the change. Under
each item, CBO partners chose the stage statement that described
their current state of readiness for EBP. Findings from the
organizational capacity assessment and EBP readiness survey
were used to inform the dissemination process and capacity
building.

Conducting Consumer Research
Although evidence-based CRC screening guidelines have been
widely communicated through mainstream media channels,
these messages likely have limited reach among AAs because
dissemination methods and content are not culturally sensitive
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or language-specific. Consumer research is one of the significant
components of the Market-Orientated Push and Pull Model.
Consumer research allows researchers to listen to their
consumers to ensure that marketing strategies are well designed,
well implemented, and effective by centering the product on
their consumers, keeping the product relevant, and understanding
which of the product’s constellation of benefits to prioritize. In
this project, we used a two-step approach to conduct consumer
research in our partner communities.

First, we conducted 8 focus groups with a total of 72 participants
from 7 Asian subgroups (Cambodian, Chinese, Filipino, Korean,
Laotian, South Asian, and Vietnamese) to elicit beliefs and
attitudes related to CRC screening. These focus groups were
facilitated by bilingual, bicultural CBO staff members, who
participated in a 4-hour training session to enhance their
facilitation skills. A focus group guide was developed to ensure
consistency across groups. Eligibility criteria for the focus group
required that participants were (1) between age 40 and 65, (2)
lived in different households, and (3) were capable of giving
consent. The focus groups were conducted in participants’native
language and tape recorded. The tape recordings were then
translated into English by the facilitator. A team of five people

worked together to perform content analysis, using template
analysis method based on the Theory of Planned Behavior
Model.

Secondly, findings from the focus groups were used to develop
an Individual Client Survey. The goal of the Individual Client
Survey was to determine behavioral beliefs, normative beliefs,
and perceived control beliefs regarding CRC screening within
the target population. The development of the Individual Client
Survey included (1) developing a pool of survey statements
(n=91) from the focus group findings, (2) soliciting feedback
from CBO partners (n=11) regarding relevance and cultural
appropriateness, and (3) weighting the statements for their
relevance and significance. The final survey instrument
contained 20 statements and was approved by all community
partners. Besides the English version, the final survey instrument
was translated into six different languages. The survey used a
cross-sectional design with a purposeful (based on age group
and sex) and convenient sample. A total of 470 surveys were
collected from 7 different Asian communities (Table 1).
Findings from the Individual Client Survey were then used to
design a dissemination plan, train community health advisors,
and develop a social marketing campaign.

Table 1. Individual Client Survey participants by Asian subgroups.

nAsian Subgroup

50Cambodian

55Chinese

67Filipinos

121Koreana

70Laotian

49South Asians

58Vietnamese

470Total

aTwo Korean community based organizations participated in the Individual Client Survey.

Generating Public Awareness Through Social
Marketing and Social Influence.
In this project, we used consumer-centered social marketing.
Consumer-centered social marketing goes beyond pushing the
product to the consumer by building demand for the product.
The marketing campaign aimed to address sociocultural norms
as well as linguistic barriers regarding CRC screening. Although
social marketing campaigns can create public awareness, which
is the first step toward taking action, information alone is not
enough to prompt interest, shape attitudes, and bring about
behavior change. Ultimately, the goal of dissemination is not
to simply get the word out, but to take the user from awareness
to understanding, to commitment, and then to action. We used
CHAs as an influencer, each of whom was a bilingual, bicultural
community health professional who understood the social norms
of the community. To build on these strengths, and to equip
them to carry out this work, all CHAs attended a 6-hour training
on CRC screening, motivational interviewing techniques, and
the application of Stage of Change Theory.

Investigating the Effectiveness of Community Health
Advisor Intervention in Conjunction with Social
Marketing
We will use a multiple baseline design to evaluate the
effectiveness of our CHA intervention. If every group shows a
similar change after crossing to the intervention condition and
does not change at other times, the findings will provide
compelling evidence that the changes resulted from the
intervention [37]. In addition, multiple baseline design guards
the internal validity of the study by ruling out the possibility
that a single external event (eg, a celebrity cancer diagnosis)
could explain the results. In this project, each community will
experience a transition from the baseline condition to the
intervention condition, but these transitions will be observed
over different time periods. The study procedure is outlined as
follows:

A baseline CRC screening education session will be conducted
in each community prior to the rollout of the CHA intervention
and social marketing campaign.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e123 | p.688http://www.researchprotocols.org/2016/2/e123/
(page number not for citation purposes)

Kim et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Partner CBOs will be asked to post event flyers as usual, but to
refrain from active recruitment.

Participants at each educational session will be asked to fill out
a survey, which includes demographic items and beliefs
statements selected from the Individual Client Survey.

Partner CBOs will be divided into two cohorts: cohort 1
(Chinese, Filipino, and Laotian) and cohort 2 (Cambodian,
Korean, South Asian, and Vietnamese).

Depending on the cohort assignment, partner CBOs will be
asked to implement the CHA intervention and social marketing
campaign, or do nothing.

The CHA intervention will be a 12-week long intervention and
will be carried out concurrently with the social marketing
campaign.

At the end of each intervention period, an educational session
will be conducted in each community, and no-cost Fecal
Immunochemical Test (FIT) kits will be offered to participants.

Participants who took home a FIT kit will have two weeks to
return the kit for testing.

The primary outcomes will be the number of participants in
each education session, the number of no-cost FIT kits
distributed after the education session, and the number of FIT
kits returned. Other secondary outcomes will include beliefs
and attitudes in CRC screening and intention to screen within
the next 12 months. Beliefs and attitudes regarding CRC
screening will be measured using items selected from the
Individual Client Survey. Participants will also be asked whether
they spoke with the CHA prior to the session. The unit of
analysis will be cohort (n=2). Statistical tests will be carried out
to assess post-intervention differences within and between
cohorts, as well as over time.

Evaluating the Implementation Process and
Translatability Using the RE-AIM Framework.
Glasgow and associates (1999) designed an evaluation
framework to assess the impact of interventions based on five
factors: Reach, Efficacy, Adoption, Implementation, and
Maintenance (RE-AIM [38]). This framework expands the
assessment of interventions beyond efficacy to multiple criteria
that are better able to identify the translatability and public
health impact of interventions. In this project, the evaluation
will focus on organization level measurements and include both
qualitative and quantitative data. Quantitative data will be
collected through weekly CHA reports. Each CHA will be
required to maintain a daily activity log and to submit weekly
reports including number of individuals educated, number of
group education sessions (>5 participants) conducted, number
of printed materials distributed, and number of follow-up
encounters. Qualitative data will also be collected during site
visits at week 3, week 7, and week 10. This data will include,
but are not limited to, compliance to the intervention protocol,
barriers, facilitators, and concerns. Post-intervention focus
groups with implementation CHAs will be conducted to obtain
feedback regarding the implementation process and experience.
In-depth interviews with partner CBO leadership will also be

conducted to assess the CBPR process, satisfaction with the
project, and sustainability of the dissemination infrastructure.

Results

Assessing Community Partners’ Capacity and
Readiness for EBP Dissemination
Of the seven partner CBOs, only one CBO had an organization

capacity weighted score above the 70th percentile, and two CBOs

had a weighted score below the 50th percentile. Of the four
stages of readiness for EBP dissemination (stage 1 = there is
no agenda or promotion for EBP in the organization; stage 4 =
totally ready for EBP dissemination), two CBOs were at stage
3, two were between stage 2 and 3, and three were at stage 2.
In general, there was some understanding of the needs for EBP,
but there was a lack of mechanism in the organization to move
EBP forward. Although three of the CBOs included EBPs in
their organizational agenda and were specially discussed, they
had not yet been promoted by leadership.

Consumer Research
A convenience sample of 72 AAs participated in 8 focus groups.
Most of the participants were female (47/72, 65%), and average
age was 55 years. All participants were born outside of the
United States, and 20 of 72 (28%) had been in the United States
10 years or less. Although differences were noted across ethnic
groups, many respondents were unaware of CRC risk, screening
benefits, or screening access. Many respondents attributed CRC
to pollution in their home countries, stress of immigrant life, or
diet. Respondents from countries with more advanced healthcare
systems, such as Korea, were more knowledgeable of screening
options.

A total of 470 participants completed the Individual Client
Survey from 7 Asian subgroups, with 464 surveys entered for
final statistical analysis. Most participants (457/464, 98.5%)
were foreign-born, and 222 of 464 (47.8%) had lived in the
United States more than 20 years. The average age was 56 years,
and 146 of 464 respondents had completed less than 9 years of
education. Most participants agreed that early detection of cancer
was important (434/464, 93.5%), cancer could happen to anyone
(403/464, 86.9%), CRC could be prevented (344/464, 74.1%),
and everyone should screen for CRC (389/464, 83.8%).
However, 35.8% (166/464) of participants also felt that people
were better off not knowing it they had cancer, and 45.5%
(211/464) would screen only when they had symptoms. Most
participants (402/464, 86.6%) said that they would screen upon
their doctor’s recommendation, but approximately half of the
participants (231/464, 49.8%) reported that they only saw a
doctor when they were sick.

Currently, we are conducting our social marketing campaign
and implementing the CHA intervention. Data collection is
underway and will conclude March 2016. We expect that
analysis and results will be available by June 2016.

Discussion

There is a limited research base to inform the design of
successful action plans for dissemination and implementation
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EBP, especially in underserved and marginalized populations.
Little attention has been paid to contextual factors, as well as
what the users really need and want during the dissemination
process. Users’ preexisting dispositions, preferences,
perceptions, and capacities impact individual decision-making
processes. Although several conceptual frameworks have been
developed, and are useful for generating hypotheses for future
research [11,39,40], we urgently need practical frameworks for
developing and testing dissemination approaches. A multi-level
approach is needed to accelerate integration of lessons learned
from science into community health care. The combination
effect of a multilevel intervention may have a synergistic effect
greater than the sum of the individual parts of the intervention.
Such synergy can occur when a set of necessary conditions must
be jointly present for change to take place, or when an
intervention at one level facilitates or reinforces an intervention
at another [41]. This project targeted three different levels

(community, interpersonal, and individual) to accelerate the
adoption of CRC screening guidelines. Our community-centered
Dissemination and Implementation Model provides a systematic
approach that is feasible to implement in real-life settings, even
within resource-restricted communities. The model also outlines
a complementary role for researchers and community
organizations in disseminating EBP. Our focus on partnerships
and understanding potential adopters has the potential to produce
wanted and sustainable innovations. Finally, our model
incorporates social interactions and influences to move
individuals from simple awareness, to decisions, and then to
positive action. By triggering a demand for evidence-based
innovations, we can increase the success of our dissemination
efforts and the adoption of EBP among the underserved and
vulnerable populations most in need of effective, evidence-based
practice.
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Abstract

Background: Experience and development of pain may be influenced by a number of physiological, psychological, and
psychosocial factors. In a previous study we found differences in neuronal activation to noxious stimulation, and microstructural
neuroanatomical differences, when comparing healthy volunteers with differences in size of the area of secondary hyperalgesia
following a standardized burn injury.

Objective: We aim to investigate the degree of association between the volume of pain-relevant structures in the brain and the
size of the area of secondary hyperalgesia following brief thermal sensitization.

Methods: The study consists of one experimental day, in which whole-brain magnetic resonance imaging (MRI) scans will be
conducted including T1-weighed three-dimensional anatomy scan, diffusion tensor imaging, and resting state functional MRI.
Before the experimental day, all included participants will undergo experimental pain testing in a parallel study (Clinicaltrials.gov
Identifier: NCT02527395). Results from this experimental pain testing, as well as the size of the area of secondary hyperalgesia
from the included participants, will be extracted from this parallel study.

Results: The association between the volume of pain-relevant structures in the brain and the area of secondary hyperalgesia
will be investigated by linear regression of the estimated best linear unbiased predictors on the individual volumes of the pain
relevant brain structures.

Conclusions: We plan to investigate the association between experimental pain testing parameters and the volume, connectivity,
and resting state activity of pain-relevant structures in the brain. These results may improve our knowledge of the mechanisms
responsible for the development of acute and chronic pain.

ClinicalTrial: Danish Research Ethics Committee (identifier: H-15010473). Danish Data Protection Agency (identifier:
RH-2015-149). Clinicaltrials.gov NCT02567318; http://clinicaltrials.gov/ct2/show/NCT02567318 (Archived by WebCite at
http://www.webcitation.org/6i4OtP0Oi)
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Introduction

The experience and development of pain may be influenced by
a number of physiological, psychological, and psychosocial
factors. However, our knowledge of the mechanisms responsible
for acute and chronic pain is still not complete. A standardized
burn injury in the skin provokes reversible primary and
secondary hyperalgesia in healthy volunteers. Injury-induced
primary hyperalgesia is located in the traumatized area and is
characterized by reduced thresholds for thermal and mechanical
stimulation. Secondary hyperalgesia is located around the
traumatized area, and is characterized by reduced thresholds
for mechanical stimulation [1,2].

Previous studies have demonstrated that secondary hyperalgesia
to punctate mechanical stimuli is a result of changes in the
central nervous system, in part due to sensitization in response
to nerve signals by A-fiber nociceptors [1,3-5]. Secondary
hyperalgesia can be provoked by a number of different
conditioning stimuli, and according to previous studies this is
a robust phenomenon that can be applied to investigate basic
pain physiology [2,6,7]. Central neuronal sensitization is
presumed to play an important role in a number of different
pain conditions, such as osteoarthritis, fibromyalgia, and
postoperative pain [3].

To investigate the basic physiological mechanisms of pain, our
research group has worked extensively with experimental
physiological pain models [8-10]. In previous studies, we found
indications of large inter-individual variations in the size of the
area of secondary hyperalgesia following identical experimental
pain stimulation. Moreover, we observed that the area of
secondary hyperalgesia may be an identifiable phenotypic
indicator and predictor of individual pain responses [10,11].

To further explore the pathophysiology of central sensitization,
we first investigated functional changes in the brain by magnetic
resonance imaging (MRI) after induction of secondary
hyperalgesia by a first degree burn injury. The first degree burn
injury was induced 100 minutes before initiation of MRI, and
interestingly we found differences in neuronal activation to
noxious stimulation in healthy volunteers that developed either
large or small areas of secondary hyperalgesia. These findings
suggest differences in central pain processing related to
phenotypical expression of secondary hyperalgesia. Furthermore,
we found indications of differences in the volumes of the
caudate nuclei, as well as other microstructural neuroanatomical
differences between the two groups [11], encouraging further
studies with larger sample sizes to elucidate the importance of
each finding in the pathophysiology of pain and central
sensitization.

The basal ganglia have proved to be essential in the pain
processing in humans [12-14]. Moreover, the role of the caudate
nuclei in the processing and modulation of pain have been
investigated in human [12-27] as well as animal [28-39] studies.

The caudate nuclei are believed to play a role in integration and
control of sensory, motor, and motivational information, and
thus essential in coordinating behavioral responses [14]. The
caudate nuclei have also been demonstrated to be involved in
the sensory processing and spatial location of noxious stimuli
[24], in the suppression and modulation of pain [26], and are
activated during pain expectancy [40].

Reduced grey matter volume of the caudate nuclei has been
demonstrated in patients with trigeminal neuralgia [20], knee
osteoarthritis [22], lumbar disc herniation [21], and migraines
[15,27]. Moreover, reduced regional cerebral blood flow in the
caudate nuclei has been seen in patients with fibromyalgia [23],
familial restless legs syndrome [25], and chronic fatigue
syndrome [16]. Thus, the caudate nuclei are essential sites of
pain processing, and may play a role in the development of
secondary hyperalgesia, and consequently in the processes
involved with central sensitization.

A recent study confirmed that areas of secondary hyperalgesia
have a low intra-individual variation compared to the
inter-individual variation [41]. This finding enables us to
phenotype healthy volunteers based on the size of the area of
secondary hyperalgesia. It remains uncertain whether these
phenotypes are related to other pain syndromes or entities, are
involved in the risk of developing chronic pain, or influence
factors in the individual’s pain sensitivity. Likewise, it is unclear
if important structures such as the caudate nuclei (or other CNS
differences) are closely related to secondary hyperalgesia
phenotyping, warranting more research in this area.

With this study we aim to investigate the association between
the volume of pre-defined pain-relevant structures in the brain
and the size of the areas of secondary hyperalgesia.

Methods

Study Design
This study is a confirmatory study designed to investigate the
association between the size of the area of secondary
hyperalgesia following brief thermal sensitization (BTS; see
Clinical Evaluations) and the volume of the caudate nuclei in
healthy volunteers. On the experimental day, a whole brain MRI
scan will be conducted including T1-weighed three-dimensional
(3D) anatomy scan, diffusion tensor imaging, and resting-state
functional MRI (rs-fMRI), in consecutive sequence (see Clinical
Evaluations). No other tests or assessments will be performed
on the experimental day. The total duration of the experimental
day is approximately 50 minutes.

Before the experimental day, all included participants will
undergo pain testing in a parallel study (Clinicaltrials.gov
Identifier: NCT02527395). Results from the pain testing, as
well as the size of the area of secondary hyperalgesia from the
included participants, will be extracted from this parallel study.
The experimental day will be conducted at a maximum of 2
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months and a minimum of 2 weeks after the completion of the
BTS and additional pain testing.

Setting
The MRI scans will be conducted at the Department of
Radiology, Bispebjerg and Frederiksberg Hospitals,
Copenhagen, Denmark. The data analysis will be conducted at
the Department of Anesthesiology, Centre of Head and
Orthopedics, Rigshospitalet, Copenhagen, Denmark.

Study Participants
Healthy male volunteers will be included in the study. The study
participants will receive information regarding possible risks
and side effects, and will be provided with written and oral
information concerning the study. The participants will receive
€67 (US $74) for their participation in the study. Inclusion and
exclusion criteria are presented in Table 1.

Table 1. Inclusion, and exclusion criteria.

Exclusion criteriaInclusion criteria

Study participants who cannot cooperate to the testAge ≥18 years and ≤35 years

Study participants with a substance abuse, assessed by the investigatorMale sex

Study participants who have consumed analgesics within 3 days before
experimental day

Study participants who have consumed antihistamines within 48 hours
before experimental day

Study participants who have consumed antidepressant medication within
30 days before the study

Study participants who have consumed prescription medicine within 30
days before the study

Study participants with neurological illnesses

Study participants with chronic pain

Study participants who have a weekly intake of >21 units of alcohol, or a
have consumed >3 units of alcohol within 24 hours before experimental
day

Speak and understand the Danish language

Signed informed consent

Have participated and completed the study: “ To determine the degree of
association between Heat Pain Detection Threshold and area of secondary
hyperalgesia following Brief Thermal Sensitization in healthy male volun-
teers” (Clinicaltrials.gov Identifier: NCT02527395)

Study participants with psychiatric diagnoses

Study participants with eczema, wounds, or sunburns on the sites of
stimulation

Study participants with a Body Mass Index of >30 kg/m2 or <18 kg/m2

Study participants with contraindications to MRIa

Study participants that decline information regarding potential pathological
findings in relation to the MRI

Study participants that have any kind of trauma resulting in pain and ad-
ministration of analgesics in the period between experimental pain testing
and MRI scan

Study participants that experience a head trauma in the period between
the experimental pain testing and the MRI scan

aContraindications to MRI includes: claustrophobia, pacemaker implant, artificial heart valve, cochlear/stapes prosthetics, irremovable insulin pump,
neurostimulator, metal clips from previous surgical procedures, other metallic foreign objects, shrapnel or shell splinter, catheters (eg, Swan Ganz),
shunts and drainage tubes, and surgical procedures within 6 weeks before the study (subjected to individual evaluation).

Before the experimental day, each participant will be tested
with the experimental pain models: BTS, heat pain detection
threshold (HPDT), and pain during 1 minute of thermal
stimulation of the skin (p-TS), as well as two psychological
tests: Pain Catastrophizing Scale (PCS) and Hospital Anxiety
and Depression Score (HADS; see Multimedia Appendix 1 and
Clinicaltrials.gov identifier: NCT02527395). The results will
be blinded to the investigator evaluating the MRI scans. Prior
to, as well as on the experimental day, the investigator will
interview all participants, and those that have one or more
psychiatric or neurological diagnoses or illnesses will be
excluded. All participants with prior history of psychiatric or
neurological illness will also be excluded.

Clinical Evaluations

Pain Testing
BTS, HPDT and p-TS are not performed as a part of this study
per se, but all participants in the present study have been tested
using these methods in a parallel non-imaging study
(Clinicaltrials.gov Identifier: NCT02527395). Data concerning
secondary hyperalgesia from this concurrent study will be
extrapolated and included in the present study. The BTS method
is briefly explained below. For further details, please refer to
Multimedia Appendix 1.

Brief Thermal Sensitization
A computer-controlled thermode (Somedic MSA Thermotester;
size 2.5 x 5 cm) is placed on the participant’s skin, centrally on
the anterior part of the right thigh. The initial temperature of
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the thermode is 32°C, and the temperature is increased
1°C/second until it reaches 45°C. The temperature of the
thermode remains a constant 45°C for 3 minutes, and while the
thermode still has contact with the skin, the assessment of
secondary hyperalgesia is conducted. The assessment of
secondary hyperalgesia takes approximately 1-2 minutes, with
a maximum duration of heat stimulation of 5 minutes.

Assessment of Secondary Hyperalgesia
The area of secondary hyperalgesia is quantified after
stimulation with a 19G monofilament (von Frey hair) in 4 linear
paths arranged in 90° around the center of stimulation.
Stimulation will begin 15 cm from the center of stimulation and
advance in steps of 5 mm with 1 second intervals towards the
center of stimulation. When the participant states a clear change
in sensation (ie, intense pricking, burning, tenderness) the place
will be marked with a felt pen and the transverse and
longitudinal axes will be measured for later area calculation.

MRI Scans
The MRI scans will be performed with a Siemens MAGNETOM
Verio 3-tesla, with b17 software, and a 32-channel head coil.
The specific MRI sequence and settings are detailed in
Multimedia Appendix 2.

Anatomical MRI Scans
T1-weighted images are recorded in order to construct detailed
anatomical images of the brain. These images will be used to
perform morphometry/volumetric analysis of cortical and
subcortical structures in order to determine possible differences
in the study population. To look for potentially confounding
structural lesions and perfusion asymmetry, T2-weighted,
T2-FLAIR, diffusion weighted imaging, gradient echo, and
arterial spin labeling will also be performed as part of the
imaging protocol (Figure 1).

Figure 1. Schematic presentation of experimental day. Abbreviations: MRI, Magnetic Resonance Imaging; fMRI, Functional Magnetic Resonance
Imaging.

Diffusion Tensor Imaging
Diffusion tensor imaging (DTI) is sensitive to the diffusion of
water molecules. The net-diffusion of water molecules roughly
occurs along the direction of the axons; hence, DTI can be
utilized to perform white matter tractography (neuronal
connections of the brain), or to detect changes in the white
matter by using Tract-Based Spatial Statistics.

Resting State Imaging
In rs-fMRI the intrinsic connectivity networks of the brain are
mapped by indirectly measuring so-called spontaneous brain
activity. Rs-fMRI measures spontaneous changes in
blood-oxygenation-level-dependent signal by detecting
concomitant changes in magnetization that accompanies regional
changes in brain blood flow.

Other Scans
As a supplement to the previously mentioned MRI scans, it is
necessary to perform a number of technical MRI scans as well
(ie, B0 field maps). These supplementary scans are necessary
and important for later data analyses, and will not result in any
further discomfort for the participants. For schematic
presentation of the general procedure and the MRI scan sequence
on the experimental day, please refer to Figure 1.

Participants will be informed that they must stay awake during
the MRI scan period, and if they fall asleep they are obliged to
inform the investigator. Participants that fall asleep during the
MRI scan period will be excluded from the study.

Outcomes

Primary Outcome
We aim to investigate the association between the volume of
the left and right caudate nuclei and the size of the area of
secondary hyperalgesia induced by brief thermal sensitization.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e117 | p.696http://www.researchprotocols.org/2016/2/e117/
(page number not for citation purposes)

Hansen et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


The association will be expressed in adjusted and non-adjusted

R2and prediction intervals for the area of secondary
hyperalgesia, given fixed values of the caudate nucleus’volume.

Secondary Outcomes
We aim to investigate the association between cortical and
subcortical brain areas relevant for pain processing and the area
of secondary hyperalgesia (primary somatosensory cortex,
anterior- and mid-cingulate cortex, basal ganglia [putamen,
accumbens nucleus, and globus pallidus], insula, and the
cerebellum [12,42]). We will also use diffusion tensor imaging
to investigate the association between the area of secondary
hyperalgesia and white matter microstructure using tract based
spatial statistics (TBSS) [43], and determine the connections
between the pain-related areas, as specified previously using
white-matter tractography.

Exploratory Outcomes
We will investigate the association between the volume of the
left and right caudate nuclei and the following six parameters:
(1) HPDT score, (2) p-TS max, (3) p-TS visual analog scale-area
under the curve (VAS-AUC), and (4) the score of PCS-total,
PCS-subscores, HADS-total, and HADS-subscores. When
comparing healthy volunteers with a large (upper quartile)
versus small (lower quartile) area of secondary hyperalgesia
following BTS, we plan to investigate (5a) structural differences
(volume) and the association with the size of the area of
secondary hyperalgesia, (5b) differences in the association
between area of secondary hyperalgesia and regions of interest
extracted from TBSS, and (5c) differences in white matter
microstructure in connections between pre specified pain related
areas by white-matter tractography. In addition, we will examine
(6) differences in resting state networks measured by rs-fMRI
using independent component analysis (ICA; dual regression
method).

Hypothesis
The area of secondary hyperalgesia and the volume of the
caudate nuclei are associated, with an inverse correlation (ie, a
large area of secondary hyperalgesia is associated with a small
volume of the caudate nuclei).

Sample Size Estimation
Based on results from a previous study [11], sample size
calculations are based on a Z-test of the Fisher transformed
Pearson correlation. With a true correlation of r=-0.4 between
the area of secondary hyperalgesia and the caudate nuclei, and
a significance level of 2.5% to 5% according to the single step
method (refer to Statistical Significance), a sample size of 52
is needed to obtain a power of 0.80 (β=0.20).

Data Analysis Plan

T1-Weighted 3D Anatomical Images
Anatomical images will be pre-processed using the FreeSurfer
imaging analysis suite version 5.3. FreeSurfer is a
semi-automatic software package that performs volumetric
segmentation of cortical and subcortical structures [44-46]. All
volumes will be adjusted for total intracranial volume, and will

result in volume estimates (mm3). This analysis is performed

to avoid possible confounding results due to differential
head-size between participants. The size of the area of secondary
hyperalgesia will be blinded until completion of the T1-weighted
3D anatomical image analyses.

Diffusion Tensor Imaging
Diffusion-weighted images will be pre-processed using the
Functional Magnetic Resonance Imaging Brain Software Library
(FSL) software package version 5.0. This analysis includes
corrections of potential head movement and inspection of image
quality. The resulting data will then be processed via dtifit and
tract-based spatial statistic. The re-aligned images will then be
fed into bedpostx for local modelling of diffusion parameters.
Using bedpostx in conjunction with TBSS allows for the
modelling of crossing fibers. The re-aligned images will be fed
into probtrackx2 for tractography between the anatomical areas
mentioned above.

Resting-State Functional Magnetic Resonance Imaging
Rs-fMRI scans will be analyzed using FSL MELODIC.
Pre-processing steps will include spatial smoothing, motion
correction, high pass filtering, and brain extraction. In the
pre-processing steps we will apply ICA using predefined (no
less than 60) ICA’s without automatic dimension detection.
Rs-fMRI scans will be co-registered initially to the individual
T1-weighted 3D anatomical scans (after neutral flipping and
brain extraction), and subsequently to the Montreal Neurological
Institute (MNI)-152 brain atlas using non-linear registration. A
full quality assurance will be performed consisting of inspection
of head movement (<3 mm and <3 degrees), acceptable
co-registration, and inspection of image quality.

Rs-fMRI data will be analysed using a model-free ICA and the
dual regression method, as described by Abou-Elseoud et al
[47], to determine differences in network connectivities with
the whole brain. Standard, published brain networks in healthy
participants will be used to identify the different networks using
publicly available datasets from the Oxford FSL Group
publication [48]. Once we have run an ICA analysis, the
resulting components will be spatially cross-correlated with
Oxford’s templates to identify those that better match the
canonical networks described in the Oxford FSL Group
publication [48].

Noise reduction will be performed manually. Randomized
command with 10.000 random computations will be performed
with a design matrix consisting of the unpaired t-tests
(predefined high responders vs. low responders, and repeated
with area of secondary hyperalgesia as co-variate). Results will
be displayed upon the MNI-152 normal brain atlas after
dimension change as P<0.05 after correction for multiple
comparisons. Activated areas will be identified
semi-automatically.

Statistical Analyses

Statistical Analysis of Primary Outcome
The estimates of the volumes, from the T1-weighted 3D

anatomical scans of the caudate nuclei (mm3), will be exported
to a spreadsheet for regression analysis to assess the association
between volume of caudate nuclei and secondary hyperalgesia
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areas. The association of the volume of the left and right caudate
nuclei and the area of secondary hyperalgesia will be
investigated by linear regression of the estimated best linear
unbiased predictors (EBLUPS) on the individual volumes of
the left and right caudate nuclei. The ability of the volume of
caudate nuclei to predict individual variation in the area of
secondary hyperalgesia will be investigated by linear regression
on the EBLUPS as a function of the individual volumes of the
caudate nuclei.

Significance of the caudate nuclei as a predictor will be assessed
by analysis of variance (ANOVA) methods and the predictive
ability will be quantified by summary of prediction error,
including 95% prediction interval for the prediction of the size
of the area of secondary hyperalgesia. Relevant examples will
be presented illustrating how accurately the volume of the
caudate nuclei predicts the area of secondary hyperalgesia in
the individual participants or vice versa. The association will

be expressed in R2and prediction intervals for the area of
secondary hyperalgesia given fixed values of the caudate
nucleus’ volume. All analyses of structural MRI data (both in
the primary, secondary, and exploratory outcomes) will be
adjusted for age.

Statistical Analysis of Secondary Outcome #1
From the T1-weighted 3D anatomical scans, volume estimates
of the cortical and subcortical brain areas relevant for pain

processing (mm2, mm3) will be exported to a spreadsheet for
regression analysis to assess the association between volume
of the relevant areas for pain processing and areas of secondary
hyperalgesia. The association of the volume of areas relevant
for pain processing and the area of secondary hyperalgesia will
be investigated by linear regression of the EBLUPS in relation
to the volumes of individual areas relevant for pain processing.

The association will be expressed in R2and prediction intervals
for the area of secondary hyperalgesia given fixed values of the
volume of the relevant brain areas for pain processing.

Significance of the predictor will be assessed by ANOVA
methods and in cases of significance the predictive ability will
be quantified by summary of prediction error, including 95%
prediction interval. Relevant examples will be presented
illustrating how accurately the volume of the individual areas
relevant for pain processing predicts the area of secondary
hyperalgesia in individual participants, or vice versa. The

association will be expressed in R2and prediction intervals for
the area of secondary hyperalgesia given fixed values of the
caudate nucleus’ volume.

Statistical Analysis of Secondary Outcome #2
The exact values of white matter structure expressed as the
diffusion coefficient (Fractional Anisotropy value) of the
relevant pain related areas will be extracted, and separate
statistical analyses will be performed. To test the association
between the white matter microstructure extracted following
analysis using TBSS/DTI and the area of secondary
hyperalgesia, individual measures computed from the TBSS
and DTI will be investigated by linear regression.

Statistical Analysis of Exploratory Associations #1-4
From the T1-weighted 3D anatomical scans, volume estimates

of the caudate nuclei (mm3) will be exported to a spreadsheet
for regression analysis to assess the association between volume
of caudate nucleus and the score of HPDT, p-TS-max, p-TS
VAS-AUC, PCS, and HADS respectively. The association of
the volume of the right and left caudate nucleus and HPDT,
p-TS-max, p-TS VAS-AUC, PCS and HADS will be
investigated by linear regression of the EBLUPS in relation to
the volume of caudate nucleus.

Significance of the ability of the caudate nucleus’ volume as a
predictor will be assessed by ANOVA methods. The ability of
the caudate nucleus’ volume to predict individual variations in
HPDT, p-TS-max, p-TS VAS-AUC, PCS, and HADS will be
investigated by linear regression on the EBLUPS of the
individual volumes of the caudate nucleus. Significance of the
caudate nucleus as a predictor will be assessed by ANOVA
methods and in case of significance, the predictive ability will
be quantified by summary of prediction error, including 95%
prediction interval. Relevant examples will be presented
illustrating how accurately the volume of the caudate nucleus
predicts HPDT, p-TS-max, p-TS VAS-AUC, PCS, and HADS
in individual participants, or vice versa.

Statistical Analysis of Exploratory Associations #5-6:
Quantile-quantile plots and Shapiro Wilk’s test will be applied
in assessment of normal distribution. If data are not normally
distributed, Mann-Whitney U-test will be applied. If data are
normally distributed, unpaired t-tests will be applied to
investigate structural differences in brain volume, differences
in white matter, and differences in rs-fMRI between the groups.
To investigate potential differences in rs-fMRI, correction for
multiple comparisons will be conducted by the MRI software
using False-Discovery-Rate. Values of secondary hyperalgesia
areas will be entered into the FSL-software, and a t-test will be
performed.

Missing Data
For all analyses, an intention-to-test analysis will be performed
including all subjects that participated in the experimental day.
Analyses will be based on all observed data. In case of missing
data exceeding 5%, and indication of violation of missing
completely at random by a statistically significant Littles test,
a sensitivity analysis based on an appropriate model for missing
data at random or missing data not at random will be
performed.

Statistical Significance
Earlier studies have demonstrated that the volumes of the right
and left hemispheric caudate nuclei are associated with one
another [11]. To preserve a family-wise error rate of 5% for the
two co-primary outcomes of associations between the right and
left caudate nuclei and the area of secondary hyperalgesia, we
will adjust for multiple comparisons of the co-primary outcomes.
The two P-values will be evaluated at a significance level
between 2.5% and 5% according to the single step method. For
this method the significance level is determined by the
correlation between the two resulting test statistics. If they are
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perfectly correlated the result will be 0.05, whereas if they are
independent it will be 0.025.

P-values in the secondary and exploratory outcomes are
evaluated at a 5% significance level, and to adjust for multiple
comparisons, P-values are adjusted by means of single-step
correction [49]. In the analysis of rs-fMRI data, the software’s
standard methods and False-Discovery-Rate will be applied for
correction for multiple comparisons.

Software
All statistical analyses not computed by the standard MRI
software will be generated using the open source statistical
programming environment R (R Foundation for Statistical
Computing, Vienna, Austria).

Discussion

We plan to investigate the association between experimental
pain testing parameters and the volume, connectivity, and resting
state activity of pain-relevant structures in the brain. We have
designed this study to investigate basic pain physiology in
healthy pain-free individuals, and we aim to investigate if any
basic characteristics in the pain-free individual predict
experimental pain responses. Current knowledge of basic pain
physiology in humans is still sparse, and in order to compensate
for the many factors that can affect pain responses, we have
chosen to include a very homogenous population, consisting of
healthy male volunteers between the ages of 18 and 35. The
strict inclusion criteria diminish the influence of factors related
to differences in the brain’s structure and function (eg, sex, age).
Thus, this study aims to investigate aspects of basic pain
physiology in healthy male individuals, and relevant caution
should be taken when applying the results in a more
heterogeneous population.

Our hypothesis, as well as our sample size estimation, are based
upon previous results from Asghar et al [11]. Moreover, we
wish to investigate if the volume of the caudate nuclei is
associated with the size of the secondary hyperalgesia areas,
indicating that this structure may be involved in the processes
of central sensitization. Decreased volumes of the caudate nuclei
have been demonstrated in a wide array of chronic pain patients,
suggesting that these patients have a decreased ability to
suppress and modulate pain stimuli [15,16,20-23,25]. With this
study we plan to investigate if healthy participants with low
volumes of caudate nuclei have a higher degree of central
sensitization, and thus may be at a higher risk of developing
chronic pain conditions.

The results of this study may also be informative for future
studies and trials in the clinical setting, where pain remains a

serious problem for postoperative patients. Knowledge of
predictive factors and baseline pain dispositions in patients
awaiting surgery may improve the design of trials on
postoperative pain interventions, and improve our knowledge
of the mechanisms responsible for the development of acute
and chronic pain.

Ethics
MRI uses a strong magnetic field and, unlike other imaging
modalities, does not use radiation. MRI is non-invasive and has
no known side effects. Due to the strong magnetic field, persons
in the MRI room are not allowed to wear any metallic objects,
and study participants will be informed of this prior to the MRI
scans. Special MRI-compatible equipment will be used to
monitor the participants inside the MRI scanner. Study
participants will wear ear plugs and/or ear protection to avoid
noise disturbances from the MRI scans, and will be equipped
with an alarm call button in case of emergency.

A consultant radiologist will review all MRI scans. In the rare
case of pathological findings, the radiology department at
Bispebjerg and Frederiksberg Hospital has instructions for
further treatment procedures. Briefly, the participant will be
informed of the possible pathological findings and the
participant will be scheduled for further radiological testing and
referred to a specialist in neurology. Prior to inclusion in the
study, participants will be informed of this procedure. If the
participants do not wish to be informed of potential pathological
findings, we reserve the right to exclude them before
commencement of the MRI scan.

Likewise, the experimental pain testing conducted in the parallel
study (Clinicaltrials.gov identifier: NCT02527395) do not cause
damage to the skin or have any other long-term adverse effects.
In rare cases, changes comparable with a first degree sunburn
may appear. This study will be conducted in accordance with
the principles of the Declaration of Helsinki. The protocol is
approved by the local Danish Research Ethics Committees
(identifier: H-15010473), and the Danish Data Protection
Agency (identifier: RH-2015-149). This study is also reported
on the international database (clinicaltrials.gov identifier:
NCT02567318).

Informed written consent will be received from all volunteers
before inclusion in the trial. Relevant provisions of the Research
Ethics Committee regarding informed consent will be followed.
Negative, positive, conclusive, and inconclusive test results will
be published. We aim to publish the results in two separate
publications, the first of which will report the primary and
secondary outcomes, and the exploratory outcomes 1-4, and the
second publication will report the exploratory outcomes 5 and
6.
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Abstract

Background: Increasing physical activity (PA) brings many health benefits, but engaging people in higher levels of PA after
their 60s is not straightforward. The Functional Fitness MOT (FFMOT) is a new approach which aims to raise awareness about
the importance of components of fitness (strength, balance, flexibility), highlight benefits of PA, engages older people in health
behavior change discussions, and directs them to local activity resources. This battery of tests combined with a brief motivational
interview has not been tested in terms of feasibility or effectiveness.

Objective: To assess whether the FFMOT, provided in a health care setting, is appealing to older patients of a community
physiotherapy service and to understand the views and perceptions of the older people undergoing the FFMOT regarding the
intervention, as well as the views of the physiotherapy staff delivering the intervention. Secondary aims are to assess the feasibility
of carrying out a phase 2 pilot randomized controlled trial of the FFMOT, in the context of a community physiotherapy service,
by establishing whether enough patients can be recruited and retained in the study, and enough outcome data can be generated.

Methods: A mixed-methods feasibility study will be conducted in two physiotherapy outpatient clinics in the United Kingdom.
A total of 30 physically inactive, medically stable older adults over the age of 60 will be provided with an individual FFMOT,
comprising a set of six standardized, validated, age-appropriate tests aimed at raising awareness of the different components of
fitness. The results of these tests will be used to provide the participants with feedback on performance in comparison to sex and
age-referenced norms. This will be followed by tailored advice on how to become more active and improve fitness, including
advice on local opportunities to be more active. Subsequently, participants will be invited to attend a focus group to discuss
barriers and motivators to being more active, health behavior change, and the scope for individuals to improve their PA levels.
To inform the design of a future trial, descriptive (eg, recruitment and retention rates), quantitative (Community Healthy Activities
Model Program for Seniors; CHAMPS physical activity questionnaire), and qualitative data (focus group discussions,
semi-structured staff interviews) will be collected.

Results: Recruitment and enrolment for the trial started in September 2015. Follow-up will be completed in June 2016. Results
are expected to be available at the end of 2016.

Discussion: Allied health professionals play a key role in encouraging older adults to increase their PA, but with little evidence
on how best to do this within their clinical practice. The purpose of this feasibility study is to examine the introduction of a new
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service: The FFMOT. The views and perceptions of the older people undergoing the FFMOT and relating to its delivery in clinical
practice will be explored. Data, which will inform the feasibility of a randomized controlled trial of effectiveness of the FFMOT
in promoting improved PA, will be reported.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): ISRCTN38950042;
http://www.isrctn.com/ISRCTN38950042

(JMIR Res Protoc 2016;5(2):e108)   doi:10.2196/resprot.5682

KEYWORDS

physical activity; physical fitness; physical therapists; aged; health behavior; health services for the aged; feasibility studies

Introduction

Increasing physical activity (PA) brings many health benefits,
improved health care outcomes, and reduced health care costs
[1]. PA recommendations for the health of older adults include
being active daily and doing activities that improve strength
and balance at least twice a week. Over a week, activity should
add up to at least 150 minutes of moderate intensity activity in
bouts of 10 minutes or more [1]. However, only one in five
people aged 65-74 years and one in ten over-75 years achieve
recommended activity levels [2].

The Scottish Government has recommended that allied health
professionals play a central role in encouraging people to be
more active [3]. Physiotherapists are expected to raise the
question of activity levels at each initial consultation, and
promote PA at any given opportunity to improve the overall
health and well-being of people using their services. However,
engaging older people in higher levels of PA is not
straightforward. In fact, evidence for the effectiveness of
interventions to promote healthier levels of PA among adults
[4-6] and older adults [7] is not compelling. Recently, one study
showed that older people recruited through general practice and
undergoing a 6-month group exercise intervention, increased
their moderate intensity activity by about 15 minutes a day a
year after the intervention finished [8]. However, this approach
is costly and many older people do not find group exercise
appealing. Therefore, not only effective but cost-effective
approaches to increase PA are needed.

Rikli and Jones [9] previously developed and validated a battery
of performance tests to provide a means of assessing key
physiological parameters that are associated with functional
mobility in independent older adults between 60-90 years. This
test battery was recently adapted and further developed into the
Functional Fitness MOT (FFMOT) [10]. The FFMOT is a new
approach that aims to raise awareness of the importance of
components of fitness such as strength, balance, and flexibility
among the over-60s, highlight the benefits of PA, engage older
people in health behavior change discussions, and direct them
to appropriate local activity resources. It involves one
face-to-face session to measure participants’ fitness using seven
age-appropriate functional fitness tests. Immediate feedback is
given on the person’s abilities in each test in relation to normal
values for their age and sex, followed by tailored advice on how
to become more active and improve fitness. This brief
motivational set of tests and discussion is based on the principles
of health behavior change, incorporating awareness raising,
breaking down barriers, improving self-efficacy, building on

history of activity, incorporating needs and preferences, and
goal setting [11]. To date the FFMOT has been piloted in
non-clinical settings only [10].

Due to the lack of in-depth research and existing data about the
FFMOT in a clinical setting, a feasibility study is indicated [12].
Therefore, in line with Medical Research Council guidance
[13], the first phase of this work program is a feasibility study
to evaluate the approach in clinical settings. According to the
guidelines for the design of feasibility studies proposed by
Bowen et al [12], the key areas of focus for this study are (1)
acceptability, demand, implementation, and practicality for the
participants, that is, to assess whether the FFMOT, provided in
a health care setting, is appealing to older patients of a
community physiotherapy service, and to understand their views
and perceptions undergoing the FFMOT regarding the
intervention, and (2) acceptability, demand, implementation,
practicality, and integration for the staff delivering the FFMOT,
that is, to assess their views on delivering the intervention to
the target participants and within the setting of a community
physiotherapy clinic. Secondary aims are to assess limited
efficacy, that is, the feasibility of carrying out a phase 2 pilot
randomized controlled trial of the FFMOT, in the context of a
community physiotherapy service, by establishing whether
enough patients can be recruited and retained in the study, and
relevant outcome data can be generated.

Methods

Design
This is a mixed-method phase I feasibility study with a pre-post
design.

Participants
A convenience sample will be identified and recruited from one
UK health board area, from among the current caseloads of
community physiotherapists working in two physiotherapy
clinics for musculoskeletal (MSK) conditions. Participants are
eligible for participation if they are (1) aged 60 years or above,
(2) not physically active for at least 30 minutes in 5 days or
more, or for at least 150 minutes (2½ h) in total in the past week,
as indicated by the questions on the Scottish Physical Activity
Screening Question [14], and (3) interested in increasing their
level of PA (where this is seen as an appropriate goal by the
screening physiotherapist). Participants are excluded if the
screening physiotherapist identifies health risks
(contraindications to exercise; eg, cardiovascular disease) which
prevents participation, and if they have been diagnosed with
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moderate/severe cognitive impairment, a learning disability,
severe mental illness, or the screening physiotherapist believes
that any of these impairments/disorders are present.

Where patients are deemed eligible, the screening
physiotherapist will introduce the nature of the study verbally
to them. The screening physiotherapist will then ask potential
participants if they wish to receive a study information pack
and, if so, they will be given the pack during the appointment.
Participants who are interested will then complete a contact
details form and post it to the main researcher, who will
subsequently telephone them in order to explain the consent
procedures, and make an appointment for them to attend an
FFMOT session. All participants will continue to receive
standard physiotherapy assessment and intervention as deemed
appropriate by the screening physiotherapist, irrespective of
their involvement in the study.

Sample Size
This study is a feasibility study so no formal power calculation
has been carried out. However, rates of participant retention at
3-month follow-up in feasibility studies of exercise interventions
for adults range between 71-100% [15-18]. Adopting a
conservative estimate of 70% retention, 30 participants will be
recruited with the aim of retaining 21 at the 3-month follow-up.
Six blocks of FFMOT sessions will be provided over 12 weeks,
with provision to run two to three additional blocks beyond this
if required to achieve the recruitment target.

Physiotherapy Staff
All physiotherapists working at the two participating
physiotherapy clinics, who assess and treat MSK outpatients,
will be eligible to screen patients as potential participants.There
are 3 physiotherapists involved in coordinating the study within
the service. They will also supervise the 2 trained technical
instructors (TIs) who will deliver the FFMOT. The TIs will
receive training in both the delivery of the FFMOT [19] and in
motivation and support strategies for engaging older adults in
PA [20].

Functional Fitness MOT
Each recruited participant will be provided with an individual
FFMOT session, which lasts for 45-60 minutes. The FFMOT
in this study comprises 6 of the 7 standardized, validated,
age-appropriate tests aimed at raising awareness of the different
components of fitness:

1) 30 Second Chair Stand [21,22], as an indicator of lower limb
strength and endurance;

2) Chair Sit and Reach [21,23,24], as an indicator of lower limb
flexibility;

3) Back Scratch [21], as an indicator of upper body shoulder
flexibility;

4) 8 Foot Up and Go [21,25], as an indicator of dynamic
balance;

5) Handgrip Strength [26], as an indicator of strength;

6) Single Leg Stance [27,28], as an indicator of static balance.

The 6-minute walk test, for endurance, will not be used within
this FFMOT battery due to space constraints within the clinic.

The results of these tests will be used to discuss the different
components of fitness, to highlight the individual’s strengths
and weaknesses in these components, and to provide the
participants with personal feedback on performance in
comparison to sex and age-referenced norms. This then allows
discussion around the person’s activity history, needs, and
preferences so that information about local opportunities to
engage in PA can be introduced and encouraged. Specific goal
setting (short and longer term) is discussed and each participant
is provided with information about appropriate local activity
opportunities and home exercises, based on their FFMOT
results. This information will be provided in the form of written
booklets/leaflets and links to websites of some of the
opportunities available. For those who wish to exercise at home,
home exercise booklets will be provided [29].

Data Collection

Descriptive Data
The following information from every patient screened during
the recruitment phase will be collected: (1) the clinic at which
the patient was assessed/treated, (2) sex, (3) age, (4) postcode,
(5) patient responses to the 3 questions in the Scottish Physical
Activity Screening Question, (6) eligibility criteria, (7) whether
the study was introduced verbally to the patient, and (8) whether
the patient accepted the study information pack. Recruitment
and retention rates at the key stages of the study (eg, attendance
for the FFMOT and focus group, return of completed follow-up
questionnaires) will also be monitored and recorded.

The Community Healthy Activities Model Program for Seniors
(CHAMPS) Activities Questionnaire for Older Adults [30] will
be administered before the FFMOT. This questionnaire is a
valid and reliable instrument to measure recent levels and types
of PA in detail in this age group. Twelve weeks after the
FFMOT session a follow-up CHAMPS, and a bespoke
post-intervention questionnaire will be sent by post. The latter
questionnaire aims to measure the participants’ contact with
community organizations and facilities with a PA focus since
attending the FFMOT session.

Qualitative Data
Between 2-4 weeks after participants have attended the FFMOT
session, they will be invited to attend a 60-90 minute focus
group. Each group will consist of a maximum of 12 participants.
The focus groups will be moderated by the first author (LDdJ)
according to a bespoke, predesigned discussion guide. The
discussion guide contains a set of semi-structured, open-ended
questions. The interview process during the focus group
comprises a 4-step approach to ask the participants the
following:

1. Their reason(s) for taking part in the study.

2. Their PA awareness (eg, reasons for not adhering to PA
guidelines, perception changes after the FFMOT, views on and
awareness about the importance and benefits of PA, perceived
importance of and changes in PA behavior since the FFMOT,
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and changes in awareness of local opportunities to become more
physically active).

3. The FFMOT and its appeal (eg, how it felt to undergo it, what
was liked and disliked, clarity of the feedback by the TIs, impact
of the test results when compared with other people of the same
age group, reasons for (not) recommending it to others,
suggestions for improvement to make it more appealing, and
views on timing and location of provision of the service).

4. Their experiences of the study procedures (eg, concerns about
taking part, clarity of the participant information sheet,
experiences with completing the consent procedure and
CHAMPS questionnaires).

Four semi-structured individual interviews, of up to 60 minutes,
with the supervising physiotherapists and the 2 TIs will be held
no more than 2 weeks after all FFMOT sessions have been
provided. The interview process for these interviews comprise
a 3-step approach to ask the staff about the following:

1. Previous experiences in working with older people, therapy,
fitness testing, exercise, research, and background knowledge
of fitness tests/testing.

2. Perceptions of the FFMOT (eg, views on the pretrial training,
appropriateness and constraints of the screening criteria and
fitness tests, experiences with administering the tests,
representativeness of the participants’ results, issues during
administration of the tests, views on the appeal, benefits,
disadvantages, and value of the FFMOT, suggestions for
improvement).

3. The FFMOT in the context of a community physiotherapy
service (eg, appropriateness of the physiotherapy service to
deliver the FFMOT, views on feasibility, barriers and motivators
to deliver it in a physiotherapy service, views on improvements
in the delivery of the FFMOT).

All focus group discussions and staff interviews will be audio
recorded onto an encrypted digital recorder.

Analysis
As this is a feasibility study, the analyses will be primarily
descriptive. Reasons for exclusion, participant recruitment and
retention rates, number of completed questionnaires returned,
and incidence of missing questionnaire item responses will be
explored. Additional analyses will be conducted of any
demographic differences (including sex, age, the clinic where
screening occurred, the Scottish Index of Multiple Deprivation
[31] rank of participant’s home postcode, and travelling distance
from home to clinic between (a) eligible and non-eligible
patients, (b) eligible patients who accepted an information pack
and those who did not, (c) eligible patients who were recruited
and those who were not, and (d) completers and non-completers.
CHAMPS data will be compared between baseline and 12-week
follow-up to provide an initial estimate of effect size to inform
the design of a future trial. A previous study [8] using CHAMPS
has shown positively skewed distributions, so it is likely that
similar logarithmic transformations (CHAMPS score +1) will
have to be carried out. Qualitative data (focus group and staff
interview audio recordings) will be fully transcribed and coded
using thematic analysis. Thematic analysis will be carried out

by two of the authors (LDdJ, DAS), with all authors agreeing
the final themes.

Informed Consent
Written informed consent will be obtained from all participants.
The decision regarding participation in the study is entirely
voluntary. The researcher will emphasize to potential
participants that consent regarding study participation can be
withdrawn at any time without giving any reason, and without
affecting their physiotherapy/medical care. It will also be
emphasized to potential participants that all of the information
that is collected about them during this project (personal,
medical, and audio recordings) will be anonymized, will not
affect their confidentiality in any way, and that it will not be
possible to identify information about them when the results of
the study are published.

Ethical and Organizational Review
A favorable ethical opinion of this study was granted by the
NHS South East Scotland Research Ethics Committee 01,
Scotland UK (Reference 15/SS/0118). Approval was also
granted by the NHS Lothian Research & Development Office
(Reference 2015/0283). The study is sponsored by Glasgow
Caledonian University (Reference RIE13-127).

Results

Recruitment and enrolment for the trial started in September
2015. Follow-up will be completed in June 2016. Results are
expected to be available at the end of 2016.

Discussion

Allied health professionals are tasked with playing a key role
in encouraging older adults to increase their PA. Older adults
need unique consideration in how they are recommended to
become more physically active, in particular doing activities
that improve strength and balance, but there is little evidence
for allied health professionals on how best to do this within their
clinical practice. The FFMOT is a new approach that aims to
raise awareness among the over-60s of the importance of
components of fitness such as strength, balance and flexibility,
highlight the benefits of PA, engage older people in health
behavior change discussions, and direct them to appropriate
local activity resources. However, there is no existing data about
whether the FFMOT could work in this setting, and therefore
performing a feasibility study is indicated. The purpose of this
mixed-method phase I feasibility study with a pre-post design
is to examine the introduction of the FFMOT for older adults,
within two community physiotherapy MSK clinics in the United
Kingdom. Specifically, the views and perceptions of a
convenience sample of older people undergoing the FFMOT
relating to the delivery of the FFMOT in clinical practice will
be explored. Patient recruitment/retention rates, and the extent
to which outcome data can be collected, will be evaluated with
a view of planning a future randomized controlled trial of the
FFMOT compared with the usual treatment provided
(recommendations for increased activity). Participants included
in this study will be provided with single, 45-60 minute
consultation, including age-appropriate functional tests, which
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could potentially increase their motivation to become more
physically active. Increased PA could help them improve their
gait, balance, mobility, and general health in the longer term.
If this feasibility study suggests the FFMOT can work in the

clinical setting, then a definitive RCT will be proposed in order
to look at whether the FFMOT is efficacious and effective at
increasing PA in older adults.
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Abstract

Background: It has long been suspected that a worker’s risk of developing an ischemic heart disease (IHD) may be influenced
by his or her working time arrangements. A multitude of studies have been performed, and special attention has been given to
long working hours and nighttime work. The statistical powers of the individual studies have, however, generally been too low
to either dismiss or confirm an actual relationship, and meta-analyses of underpowered studies are generally associated with
publication bias. Hence, uncertainty remains and whether these factors indeed are related to IHD has yet to be settled.

Objective: This project will test whether the incidences of IHD and usage of antihypertensive drugs among employees in
Denmark are independent of weekly working hours and nighttime work. The objective of this paper is to present the intended
analyses.

Methods: We will link individual participant data from the Danish labor force survey, 1999–2013, to data on socioeconomic
status, industry, emigrations, redeemed prescriptions, hospitalizations, and deaths from registers covering the entire population
of Denmark. The study will include approximately 160,000 participants, who will be followed through the registers, from the
time of the interview until the end of 2014, for first occurrence of IHD and for antihypertensive drug treatment. We will use
Poisson regression to analyze incidence rates as a function of nighttime work and of weekly working hours.

Results: We expect results to be ready in mid-2017.

Conclusions: To our knowledge, this will be the largest study ever of its kind. It will, moreover, be free from hindsight bias,
since the hypotheses, inclusion criteria, significance levels, and statistical models will be completely defined and published before
we are allowed to link the exposure data to the outcome data.

(JMIR Res Protoc 2016;5(2):e130)   doi:10.2196/resprot.5563

KEYWORDS

occupational health; prescription drugs; hospital treatment; night worker; long working hours

Introduction

Background
Our project will look at rates of ischemic heart disease (IHD)
among Danish employees as a function of weekly working hours
and nighttime work.

From the viewpoint of cardiovascular risk factors, there appear
to be both advantages and disadvantages of long working hours
and nighttime work.

One of the advantages of nighttime work is that it usually
eliminates exposure to rush hour commuting stress, both to and
from work; such stress has been associated with psychological
strain [1,2], increased blood pressure [3], and increased rates
of acute myocardial infarction [4,5]. Moreover, a survey of more
than 400 people in United Kingdom indicated that 44% of
people believed that rush hour traffic was the single most
stressful part of their life [6]. Daytime workers may reduce their
exposure to rush hour traffic, at least in one direction, by
choosing to work long hours.
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Another potential advantage of nighttime work and long working
hours is that they can generate extra income, compared with
ordinary daytime work, and thereby reduce the risk or intensity
of financial strain. An increased income has been associated
with a decreased risk of IHD [7], while financial strain has been
associated with an increased risk of hypertension [8] and acute
myocardial infarction [9].

The disadvantage of long working hours and nighttime or shift
work is that they usually are associated with short sleep duration,
mismatch of circadian rhythm, social disruption, and behavioral
changes [10,11], which in turn are associated with an increased
risk of IHD [12]. The mechanism may be related to disturbed
regulation of inflammatory, metabolic, and cardiovascular
processes. Thus, short-term sleep restriction increases heart rate
[13] and blood pressure [14], changes immune function [13],
increases C-reactive protein concentration [13], and decreases
glucose tolerance and sympathetic nervous system activity [15].

The evidence of an association between night or shift work and
IHD has been reviewed by Frost et al [16], Ha et al [17], and
Vyas et al [18]. Frost et al [16] reviewed 14 research papers and
concluded that “the available evidence concerning the influence
of the type and duration of shift work, as well as sex, on the
risk of IHD is too limited to permit any conclusions on these
issues." In a meta-analysis that combined the results from 8
studies, Ha et al estimated the effect of night or shift work versus
ordinary daytime work, first at a rate ratio (RR) equal to 1.17
(95% CI 1.00–1.37) and then, after adjustment for publication
bias, at RR=1.12 (95% CI 0.94–1.33) [17].

Vyas et al [18] reviewed 35 research papers and used the results
of the papers in meta-analyses, which estimated the RR of night
or shift work versus ordinary daytime work at 1.24 (95% CI
1.10–1.39) for coronary events, 1.23 (95% CI 1.15–1.31) for
acute myocardial infarction, and 1.05 (95% CI 1.01–1.09) for
ischemic stroke. However, 87% (1,750,565/2,011,935) of the
participants in the meta-analyses came from ecologic studies,
which of course makes the estimates less certain than their
confidence intervals imply.

Virtanen et al [19] investigated the relationship between long
working hours and coronary heart disease in a systematic review
and meta-analysis, which included results from 12 research
papers. The RR for coronary heart disease among workers with
“long" versus “normal" working hours was estimated at 1.80
(95% CI 1.42–2.29) when all studies were included and 1.39
(95% CI 1.12–1.72) when restricted to prospective studies. The
cut points for long weekly working hours ranged from >40 to
>65 hours.

The reviews by Vyas et al [18] and by Virtanen et al [19]
suggested that the disadvantages of nighttime work and long

working hours tend to outweigh the advantages of such work
time arrangements. However, since the meta-analyses only
included published studies, we cannot rule out publication bias.
The risk of publication bias is especially high if the included
studies are too small to be of interest unless the results are
statistically significant [20], and this is definitely the case with
the studies that Virtanen et al [19] included in their
meta-analysis.

Kivimaki et al [21] conducted a more reliable meta-analysis of
the relationship between long working hours and IHD, in which
they mitigated the risk of publication bias by conducting and
inserting a series of new and hitherto unpublished studies. By
combining the results from the unpublished studies with
corresponding results from published studies, they obtained the
following RRs for long versus normal (35–40) working hours
a week: 1.02 (95% CI 0.91–1.15) for 41–48 hours, 1.07 (95%
CI 0.92–1.24) for 49–54 hours, and 1.08 (95% CI 0.92–1.24)
for >54 working hours. These RRs are most probably the best
estimates ever of the strength of association between long
working hours and coronary heart disease. We should, however,
keep in mind that meta-analyses that include published results
never can be done blinded. The researchers often know the
literature before they formulate inclusion criteria and, however
systematic and objective they attempt to be, it can never be
ruled out that the selection of papers as well as the selection of
estimates within the papers might be influenced by their a priori
expectations. From this viewpoint, it would be good to know
whether the null finding by Kivimaki et al would be reproduced
if it were tested in an equally sized blinded study, that is, a study
in which the inclusion criteria, hypotheses, and statistical models
were completely specified and published before any results were
available.

Kivimaki et al [21] based their RRs on a total of 2481 new cases
among 129,301 participants. Our project has access to
person-based data on work time arrangements for approximately
160,000 employees with long or normal working hours, which,
upon follow-up, we expect to yield approximately 3200 new
cases of IHD. The exposure data of the project have not been
linked to health data before, and this provides an opportunity
to study the relationship between work time arrangements and
subsequent IHD, with a remarkably high statistical power,
completely blinded.

Aims and Hypotheses
We want to know whether the incidence of antihypertensive
drug usage and the incidence of hospital treatment or death due
to IHD are independent of weekly working hours and nighttime
work among full-time employees in Denmark, and will address
these research questions in a series of nested hypothesis tests
(Textbox 1).
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Textbox 1. Hypotheses to be tested.

1. The incidence of antihypertensive drug usage and the incidence of hospital treatment or death due to ischemic heart disease (IHD) among full-time
employees in Denmark are prospectively independent of weekly working hours, as well as interaction between weekly working hours and each of the
following variables: socioeconomic status, sex, and nighttime work.

1.1. The incidence of hospital treatment or death due to IHD is prospectively independent of weekly working hours, as well as interaction between
weekly working hours and each of the following variables: socioeconomic status, sex, and nighttime work.

1.1.1. The prospective association between weekly working hours and incidence of hospital treatment or death due to IHD is independent of
socioeconomic status.

1.1.2. The prospective association between weekly working hours and incidence of hospital treatment or death due to IHD is independent of sex.

1.1.3. The prospective association between weekly working hours and incidence of hospital treatment or death due to IHD is independent of nighttime
work.

1.1.4. The incidence of hospital treatment or death due to IHD is prospectively independent of weekly working hours when we disregard interaction
effects.

1.2. The incidence of antihypertensive drug usage is prospectively independent of weekly working hours, as well as interaction between weekly
working hours and each of the following variables: socioeconomic status, sex, and nighttime work.

1.2.1. The prospective association between weekly working hours and incidence of antihypertensive drug usage is independent of socioeconomic
status.

1.2.2. The prospective association between weekly working hours and incidence of antihypertensive drug usage is independent of sex.

1.2.3. The prospective association between weekly working hours and incidence of antihypertensive drug usage is independent of nighttime work.

1.2.4. The incidence of antihypertensive drug usage is prospectively independent of weekly working hours when we disregard interaction effects.

2. The incidence of antihypertensive drug usage and the incidence of hospital treatment or death due to IHD among full-time employees in Denmark
is prospectively independent of nighttime work, as well as interaction between nighttime work and each of the variables socioeconomic status and
sex.

2.1. The incidence of hospital treatment or death due to IHD is prospectively independent of nighttime work, as well as interaction between nighttime
work and each of the variables socioeconomic status and sex.

2.1.1. The prospective association between nighttime work and incidence of hospital treatment or death due to IHD is independent of socioeconomic
status.

2.1.2. The prospective association between nighttime work and incidence of hospital treatment or death due to IHD is independent of sex.

2.1.3. The incidence of hospital treatment or death due to IHD is prospectively independent of nighttime work when we disregard interaction effects.

2.2. The incidence of antihypertensive drug usage is prospectively independent of nighttime work, as well as interaction between nighttime work and
each of the variables socioeconomic status and sex.

2.2.1. The prospective association between nighttime work and incidence of antihypertensive drug usage is independent of socioeconomic status.

2.2.2. The prospective association between nighttime work and incidence of antihypertensive drug usage is independent of sex.

2.2.3. The incidence of antihypertensive drug usage is prospectively independent of nighttime work when we disregard interaction effects.

We will set the overall significance level for the effect of weekly
working hours at .05 and we will set the overall significance
level for the effect of nighttime work at .05. We will solve the
multiple testing problems by the following strategy:

• A null hypothesis at the first level will be rejected if either
of its two second-level null hypotheses is rejected.

• A null hypothesis at the second level will be rejected if the
P value of its statistical test is ≤.025.

• A null hypothesis at the third level will be rejected if (1)
its associated second-level null hypothesis is rejected and
(2) the P value of its statistical test is ≤.025.

Hospital treatment or death due to IHD is the primary outcome
of the study, and a statically significant association with this
outcome would afford direct statistical evidence of an
association with IHD.

Hypertension plays an important role in the etiology of IHD
[22], and relative rates of antihypertensive drug usage have been

shown to be highly correlated with relative rates of IHD among
occupational groups in Denmark [23,24]. We will therefore
regard results obtained for antihypertensive drug usage as
indirect statistical evidence of an association with IHD if they
are statistically significant and show a similar pattern to the
results obtained for hospital treatment or death due to IHD.

Methods

Ethics Approval
The study will comply with The Act on Processing of Personal
Data, Denmark (Act No. 429 of May 31, 2000), which
implements the European Union (EU) Directive 95/46/EC on
the protection of individuals. The data usage is approved by the
Danish Data Protection Agency, file number 2001-54-0180.
The ethical aspect of the project was examined and approved
by Statistics Denmark, account number 704291.
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Data Material
The data base of the project will consist of interview data from
the Danish Labour Force Survey 1999–2013, which are linked
to data from the central person register [25], the employment
classification module [26], the national patient register [27], the
cause of death register [28], and the national prescription register
[29]. The linkage will be based on the participants’ personal
identification numbers.

The Danish Labour Force Survey has been conducted since
1994, in accordance with EU directives, which apply to all
member states of the EU. It is based on random samples of 15-
to 74-year-old people in the Danish population. The samples
are drawn quarterly and the participants are invited to be
interviewed 4 times over a period of one and a half years. The
structured interviews, which are done by telephone, cover
various aspects of labor market participation, including
specifications on working hours and work schedules [30]. The
response rate is currently 65% [30].

The central person register contains information on sex,
addresses, and dates of birth, death, and migrations for every
person who is or has been an inhabitant of Denmark sometime
between 1968 and the present. A person’s socioeconomic status
(SES), occupation, and industry have been registered annually
in the employment classification module since 1975. The
national hospital register has existed since 1977 and contains
data from all public hospitals in Denmark (>99% of all
admissions). From 1977 to 1994, the register only included
inpatients, but from 1995 it has also covered outpatients and
emergency ward visits. Since 1994, the diagnoses have been
coded according to International Classification of Diseases,
Tenth Revision (ICD-10) [31]. The national prescription register
covers all redeemed prescriptions at pharmacies in Denmark
since 1995, and the products are coded in accordance with the
Anatomical Therapeutic Chemical Classification System (ATC).

Exposure Variables
The labor force surveys gather person-based information on
weekly working hours, calculated by adding the hours worked
in secondary jobs to the ones worked in a primary job. The
participants are asked first how many hours they usually work
and then how many hours they worked during the reference
week (a predetermined work week, which occurred 1–4 weeks
prior to the interview). They are also asked whether and to what
extent they work at night. The questions used to gather this
information have changed slightly with time. Before 2001, there
was no mention of whether meal breaks should be counted as
working hours. During 2001–2006, all participants were
instructed to exclude meal breaks when they counted their work
hours. As of 2007, the time used for meal breaks is to be counted
if the person was paid while eating and is to be excluded
otherwise. Another peculiarity that was introduced in 2007 is
that the participants are asked whether the weekly working hours
vary a lot or there are other reasons that make it difficult to
provide a meaningful estimate of usual weekly working hours.
If they answer “yes" to any of these questions, then “average
working hours" is to be used as a proxy for “usual working
hours."

Before 2001, the participants were simply asked whether they
worked at night, but from 2001 onward the question has been
whether they worked at night during the last 4 weeks. Until
2006 the response categories were “yes, regularly," “yes,
occasionally," and “no, never". From 2007 onward the response
categories were expanded to “yes, regularly" (ie, more than half
of the working days in the last 4 weeks), “yes occasionally" (ie,
at least once within the last 4 weeks, but less than half of the
working days), and “no, not within the last 4 weeks."

We will disregard the changes in the data collection routines in
the primary analyses of this project. We will define the exposure
variables as follows.

Weekly Working Hours
In keeping with Kleppa et al [32] and Hannerz and Albertsen
[33], we will treat working hours as a categorical variable, with
32–40 hours representing normal weekly working hours, 41–48
hours representing overtime work that lies within the limits of
the European working time directive, and 49–100 hours
representing overtime work beyond the threshold of the
directive. We will base the categorization on the person’s usual
working hours.

Nighttime Work
Participants who responded with either “yes, regularly" or “yes,
occasionally" to the question about nighttime work will be
defined as being exposed and those who responded with “no..."
will be defined as being unexposed to nighttime work.

Clinical End Points
The primary end point is hospital treatment or death, with IHD
as the principal diagnosis or cause of death, respectively. The
case definition includes the following ICD-10 codes: I20 angina
pectoris, I21 acute myocardial infarction, I22 subsequent
myocardial infarction, I23 certain current complications
following acute myocardial infarction, I24 other acute IHDs,
I25 chronic IHD. The secondary end point is redemption of a
prescription for antihypertensive drugs. The following ATC
codes are included: C02 antihypertensives, C03 diuretics, C07
alpha- and beta-blockers, C08 calcium channel blockers, and
C09 angiotensin-converting enzyme inhibitors and angiotensin-II
antagonists.

Follow-Up and Inclusion Criteria
The participants will be followed from the beginning of the
calendar year that succeeds that of their baseline interview. The
follow-up will end at the time the participant is diagnosed with
IHD, emigrates, or dies, or the end of the study period
(December 31, 2014), whichever comes first. To be eligible for
inclusion, they should be between 21 and 59 years old at the
start of the follow-up period and employed with ≥32 weekly
working hours at the time of the interview. People who received
hospital treatment for IHD during the calendar year of the
interview will be excluded from the IHD analysis. People who
redeemed a prescription for antihypertensive drugs during the
calendar year of the interview will be excluded from the
antihypertensive drug analysis.
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Primary Analysis
We will use Poisson regression to analyze incidence rates of
hospital treatment or death due to IHD as a function of weekly
working hours (32–40, 41–48, or >48 hours/week), nighttime
work (yes vs no), sex, age (10-year classes), calendar time
(2000–2004, 2005–2009, or 2010–2014), time passed since start
of follow-up (0–4, 5–9, or ≥10 years), employment in the health
care industry (yes vs no), and SES (low, medium, high, or
unknown). Age, calendar time, and time passed since start of
follow-up will be treated as dynamic (time-varying) variables.
The remaining variables will be fixed at baseline (the calendar
year of the interview). The logarithm of person-years at risk
will be used as offset. People who participated in more than one
interview will be classified in accordance with the responses
given in their first interview. Later interviews will be
disregarded.

We will retrieve information on occupation and industry from
the employment classification module, and refer it to the status

during the calendar year of the baseline interview. Industries
were coded in accordance with the Statistics Denmark
classification DB93 [34] in 1999–2002, DB03 [35] in
2002–2007, and DB07 [36] in the calendar years 2008–2013.
Occupations were coded in accordance with DISCO-88 (the
Danish version of the International Standard Classification of
Occupations, ISCO-88) [37] in the calendar years 1999–2009
and DISCO-08 (the Danish version of ISCO-08) [38] in the
calendar years 2010–2013.

We will code the variable “employment in the health care
industry" as “yes" if the 3-digit industrial code of DB93 or DB03
equals 851 or the 2-digit code of DB07 equals 86.

We will base SES on the participant’s occupation and will code
it as “high," “medium," or “low" in accordance with the 3-class
version of the European Socio-economic Classification (ESeC).
The coding will be performed in accordance with the SAS (SAS
Institute) programming statements shown in Textbox 2.

Textbox 2. SAS programming statements for occupations coded according to the Danish version of the International Standard Classification of
Occupations (DISCO-88) and socioeconomic class (SES) coded according to the European Socio-economic Classification (ESeC).

/* SES classification (ESeC three class version) of employees by use of DISCO-88 */

if '1' le substr(DISCO_88, 1, 1) le '2' then SES = "High";

if '3' le substr(DISCO_88, 1, 1) le '4' then SES = "Medium";

if '5' le substr(DISCO_88, 1, 1) le '9' then SES = "Low";

if '31' le substr(DISCO_88, 1, 2) le '32' or substr(DISCO_88, 1, 3) in ('334', '342', '344', '345', '348', '521') then SES = "High";

if substr(DISCO_88, 1, 3) = '731' then SES = "Medium";

if substr(DISCO_88, 1, 3) in ('413', '414', '421', '422') then SES = "Low";

/* SES classification (ESeC three class version) of employees by use of DISCO-08 */

if '1' le substr(DISCO_08, 1, 1) le '2' then SES = "High";

if '3' le substr(DISCO_08, 1, 1) le '4' then SES = "Medium";

if '5' le substr(DISCO_08, 1, 1) le '9' then SES = "Low";

if substr(DISCO_08, 1, 3) in ('311', '312', '314', '315', '321', '322' '323') then SES = "High";

if substr(DISCO_08, 1, 3) in ('224', '742') then SES = "Medium";

if substr(DISCO_08, 1, 2) = '42' or substr(DISCO_08, 1, 3) = '432' then SES = "Low";

Statistical Models and Tests to Analyze Effects of Weekly
Working Hours
The full model will include the following covariates: calendar
time, time passed since start of follow-up, employment in the
health care industry, age, sex, SES, nighttime work, working
hours, working hours × sex, working hours × SES, and working
hours × nighttime work. We will use the parameter estimates

obtained with the full model to calculate RRs for incident use
of antihypertensive drugs and for hospitalization or death due
to IHD as a function of weekly working hours, by sex, SES,
and nighttime work. We will consider the following contrasts:
41–48 versus 32–40 working hours/week, and >48 versus 32–40
working hours/week. The results will be presented as outlined
in Table 1.
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Table 1. Dummy table for reporting the RRa with 95% CI for incident use of antihypertensive drugs and hospitalization or death due to IHDb as a
function of weekly working hours among Danish employees during 2000–2014, stratified by sex, socioeconomic status, and night shift status.

Hospitalization or death due to IHDAntihypertensive drugsWeekly working
hours

Worker subgroups

95% CIRRCases95% CIRRCases

Sex

>48Male

41–48

–1.00–1.0032–40

>48Female

41–48

–1.00–1.0032–40

Socioeconomic status

>48Low

41–48

–1.00–1.0032–40

>48Medium

41–48

–1.00–1.0032–40

>48High

41–48

–1.00–1.0032–40

>48Unknown

41–48

–1.00–1.0032–40

Nighttime work

>48Yes

41–48

–1.00–1.0032–40

>48No

41–48

–1.00–1.0032–40

aRR: rate ratio.
bIHD: ischemic heart disease.

We will test hypotheses 1.1 and 1.2 by use of likelihood ratios
comparing the full model with a model containing only the
following covariates: calendar time, time passed since start of
follow-up, employment in the health care industry, age, sex,
SES, and nighttime work.

We will test hypotheses 1.1.1 and 1.2.1 by use of likelihood
ratios comparing the full model with a model containing only
the following covariates: calendar time, time passed since start
of follow-up, employment in the health care industry, age, sex,
SES, nighttime work, working hours, working hours × sex, and
working hours × nighttime work.

We will test hypotheses 1.1.2 and 1.2.2 by use of likelihood
ratios comparing the full model with a model containing only
the following covariates: calendar time, time passed since start

of follow-up, employment in the health care industry, age, sex,
SES, nighttime work, working hours, working hours × SES,
and working hours × nighttime work.

We will test hypotheses 1.1.3 and 1.2.3 by use of likelihood
ratios comparing the full model with a model containing only
the following covariates: calendar time, time passed since start
of follow-up, employment in the health care industry, age, sex,
SES, nighttime work, working hours, working hours × sex, and
working hours × SES.

We will test hypotheses 1.1.4 and 1.2.4 by use of likelihood
ratios comparing a model containing only the covariates calendar
time, time passed since start of follow-up, employment in the
health care industry, age, sex, SES, nighttime work, and working
hours with a model containing only the covariates calendar time,
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time passed since start of follow-up, employment in the health
care industry, age, sex, SES, and nighttime work.

Statistical Models and Tests to Analyze Effects of
Nighttime Work
The full model will include the following covariates: calendar
time, time passed since start of follow-up, employment in the

health care industry, age, sex, SES, working hours, nighttime
work, nighttime work × sex, and nighttime work × SES. We
will use the parameter estimates obtained with the full model
to calculate RRs for incident use of antihypertensive drugs and
hospitalization or death due to IHD as a function of nighttime
work, by sex and SES. The results will be presented as outlined
in Table 2.

Table 2. Dummy table for reporting the RRa with 95% CI for incident use of antihypertensive drugs and hospitalization or death due to IHDb as a
function of nighttime work among Danish employees during 2000–2014, stratified by sex and socioeconomic status.

Hospitalization or death due to IHDAntihypertensive drugsNighttime workWorker subgroups

95% CIRRCases95% CIRRCases

Sex

YesMale

–1.00–1.00No

YesFemale

–1.00–1.00No

Socioeconomic status

YesLow

–1.00–1.00No

YesMedium

–1.00–1.00No

YesHigh

–1.00–1.00No

YesUnknown

–1.00–1.00No

aRR: rate ratio.
bIHD: ischemic heart disease.

We will test hypotheses 2.1 and 2.2 by use of likelihood ratios
comparing the full model with a model containing only the
following covariates: calendar time, time passed since start of
follow-up, employment in the health care industry, age, sex,
SES, and working hours.

We will test hypotheses 2.1.1 and 2.2.1 by use of likelihood
ratios comparing the full model with a model containing only
the following covariates: calendar time, time passed since start
of follow-up, employment in the health care industry, age, sex,
SES, nighttime work, working hours, and working hours × sex.

We will test hypotheses 2.1.2 and 2.2.2 by use of likelihood
ratios comparing the full model with a model containing only
the following covariates: calendar time, time passed since start
of follow-up, employment in the health care industry, age, sex,
SES, nighttime work, working hours, and working hours × SES.

We will test hypotheses 2.1.3 and 2.2.3 by use of likelihood
ratios comparing a model containing the covariates calendar
time, time passed since start of follow-up, employment in the
health care industry, age, sex, SES, nighttime work, and working

hours with a model containing only the covariates calendar time,
time passed since start of follow-up, employment in the health
care industry, age, sex, SES, and working hours.

Power Calculations
To estimate the statistical power of the hypothesis tests, we first
needed to estimate the expected number of cases in the various
exposure categories.

To obtain such estimates, we followed the entire population of
21- to 59-year-old employees in Denmark from January 1, 2000
and onward in the same registers that we will use to follow up
the samples of this project. While discounting prevalent cases
(those who had experienced the clinical end point of the study
during the calendar year 1999), we noted all new cases that
occurred and tabulated those against the time that had passed
since the start of the follow-up. Table 3 gives the results, where
the values for the first 13 years of IHD cases and the first 12
years of antihypertensive drug cases are based on actual data,
whereas we extrapolated the values for the remaining years by
use of a second-degree Taylor polynomial.
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Table 3. Cumulative percentage of new cases among employees in Denmark aged 21–59 years at baseline, as a function of time passed since start of
follow-up (January 1, 2000).

Antihypertensive drugsHospitalization or death due to IHDaYears of follow-up

WomenMenWomenMen

2.381.410.140.341

4.632.890.260.652

6.764.440.410.983

8.986.150.551.324

11.238.070.701.675

13.3810.010.862.036

15.6212.141.042.397

17.8914.371.222.768

20.0516.551.413.149

22.0218.631.633.5310

23.9220.701.883.9811

25.7522.692.134.4212

27.5424.642.364.8313

29.3226.562.585.2114

31.0928.482.805.5815

aIHD: ischemic heart disease.

Since the sample of participants who were interviewed in
calendar year n will be followed for 2014– n years, the expected
percentages of new cases in that sample can be found in the row
headed by 2014– n years of follow-up, and so forth.

By relating the frequency distribution of the participants
stratified by calendar year of interview, sex, and exposure
category to the percentages given in Table 3, we finally obtained
the expected numbers of cases that were needed to calculate the
power (see Table 4).

Table 4. Expected number of new cases under the null hypothesis.

Expected no. of antihypertensive drug casesExpected no. of IHDa casesNo. of participantsLevelType of exposure

292443920,337YesNight shifts

21,0682786137,521No

13042109734>48Weekly working hours

208229715,87241–48

20,6062718132,25232–40

aIHD: ischemic heart disease.

Since our hypotheses will be evaluated by use of chi-square
distributed likelihood ratio tests, we have chosen to depict the
statistical power as a function of Cohen w, which is an effect
size defined by equation (1) (Figure 1). Cohen classified w=0.1
as a small effect, w=0.3 as a medium effect and w=0.5 as a large
effect [39].

Figure 2 shows the statistical power of hypotheses 1.1 and 1.2.
Figure 3 shows the power of hypotheses 2.1 and 2.2. The
calculations are based on the total number of expected cases
and the noncentral chi-square distribution with 12 degrees of
freedom for the effects of long working hours (hypotheses 1.1
and 1.2) and 5 degrees for the effects of nighttime work
(hypotheses 2.1 and 2.2).
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Figure 1. Equation (1): calculation of Cohen effect size w, where p0 i and p1 i are the expected proportions of cases that fall into exposure category i

under the null hypothesis and the alternative hypotheses. Equation (2): calculation of expected rate ratio, E[RR], where RR1 is the rate ratio for ischemic

heart disease (IHD) among employees in the body mass index (BMI) category 25≤BMI<30 versus BMI<25 kg/m2, RR2 is the rate ratio for IHD among

employees in the category BMI≥30 versus BMI<25 kg/m2, and RR3 is the rate ratio for IHD among smoking versus nonsmoking employees. The

parameters p1 and q1 are the proportions of employees who belong to the category 25≤BMI<30 kg/m2, p2 and q2 are the proportions of employees who

belong to the category BMI≥30 kg/m2, and p3 and q3 are the proportions of smokers among employees with and without nighttime work.

Figure 2. Power to detect that the examined incidences depend on weekly working hours either as a general effect or as an effect of interaction with
sex, socioeconomic status, or nighttime work, as a function of Cohen w. IHD: ischemic heart disease.
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Figure 3. Power to detect that the examined incidences depend on nighttime work either as a general effect or as an effect of interaction with sex or
socioeconomic status, as a function of Cohen w. IHD: ischemic heart disease.

Sensitivity Analysis 1
Since the questions used to obtain information about nighttime
work and weekly working hours were revised in 2001 and then
again in 2007, we will perform a sensitivity analysis with the
results stratified by calendar period of interview (1999–2000,
2001–2006, and 2007–2013). The end point, covariates, and
statistical model of the sensitivity analysis will be the same as
the ones used to test hypotheses 1.1.4 and 2.1.3.

Sensitivity Analysis 2
To ascertain that an observed instance of hospital treatment
during the follow-up is a new episode rather than a revisit in a
course of treatment that was initiated before baseline, the
primary analysis will exclude all workers who were treated for
IHD sometime during the calendar year preceding baseline. It
will, however, not exclude all former cases of IHD, and it is
possible that the estimates of the primary analysis will be
affected by nonexcluded workers who were treated for IHD
more than 1 year earlier than baseline. We will address this
issue with a sensitivity analysis, which will exclude all workers
who received hospital treatment for IHD one or more times
during a 5-year period prior to baseline. The analysis will
include only those who were at least 20 years old and lived in

Denmark throughout the 5-year period of interest. In all other
respects, the design will be the same as the one used to test
hypotheses 1.1.4 and 2.1.3.

Sensitivity Analysis 3
The actual working hours, that is, the hours worked during the
reference week, constitute a well-defined quantity with minimal
recall bias. The usual working hours are less well defined, and
the way they are understood and remembered might vary
between individuals. In spite of this drawback, we chose to base
our analysis on the workers’ usual rather than their actual
working hours. We did so because some of the participants, by
chance, would have worked less than usual during the reference
week due to, for example, holidays, vacation, or sickness
absence, while others would have worked more than usual due
to, for example, a deadline or a temporary staff shortage. Since
the usual working hours might be associated with recall bias,
we will perform a sensitivity analysis in which we include only
participants who belong to the same category according to their
actual working hours as they do according to their usual working
hours. In all other respects, the design will be the same as the
one used to test hypotheses 1.1.4 and 2.1.3. Table 5 gives a
-tabulation of the actual and usual working hours.

Table 5. Number of economically active 21- to 59-year-old participants, stratified by combinations of actual and usual weekly working hours.

Usual weekly working hoursActual weekly working hours

Total>4841–4832–400–31

278191656187Missing

68,2751545288832,74831,0940–31

88,934788276282,781260332–40

20,562869825010,98146241–48

14,568651319565686413>48

192,617973415,872132,25234,759Total
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Statistics on Smoking, Overweight, and Obesity
It is recognized that the risk of IHD depends on a person’s body
mass index (BMI) and smoking habits. Among Danish
employees, the RR for IHD has been estimated at 1.54 for
current versus never smokers [40], at 1.41 for 25≤BMI<30
versus BMI<25, and at 2.69 for BMI≥30 versus BMI<25

kg/m2[41].

Unfortunately, the Danish Labour Force Survey does not contain
any information about the worker’s weight and smoking habits,

which makes us unable to control for these factors in our
analyses. We therefore wanted to know in what direction and
to what extent we can expect the estimates of the project to be
influenced by differences in smoking habits and BMI. To shed
some light on this issue, we compiled some descriptive statistics
on the prevalence of smoking and high BMI in relation to long
working hours and nighttime work among a random sample of
employees in Denmark (Table 6,Table 7). The sample was
drawn in 2010 and the data were collected by use of a mailed
questionnaire. The response rate was 48% [42].

Table 6. Crude percentages of current smokers, persons with moderate overweight (25≤BMIa<30 kg/m2), and persons with obesity (BMI≥30 kg/m2),
by working time arrangement, in a random sample of 20- to 59-year-old employees in Denmark, 2010.

BMI≥3025≤BMI<30Current smokerWorking time arrangements

% (n/N)% (n/N)% (n/N)

12.9 (695/5383)33.8 (1821/5383)22.4 (1205/5383)32–40 working hours/week

12.8 (157/1231)36.1 (445/1231)20.7 (255/1231)41–48 working hours/week

12.1 (81/671)39.6 (266/671)21.0 (141/671)>48 working hours/week

12.7 (858/6766)34.5 (2335/6766)21.7 (1465/6766)Without nighttime work

14.5 (75/519)38.0 (197/519)26.2 (136/519)With nighttime work

aBMI: body mass index.

Table 7. Age (10-year classes) and sex standardized percentages of current smokers, persons with moderate overweight (25≤BMIa<30 kg/m2), and

persons with obesity (BMI≥30 kg/m2), by working time arrangement, in a random sample of 20- to 59-year-old employees in Denmark, 2010.

BMI≥3025≤BMI<30Current smokerWorking time arrangement

95% CI%95% CI%95% CI%

12.1–13.912.933.4–35.934.721.5–23.722.632–40 working hours/week

10.7–14.512.532.2–37.534.818.8–23.521.041–48 working hours/week

8.5–13.710.831.6–39.535.318.0–25.221.3>48 working hours/week

11.9–13.512.733.4–35.634.520.7–22.621.6Without nighttime work

12.5–19.015.434.5–42.838.422.3–30.025.8With nighttime work

aBMI: body mass index.

Table 7 suggests that the prevalence of smoking, overweight,
and obesity tend to be higher among employees who work at
night than among those who don’t. To get an idea of the extent
to which such differences may influence the RR of IHD between
employees with and without nighttime work, we calculated an
expected rate ratio, E[RR], under the assumption that the groups
are equal in all respects other than the smoking and BMI
distributions, using equation (2) (Figure 1).

Our calculations imply that a failure to control for smoking,
overweight, and obesity (in a study population in which the
prevalences are equal to those given in Table 7) would increase
E[RR] of IHD between employees with and without nighttime
work by a factor of 1.07.

Results

We expect results to be ready in mid-2017.

Discussion

This study protocol provides a detailed description of the
hypotheses, inclusion criteria, significance levels, and statistical
models of a project designed to estimate prospective associations
between different types of work time arrangements and IHD in
the general working population of Denmark.

Statistics Denmark randomly sampled the participants in the
study from the target population and we have strengthened the
prospective design by the strategy to exclude prevalent cases.

For nighttime work and long working hours, the statistical power
is sufficient (compare [43]), and the nested hypothesis testing
ensures that the probability that statistically significant findings
will arise by chance alone is <5%.

Since the design of the project is being peer reviewed and
published before the exposure data are linked to health data, we
have eliminated hindsight and within-study selection bias. We
have also eliminated bias from missing follow-up data, since
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the clinical end points are ascertained through registers that
cover the entire target population.

It has previously been shown that the incidence of IHD is highly
dependent on age [44], sex [44], and SES [23,45,46] It has,
moreover, been suggested that employment in the health care
sector is associated with referral and prescription bias [23,47,48]
Our statistical models will mitigate the bias from these factors,
by incorporating them as control variables. We can, however,
not rule out the possibility of bias due to factors that we cannot
control for. For example, the EU Working Time Directive
stipulates that night workers are entitled to a free health
assessment, prior to their assignment and at regular intervals
thereafter, and such a stipulation might be associated with
detection bias [49].

Another drawback is that the definition of “night worker" that
we use in this project differs from the legal definition that is
used in the EU Working Time Directive. According to the
Danish implementation of the directive, “nighttime" means any
period of at least 7 hours, which includes the period between

midnight and 5:00 AM, while “night worker" means “any
worker, who, during nighttime, work at least three hours of his
daily working time as a normal course" or “any worker who is
likely to work at nighttime at least 300 hours during a period
of twelve months" [50]. In contrast, our project classifies a
participant as a night worker if she or he worked at night either
regularly or occasionally during the 4-week period preceding
the interview. Prior to 2007, the questionnaire did not specify
how to interpret the response categories, but from 2007,
“regularly" meant “more than half of the working days in the
last 4 weeks," while “occasionally" meant “at least once within
the last 4 weeks, but less than half of the working days." Hence,
some of the night workers in this project would probably not
qualify as night workers in a strictly legal sense.

In conclusion, this is an observational study, which cannot be
used to confirm etiological hypotheses. It may, however, confirm
that long working hours or nighttime work, or both, are
predictors for IHD and thereby lend support to the hypothesis
of a causal relationship.
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Abstract

Background: The treatment of ulcerative colitis (UC) patients with moderate to severe inflammatory activity with anti-tumor
necrosis factor alpha (TNFα) antibodies leads to a clinical remission rate of 10% after 8 weeks of therapy. However, it must be
taken into account that patient selection in clinical trials clearly influences both response and remission rates. An unsatisfactory
response to anti-TNFα medication after week 12 often leads to a discontinuation of treatment. The early prediction of clinical
response could therefore help optimize therapy and potentially avoid ineffective treatments.

Objective: The aim of this study is to develop an algorithm for optimizing golimumab administration in patients with moderate
to severe UC by calculating the probability of clinical response in Week 26 based on data from Week 6.

Methods: The study is designed as a prospective, single-arm, multicenter, non-interventional observational study with no interim
analyses and a sample size of 58 evaluable patients. The primary outcome is the prediction of clinical response in Week 26 based
on a 50% reduction in fecal calprotectin and a positive golimumab trough level in Week 6.

Results: Enrollment started in October 2014 and was still open at the date of submission. The study is expected to finish in
December 2016.

Conclusions: The early identification of patients who are responding to an anti-TNFα antibody is therapeutically beneficial.
At the same time, patients who are not responding can be identified earlier. The development of a therapeutic algorithm for
identifying patients as responders or non-responders can thus help prescribing physicians to both avoid ineffective treatments
and adjust dosages when necessary. This in turn promotes a higher degree of treatment tolerance and patient safety in the case
of anti-TNFα antibody administration.

ClinicalTrial: German Clinical Trials Register, Deutsches Register Klinischer Studien DRKS00005940;
https://drks-neu.uniklinik-freiburg.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00005940 (Archived
by WebCite at http://www.webcitation.org/6i4Xoo1sH)

(JMIR Res Protoc 2016;5(2):e124)   doi:10.2196/resprot.5791
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Introduction

Background
The treatment of ulcerative colitis (UC) patients with moderate
to severe inflammatory activity with anti-tumor necrosis factor
alpha (TNFα) antibodies leads to a clinical remission rate of
10% (ULTRA1 study, 80/40 mg adalimumab) [1] to 39% (ACT1
study, infliximab 5 mg/kg body weight [2] and SUCCESS study
[3]) after 8 weeks of therapy. However, it must be taken into
account that patient selection in clinical trials clearly influences
both response and remission rates. In addition, the results of
these studies are not consistent with those of observational trials
with a high degree of target population representativeness.
International guidelines therefore recommend that the success
of an anti-TNFα therapy beyond the 12-week mark must be
predicted as soon as possible in order to adjust or discontinue
treatment depending on the clinical situation [1,4-6]. An
unsatisfactory response to anti-TNFα medication after Week
12 often leads to a discontinuation of treatment. The early
prediction of clinical response could therefore help to optimize
therapy and potentially avoid ineffective treatments [7].

In this regard, the PURSUIT study showed that the
administration of the new human anti-TNFα immunoglobulin
G1 monoclonal antibody golimumab to subjects with moderately
to severely active UC induced clinical response in Week 6 after
two injections (Weeks 0 and 2) in 51.0-54.9% of patients in a
randomized clinical trial, whereas placebo response was 30.3%
(P<.001) [8].

After 6 weeks, responders in the golimumab group were
randomized again to receive either placebo or 50 or 100 mg
golimumab doses every 4 weeks for a further 54 weeks. The
analysis of clinical response in this trial showed a statistically
significant response for golimumab 50 mg versus placebo
(P<.001) after 54 weeks (47.0% and 31.2% respectively) [9].

Study Objective
This early Monitoring of Response (MORE) study
(DRKS00005940) seeks to achieve a more thorough
understanding of therapeutic development in patients with
moderate to severe ulcerative colitis receiving regular doses of
golimumab. The aim is to develop an algorithm for optimizing
golimumab administration in patients with moderate to severe
ulcerative colitis by calculating the probability of clinical
response in Week 26 based on data from Week 6.

Methods

Trial Design
The study is carried out in conformity with the German
Medicinal Products Act (Arzneimittelgesetz, AMG) and is a
non-interventional study in accordance with the Medicinal
Products Act (§ 4 section 23 p. 3 AMG). The study is designed
as a prospective, single-arm, multicenter, non-interventional
observational study with no interim analyses and a sample size
of 58 evaluable patients, for which 61 patients must be recruited.

Outcomes

Primary
The primary outcome is the prediction of clinical response in
Week 26 based on a 50% reduction in fecal calprotectin and a
positive golimumab trough level of >2.5 μg/ml in Week 6.

Our definition of a clinical response is a reduction in the partial
Mayo score by 2 points between baseline and Week 6, or a
partial Mayo score of ≤1 in Week 6.

Secondary
In addition to the primary study goal, the following secondary
outcomes are analyzed:

1. At which point in time is a 50% reduction in fecal calprotectin
a reliable predictor of response?

2. How strong is the correlation between antibody towards
golimumab (ATG) level and fecal calprotectin level?

3. How strong is the correlation between ATG and the partial
Mayo score?

4. How strong is the correlation between golimumab trough
level and fecal calprotectin?

5. How strong is the correlation between golimumab trough
level and the partial Mayo score?

6. Do the following parameters exert any influence on clinical
response?

      a) C-reactive protein (CRP)

      b) white blood cells (WBC) count

      c) hemoglobin

      d) platelet count

      e) ferritin

7. Frequency of adverse reactions

Statistics

Analysis
Our aim is to study the detection of a positive trough level of
golimumab of >2.5 μg/ml and a significant reduction in fecal
calprotectin of 50% from baseline in Week 6 as a reliable
predictor for clinical response in Week 26 during long-term
treatment with golimumab. In this connection, a level between
2.5 μg/ml and 4.3 μg/ml is regarded as being associated with a
therapeutic effect of golimumab [8,9].

Statistical analysis is mainly carried out with descriptive
methods such as frequency tables, and statistical parameters
such as mean, standard deviation, and quantiles. Bar graphs are
used for qualitative data and box-and-whisker plots for
quantitative data. In addition, inferential statistical analysis is
carried out with relevant significance tests and confidence
intervals. Missing data are not imputed.

In order to evaluate the primary outcome, the test problem
presented in the section on statistical hypotheses is formulated
and solved. The test is carried out with a power of 80% and a
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two-tailed significance level of alpha=.05. Analysis is carried
out with a logistic regression model based on the percentage
change of fecal calprotectin and golimumab trough levels. In
addition, secondary parameters (eg, ATGs, CRP, WBC) are
also analyzed to identify further correlations between the data
of Week 6 and therapy outcome in Week 26. The aim is to
identify further constraints to the statistical model in order to
take into account all relevant parameters in the final version of
the algorithm. Secondary outcomes are assessed in an
explorative way, that is, no pre-formulated hypotheses are tested.
The P values obtained are thus interpreted according to Fisher’s
method: a P value is considered a metric value, and the smaller
the P value, the larger the significance of the corresponding
effect. No interim analyses are planned. Data analysis is carried
out only once, at the end of the study.

Hypotheses
The following two-tailed test problem is used for the primary
outcome:

Hypothesis 0: beta1=0 versus Hypothesis 1: beta1≠0, where
beta1 is the coefficient of the logistic regression model, and

null hypothesis: H0. There is no correlation between a
significant reduction in fecal calprotectin of 50% from baseline
in Week 6 and clinical response to therapy with golimumab in
Week 26.

Therefore, our research hypothesis, H1, is that there is a
correlation between a significant reduction in fecal calprotectin
of 50% from baseline in Week 6 and clinical response to therapy
with golimumab in Week 26.

Sample Size

Rationale
Sample size is planned based on data from studies researching
a correlation between fecal calprotectin and response to an
anti-TNFα therapy.

De Vos et al [10] describe response rates as: “After 10 weeks
anti-TNFα therapy induced endoscopic remission in 63%
(confidence interval: 47–78%) of patients”. Molander et al [11]
describe the correlation between the predictive quality of fecal
calprotectin and the remission rate. The results are displayed in
Table 1.

Table 1. Cross classification of fecal calprotectin predictive quality and remission.

TotalFecal calprotectin decline

NoYes

Remission

33330Yes

27216No

602436Total

Based on these results, the odds ratio (OR) is calculated as OR (30*21) / (6*3)=35. It should be noted that for the above study the cut-off point for fecal
calprotectin decline was a reduction of >75% from baseline. Lower cut-off points, for example, a 50% reduction, would lead to smaller OR, as the
number of patients with neither decline nor response is described as being almost constant in the above-mentioned literature: “Absence of decrease in
calprotectin levels at week 6 identified patients resistant to the treatment” [11]. It is therefore assumed for sample size calculation that 80% of the patients
will have a “fecal calprotectin decline.” Table 2 summarizes the scenarios that have been taken into consideration.

Table 2. Sample size rationale: Response rates and their effect on resulting OR for 9 different scenarios.

ORResponse rate (%)Scenario

10401

20402

30403

10504

20505

30506

10607

20608

30609

Calculation
Sample size calculation is carried out with the statistical analysis
software SAS. Table 3 shows the required number of evaluable

patients for each scenario. It is expected that 5% of the
intention-to-treat principle population will be excluded. Sample
size is inversely proportional to the OR and the response rate.
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Table 3. Sample size calculation: Number of evaluable subject and total number of subjects considering dropouts for 9 different scenarios.

Subjects including potential dropouts,

total n

Evaluable subjects, nORResponse rate, %Scenario

615810401

424020402

363430403

535010504

363420505

312930506

484510607

333120608

282630609

To prevent study failure due to an underpowered study, a worst
case scenario with a response rate of 40% and an OR of 10 is
used as a basis for sample size. A total of 58 evaluable subjects
are therefore necessary for the trial, thus 61 patients must be
recruited.

Study Population
The evaluation of primary and secondary outcomes is carried
out according to the intention-to-treat principle. The
corresponding population comprises all patients included in the
study regardless of possible protocol violations (eg, dropouts).
In addition to intention-to-treat analysis, sensitivity analysis
according to the per-protocol principle is carried out. Relevant
protocol violations leading to exclusion from the per-protocol
group are defined in the statistical analysis plan.

Selection of Study Centers
All study centers are part of the German Inflammatory Bowel
Disease (IBD) Study Group and are chosen according to their
main area of focus and their experience in the treatment of UC.
By signing the investigator agreement, each study center selected
confirms its fulfilment of all formal requirements for inclusion
in the study and guarantees its compliance with data privacy
laws and any other regulations pertaining to the execution of
this observational study.

Participant Criteria
The inclusion criteria for the study include (1) clinically and
endoscopically confirmed diagnosis of UC, (2)
study-independent treatment with golimumab according to
current medical practices, (3) age ≥18 years, (4) sufficient
German language communication skills, (5) ability of the patient
to understand the nature, significance, and scope of the clinical
trial and make an independent decision based on this knowledge,
and (6) elevated calprotectin levels (≥100 mg/L or ≥100 mg/kg)
within 3 weeks prior to inclusion.

Our exclusion criteria include (1) infectious colitis, (2) off-label
treatment with golimumab, or (3) treatment with golimumab
within the previous 3 months.

Study-Specific Interventions
No medical interventions are carried out in the course of the
study other than those required by standard medical procedure.
When taking routine blood samples, golimumab serum levels
and ATG levels should also be monitored if possible. Only the
natural progress of the disease in UC patients is monitored and
evaluated.

Schedule of Visits
There are no defined study visits. In the course of the study, the
only clinical and laboratory data recorded are those
corresponding to standard medical procedure. Data are recorded
in the following observational weeks: baseline, 2, 6, 14, 22, and
26. Deviations of +/- 3 days from this documentation schedule
fall within the scope of the study protocol. The period until the
next examination is subsequently shortened or lengthened
accordingly in order to compensate for deviations and maintain
the examination rhythm.

The following data are recorded at the initial screening/baseline
examination: date of consent, screening date, inclusion and
exclusion criteria, personal information (date of birth, sex,
height, weight), date of initial diagnosis, information regarding
prior anti-TNFα medication, partial Mayo score, laboratory
tests (hemoglobin, WBC, platelet, ferritin, CRP, fecal
calprotectin, and ATG), and medication (dose of golimumab,
cortisone, and azathioprine).

The following data are recorded during each subsequent
examination (week 2, 6, 14, 22, and 26) in the course of the
study: partial Mayo score, laboratory tests (hemoglobin, WBC,
platelet, ferritin, CRP, and fecal calprotectin), and medication
(dose of golimumab, cortisone, and azathioprine). In addition,
in Weeks 2 and 6, golimumab trough serum levels and ATG
are measured.

Documentation
Data are recorded using case report forms (CRF). The
investigator is responsible for the timely, correct, complete, and
legible recording of study data in the CRF and confirms
recording by signature. CRF are completed with a black
ballpoint pen. Corrections are documented as follows. The
wrong entry is crossed out with a single line, and corrections
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are entered next to the crossed-out text and verified by date and
initials, stating the reason for the change if necessary.
Instructions for use (entry and corrections) are included in each
CRF. Source data according to the ICH E6 guideline on good
clinical practice (GCP) are original documents in patient files,
as well as doctors’ letters, certified copies of original records,
and laboratory printouts. In addition, all patient questionnaires
(self-reporting) are also considered source data. Study data are
to be recorded from patient files.

Patient Identification
All patient data are pseudonymized. Each patient will be clearly
identified by a patient identification number assigned at each
study center. The investigator will keep a patient identification
list documenting the patient identification number with the
patient’s full name, date of birth, sex, and date of informed
consent.

The patient identification list is part of the investigator file and
will remain at the clinic. The patient identification number
consists of a 2-digit clinic number, a hyphen, and a running
3-digit number of recruited patients per study center.

Trial

Start of Patient Participation
Any patient with a clinically and endoscopically confirmed
diagnosis of UC and qualified for golimumab treatment
according to routine medical practice is a potential study
candidate. All potential candidates who come to the attention
of the investigator will be informed regarding the possibility of
participating in the study. Potential candidates interested in
participating in the study will be promptly informed about the
study in order to obtain their informed consent in accordance
with the section “Patient Information and Informed Consent”.

End of Patient Participation
The observation of each patient ends according to the schedule
with the last study visit. A patient’s participation in the study
will be terminated prematurely if at least one of the following
criteria is met: (1) withdrawal of informed consent, (2)
termination of golimumab treatment, (3) lack of medical
justification for further participation in the study, (4) premature
termination of the complete trial, or (5) subsequent discovery
that not all inclusion criteria are met and/or that any exclusion
criteria are met.

Trial Duration/End of Trial
The recruiting phase has a planned duration of 18 months. The
observational phase has a planned duration of 26 weeks. The
complete trial is considered to have ended after all queries from
the study coordination center have been answered by each
individual study center, but at the latest 4 months after the last
visit of the last patient.

Study centers that grossly violate the AMG, data protection
regulations, or the GCP guidelines can be excluded from the
further recruitment and observation of study patients. Premature
termination of the study as a whole will be taken into
consideration if ethical or scientific justification for the trial is
compromised or no longer valid, errors or violations

significantly compromise the scientific integrity of the data
collected for the study with regard to the study aims, or the
requirements for a successful execution of the study are no
longer fulfilled for other reasons.

The principal investigator will consult the corresponding
biometrician regarding any possible premature termination of
the trial. The minutes of the aforementioned consultation
meeting will be recorded and subjected to the approval of both
parties. Any decision regarding the premature termination of
the trial will be taken jointly by the principal investigator and
the corresponding biometrician.

Data Quality Assurance
Upon receipt at the study coordination center, CRF will be
checked for completeness and consistency (in-house review).
Queries will be generated for missing or implausible entries
and sent to the corresponding study centers. After the
clarification of implausible entries and completion of missing
data, CRF will be handed over to the corresponding data
management department for data entry.

Quality Control and Assurance
Quality control in the study is ensured by the possibility of
monitoring the study centers involved. For each monitoring
visit, a monitoring report is generated documenting the progress
of the observational study and describing any problems that
may have arisen. The exact nature and extent of the monitoring
activities are described in a separate monitoring manual. All
investigators declare their consent to regular visits of study
monitors to the study centers. In addition, they must provide
direct access to all necessary study documents, including original
patient documents relevant to the study. The principal
investigator and/or auditors designated by the principal
investigator are entitled to conduct audits at the study centers
and any other facilities participating in the study. They are
entitled to inspect and review all study-relevant documents.
This right also applies to regulatory inspectors.

Ethical and Regulatory Aspects
The study is conducted in compliance with the current version
of the Declaration of Helsinki (10/2013, Fortaleza, Brazil). This
study cannot begin before approval has been obtained from the
corresponding ethics committee. Prior to inclusion in the study,
the investigator will inform each patient about the nature,
significance, risks, and scope of the study, as well as the
patient’s right to withdraw from the study at any time without
prejudice. An informed consent form is handed to the patient
describing the study in non-scientific and generally
understandable language. Each patient must consent to study
participation in writing. The patient must be provided with
ample time to make a decision and given the opportunity to ask
any questions before the consent form is signed. In accordance
with AMG, § 40 Abs. 2a, patients are informed that the data
related to their disease will be stored with a pseudonym and
analyzed for scientific purposes. Patients must consent to the
use of their pseudonymized data in writing. Informed consent
forms are to be signed and dated by the patient and the treating
physician.
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This clinical study is carried out in conformity with the
requirements of the current German Medicinal Products Act,
as well as all applicable legal provisions regarding data
protection and the GCP guidelines. The general notification
requirement as per § 67 AMG will be complied with.

Results

Enrollment started in October 2014 and was still open at the
date of submission. The study is expected to finish in December
2016.

Discussion

Rationale for the Trial
The early identification of patients who are responding well to
an anti-TNFα-antibody is therapeutically beneficial. At the
same time, patients who are not responding can be identified
earlier. The development of a therapeutic algorithm for
identifying patients as responders or non-responders can help
prescribing physicians both to avoid ineffective treatments and
to adjust dosages when necessary. This in turn would promote
a higher degree of treatment tolerance and patient safety in the
case of anti-TNFα antibody administration.

There is a clear association between detectable trough levels of
anti-TNFα inhibitors and clinical therapeutic response. On the
other hand, the detection of anti-drug antibodies is associated
with a poor response.

Fecal calprotectin levels reflect mucosal inflammation status.
The strong correlation between high fecal calprotectin and
mucosal inflammation has been widely described. Furthermore,

it is also clear that fecal calprotectin levels decrease if there is
therapeutic response.

A regular question among IBD patients is how long they will
have to take their medication in total. Yet there is currently
insufficient data regarding optimal treatment length with TNFα
inhibitors. In view of the elevated costs and possible side effects
associated with this type of treatment, it is desirable to clearly
define a patient population for which continued therapy is
justifiable.

Justifications for Trial Design
This study is prospective, as the aim is to use the data from trial
Week 6 to calculate the probability of clinical response in Week
26. Only one study cohort is required to answer this question,
and no comparison group is necessary.

In order to achieve a higher degree of representativeness of the
results for the intended population, the trial is carried out
throughout Germany and at multiple centers specifically chosen
for this purpose. Treatment, including diagnosis and monitoring,
does not follow a predefined study protocol and is carried out
exclusively in accordance with current medical practices. The
aim of this non-interventional approach is to ensure a high
degree of representativeness of the study results for daily
medical practice.

Conclusion
This early Monitoring of Response (MORE) study aims to
achieve a more thorough understanding of therapeutic
development in patients with moderate to severe ulcerative
colitis receiving regular doses of golimumab by developing an
algorithm for optimizing golimumab administration in patients
with moderate to severe ulcerative colitis.
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Abstract

Background: Because vital details of potential pharmacokinetic drug-drug interactions are often described in free-text structured
product labels, manual curation is a necessary but expensive step in the development of electronic drug-drug interaction information
resources. The use of nonexperts to annotate potential drug-drug interaction (PDDI) mentions in drug product label annotation
may be a means of lessening the burden of manual curation.

Objective: Our goal was to explore the practicality of using nonexpert participants to annotate drug-drug interaction descriptions
from structured product labels. By presenting annotation tasks to both pharmacy experts and relatively naïve participants, we
hoped to demonstrate the feasibility of using nonexpert annotators for drug-drug information annotation. We were also interested
in exploring whether and to what extent natural language processing (NLP) preannotation helped improve task completion time,
accuracy, and subjective satisfaction.

Methods: Two experts and 4 nonexperts were asked to annotate 208 structured product label sections under 4 conditions
completed sequentially: (1) no NLP assistance, (2) preannotation of drug mentions, (3) preannotation of drug mentions and PDDIs,
and (4) a repeat of the no-annotation condition. Results were evaluated within the 2 groups and relative to an existing gold
standard. Participants were asked to provide reports on the time required to complete tasks and their perceptions of task difficulty.

Results: One of the experts and 3 of the nonexperts completed all tasks. Annotation results from the nonexpert group were
relatively strong in every scenario and better than the performance of the NLP pipeline. The expert and 2 of the nonexperts were
able to complete most tasks in less than 3 hours. Usability perceptions were generally positive (3.67 for expert, mean of 3.33 for
nonexperts).

Conclusions: The results suggest that nonexpert annotation might be a feasible option for comprehensive labeling of annotated
PDDIs across a broader range of drug product labels. Preannotation of drug mentions may ease the annotation task. However,
preannotation of PDDIs, as operationalized in this study, presented the participants with difficulties. Future work should test if
these issues can be addressed by the use of better performing NLP and a different approach to presenting the PDDI preannotations
to users during the annotation workflow.

(JMIR Res Protoc 2016;5(2):e40)   doi:10.2196/resprot.5028
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Introduction

Exposure to interacting drug combinations can lead to patient
harm. Recent estimates indicate that between 5.3% and 14.3%
of hospital patients in the United States experience a clinically
meaningful alteration in the exposure or response of one drug
occurring as a result of coadministration of another drug [1].
Fortunately, such harm can often be avoided by employing
appropriate management strategies [2]. Toward that goal, US
federal regulations require the mention of known, clinically
relevant potential drug-drug interactions (PDDIs) in prescription
drug labeling [3,4].

Structured product labels (SPLs) are mandated by the US Food
and Drug Administration. The labels, produced by
pharmaceutical manufacturers, are presented in a standardized
format [5] and approved by regulators. As detailed descriptions
subject to regulatory approval, SPLs play a vital role in
disseminating drug information. However, the structure in these
documents is only in the form of high-level sections such as
Description, Indications and Usage, Contraindications, and
Warnings. Specific PDDI details are given in plain text, tables,
and figures within the Drug Interactions section or other
locations throughout the label. Although future efforts may lead
to more structured and therefore more computable labels, the
regulatory importance of the SPLs and the legacy labels of more
than 16,000 drugs make the labels key resources for drug-drug
interaction information.

Unfortunately, product labeling is incomplete. A study of drugs
that interact with the narrow therapeutic range drug warfarin
found PDDI information deficiencies in 15% of relevant product
labels [6]. A broader study of drugs sold in the United States,
United Kingdom, and Germany found that a warning about a
critical drug interaction was missing from the label of one of
the interacting drugs at least 40% of the time [7]. Although
publicly available PDDI information sources can serve as useful
adjuncts to product label information, these collections are often
far from complete. Our recent analysis of 14 collections of PDDI
information found significant divergence, with overlap between
pairs of sources usually less than 50% [8]. Addressing the issue
of missing product label PDDI information is important to better
meet the information needs of drug experts, clinicians, and
patients.

We hypothesize that a computable representation of PDDIs
present in product labels and other high-quality sources will
enable novel methods for drug information retrieval that will
in turn provide researchers and clinicians with improved
capabilities for finding complete and current DDI information.
Testing this hypothesis requires an efficient means of generating
computable representations of PDDI mentions.

In prior work, we developed a prototype system that used simple
named entity recognition (NER) and Semantic Web Linked
Data [9] to link claims about PDDIs from publicly available
external resources to the Drug Interactions section of the product
label [10]. Experiments found that our system linked at least

one potentially novel interaction (ie, not mentioned in the label)
to the Drug Interactions section of product labeling for 20
antidepressants. Moreover, there were several cases where all
of the PDDI mentions linked to the Drug Interactions section
for an antidepressant were potentially novel and would
complement product label information. For example, an
interaction between escitalopram and tapentadol mentioned in
the National Drug File-Reference Terminology [11,12] was
potentially novel to all 20 escitalopram product labels.

While promising, the simple NER approach often missed
potentially important links between the label and other sources.
Sophisticated natural language processing (NLP) methods might
prove to be more complete, accurate, and scalable than simple
NER. However, there is reason to believe that even the best
NLP methods would not perform well enough to guarantee
automatic identification of all PDDI mentions across all drug
product labels. The PDDI NLP algorithm that performed best
against the 2013 SemEval Challenge text corpus had a
sentence-level recall of 0.81 and a precision of 0.86 (F1

=0.84)[13]. An algorithm we developed in prior work focusing
specifically on NLP identification of pharmacokinetic PDDI
mentions within product label sections had a document level
recall of 0.84 and a precision of 0.88 (F1=0.86) [14]
(sentence-level performance was not evaluated).

Based on these findings, we have concluded that the
involvement of human curators is necessary for the task of
generating computable representations of PDDIs present in
product labels and other high-quality sources. The use of
semiautomatic curation is relatively common in biomedicine
[15]. Unfortunately, the high cost of expert annotation is a major
potential barrier to further progress. New approaches are needed
to increase the scale and quality of data curation.

Replacing experts with nonexpert crowds (crowdsourcing) can
increase the feasibility of large-scale annotation tasks for
biomedical data [16-18]. Initial efforts at crowdsourcing for the
annotation of medical text have found the method to be effective
when the workflow is properly managed [16]. Results can be
comparable in quality to those obtained via more traditional
and expensive expert annotation methods [17]. Crowdsourcing
is particularly attractive for obtaining results faster and at a
lower cost than other participant recruitment schemes [17]. The
Informatics for Integrating Biology and the Bedside (i2b2) 2010
workshop assessment found that a well-selected group of
nonexperts could perform extraction of drug information from
clinical reports [19]. Other biomedical efforts have applied
crowdsourcing to gene-mutation mentions in the biomedical
literature [20] and for clinical trial announcements [21]. A study
of the feasibility of using people recruited through Amazon’s
Mechanical Turk to annotate medication indications found that
nonexperts could achieve accuracy of greater than 95% on the
binary question of whether a medication is an indication for a
disease mentioned in the medication’s drug label [22]. Similar
approaches have been used to engage communities of experts
in tackling challenges such as linking medications and problems
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in clinical texts from electronic medical records [23,24] and
developing mappings between institutional procedure
descriptions and Logical Observation Identifiers Names and
Codes (LOINC) [25,26].

Our experience with NLP methods for extracting PDDI
annotations suggests the possibility of using NLP annotation to
provide suggestions to human annotators. Previous efforts have
explored the possibility of using such preannotation. Hanauer
et al [27] found that iterative alternation between human
annotation and model building facilitated rapid creation of NLP
models. Some comparative studies have shown that
preannotation can improve annotator performance relative to
unassisted annotation [28-30], but other studies have seen no
difference [31].

The goal of this study was to assess the potential feasibility of
using persons who are not drug experts in the task of annotating
PDDIs mentioned in drug product labels. A secondary goal was
to test the influence of NLP assistance on the annotation quality
of both experts and nonexperts.

Methods

The Annotation Model
PDDI annotation requires a data model that describes the types
of information that must be collected. The PDDI data model

used in this study is given in Figure 1. Each PDDI mention is
extracted from a span of sentences present within a product
label and can include four features:

• Type of evidence (active ingredient, metabolite, or drug
product): an active ingredient is a pharmacologically active
chemical component used in a drug product. A metabolite
is a biochemical entity produced as a result of drug
metabolism. A drug product is a packaging of an active
ingredient for sale or distribution, often identified by a brand
name. Throughout this paper, we use the generic term
“drug” to mean any of these three types.

• Role (object or precipitant): the role that each drug plays
within the interaction. In pharmacokinetic PDDIs the
precipitant drug affects an enzyme that regulates the
absorption, distribution metabolism, or excretion of the
object drug.

• Statement (quantitative or qualitative): an indication of
whether the PDDI mention describes the pharmacokinetic
effect of a DDI in quantitative terms (50% increase) or
qualitative terms (increase or decrease) with no indication
of magnitude.

• Modality (positive or negative): whether the PDDI mention
is making a positive or negative claim. A positive claim is
one that supports the existence of the interaction. A negative
claim is one that explicitly states that no interaction exists
between the drugs in question.

Figure 1. Data model used in this study for PDDIs mentioned within drug product labels.
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Natural Language Processing Pipeline and
Postprocessing Module
In prior work, we developed algorithms for extracting drug
named entities and pharmacokinetic PDDI mentions from drug
product labels [14]. We integrated our NLP algorithms into a
preannotation pipeline (Figure 2). The pipeline used the
following steps:

1. The NLP process applies NER to each product label section
[32]. The NER algorithm uses the National Center for
Biomedical Ontology BioPortal Annotator to extract drug
mentions and synonyms from the RxNorm and MeSH
terminologies [33]. The results are postprocessed to improve
recall and precision by filtering out entities that are not
active ingredients, drug products, or metabolites based on
entity relationships provided by RxNorm and WordNet
[34].

2. Output from the NER process is then processed by an NLP
algorithm for identifying pharmacokinetic PDDI mentions
[14]. For each product label section, the PDDI extraction
algorithm outputs a table of sentence spans labeled as to
whether they include a pharmacokinetic PDDI (true or
false). Spans including PDDI mentions are also labeled to
indicate the modality of the mention (positive or negative).
Output of the NLP algorithm is passed to a postprocessing
module designed to increase the process's precision and
recall (Figure 2). This module uses RxNorm relationships
and exact case-insensitive matching to map drug product
mentions to unique identifiers of the sole active ingredients.

3. The PDDI mentions present in the corpus are transformed
into a machine-readable annotation schema using the Open
Annotation data model [35], necessary for subsequent
loading into the study annotation tool.

4. Finally, the resulting preannotated named entities and PDDI
mentions are loaded into the study annotation tool.

Figure 2. Pipeline for extraction of pharmacokinetic PDDIs from drug labels sections.

Reference Standard
In an earlier study, we developed a corpus of 208 annotated
PDDI statements from SPLs. Two experts in drug information
used the data model described above to annotate these sections,
with subsequent discussions used to develop a consensus model.
The resulting corpus contains 607 pharmacokinetic PDDI
mentions along with 3351 active ingredients, 234 drug products,
and 201 metabolite mentions [14]. These sections were used in
the current study, with the consensus annotations acting as a
gold standard.

Drug-Drug Interaction Annotation Tool
Participants used a custom-designed user interface (Figure 3)
based on the DOMEO Web-based system [36] to annotate PDDI

mentions. DOMEO is an extensible Web application that
supports scalable Web-based annotation necessary for
crowdsourcing efforts [37]. We extended DOMEO with a plugin
that can be used to link text in drug label sections with details
of the PDDI data model (Figure 1) [38]. To complete a PDDI
annotation task, users would view a product label section and
select one or more sentences from the section that discusses the
PDDI. They would then use our PDDI annotation plugin to
provide values in a Web form indicating the two drugs involved
in the interaction, the type and role for each drug, the type of
PDDI mention (quantitative or qualitative), and the modality
of the mention (positive or negative).
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Figure 3. Screenshots of the DOMEO PDDI annotation plugin: (a) product label excerpt with text selected by an annotator as being relevant to a PDDI
and (b) form with the fields that the annotator must complete in order to describe the PDDI using the data model described in Figure 1.

Annotation Scenarios
We explored four annotation scenarios aimed at assessing the
impact of different approaches to NLP preannotation. The 208
product label sections from our reference standard [14] were
distributed across four scenarios so that each scenario had
roughly the same number of long and short sections:

• Scenario 1 (no assistance) consisted of 52 label sections
with no NLP assistance for annotation. Annotators had to
read and highlight all drugs and PDDI mentions within the
assigned drug label sections.

• Scenario 2 (drug mentions) consisted of 52 drug label
sections with preannotations for drug mentions but not
PDDI mentions. Annotators had to correct preannotated
drug mentions, identify any drug mentions that the NLP
missed, and highlight all PDDIs mentioned in the label
sentences.

• Scenario 3 (drug mention plus PDDIs) consisted of 53 label
sections preannotated with both drug and PDDI mentions.
The annotator had to edit and correct NLP preannotations
and add any mentions missed by the NLP.

• Scenario 4 (no assistance, second time), a second
completely unassisted scenario, was included with the intent
of measuring any learning effects associated with the
completion of the NLP-assisted tasks. This scenario
consisted of 48 drug label sections.

Each participant completed all four scenarios in order. Three
of the 208 sections were reserved for training purposes to
familiarize participants with the annotation tool and process,
leaving 205 sections to be annotated by each participant.

Participants
A drug expert was defined as a professional in pharmacy or
related field with a Doctor of Pharmacy degree or equivalent
and more than five years’ experience in drug-drug interaction
research. A drug nonexpert was defined as an undergraduate or
graduate student with some basic training in chemistry. Both
expert and nonexpert participants were recruited from personal
contacts of the investigative team. All participants were
compensated for participating in this study. The University of
Pittsburgh Institutional Review Board approved the study
protocol as exempt.
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Annotator Guidelines and Training
Annotators were provided with guidelines describing the
annotation task. Guidelines were written based on assumption
of college-level formal training in chemistry (eg, general
chemistry) for both groups. The complete guidelines are
provided in Multimedia Appendix 1. Participants attended a
half-day training session that introduced the goal of the
annotation task and provided the annotation guidelines.

Annotation Tasks
Each participant completed all of the four scenarios in the order
given above. For each task, the annotators were asked to read
the entire content of the relevant drug label sections, identify
all drug and PDDI mentions, and record information about the
PDDI corresponding to the PDDI annotation model. They were
also asked to self-report the amount of time it took to completely
annotate each section. The results of each training task were
verified to ensure that each annotator completed each scenario
according to the study requirements. A short questionnaire
completed at the end of each scenario included closed- and
open-ended questions about the participant's perception of the
usability and effectiveness of the annotation tool and NLP
preannotation.

Annotation Performance Metrics
Performance metrics were calculated by comparing the PDDIs
in each participant's results with the reference standard described
above [14]. User’s annotations were considered true positives
if they (a) matched the precipitant, object, and modality of the
reference standard and (b) used sentences that either partially
or exactly overlapped the sentences used in the reference
standard. Metrics were computed by label and then averaged
by scenario.

We supplemented the standard metrics of precision, recall, and
F1 with additional metrics to gain more insight into the effect
of NLP preannotation on the PDDI annotation task. Specifically,
for Scenario 3 (ie, the full NER plus NLP preannotation), we
evaluated how often participants decided to change NLP
annotations and whether those NLP annotations agreed or
disagreed with the reference standard.

Results

Two experts and 4 nonexperts were recruited into the study.
One expert left the study after experiencing too many difficulties
with the PDDI annotation user interface. One nonexpert left the

study because of not having time to complete annotations due
to work and school commitments. The remaining participants
completed the annotation task for all scenarios.

Annotation performances measured in F1 score relative to the
reference standard [14] indicate relatively strong performance
(F1>0.7) for all participants for the first two scenarios, with a
drop in performance for the last two scenarios. (Figure 4 and
Table 1; full recall and precision results in Multimedia Appendix
2). The performance of the entire NLP pipeline is included for
each scenario for comparison even though participants were
only provided PDDI preannotations in Scenario 3.

Tables 2 and 3 summarize self-reported task completion times
and subjective feedback across the first three scenarios. As
Scenario 4 was conducted solely to assess learning effects, task
completion time and subjective responses were not collected.
Participants differed in their reports of time required, ranging
from Nonexpert 1 reporting times comparable to those of the
expert to Nonexpert 3 reporting more than 5 hours spent
completing Scenario 3 (Table 2).

Results from the subjective question assessing ease of use are
given in Table 3. Users agreed that the PDDI annotation
interface was moderately difficult when full preannotation
assistance was enabled and also agreed that the PDDI annotation
plugin without NLP assistance or using a lower level of
assistance is relatively easy to use. Full questionnaires and
results are given in multimedia appendices 3-7.

Tables 4 and 5 illustrate the agreement between the participants,
NLP, and reference standard in the scenario with NLP and
preannotation assistance (Scenario 3). Table 4 addresses
performance on the 151 PDDI annotations found in the reference
standard, while Table 5 summarizes false positives—mentions
extracted in the NLP or by users that were not found in the
reference standard.

Though exploratory because of the very small sample size,
success in detecting true-positive PDDI mentions missed by the
NLP was similar between the expert and nonexperts (Table 4,
column 2). The expert also had slightly more false negatives
than the nonexpert participants irrespective of whether spans
were found by NLP (Table 4, columns 1 and 3). False-positive
rates for the expert were comparable to those of the nonexperts
(Table 5, column 1). Nonexperts also seemed to be slightly
more likely to agree with false-positive mentions extracted by
the NLP (Table 5, columns 2 and 3).
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Table 1. F1 measures for all participants and NLP system across all scenarios and overall.

Overall

Scenario

4d

Scenario

3c

Scenario

2b

Scenario

1aAnnotator

0.680.660.540.790.80Expert

0.660.530.590.830.79Nonexpert 1

0.670.700.570.680.76Nonexpert 2

0.610.620.530.620.74Nonexpert 3

0.460.460.410.400.58NLP

aNo assistance.
bPreannotation of drug mentions.
cPreannotation of drug mentions and PDDIs.
dNo assistance.

Table 2. Participant self-reported task completion times.

>5 hours3-5 hours1-3 hours<1 hourScenarioParticipant

Expert

X1

X2

X3

Nonexpert 1

X1

X2

X3

Nonexpert 2

X1

X2

X3

Nonexpert 3

X1

X2

X3

Table 3. Usability questionnaire results. All results reported on a 5-point scale (1=very difficult to 5=very easy).

MeanScenario 3Scenario 2Scenario 1Participant

2.67242Expert

3.67254Nonexpert 1

3.67254Nonexpert 2

2.67233Nonexpert 3

—24.253.25Mean
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Table 4. Comparison of agreement between the participants, NLP preannotation, and PDDI annotations (N=151) in the reference standard during the
scenario with NER and NLP preannotation assistance (Scenario 3).

MentionNo mention foundNLP Result

MentionNo mentionbMentionaNo mentionParticipant

NLP TP

User TP

n (%)

NLP TPc

User FN

n (%)

NLP FN

User TP

n (%)

NLP FNf

User FN

n (%)

19 (12.6)23 (15.2)50 (33.1)59 (39.1)Expert

31 (20.5)11 (7.3)63 (41.7)46 (30.5)Nonexpert 1

31 (20.5)11 (7.3)66 (43.7)43 (28.5)Nonexpert 2

29 (19.2)13 (8.6)60 (39.7)49 (32.5)Nonexpert 3

aIndicates case where the user corrected an NLP error.
bIndicates cases where the NLP was correct and the user was incorrect.
cFN: false negative
dTP: true positive

Table 5. Analysis of user and NLP false positives relative to the reference standard for Scenario 3.

Mention (n=93)No mentionNLP result

MentionNo mentionbMentionaParticipant

NLP FP

User FP

n (%)

NLP FP

User TN

n (%)

NLP TN

User FP

n

0 (0)93 (100)25Expert

5 (5.4)88 (94.6)16Nonexpert 1

7 (7.5)86 (92.5)37Nonexpert 2

5 (5.4)88 (94.6)24Nonexpert 3

aIndicates cases where the user identified spans that were not identified by the NLP. bIndicates cases where the NLP identified spans that the participant
did not annotate.
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Figure 4. Annotator and NLP performance (F1 scores) for each of the four scenarios and overall performance across all four scenarios.

Discussion

Overview
Our long-term goal is to develop tools that will deliver
computable representations of reliable, accurate PDDI
information to clinicians, facilitating decision support and
hopefully reducing adverse events. The number of drugs that
might need to be addressed (more than 16,000) and the
complexity of the content in the SPLs make this a daunting task.
Our experience in building NLP tools for the extraction of PDDI
information [10,14] illustrated some of the difficulty and led us
to the conclusion that some amount of manual involvement in
the process was required.

Our goal in this study was to address two key questions in the
development of human-assisted processes for curating PDDI
information. Specifically, who should conduct the annotation
and what sort of assistance should they receive? Although
pharmacists and other domain experts familiar with drug
information presumably have the background and training
necessary to interpret SPLs, annotation by experts is often
prohibitively difficult. Thus, we set out to gain some preliminary
insight into the practicality of asking participants not specifically
trained in drug information to annotate this data. Second, we
were interested in understanding what level of assistance might
be helpful for users. If our NLP tools were found to speed
completion of annotation tasks without reducing accuracy, this
would decrease the cost of PDDI annotation even for nonexperts.

Is It Possible for Nonexperts to Produce Reliable PDDI
Annotations From Drug Labels?
Annotation results from the nonexpert group were relatively
strong in every scenario and better than the performance of the
NLP pipeline (Figure 4). These findings suggest that nonexperts
might be able to produce reliable PDDI annotations from drug

labels with accuracy levels similar to those of experts and that
crowdsourcing might be a feasible option for annotating PDDIs
across a broader range of drug product labels. Our results are
consistent with earlier demonstrations of the feasibility of
applying crowdsourcing to related problems in annotation of
biomedical texts [19-22].

Ensuring the success of nonexpert annotations of PDDI mentions
will likely require greater attention to two keys issues: the
usability of the annotation tools and the selection of the
annotators.

Although self-reported task completion times (Table 2) indicated
that two of the nonexperts were able to complete all tasks in
times comparable to those of the expert, one nonexpert
(Nonexpert 3) needed substantially more time. Differences in
F1 scores (Table 1) suggest that annotations provide by
Nonexpert 3 were of slightly lower quality than those of the
other two nonexperts. The combination of increased
task-completion time and lower F1 scores suggest that Nonexpert
3 may have struggled more than the other participants with the
annotation task. In addition, difficulties with the annotation
interface prevented one expert user from completing the
annotation tasks.

Despite these difficulties, responses to the usability questions
(Table 3) were generally positive, suggesting that usability
concerns should not be insurmountable. The small sample size
and self-reported time results limit our ability to develop a
nuanced understanding of specific issues that might have led
to increased task completion times or dissatisfaction with the
user interface. Observational user studies, including think-aloud
feedback from participants, would likely provide insight into
usability problems, potential opportunities for redesign [39],
and any difficulties associated with the longer task completion
times and lower performance of Nonexpert 3.
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Results from the repeated no assistance scenario (Scenario 4)
do not appear to show any learning effect based on the previous
three scenarios. Exposure to the preannotations in scenarios 2
and 3 may have confused participants, pointing out complexities
in interpretation of the labels that might have negatively
impacted performance.

Identification of individuals who are likely to produce
high-quality results will be a key challenge for successful
nonexpert annotation results. Although our nonexpert
participants all had relevant educational backgrounds and
computer experience, variations in the task completion times
and F1 scores suggest that some participants might find PDDI
annotations more approachable than others. Future nonexpert
PDDI annotation recruitment might draw on experience from
prior efforts in crowdsourcing which have found that appropriate
screening and training of participants can help improve
outcomes [40,41].

What Is the Influence of NLP Assistance on Annotation
Quality?
Most participants perceived PDDI annotation to be easier when
NER preannotation was provided. However, the full NLP
assistance (Scenario 3: drug mention plus PDDI preannotations)
was associated with lower levels of perceived usability for both
expert and nonexpert participants (Table 2). Complaints about
deleting false positives were commonly expressed in the
questionnaire data. These results suggest that the performance
of the NLP algorithm and the presentation of NLP preannotated
PDDIs might have adversely impacted participant performance.
Participants suggested several possible improvements, including
preannotating with NER and then presenting NLP preannotations
only after a section is annotated. The purpose then would be to
highlight possibly missed interactions. We think this approach
would depend on an NLP algorithm with much better
sentence-level performance than the algorithm used in this study.

Although exploratory, the comparison of the agreement between
users, NLP preannotations, and the reference standard (tables
4 and 5) suggests several questions for future study. The expert
was slightly less likely than the nonexperts to correct NLP false
negatives (Table 4, column 1), possibly because the expert might
have inappropriately used knowledge of the domain or applied
an overly strict interpretation of the PDDI identification
guidelines. The expert user was also more likely to reject a
correct NLP interpretation (Table 4, column 3) and more likely
to reject an incorrect NLP assertion (Table 5, column 2)

suggesting that the expert user’s thought processes were
somehow different than those of the nonexperts. It is also
possible that the nonexpert agreement with NLP false positives
might be associated with greater trust in NLP on the part of the
nonexpert participants. Of course, given the small size of this
study, it is entirely possible that these participant-level
observations are not statistically significant. Subsequent studies
involving more participants and including investigation of user
thought processes—perhaps via think-aloud protocols or
retrospective interviews—would be needed to understand these
phenomena.

Limitations
The generalizability of this study is limited by the small sample
size; a larger study would be needed to more accurately
characterize the differences between nonexperts, experts, and
the NLP annotation. Another potential limitation of our study
is that we could not evaluate the characteristics of label sections
that might be more difficult to read and annotate by nonexperts.
The experimental design attempted to address this concern by
balancing the number of sections across each scenario to
minimize the effect of differences in difficulty level. The study
results might have been influenced by the accuracy of the NLP
algorithm and the reliability and usability of the annotation user
interface. Interface revisions based on usability might lead to
improved performance for experts and nonexperts. Finally, as
we did not conduct any debriefing interviews or otherwise assess
participant mental states, we are only able to speculate as to
factors that might contribute to differences in task performance.

Conclusions
Our goal was to explore of use of nonexperts to annotate PDDI
mentions in drug product labels. Our results suggest that
nonexperts could produce reliable PDDI annotations from drug
labels with efficiency comparable to that of an expert annotator
with training in pharmacy or pharmaceutics, indicating that the
task of extracting PDDIs from drug product labeling might be
suitable for crowdsourcing. Although NER preannotation was
found useful to both experts and nonexperts, NLP preannotation
as implemented in this study seemed to present an obstacle to
all participants. A high performance NLP algorithm might still
be helpful if NLP preannotations are shown to annotators after
a section is annotated, if only to highlight possibly missed
interactions. Improvements in the usability of the annotation
tool and screening of potential annotators might further increase
performance.
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Abstract

Background: There’s scarce evidence about cardiovascular events (CV) in patients with hospitalization for acute heart failure
(HF) and no indication for immediate device implant.

Objective: The CARdiac RhYthm monitorING after acute decompensatiON for Heart Failure study was designed to assess the
incidence of prespecified clinical and arrhythmic events in this patient population.

Methods: In this pilot study, 18 patients (12 (67%) male; age 72±10; 16 (89%) NYHA II-III), who were hospitalized for HF
with low left ventricular ejection fraction (LVEF) (<40%) and no immediate indication for device implant received an implantable
loop recorder (ILR) before hospital discharge. Follow-up visits were scheduled at 3 and 6 months, and at every 6 months until
study closure; device data were remotely reviewed monthly. CV mortality, unplanned CV hospitalization, and major arrhythmic
events during follow-up were analyzed.

Results: During a median follow-up of 593 days, major CV occurred in 13 patients (72%); of those, 7 patients had at least 1
cardiac arrhythmic event, 2 had at least a clinical event (CV hospitalization or CV death), and 4 had both an arrhythmic and a
CV event. Six (33%) patients experienced 10 major clinical events, 5 of them (50%) were HF related. During follow-up, 2 (11%)
patients died due to a CV cause and 3 (16%) patients received a permanent cardiac device.

Conclusions: After an acute HF hospitalization, patients with LVEF<40% and who are not readily eligible for permanent cardiac
device implant have a known high incidence of major CV event. In these patients, ILR allows early detection of major cardiac
arrhythmias and the ability to react appropriately in a timely manner.

Trial Registration: ClinicalTrials.gov NCT01216670; https://clinicaltrials.gov/ct2/show/NCT01216670

(JMIR Res Protoc 2016;5(2):e62)   doi:10.2196/resprot.4380
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Introduction

Acute heart failure (AHF) episodes that induce hospitalizations
represent one of the largest causes of health status deterioration
[1]. About 45% of patients hospitalized with AHF will be
rehospitalized at least once (and 15% at least twice) within 12
months [2]. Estimates of the risk of death or rehospitalization
within 60 days of admission vary from 30% to 60%, depending
on the population studied [2-8]. A significant proportion of heart
failure (HF) patients do not undertake any device implant
strategy since they do not meet the guidelines criteria [2]. Very
little, if any, monitored information exists in those patients
experiencing AHF with modest left ventricle impairment or
with HF with preserved left ventricular ejection fraction (LVEF).
Timely information might allow interventions that then avoid
major cardiovascular (CV) events and possible progressive
worsening of the disease leading to hospitalization. The
availability of implantable devices to continuously monitor
cardiac trends may provide early warning of changes in cardiac
status, which would then allow early clinical management and
possibly reduce the number of HF hospitalizations. The
CARdiac RhYthm monitorING after acute decompensatiON
for Heart Failure (CARRYING ON for HF) trial was designed
to assess the efficacy of implantable loop recorders (ILRs) in
the early detection of prespecified clinical and arrhythmic events
in this patient population.

Methods

Study Design and Patient Population
In this prospective pilot study, patients who were hospitalized
for AHF, had an LVEF <40% but no immediate indication for
device implant, and received an ILR before hospital discharge
were enrolled.

Clinical follow-up visits were scheduled at 3 and 6 months and
every 6 months thereafter. Device data were reviewed monthly

through the Care-Link remote monitoring system or at any time
the patients had symptoms (ClinicalTrials.gov; Identifier:
NCT01216670). CARRYING-ON for HF Study design is
reported in Figure 1.

Informed consent was obtained from each enrolled patient and
the study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in a priori approval by the
local ethics committee.

The aim of the study was to assess the capability of loop
recording to recognize early signs of prespecified clinical and
arrhythmic events in this cohort of patients. Prespecified events
were: (1) CV mortality or unplanned CV hospitalization and
(2) any cardiac arrhythmic event detected by the implanted
device (Sinus bradycardia: ≤ 30 beats per minutes (bpm), ≥ 8s;
Sinus arrest: ≥ 5s; atrioventricular (AV) block (2°, 3°): ≤ 30
bpm, ≥ 8s; atrial fibrillation (AF): > 6 min; non-sustained
ventricular tachycardia (VT): ≥ 125 bpm, ≥16 beats; sustained
VT: > 30 sec). The main inclusion criteria were: (1) a history
of at least 1 HF hospitalization, emergency department visit, or
urgent office visit necessitating intravenous (IV) diuretic or
augmentation of oral diuretic, IV inotropic, or IV vasodilator
or other HF parenteral therapy within 15 days prior to device
implant; (2) an implanted Medtronic Reveal XT ILR device (<
15 days post-implant); and (3) LVEF < 40%. Main exclusion
criteria were: (1) New York Heart Association (NYHA) Class
IV (chronic or ambulatory); (2) planned or previous implant of
an implantable cardioverter defibrillator (ICD) or pacemaker
device; (3) severe chronic obstructive pulmonary disease; (4)
permanent AF at time of enrolment; and (5) ST segment
elevation at electrocardiogram (ECG). A Reveal XT ILR was
used for continuous cardiac monitoring. The ILR was implanted
within 15 days the AHF event. All the patients enrolled received
a remote monitoring system and were requested to transmit
Reveal XT data on a monthly base or in case any symptoms
occurred.
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Figure 1. Study design.

Statistical Analysis
Continuous data were summarized as mean and standard
deviation or median and 25th-75th percentiles in case of skewed
distributions. Absolute and relative frequencies were reported
for categorical variables. Kaplan-Meier method was used to
display the time to first event. The mean cumulative function
(MCF) plot for the number of recurrent events was used to
display the overtime trend of the events rate. Statistical analyses
were performed using SAS 9.3 for Windows (SAS Institute Inc,
Cary, NC).

Results

Baseline Characteristics
The patients on average were 73±10 years old, 12 (67%) were
male, and 7 (39%) had ischemic cardiomyopathy. According
to guidelines, all the patients at the time of enrollment had no
immediate indication to receive a permanent implantable cardiac
device: 8 (44%) patients had LVEF > 35%, 2patients were in
NYHA functional class I, and 9 (50%) patients were not under
optimized pharmacological treatment for HF at the time of the
AHF event. Most patients (15/18, 83%) were on beta-blocker
therapy (11 were on bisoprolol 2.5 mg twice a day and 4 were
on carvedilol 12.5 mg twice a day). Further baseline
characteristics are reported in Table 1.
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Table 1. Baseline characteristics of study population.

N=18 (%)Baseline Patients Characteristicsa

73±10Age, y

12 (67%)MaleGender

7 (39%)Ischemic etiology

8 (44%)History of AF

3.0+0.7CHADS2 score (for AF patients)

2 (18%)History of NS-VT

106±23QRS complex, ms

4 (22%)LBBB

2 (11%)Functional class INYHA

13 (72%)Functional class II

3 (17%)Functional class III

6 (35%)MI + CADCardiovascular-Related Diseases

11 (65%)Hypertension

6 (35%)Valvular heart disease

9 (50%)Previous cardiovascular surgeries

4 (22%)Type 2 diabetes

34±6.0LVEF (%)Echocardiographic Measurements

10 (56%)LVEF ≤ 35%

108±38LVESV, mL

7 (47%)LVESV ≥ 100 mL

17 (94%)DiureticDrug Therapy at Discharge

16 (89%)ACE inhibitor and/or ARB

15 (83%)Beta blocker

10 (56%)Amiodarone

14 (78%)Anticoagulant

Abbreviations: ACE, angiotensin-converting enzyme; AF, atrial
fibrillation; ARB, angiotensin receptor blocker; CAD, coronary
artery disease; LBBB, left bundle branch block; LVEF, left
ventricular ejection fraction; LVESV, left ventricular
end-systolic volume; MI, myocardial infarction; NS-VT,
non-sustained ventricular tachycardia; NYHA, New York Heart
Association.

aData are expressed as mean ± standard deviation or absolute
(relative) frequencies.

Clinical Outcomes
During a median follow-up of 593 days (mean 509+260), major
CV events occurred in 13 patients (72%, median time to first

combined event 162 days (39-606)); 11 patients had at least 1
cardiac arrhythmic event, 2 had at least 1 clinical event (CV
hospitalization or CV death), and 4 had both arrhythmic and
clinical events. Figure 2 shows clinical and arrhythmic events
incidence and distribution.

Six (33%) patients experienced 10 major clinical events; 5 (50%)
of which were HF-related with 1 patient dying due to HF
(terminal rhythm: asystole) and 1 patient dying due to an acute
CV event (ruptured cerebral aneurysm). Distribution of detected
major clinical and arrhythmic events is reported in Table 2.
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Table 2. Type and frequency of clinical and arrhythmic events that occurreda.

Patients with Events (n=6)Events (n=10)Clinical Events

2 (33%)2 (20%)CV deathb, n (%)

1 (1.7%)1 (10%)of which HF-related death, n (%)

6 (100%)10 (100%)CV hospitalizations, n (%)

3 (50%)5 (50%)of which HF-related hospitalizations, n (%)

Patients with Events (n=11)Events (n=1326)Arrhythmic Events

3 (27%)8 (0.6%)Synus bradycardia, n (%) (≤ 30 bpm, ≥ 8s)

2 (18%)2 (0.2%)Sinus arrest, n (%) (≥ 5s)

----AV block, n (%) (≤ 30 bpm, ≥ 8s)

8 (73%)1297 (97.7%)AF-AT, n (%) (> 6 min)

2 (18%)13 (1%)Non-Sustained VT, n (%) (≥ 125 bpm, ≥16 beats)

2 (18%)6 (0.5%)Sustained VT, n (%) (> 30 sec)

Abbreviations: AF, atrial fibrillation; AT, atrial tachycardia;
AV, atrioventricular; CV, cardiovascular; HF, heart failure; VT,
ventricular tachycardia.

aData are expressed as absolute (relative) frequencies.

bThe 2 events of death also had previous hospitalizations.

During follow-up, 3 (16%) patients were implanted with a
permanent cardiac device according to current guidelines (in 2
patients who developed sustained-VT, a cardiac
resynchronization therapy with defibrillator backup device
(CRT-D) was implanted; in the 1 patient with sinus arrest and

LVEF < 35%, a single chamber ICD was implanted). Eight
patients suffered paroxysmal AF that was often asymptomatic
(62%); the mean CHADS2 score in these 8 patients was 3.0+0.7,
as all had a CHADS2 score ≥2.

As per heart rate (HR), we computed its circadian behavior: the
2 patients who had a nocturnal HR > 70 bpm for > 85% of the
night had major clinical events, while this occurred in only 3/16
(19%) of the patients with nocturnal HR < 70 bmp.

Figure 3 shows Kaplan-Meier analysis for clinical and
arrhythmic events, both for time to first combined event (Figure
3a) and for cumulative combined events incidence (Figure 3b).
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Figure 2. Clinical and arrhythmic events incidence and distribution.

Figure 3. Kaplan-meier analysis for clinical and arrhythmic events.

Discussion

The main finding from this study, which might carry significant
clinical implications, is that continuous ECG and HR monitoring
by loop recorders might contribute to the early recognition of
cardiac rhythm abnormalities contributing to an observed very
high incidence of major CV (72%) events. Such high event risk
is known to occur in patients with LVEF < 40% who are not
eligible for ICD implant within 6 months after an HF
hospitalization. The study population, despite its small size,
was representative of the clinical reality: elderly patients,
prevalently NYHA class II, with a mean CHADS2 score of 3.

The high morbidity detected in the study was not unexpected,
but the clinical information provided by the CARRYING ON
for HF study deserves specific attention. We can conjecture that
the appropriate use of remote monitoring as part of a more
comprehensive approach to such patients may decrease the
observed high re-hospitalization rate after an AHF. The
CARRYING-ON HF study was designed to record events but
did not prescribe any specific intervention. It is, however,
reasonable to believe that the early detection of rhythm and
conduction disturbances by ILR will allow clinicians to react
appropriately in a more timely manner, avoiding quick
progression of the disease and worst outcomes.
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In fact, half of the study population had an AHF during the
study period. These patients were being treated with a
suboptimal HF medical strategy and the continuous monitoring
led to subsequent optimal medical titration for HF, arrhythmia
management, and stroke prevention. This should be understood
in view of the CRYSTAL AF study [9] indicating that stroke
may be the first clinical manifestation of AF. The analysis of
the time to first combined event (Figure 3) and of the cumulative
combined events provides further important information. The
first is that a 6-month-long monitoring period is not sufficient
to detect a first significant event in all the patients who are
bound to have them. Secondly, beyond 6 months a small
proportion of combined events occurred possibly because of
the fatal event on one side and the optimization of patient
management induced by the monitoring device on the other. In
this context it is noteworthy that 16/18 (89%) patients had an
optimal nocturnal HR (less < 70 bpm). Thus, it may not be
incidental that the only 2 patients with an overnight
inappropriate HR had clinical events while this occurred in only
3/16 (19%) patients with controlled nocturnal HR. This
observation is indeed coherent with the predictive value of HR
and its circadian variation [10-11]. Furthermore the ILR detected
episodes of sustained VT that met the criteria for 2 CRT-D
implants. In a third case, a detection of a life-threatening event
occurred: nocturnal long pauses (> 8 sec) were discovered. In

this patient, the concomitant presence of LVEF < 35% and the
AV conduction disturbance led to a single chamber ICD implant.
These 3 cases were diagnosed by the ILR and allowed the timely
intervention that prevented a potential life-threatening event.

Limitations
The main limitation of this pilot study is the small number of
patients enrolled. Our study, planned as a feasibility and
methodology study, was not powered to determine the overall
prevalence of CV events after an AHF episode nor to test the
effectiveness of ILR in reducing CV events in this population.
The primary aim was descriptive as a preliminary fundamental
information to design a larger comparative study.

Conclusions
The CARRYING ON for HF study provided meaningful
information on the many (72%) patients hospitalized for an
acute HF episode who are not eligible, according to current
guidelines, to receive an implantable cardiac device and who
later develop CV and arrhythmic events during the follow-up.

The present finding provides some background for future
prospective studies aimed at the assessment of the risk
stratification of continuous cardiac monitoring in HF patients
who are not deemed eligible for immediate implantation of a
permanent cardiac device.

 

Acknowledgments
We would like to thank Sabrina De Cicco and Melissa Gioia for their support in data collection. We also thank Alessio Marseglia
and Marco Vimercati for the management of data. This work was supported by Medtronic Italia.

Conflicts of Interest
Alessandra Gentili and Silvia Bisetti are Medtronic employees. There are no other conflicts of interest.

References
1. Fonarow GC, ADHERE Scientific Advisory Committee. The Acute Decompensated Heart Failure National Registry

(ADHERE): opportunities to improve care of patients hospitalized with acute decompensated heart failure. Rev Cardiovasc
Med 2003;4 Suppl 7:S21-S30. [Medline: 14668697]

2. McMurray John J V, Adamopoulos S, Anker SD, Auricchio A, Böhm M, Dickstein K, Lip Gregory Y H, Task Force for
the DiagnosisTreatment of AcuteChronic Heart Failure 2012 of the European Society of Cardiology, Ben Lamin Hisham
A, ESC Committee for Practice Guidelines. ESC guidelines for the diagnosis and treatment of acute and chronic heart
failure 2012: The Task Force for the Diagnosis and Treatment of Acute and Chronic Heart Failure 2012 of the European
Society of Cardiology. Developed in collaboration with the Heart Failure Association (HFA) of the ESC. Eur J Heart Fail
2012 Aug;14(8):803-869. [doi: 10.1093/eurjhf/hfs105] [Medline: 22828712]

3. Di LA, Scherillo M, Maggioni AP, Acquarone N, Ambrosio GB, Annicchiarico M, et al. Current presentation and management
of heart failure in cardiology and internal medicine hospital units: a tale of two worlds--the TEMISTOCLE study. Am
Heart J 2003 Oct;146(4):E12. [doi: 10.1016/S0002-8703(03)00315-6] [Medline: 14564335]

4. Oliva F, Mortara A, Cacciatore G, Chinaglia A, Di LA, Gorini M, et al. Acute heart failure patient profiles, management
and in-hospital outcome: results of the Italian Registry on Heart Failure Outcome. Eur J Heart Fail 2012
Nov;14(11):1208-1217. [doi: 10.1093/eurjhf/hfs117] [Medline: 22833614]

5. Tavazzi L, Senni M, Metra M, Gorini M, Cacciatore G, Chinaglia A, IN-HF (Italian Network on Heart Failure) Outcome
Investigators. Multicenter prospective observational study on acute and chronic heart failure: one-year follow-up results
of IN-HF (Italian Network on Heart Failure) outcome registry. Circ Heart Fail 2013 May;6(3):473-481 [FREE Full text]
[doi: 10.1161/CIRCHEARTFAILURE.112.000161] [Medline: 23476054]

6. O'Connor CM, Stough WG, Gallup DS, Hasselblad V, Gheorghiade M. Demographics, clinical characteristics, and outcomes
of patients hospitalized for decompensated heart failure: observations from the IMPACT-HF registry. J Card Fail 2005
Apr;11(3):200-205. [Medline: 15812748]

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e62 | p.753http://www.researchprotocols.org/2016/2/e62/
(page number not for citation purposes)

Vanoli et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14668697&dopt=Abstract
http://dx.doi.org/10.1093/eurjhf/hfs105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22828712&dopt=Abstract
http://dx.doi.org/10.1016/S0002-8703(03)00315-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14564335&dopt=Abstract
http://dx.doi.org/10.1093/eurjhf/hfs117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22833614&dopt=Abstract
http://circheartfailure.ahajournals.org/cgi/pmidlookup?view=long&pmid=23476054
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.112.000161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23476054&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15812748&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Cleland J G F, Swedberg K, Follath F, Komajda M, Cohen-Solal A, Aguilar JC, van Gilst W H, Study Group on Diagnosis
of the Working Group on Heart Failure of the European Society of Cardiology. The EuroHeart Failure survey programme--
a survey on the quality of care among patients with heart failure in Europe. Part 1: patient characteristics and diagnosis.
Eur Heart J 2003 Mar;24(5):442-463 [FREE Full text] [Medline: 12633546]

8. Fonarow GC, Stough WG, Abraham WT, Albert NM, Gheorghiade M, Greenberg BH, et al. Characteristics, treatments,
and outcomes of patients with preserved systolic function hospitalized for heart failure: a report from the OPTIMIZE-HF
Registry. J Am Coll Cardiol 2007 Aug 21;50(8):768-777 [FREE Full text] [doi: 10.1016/j.jacc.2007.04.064] [Medline:
17707182]

9. Sanna T, Diener H, Passman RS, Di LV, Bernstein RA, Morillo CA, et al. Cryptogenic stroke and underlying atrial
fibrillation. N Engl J Med 2014 Jun 26;370(26):2478-2486. [doi: 10.1056/NEJMoa1313600] [Medline: 24963567]

10. Swedberg K, Komajda M, Böhm M, Borer JS, Ford I, Dubost-Brama A, et al. Ivabradine and outcomes in chronic heart
failure (SHIFT): a randomised placebo-controlled study. Lancet 2010 Sep 11;376(9744):875-885. [doi:
10.1016/S0140-6736(10)61198-1] [Medline: 20801500]

11. Adamson PB, Smith AL, Abraham WT, Kleckner KJ, Stadler RW, Shih A, InSync III Model 8042Attain OTW Lead Model
4193 Clinical Trial Investigators. Continuous autonomic assessment in patients with symptomatic heart failure: prognostic
value of heart rate variability measured by an implanted cardiac resynchronization device. Circulation 2004 Oct
19;110(16):2389-2394 [FREE Full text] [doi: 10.1161/01.CIR.0000139841.42454.78] [Medline: 15313946]

Abbreviations
ACE: angiotensin-converting enzyme
AF: atrial fibrillation
AHF: acute heart failure
ARB: angiotensin receptor blocker
AV: atrioventricular
bpm: beats per minutes
CAD: coronary artery disease
CARRYING ON for HF: The CARdiac RhYthm monitorING after acute decompensatiON for Heart Failure
CRT-D: cardiac resynchronization therapy with defibrillator back-up device
CV: cardiovascular
ECG: electrocardiogram
HF: heart failure
HR: heart rate
ICD: implantable cardioverter defibrillator
ILR: implantable loop recorder
IV: intravenous
LBBB: left bundle branch block
LVEF: left ventricular ejection fraction
LVESV: left ventricular end-systolic volume
MI: myocardial infarction
NS-VT: non-sustained ventricular tachycardia
NYHA: New York Heart Association
VT: ventricular tachycardia

Edited by G Eysenbach; submitted 26.02.15; peer-reviewed by F Leyva; comments to author 23.10.15; revised version received
18.11.15; accepted 28.01.16; published 26.04.16.

Please cite as:
Vanoli E, Mortara A, Diotallevi P, Gallone G, Mariconti B, Gronda E, Gentili A, Bisetti S, Botto GL
Cardiac Rhythm Monitoring After Acute Decompensation for Heart Failure: Results from the CARRYING ON for HF Pilot Study
JMIR Res Protoc 2016;5(2):e62
URL: http://www.researchprotocols.org/2016/2/e62/ 
doi:10.2196/resprot.4380
PMID:27118481

©Emilio Vanoli, Andrea Mortara, Paolo Diotallevi, Giuseppe Gallone, Barbara Mariconti, Edoardo Gronda, Alessandra Gentili,
Silvia Bisetti, Giovanni Luca Botto. Originally published in JMIR Research Protocols (http://www.researchprotocols.org),

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e62 | p.754http://www.researchprotocols.org/2016/2/e62/
(page number not for citation purposes)

Vanoli et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://eurheartj.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=12633546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12633546&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0735-1097(07)01763-9
http://dx.doi.org/10.1016/j.jacc.2007.04.064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17707182&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1313600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24963567&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(10)61198-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20801500&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=15313946
http://dx.doi.org/10.1161/01.CIR.0000139841.42454.78
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15313946&dopt=Abstract
http://www.researchprotocols.org/2016/2/e62/
http://dx.doi.org/10.2196/resprot.4380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27118481&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


26.04.2016. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e62 | p.755http://www.researchprotocols.org/2016/2/e62/
(page number not for citation purposes)

Vanoli et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Short Paper

Online Focus Group Discussion is a Valid and Feasible Mode
When Investigating Sensitive Topics Among Young Persons With
a Cancer Experience

Lena Wettergren1, RN, PhD; Lars E Eriksson2,3,4, RN, MSc, PhD; Jenny Nilsson1, RN, MSc (Nursing); Anna Jervaeus1,

RN, MSc, PhD; Claudia Lampic1, Lic Psych, PhD
1Division of Nursing, Department of Neurobiology, Care Sciences and Society, Karolinska Institutet, Huddinge, Sweden
2Medical Management Center (MMC), Department of Learning, Informatics, Management and Ethics (LIME), Karolinska Institutet, Stockholm, Sweden
3Department of Infectious Diseases, Karolinska University Hospital, Stockholm, Sweden
4School of Health Sciences, City University London, London, United Kingdom

Corresponding Author:
Lena Wettergren, RN, PhD
Division of Nursing
Department of Neurobiology, Care Sciences and Society
Karolinska Institutet
23 300
Huddinge, SE-141 83
Sweden
Phone: 46 524 836 50
Fax: 46 524 888 50
Email: lena.wettergren@ki.se

Related Article:
 
This is a corrected version. See correction statement: http://www.researchprotocols.org/2016/2/e92/
 

Abstract

Background: Clinical research often lacks participants of young age. Adding to the small amount of scientific studies that focus
on the population entering adulthood, there are also difficulties to recruit them. To overcome this, there is a need to develop and
scientifically evaluate modes for data collection that are suitable for adolescents and young adults. With this in mind we performed
39 online focus group discussions among young survivors of childhood cancer to explore thoughts and experiences around dating,
being intimate with someone, and having children.

Objective: The aim of the study was to evaluate online focus group discussions as a mode for data collection on sensitive issues
among young persons with a cancer experience.

Methods: One hundred thirty-three young persons (16-25 years) previously diagnosed with cancer, participated in 39 synchronous
online focus group discussions (response rate 134/369, 36%). The mode of administration was evaluated by analyzing participant
characteristics and interactions during discussions, as well as group members’ evaluations of the discussions.

Results: Persons diagnosed with central nervous tumors (n=30, 27%) participated to a lower extent than those with other cancer
types (n=103, 39%; χ 2= 4.89, P=.03). The participants described various health impairments that correspond to what would be
expected among cancer survivors including neuropsychiatric conditions and writing disabilities. Even though participants were
interested in others’ experiences, sexual issues needed more probing by the moderators than did fertility-related issues. Group
evaluations revealed that participants appreciated communicating on the suggested topics and thought that it was easier to discuss
sex when it was possible to be anonymous toward other group members.

Conclusions: Online focus group discussions, with anonymous participation, are suggested to be a feasible and valid mode for
collecting sensitive data among young persons with a cancer experience.

(JMIR Res Protoc 2016;5(2):e86)   doi:10.2196/resprot.5616
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Introduction

Focus group discussions is an established mode for collecting
data that have the possibility to, in some ways, move beyond
individual interviews by simultaneously taking different
perspectives and opinions into account when letting participants
interact during a moderated discussion [1,2]. Such discussions
may also be performed online [3], which can increase response
rates in groups comfortable using computers (eg, young
populations) [4].

Based on the abovementioned, we performed online focus group
discussions with young childhood cancer survivors to explore
their thoughts about fertility and sexuality. The aims were to
investigate what adolescent and young adult survivors of
childhood cancer think about the risk of being infertile and how
they reason about having biological children [5]. Additionally,
we aimed to explore this group’s views about sex and sexual
experiences and their possible needs for care and support from
health care professionals regarding sexual life [6]. The
transcripts from the group discussions were analysed inductively
with content analysis [7]. The risk of infertility was viewed to
negatively impact on well-being and intimate relationships [5].
The findings regarding sexuality showed that many participants
had not reflected over the possibility that their cancer experience
could impact on sexual life [6]. Still, thoughts and worries were
expressed, such as feeling insecure and not keeping up with
your peers. Physical complaints included vaginal dryness,
difficulties getting and keeping erections, and reaching orgasm.

While online focus group discussions may facilitate discussion
of sensitive issues [4], advantages and disadvantages of this
mode of data collection in vulnerable populations (eg, patients)
are largely unknown [8]. The aim of the present study was
therefore to evaluate online focus group discussions as a mode
for data collection on sensitive issues among young persons
with a cancer experience.

Methods

The main study’s procedure and aims have briefly been
presented in the introduction. This paper will evaluate the mode
of administration (ie, online focus group discussions).

Participants
Four hundred young persons, 16-24 years old, and 5 years or
more beyond a childhood cancer diagnosis, were identified
through the Swedish Childhood Cancer Registry. Diagnoses
were selected based on their potential negative impact on
fertility: Hodgkin´s lymphoma, Ewing/Ewing-like sarcoma,
osteosarcoma, rhabdomyosarcoma, neuroblastoma, and tumors
of the central nervous system (CNS). The register’s total
population of persons with solid tumors in the age range of
focus, except tumors of the CNS, was approached (N=280). As
the number of persons treated for tumors of the CNS was large,
a random sample was selected (n=120 from the total sample).
Thirty-one persons were excluded due to self or parent-reported

cognitive disabilities (n=7), other disabilities (n=1), not being
possible to reach at a Swedish address (n=19), deceased (n=1),
or other reasons, such as undergoing cancer treatment (n=3).
Among the remaining 369 eligible participants, 36% (134/369)
accepted participation. One discussion included only one
participant and was not included in the analysis why the results
are based on 133 participants.

Procedure
Ethical approval was obtained from the Regional Ethical Review
Board in Stockholm. Potential participants received a letter with
information about the study; voluntariness and confidentiality
were stressed. Written informed consent was obtained from all
participants.

Data Collection
Focus group discussions were performed through an existing
chat platform developed together with an Internet consultancy
company [9]. Thirty-nine discussions were conducted with two
to five participants in each group. Group discussions were
performed synchronously and lasted for approximately 90
minutes (range, 65-130). Each group was typically led by two
moderators with backgrounds in cancer care, pediatric care,
midwifery, and/or psychology. Those who had signed up for a
focus group discussion received login details by text message
or phone before start of the discussion. The platform allowed
the informants access from a computer at any location, using
an alias. In this way, participants could be anonymous toward
each other while not in relation to the moderators. It was,
however, not uncommon that participants chose her/his real
name as alias. An effort was made to mix sexes and to have
similar ages in the groups. Directly after participation, each
participant was invited to anonymously report their experiences
from participating in the study in a separate chat forum by
answering five items with fixed-response alternatives and four
questions with an open response format.

Analysis
The advantages and disadvantages with the mode of data
collection was studied in three ways. We analyzed characteristics
of those who participated, interactions during discussions, and
the participants’ evaluation of the focus group discussions.

Results

Who Participated?
The median age of participants was 21 ranging from 16 to 25
(interquartile range 4); self-reported relationship status and
sexual experience as disclosed during group discussions are
presented in Table 1. All but 4 of 39 conducted groups had
mixed sexes. The response rate was higher among those
diagnosed with solid tumors than among those diagnosed with

CNS-tumors (n=103, 39% vs. n=30, 27%; χ2= 4.89, P=.03).
Apart from sexual problems and fertility-related concerns,
participants mentioned various health impairments such as being
amputated, fatigued, depressed, and having cognitive difficulties.
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However, as health was not the focus of this study, we do not
know if the mentioned health problems were related to sexuality

or fertility.

Table 1. Characteristics of participants.

MalesFemalesTotalSelf-reported situation

n=66 (%)n=67 (%)n=133 (%)

Relationship status

20 (30)28 (42)48 (36)Partner relationship

3 (5)3 (5)5 (5)Dating/flirting

34 (52)28 (42)62 (47)Single

9 (14)8 (12)17 (13)Not reported

Sexual experience

45 (68)58 (87)103 (77)Have sexual experience

13 (20)3 (5)16 (12)No sexual experience

8 (12)6 (9)14 (11)Not reported

All of those who signed up to participate in a group also showed
up and almost all of them who started in a group discussion
stayed through the whole discussion. Some participants
spontaneously declared that they had writing disabilities, which
also was obvious in their spelling and grammar. A few, on their
own initiative, disclosed that they had a neuropsychiatric
disorder such as Asperger’s and still, they reported the chat
format as feasible. Participants who used an alias, possible to
identify as a gendered name, never explicitly expressed having
a relationship with someone of the same sex but the opposite
was common (ie, heterosexual relationships). Moderators used
gender-neutral expressions (eg, partner) when discussing partner
relationships.

Were Sensitive Issues Discussed and How Did
Participants Interact With Each Other?
Sexual issues needed more probing by the moderators than did
fertility-related issues. However, when sex was brought up on
the agenda, the issue was discussed. Communication between
participants in the group discussions was overall respectful and
supportive. Participants encouraged each other to take steps in
their lives if they considered something problematic (eg, to meet

someone or try a different approach). Different views were often
expressed but there were seldom clear disagreements [6].
Participants were curious and asked each other about age,
diagnosis, and sometimes where in the country they had received
their treatment. Some of them identified themselves and agreed
to continue chatting afterward on Facebook.

Participants’ Evaluation of the Online Discussions
Directly after participation, group members were invited to
anonymously report their experiences in a Web-based survey
which 50% (67/134) chose to do. Almost all participants who
answered the evaluation experienced their participation as
overall positive, and a majority reported that it was easier to
discuss when you were anonymous, and that the moderators
stimulated the chat (Table 2). Participants’ responses to the
open questions revealed positive experiences of chatting with
others with similar experiences and expressed that the online
format made it possible to be anonymous which facilitated
sharing of sensitive information. Suggestions for improvement
included more developed discussion topics, a higher speed in
the discussions, not having discussions with too few participants
(ie, 2), and having longer or repeated discussions (Textbox 1).

Table 2. Participants’ evaluation of the chat discussions (n=67).

Do not agreeSomewhat agreeHighly agree

n (%)n (%)n (%)

06 (9)60 (91)Overall positive experience

07 (10)58 (87)Possibility to express yourselfa

54 (81)7 (10)5 (8)The web hindered the discussiona

17 (26)10 (15)38 (57)Anonymity made it easy to discussa

1 (<1)16 (24)48 (72)Did moderators stimulate the chat?a

aDue to missing answers percentages do not reach 100% for all questions
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Textbox 1. Examples of participants’ answers on the free text items in the evaluation form.

What information would have been difficult to communicate face-to-face?

• Issues around sex and things like that maybe

• Maybe you do not dare to say what you want in a group if you aren’t anonymous

• To talk about sex and relations is easier behind a screen

What was good?

• To hear what others feel and think. The anonymity made it possible to be honest and you could be at home without spending too much time

• The anonymity and the internet chat idea was very good, it made it possible to write things you wouldn’t dare to share otherwise

What was bad?

• I thought the discussion leaders were a little unclear with some questions. I also thought the issues were a bit ’fluffy’ and that only 2 persons
really discussed

• A little slow at times

• The time was a bit short

Do you have any suggestions for improvement?

• A little more tempo

• Have longer time or repeated chat forums

• More participants in the chat

Discussion

Advantages with the Mode
Online focus group discussions, performed with the possibility
for participants to be anonymous toward each other, was shown
to be a feasible mode for collecting sensitive data among young
persons treated for cancer during childhood. Both persons with
and without health problems participated in the group
discussions. The lower response rate seen for participants
diagnosed with CNS tumors may indicate that this mode of data
collection is less suitable for certain groups. Still, persons with
self-reported cognitive impairments signed up and participated
in group discussions and this did not generate problems.

The study partly used a random sampling procedure not typical
for these kinds of studies. Without a purposeful sampling
technique you risk including persons that may have difficulties
to communicate that can result in a less interactive dialogue.
However, we did not experience this, which may reflect the fact
that we had experienced moderators, preferably two per group,
who carefully followed all group members through every
discussion. Nevertheless, we recommend the number of
participants in online focus group discussions, if conducted
synchronously, to be at least three but not to exceed five.

Relation to Previous Findings
The present study confirms previous findings showing that an
online format meets the need of convenience commonly
addressed by young cancer survivors [4] and may be
advantageous for sensitive topics [10] in contexts with high
access to computers and Internet [11]. Furthermore, in the
present study, the possibility to use an alias to be able to be
anonymous while chatting about sensitive issues was highlighted
as positive by many participants.

Discussing sexual experiences in groups with mixed sexes was
found to be feasible and appreciated in a Swedish context and,
to our knowledge, not previously performed among cancer
survivors. The approximate numbers of female and male
participants who, during a group discussion, reported that they
had sexual experiences with a partner are in line with figures
for the general population of similar ages [12].

Conclusion
Based on our findings, online focus group discussions are
recommended for collecting data on sensitive topics among
young people with various health deficiencies. This may be of
great value when reaching out to populations who might be
difficult to engage in face-to-face focus groups.
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Abstract

Background: The prevalence of major depression is particularly high in medical students, affecting around one-third of this
population. Moreover, online social media, in particular Facebook, is becoming an intrinsic part in the life of a growing proportion
of individuals worldwide.

Objective: Our primary objective is to identify the prevalence of depression in medical students at the Lebanese University
Faculty of Medicine, a unique state university in Lebanon, its correlation with the utilization of the interactive features of Facebook,
and the way students may resort to these features.

Methods: Students of the Lebanese University Faculty of Medicine were assessed for (1) depression and (2) Facebook activity.
To screen for major depression, we used the Patient Health Questionnaire-9 (PHQ-9) scale. To test for Facebook activity, we
developed the Facebook Resorting Questionnaire (FbRQ), which measures the degree to which students resort to Facebook.

Results: A total of 365 out of 480 students (76.0%) participated in the survey. A total of 25 students were excluded, hence 340
students were included in the final analysis. Current depression was reported in 117 students out of 340 (34.4%) and t tests showed
female predominance. Moreover, PHQ-9 score multiple regression analysis showed that feeling depressed is explained 63.5% of
the time by specific independent variables studied from the PHQ-9 and the FbRQ. Depression varied significantly among the
different academic years (P<.001) and it peaked in the third-year students. One-way analysis of variance (ANOVA) showed that
depression and resorting to Facebook had a positive and significant relationship (P=.003) and the different FbRQ categories had
significant differences in resorting-to-Facebook power. The like, add friend, and check-in features students used when resorting
to Facebook were significantly associated with depression.

Conclusions: This study showed that depression was highly prevalent among students of the Faculty of Medicine at the Lebanese
University. Moreover, Facebook may be a promising, helpful, psychological tool for optimizing the management of depression.
Our study brought to bear further questions that now prompt further observation and scrutiny to know more about the high rates
of depression in this student population, more so in the part of the world studied, and to the growing role of social media.

(JMIR Res Protoc 2016;5(2):e96)   doi:10.2196/resprot.4551
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Introduction

On Depression
Depression was shown to have high prevalence rates among
university students [1,2]. These rates were even higher when it
came to medical students, where depression affected one-third
[3] to one-half of this population [4]. Coping strategies, such
as social support, were recommended for medical students to
improve their quality of life [5]. Moreover, it was shown that
social support per se may even be a potent protective factor for
depression [6].

On Facebook
On average, there are about 864 million daily active users on
Facebook, the most visited online social network (OSN) in the
world [7]. Kross et al showed that Facebook negatively affected
a person's well-being in two ways: affective well-being (ie, how
he/she feels moment to moment) and cognitive well-being [8].
In addition, individuals who have used Facebook accounts
longer and users who have a greater number of nonpersonal
Facebook friends believe that others' lives are better and are
even more pleasant than their own [9]; this and other
Facebook-mediated comparisons were associated with greater
depression [10]. Furthermore, Forest et al reported that people
with low self-esteem will not take advantage of the easy means
of disclosure on Facebook, despite their beliefs in such a
possibility [11]. In addition, it was reported that the increased
usage of Facebook photo applications is correlated with body
image disturbance and weight dissatisfaction [12].

As a part of infodemiology [13], which is a new method to study
health determinants and information on the Internet, Facebook
is one possible screening method to study health-related issues.
For instance, a previous study based on verbatim text analysis
showed that displayers of depressive symptoms are more likely
than nondisplayers to have a positive Patient Health
Questionnaire-9 (PHQ-9) measure [14].

Furthermore, announcing suicide on Facebook could provide
enough time for an intervention [15]. Also, Facebook may be
a good means for individuals to disclose their depression, hence
enabling others to constantly be updated [16]. Seemingly
depressed participants in Social Network Service (SNS) had
the opportunity to communicate with peers that they selected.
Such behavior may have been promoted by anonymity, hence
avoiding face-to-face contact [17].

Finally, depressed people had a declined usage of Facebook
features such as location tagging, add friend, and the like feature
[18]. However, we were concerned more with the increased
usage of Facebook as a possible tool that students could resort
to in fighting depression. From this perspective, a subjective
report of how each feature is resorted to might be more
significant than counting the usage of each. Hence, when it
comes to depressed Facebook users, we questioned whether
resorting to Facebook may be a means to relieve depressive
symptoms.

Objectives
Our primary objective was to study the prevalence of major
depression in medical students attending the only state university
in Lebanon and its correlation with these students resorting to
Facebook.

Methods

Participants
Participants were medical students from the second up to the
fifth year who attended the Faculty of Medicine at the Lebanese
University. Sixth- and seventh-year students could not be
included since they were in clinical rotations in several hospitals.
Taking into consideration that all students at the Faculty of
Medicine had taken an advanced English course and since
lectures are delivered in English, we distributed the
questionnaires in English. The survey extended from February
6-25, 2014. We visited each class twice on two consecutive
days in order to guarantee maximum attendance.

Questionnaires

Patient Health Questionnaire-9
The PHQ-9 is a reliable and valid criteria-based diagnostic tool
for depressive disorders and is used to measure the severity of
depression [19]. Indeed, this scale has a high specificity (94%)
and a relatively low sensitivity (73%) [19]. Up to the date of
our field work, the PHQ-9 was not validated in the Lebanese
population.

Facebook Resorting Questionnaire
Previous reports focused on one of two things in screening
Facebook features related to depression: (1) declined Facebook
activity [18] or (2) disclosures on Facebook that showed
depression [14-16]. We assembled a new questionnaire—the
Facebook Resorting Questionnaire (FbRQ)—that aimed to study
the tendency of users to resort to Facebook features and the
objectives of their usage. The FbRQ assesses the reasons users
eventually resort to Facebook features during a current
depressive state. Our questionnaire was not designed to measure
time spent on Facebook or how many times each feature is used.

The FbRQ was comprised of seven questions targeting the
different features of Facebook and the purpose underlying their
utilization:

1. Question about the like feature: “Do you like topics on
Facebook that you couldn’t own, meet, visit...in your real life?”
What mattered was whether this feature allowed the user to stay
up to date with the subject of interest.

2. Question about the location-tagging feature: “Do you have
the habit of tagging your current location wherever you go?”
This tag feature used by Facebook friends could provide the
user with the possibility to navigate new locations and to check
them.

3. Question about the disclosure feature: “Do you feel that
Facebook is a way to express your feelings or whatever you
want to declare in your real life and you do better in expressing
on Facebook than on a real scale?” The disclosure feature might
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provide the user with a basis for social support and electronic
feedback that could become a source for generating new ideas.

4. Question about the add friend feature: “When you want to
meet someone, do you feel that Facebook, by the feature add
friend and further chatting, makes you more comfortable than
a verbal meeting?” This question and answer provided an
understanding about the clinical importance of depression and
whether the user found it easier to add and meet friends on
Facebook compared to real life.

5. Question about the photo feature: “Do you think that
Facebook, by posting photos, saves your best life moments and
helps you evoke your positive memories?” Posting photos is
another feature that users tend to use. Sticking to our objectives,
we aimed to detect whether this feature helped the user recall
positive memories that the user would then ruminate about.

6. Question about the aim behind using Facebook: “Is Facebook
a way to show the best out of your life?”

7. Question about the aim behind using Facebook: “Does
Facebook render your voice audible and your existence
noticeable?” Questions 6 and 7 aimed to help us understand the
motives behind the use of Facebook.

The FbRQ was chiefly designed to cover all the
above-mentioned points of every Facebook feature and aim of
usage. Multimedia Appendix 1 is a snapshot that shows the
FbRQ. Each question was given 1 point if answered positively,
for a total of 7 points. We decided to divide users resorting to
Facebook into three categories: low (0-1 points), moderate (2-3
points), or high (4-7 points). We also collected some
sociodemographic data concerning the following: gender,
academic year, psychiatric history, and whether users were
smokers or nonsmokers, among other criteria.

Survey Leaflet
The survey was totally anonymous. The ethics committee at
our university required that we provide clear information to the
participants prior to their written consent (see Multimedia
Appendices 2 and ).

Statistical Analysis
Statistical analysis was conducted using IBM SPSS Statistics
for Windows version 16.0 (IBM Corp). Correlation analysis
between depression and resorting to Facebook, along with
sociodemographics, was performed using the chi-square test
for which we calculated the P value and Cramer's V value,
which is the appropriate measure of association. We performed
t tests to show the predisposition to depression concerning
gender. Furthermore, one-way analysis of variance (ANOVA)
was conducted to determine the significance of the relationship
between resorting to Facebook and depression, the variability
of depression among the different academic years, as well as
determining a significant difference between each FbRQ
category. Moreover, multiple regression analysis was conducted
to examine the relationship between different variables in the

study for which we calculated the R2value, which reflects the
degree of correlation, and the F statistic, which tells us if the
model is a good fit. Statistical significance for hypothesis testing
was set at 5% (P<.05).

Results

Overview
A total of 365 of 480 students (76.0%) took the survey; the
remaining students were absent on the days of our survey. A
total of 25 students out of 365 (6.8%) were excluded from the
study because some did not complete the three questionnaires;
9 of these students refused to participate. Hence, we included
a total of 340 students in the study. The sociodemographic
characteristics of the sample are summarized in Table 1.

Table 1. Sociodemographic characteristics of the sample (n=340).

n (%)Characteristics

365 (76.0)Participants who took the survey (n=480)

117 (34.4)Participants with depression

145 (42.6)Males

195 (57.4)Females

256 (75.3)Participants with functional impairment

196 (57.6)Participants living in dorms

3 (0.9)Married

35 (10.3)Smokers

62 (18.2)Participants with psychiatric history

On the PHQ-9 scale, for a cut-off of 10, the prevalence rate of
depression was 34.4% (117/340). Severity was distributed as
follows: out of 117 students, 5 (4.3%) had severe depression,
32 (27.4%) had moderate depression, and 80 (68.4%) had mild
depression. Suicidal thoughts in depressed students—represented
by Question 9 on the PHQ-9 scale—were attributed to 27.4%

(32/117) of students. Table 2 shows the multiple regression
analysis conducted between Question 2 of the PHQ-9 as a
dependent variable and Questions 1, 3, 4, 6, 8, 9, and 10 of the
PHQ-9 and Question 2 of the FbRQ as independent variables.

The R2value reached 63.5%, the F statistic showed that the
model was a good fit, and this regression was a good model
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(P<.001). As plotted in Figure 1 and as seen in Table 3 , after
a one-way ANOVA, depression scores averaged 8.7, 9.0, 7.5,
and 6.2, and depression reached 41.5%, 46.9%, 31.6%, and
21.4% in the second through the fifth year, respectively. The

calculated value of F was 6.1 (P<.001). Comparing the different
academic year classes, the statistical significance was owed
only to the relationship between year 5 with respect to second-
and third-year students (P<.05).

Table 2. Multiple regression analysis and the significance of the independent variables in affecting the dependent variable.

PtStandardized coefficientsUnstandardized coefficientsModel

BetaSDB

.520.630N/Aa.081.051(Constant)

.03 c2.109.091.149.314FbRQbQuestion 2

<.0014.456.210.043.192PHQ-9dQuestion 1

.101.616.077.038.062PHQ-9 Question 3

<.0013.532.168.044.155PHQ-9 Question 4

<.0013.988.197.046.184PHQ-9 Question 6

.101.440.066.051.073PHQ-9 Question 8

.061.845.083.059.108PHQ-9 Question 9

<.0014.518.209.062.281PHQ-9 Question 10

aN/A: not applicable.
bFbRQ: Facebook Resorting Questionnaire.
cSignificant values are shown in italics (P<.05).
dPHQ-9: Patient Health Questionnaire-9.

Table 3. Variation of depression means with respect to the different classes, and model analyses (n=340).

95% CISESDDepression meanNumber of students, n (%)Classes or models

Class

7.8538-9.60680.44114.16098.730389 (26.2)Second year

8.0142-10.13040.53194.84599.072383 (34.4)Third year

6.6480-8.49490.46534.60617.571498 (28.8)Fourth year

5.2830-7.28850.50264.20546.285770 (20.6)Fifth year

7.4885-8.46450.24814.57457.9765340 (100)Total

Model

7.4991-8.45380.24274.4746N/AN/AaFixed effects

6.0538-9.89920.6042N/AN/AN/ARandom effects

aN/A: not applicable.
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Figure 1. Mean depression score by class year. PHQ-9: Patient Health Questionnaire-9.

Patient Health Questionnaire-9 and Sociodemographic
Parameters
Among sociodemographics, the chi-square test showed a
significant relationship between depression and gender only
(P=.007), as shown in Table 4. In addition, Cramer's V value

was significant (P=.007) and equaled .189. To determine which
gender was more predisposed to depression, a t test was
performed and showed that females had higher rates of
depression than males with a factor of 1.8, as shown in Table
5.

Table 4. Depression categories distributed by gender (n=340).

Pearson chi-square

P valueTotal, n (%)Depression categorya, n (%)Participants

≥2015-1910-14<10

Gender

.007b145 (42.6)1 (0.3)7 (2.1)28 (8.2)109 (32.1)Male

N/Ac195 (57.4)4 (1.2)25 (7.4)52 (15.3)114 (33.5)Female

N/A340 (100)5 (4.5)32 (9.4)80 (23.5)223 (65.6)Total

aLevel of depression divided into the following categories, with scores in parentheses: no depression (<10), mild (10-14), moderate (15-19), and severe
(≥20).
bSignificant values are shown in italics (P<.05).
cN/A: not applicable.

Table 5. Difference in depression between males and females, and t tests (n=340).

SESDDepression meann (%)Participants

Gender

0.35394.26176.9310145 (42.6)Male

0.33334.65418.7538195 (57.4)Female

Patient Health Questionnaire-9 and Facebook
Resorting Questionnaire
Table 6 is a result of the one-way ANOVA showing that, out
of 340 students, resorting to Facebook was high in 61 students
(17.9%), moderate in 149 students (43.8%), and low in 130
students (38.2%). It was shown that there is a positive and
significant relationship between the depression mean and the

categories related to resorting to Facebook, whereby the
depression mean was 6.9 in the low FbRQ group, 8.4 in the
moderate group, and 9.0 in the high group. The F value was
5.843 (P=.003). Comparing the different FbRQ groups, the
relationship was significant between the low and moderate
groups (P=.03), and between the low and high groups (P=.01);
however, it was not significant between the moderate and high
groups.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e96 | p.765http://www.researchprotocols.org/2016/2/e96/
(page number not for citation purposes)

Naja et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 6. Variation of resorting to Facebook with respect to depression mean (n=340).

95% CISESDDepression meann (%)Groups or models

FbRQ a groups

6.2132-7.70980.37824.31226.9615130 (38.2)Low

7.6695-9.13590.37104.52918.4027149 (43.8)Moderate

7.8518-10.34490.62324.86739.098461 (17.9)High

7.4885-8.46450.24814.57457.9765340 (100)Total

Model

7.4953-8.45760.24464.5105N/AN/AbFixed effects

5.2523-10.70070.6332N/AN/AN/ARandom effects

aFbRQ: Facebook Resorting Questionnaire.
bN/A: not applicable.

There was no statistically significant relationship between the
sociodemographic parameters studied and the FbRQ results as
determined by the chi-square test. However, a regression
analysis was performed locking the PHQ-9 score as a dependent
variable and all the Facebook features as the independent ones.

The R2equaled 25.3%, the model was a good fit, and the
regression was a good model (P<.001). Table 7 shows the
different ratios and the significance of each independent
variable.

Table 7. Different ratios and significance of each independent variable.

PtStandardized coefficientsUnstandardized coefficientsModel

BetaSDB

<.001 b13.83N/Aa.065.893(Constant)

.032.13.093.072.153FbRQcQuestion 1

<.0014.17.181.148.617FbRQ Question 2

.30-1.02-.046.100-.102FbRQ Question 3

.022.23.095.086.191FbRQ Question 4

.26-1.11-.051.076-.085FbRQ Question 5

.101.61.073.093.150PHQ-9dQuestion 6

.131.50.071.087.131PHQ-9 Question 7

aN/A: not applicable.
bSignificant values are shown in italics (P<.05).
cFbRQ: Facebook Resorting Questionnaire.
dPHQ-9: Patient Health Questionnaire-9.

Discussion

On Depression
The current prevalence of depression in our sample (34.4%) is
slightly higher than what is reported in the literature, which is
around 30% [1,2]. Studies on Question 9 of the PHQ-9 showed
the suicidal ideation in the studied sample to be lower than in
previous reports (23%) [20]. Nevertheless, it is always
considered high since a significant proportion of people
reporting suicidal ideation accounted for half of fatal or nonfatal
suicide attempts [20]. Multiple regression analyses showed the
question of depressive mood (Question 2), locked as the
dependent variable, to correlate highly with other PHQ-9 items;
hence, reports of feeling down or depressed by the students was
explained 63.5% of the time by all the independent variables

studied. Among these variables, the problems of interest in
doing things, fatigue, regarding one's self as a failure, and
functionality were positively and significantly correlated and,
thus, each 1% increase in these problems will increase feelings
of depression by a factor of 0.19%, 0.15%, 0.1%, and 0.28%,
respectively. On the other hand, a 1% increase in resorting to
the check-in Facebook feature was associated with a 0.31%
increase in feeling depressed, as shown in Table 2. Moreover,
depression varied significantly among the different academic
year classes and it peaked in the third year, which can be
explained by the female predominance, then decreased gradually
to a minimum PHQ-9 average of 6.2 in the fifth year. Female
predominance was observed with a factor of 1.8, which is
consistent with other reports [6,14,21]. From Cramer's V value
of .189, we can conclude that this significant relationship was
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low to moderate. Finally, our results regarding family history
as a predisposing factor is not consistent with the literature [6].

On Resorting to Facebook

Overview
About one-third of students with Facebook accounts are active
on Facebook [14,16]. Moreover, depressed users are expected
to exhibit a decreased usage of Facebook [18]; however, in our
sample a depressed user had an increased need to resort to
Facebook. The one-way ANOVA came to show that as the mean
of depression increases, resorting to Facebook increases as well
(P=.003). Hence, depressed medical students at the Faculty of
Medicine are more likely than the nondepressed students to
resort to Facebook, which leads to the hypothesis that Facebook
may be a coping mechanism for depression. Moreover, this
analysis provides credibility for the FbRQ by showing that the
difference in resorting to Facebook is significant between each
and every FbRQ category, except when it comes to comparing
the moderate and high categories. Unlike prior studies [14]
where resorting to Facebook was higher among females, there
was no predilection to resorting to Facebook among genders.

What is common to the features surveyed by the FbRQ scale is
that resorting to Facebook provides some pattern of social life
without necessarily improving deficient communication skills.
Users' subjective reports on the FbRQ show that Facebook may
provide users who have a tendency to experience depression a
chance to stay in contact with topics of interest, new places,
and horizons; to ruminate on positive memories; express ideas;
meet friends; and show the best out of their lives. According to
the multiple regression analysis, resorting to the like, add friend,
and check-in features was associated with depression; for each
1% increase in their usage, the PHQ-9 scores increased by 0.1,
0.6, and 0.1%, respectively. Hence, Facebook could have a
positive psychosocial impact by allowing users to resort to these
features.

Facebook in Relation to Psychotherapy
Interpersonal therapy aims to (1) improve communication skills
and (2) increase self-esteem [22]. Facebook improved depression
in university students [23] by expressing the opinions of a
depressed person that are usually suppressed on a daily basis;
this was demonstrated by Questions 6 and 7 on the FbRQ, in
addition to the add friend feature, chatting, and the like feature.

On the other hand, Facebook was shown to clearly improve
self-esteem [24]. Indeed, Internet use improved self-esteem as

well as social support, while decreasing the percentage of
depression and loneliness [25]. This seems to be linked to the
add friend feature and the aim of the usage of Facebook as per
the responses to the FbRQ.

Facebook, as a humanistic therapy, provides a social
environment where individuals may compare old and new habits
or attitudes with friends. At the same time, individuals may find
out that similar problems may also be encountered by others,
hence providing some kind of relief [26]. In conclusion,
psychotherapies are providing hope, empathy, and care; hence,
individuals who are supported by close friends and caring people
are less likely to need or seek therapy [26].

Facebook Social Support
Notably, social support is a key protective factor against
depression [6]. Computer-mediated interaction has been shown
to improve a user's confidence over the course of a conversation
and strengthens judgments while negotiating. Most importantly,
it helps a person get rid of uncertain behaviors [27]. On the
other hand, lonely people find it hard to introduce themselves
to, or take the first step in meeting, new people [4]. Facebook
may be an option to overcome those difficulties by allowing an
individual to choose the contact of his/her preference.

Study Limitations
As a cross-sectional study, our results were confined to
comparing, and not eliciting, a cause-and-effect relationship
between depression improvement and resorting to Facebook.
The standardized PHQ-9 questionnaire had not been validated
in the Lebanese population during our survey. On the other
hand, the FbRQ is a novel tool that we developed due to the
lack of an equivalent standardized questionnaire; its point of
weakness lies in not using a continuous variable scale.

Conclusions
Depression was shown to be highly prevalent among medical
students of the Lebanese University. Moreover, depressed
Facebook users were more likely than nondepressed users to
resort to Facebook; the subjective report by the FbRQ allows
us to hypothesize that Facebook may be a means to alleviate
depressive symptoms. Specifically, among all the Facebook
features, like, check-in, and add friend may be of therapeutic
significance. These results should stimulate health care providers
to question the high depression rate in this student population
and to acknowledge the possible role of Facebook in a
multidisciplinary treatment strategy to relieve depression.
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Abstract

Background: Virtual worlds allow users to communicate and interact across various environments, scenarios, and platforms.
Virtual worlds present opportunities in health care to reduce the burden of illness and disability by supporting education,
rehabilitation, self-management, and social networking. The application of virtual worlds to older adults who bear the burden
and cost of health conditions associated with age has not been evaluated.

Objective: The aim of this study is to explore the usability, ease of use, and enjoyment of a virtual world by older adults, the
types of virtual world activities that older adults may engage in, and the perceptions of older adults regarding the application of
virtual worlds in health care.

Methods: This quasi-experimental pre-post design research was guided by the Technology Acceptance Model (TAM). Participants
were recruited from a Lifelong Learning Institute (LLI) program at Nova Southeastern University. Participants attended four
training sessions over a 5-week period in the Second Life (SL) virtual world. Subjects were surveyed before and after the training
on perceived ease of use, attitudes towards technology, behavioral intention to use the system, facilitating conditions, effort
expectancy, and self-efficacy.

Results: Older adults (N=19) completed the informed consent and attended the first training session, and 11 participants (58%,
11/19) completed the full training and the post survey. Completers (82%, 9/11) were more likely than non-completers (37%, 3/8)
to consider themselves technologically savvy (P=.048), and to express confidence in being able to use the virtual world (100%,
11/11 vs 37%, 3/8; P=.002). All completers (100%, 11/11) perceived that SL has application in health behaviors and disease and
reducing social isolation among people who are homebound. Of the completers, 10 (91%, 10/11) responded that they enjoyed
learning how to use SL. Completers suggested that future trainings include more assistants and smaller groups.

Conclusions: This pilot study suggests that virtual worlds can be both a feasible and an applicable method to promote health
among some seniors. Future research on virtual worlds with older populations should consider using state-of-the art technology
including large monitors, providing a minimum of one trainer for every two to three participants, and distributing a comprehensive
training manual at the start of the training to support organization and recall.

(JMIR Res Protoc 2016;5(2):e81)   doi:10.2196/resprot.5423
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Introduction

As the population ages, the burden and cost of health conditions
associated with age, including chronic disease and dementing
illnesses is growing [1]. Strategies that promote
self-management of chronic disease, cognitive function, and
social connectedness contribute to improved health outcomes
and quality of life [2-4]. Among other methods, computer-based
interventions including computer-based gaming, interactive
multimedia systems, exergaming, and virtual worlds are
emerging as innovative methods to promote health among older
adults [5-8].

Virtual worlds are three-dimensional computer-simulated
environments that users navigate via Avatars to communicate
and interact across various environments, scenarios, and
platforms. In the past decade, virtual worlds have emerged as
important tools for socialization, engagement, networking, and
entertainment, virtually changing how people interact,
communicate, and collaborate [9]. Internet-based virtual worlds
offer opportunities in health care to reduce the burden of
illnesses and disability through promoting rehabilitation [10-12],
self-management of disease [13-18], healthy lifestyle behaviors
[19-21], and social networking [11,22]. However, most research
and evaluations on the application of virtual worlds in health
are conducted among younger, computer literate populations,
though the application to older adults has been identified [23].

Older adults comprise an important population for virtual
computer and Web-based health interventions, including virtual
worlds [24]. Today, 59% of adults 65 years of age use the
Internet [24]. Usage increases with higher education, higher
income, and lower age. Among seniors who reported using the
Internet, more than two thirds of them go online every day.
Similarly, among seniors who use social networking sites, 81%
reported using them daily or near-daily.

Use of virtual worlds among seniors is low, but is expected to
increase [25,26]. Currently there is a lack of evidence regarding
the acceptance, adoption, and health applications of virtual

worlds among older adults. Here, a pilot study was conducted
to inform on the feasibility and potential health care applications
of using a virtual world environment with older adults. The
specific research aims of this study are as follows: (1) to
understand the usability, ease of use, and enjoyment of a virtual
world environment by older adults, (2) probe engagement and
types of virtual world activities by older adults, and (3) identify
older adults’ perceptions regarding the application of virtual
worlds in health care.

Methods

Study Design
A quasi-experimental pre-post design was used. After providing
written consent subjects completed a pre-test, which included
questions regarding demographics, computer and digital device
usage, and potential advantages of virtual worlds (Multimedia
Appendix 1). Subjects then attended four training sessions over
a 5-week period using the Second Life (SL) virtual world in the
computer lab at Nova Southeastern University. SL is the largest
virtual world. Conceptualized by Philip Rosedale who founded
Linden Lab, SL offers a persistent, open, unlimited, and highly
customizable space. The content of SL is created by its users
who rent virtual land (islands). The training was conducted by
a faculty member. Another faculty member and one student
were available to provide direct support to participants at each
training session. The training topics covered were (1)
introduction to SL, "friending" and messaging (week 1); (2)
navigating and teleporting in SL (week 2); (3) changing the
appearance of your Avatars (week 3); and (4) health and sports
activities (week 4). Screen shots demonstrating examples of
activities performed in SL during training are shown in Figure
1. Subjects completed a 19 question post-test assessing their
experience with the virtual world, the potential advantages of
virtual worlds, and the specific health applications of virtual
worlds. The post-test is provided in Multimedia Appendix 2.
Subjects who completed all four training sessions received a
US $60 gift card to a local supermarket chain.
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Figure 1. Screen shots demonstrating examples of activities performed in Second Life during training sessions.

Participants and Setting
Participants were recruited from the Lifelong Learning Institute
(LLI) at Nova Southeastern University’s College of Osteopathic
Medicine. As an educational extension program the LLI attracts
many active and educated older adults from the nearby
community.

Study investigators made recruiting announcements during LLI
events and were available during LLI educational program
breaks to discuss the training program with interested members.
Though recruitment was slow at first, an interested LLI board
member agreed to make several announcements to his peers,
appealing to those interested in technology resulting in higher
interest. Inclusion criteria for the study included having an email
address and availability to attend the training programs. There
were no exclusion criteria.

Conceptual Framework
The research was guided by the Technology Acceptance Model
(TAM) [27]. The TAM is an extension of the Theory of
Reasoned Action (TRA) which predicts a person’s behavioral
intention based on attitudes and subjective norms [28]. TAM
extends TRA by predicting acceptance of information
technologies and assumes that two major variables of interest
drive an individual’s acceptance of technology: perceived
usefulness and perceived ease of use [29]. TAM has been used
successfully to test a variety of computer technologies in
dividers settings and user groups, including in health care
[30-35]. TAM evolved over several iterations into the Unified
Theory of Acceptance and Use of Technology (UTAUT) [36].
To our knowledge, this is the first application of TAM and the
extended UTAUT towards understanding acceptance and
adoption of virtual worlds among older adults.

Outcome Measures
The pre- and post-survey instruments were developed by the
investigators based on validated items used in the development
and testing of the TAM and UTAUT [27,36]. The tool measured
perceived ease of use, attitudes towards technology, behavioral
intention to use the system, facilitating conditions, effort
expectancy, and self-efficacy. The pre-survey included questions
on demographic characteristics, current computer and device
usage, technological savviness, confidence in using the virtual
world, and perceived usefulness of virtual worlds. The
post-survey tool included the same set of questions regarding
perceived usefulness as in the baseline survey and assessed
activities performed in SL as a result of the training. The
post-survey tool also included five open-ended questions to
inform on specific lessons that could be learned through this
pilot and applied to future research on virtual worlds and seniors.

Data Collection
Study data were collected and managed using Research
Electronic Data Capture (REDCap) electronic data capture tools
hosted at Nova Southeastern University [37]. REDCap is a
secure, Web-based application designed to support data capture
for research studies providing (1) an intuitive interface for
validated data entry; (2) audit trails for tracking data
manipulation and export procedures; (3) automated export
procedures for seamless data downloads to common statistical
packages; and (4) procedures for importing data from external
sources.

Statistical Analyses
We performed bivariate analysis of baseline completer and
non-completer demographic characteristics using t test for
independent samples for age and the Pearson chi-square statistic
for categorical data. Paired-sample t tests were used to compare
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changes in self-reported usefulness on a scale from 1 (strongly
agree) to 5 (strongly disagree) among completers and to estimate
power for future studies. An alpha of .05 was used for each test
without correction for multiple comparisons. Descriptive
statistics were used to describe activities completed and
perceptions regarding the application of virtual worlds to health.
All analyses were conducted in SPSS (V23).

Results

Study Participants
There were 19 older adults who completed the informed consent
and baseline survey and 10 older adults who completed the
4-week training program. One participant missed the last class,
however, the material was reviewed with the participant at the
end of the prior training. This participant’s post-test was
included with the completers, for an overall number of 11
completers, and a completer to non-completer rate of 58%
(11/19).

The demographic and baseline characteristics of completers and
non-completers are summarized in Table 1. The mean age of

participants was 71.2 among both completers and
non-completers. Completers (82%, 8/11) were statistically more
likely than non-completers (37%, 3/8) to consider themselves
technologically savvy (P=.048) and to express confidence in
being able to use the virtual world (100%, 11/11 vs 37%, 3/8,
P=.002). There was an absolute difference in mean hours on
the computer of 3.65, but this difference was not significant.
Though not significant, completers were more likely to agree
or strongly agree with the perceived benefits of a virtual world
in terms of usefulness in managing health (36%, 4/11 vs 25%,
2/8), usefulness for social interaction (45%, 5/11 vs 37%, 3/8),
usefulness to themselves (36%, 4/11 vs 25%, 2/8), and
usefulness in terms of improving quality of life (27%, 3/11 vs
25%, 2/8).

Activities Performed in Second Life
Activities performed in SL by completers are listed in Table 2.
While faculty and graduate students verified that all completers
performed all of the activities assessed at each class, several
participants in the post-survey said that they were not able to
"friend each other", find new places to visit, go shopping in SL
or change their Avatar’s appearance in SL.

Table 1. Baseline demographic and characteristics of non-completers and completers of a virtual world training program (N=19).

P valueCompleters (n=11)Non-completers
(n=8)

Characteristic

.9971.271.2Agea, mean

.3112.48.75Hours on computer per weeka, mean

.553650Male, %

.559175College graduate, %

.0488237"I consider myself to be technologically savvy", agree/strongly agree (%)

.00210037"I am confident I will be able to use the virtual world", yes (%)

.603625"A virtual world could be useful in managing my health", agree/strongly agree (%)

.734537“A virtual world could be useful for social interaction", agree/strongly agree, %

.603625"A virtual world could be useful to me", agree/strongly agree (%)

.912725"Using a virtual world could improve the quality of my life", agree/strongly agree (%)

aOne completer did not provide age or mean hours on computer per week.

Table 2. Activities in Second Life performed by completers during the training program (N=11).

n, (%)Activity

6 (54)“Friending each other”

9 (82)Finding new places to visit

11 (100)Teleporting

8 (73)Shopping

9 (82)Changing your Avatar’s appearance

11 (100)Sports activities (eg, jet skiing, parasailing, fishing, etc)

Usefulness of Second Life
The change in perceived usefulness of SL was analyzed in terms
of managing health, social interaction, overall usefulness, and
improvement in quality of life among completers (Table 3).

Though only the usefulness of SL for social interaction
approached significance (P=.046) there was improvement across
three of the four questions from baseline to follow-up.
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Application of Second Life to Health and Ease of Use
The application of SL to health and the ease of use of SL among
completers was assessed (Table 4). All subjects (100%, 11/11)
responded that SL is applicable to health behaviors and disease
and that SL can be applied to reduce social isolation among

people who are homebound. Of the participants, 10 (91%, 10/11)
responded that they enjoyed learning how to use SL. In addition,
8 (73%, 8/11) and 9 (82%, 9/11) responded that it was easy for
them to learn to create their Avatar and that it was easy for them
to navigate their Avatar in SL, respectively.

Table 3. Changes in mean score of usefulness of Second Life among completers improved from baseline to follow-up (N=11).

P value

Follow-up completers

scorea, meanBaseline completers scorea, meanUsefulness

.0512.272.82"A virtual world could be useful in managing my health"

.0461.912.55"A virtual world could be useful for social interaction"

.552.402.60"A virtual world could be useful to me"

.473.102.80"Using a virtual world could improve the quality of my life"

aMean score based on a 1 (strongly agree) to 5 (strongly disagree) scale.

Table 4. Participants' perception regarding ease of use and applications of Second Life to health (N=11).

n (%)Application

11 (100)Application of Second Life to health behaviors and disease

6 (54)Application of Second Life to self-management and chronic conditions

7 (64)Application of Second Life to support brain health among people with dementing illnesses

6 (54)Application of Second Life to support behavior and lifestyle change (eg, physical activity)

11 (100)Application of Second Life to reduce social isolation among people who are homebound

10 (91)I enjoyed learning how to use Second Life?

8 (73)It was easy for me to learn to create an Avatar in Second Life?

9 (82)It was easy for me to learn to navigate my Avatar in Second Life?

Qualitative Feedback on Second Life
Participants also responded to open-ended questions regarding
what they liked about SL, what they least liked about SL, their
motivation to participate in the training, and potential
improvements both in terms of the SL application and the
training program. In summary, respondents liked the graphics,
the variety of virtual experiences (eg, virtual travel) and
engaging in fantasies and other sports activities that they would
not normally engage in real life (eg, flying, power sailing).
Several respondents also said they enjoyed designing their own
Avatars and creating environments that are "outside the norm".
In terms of what they liked least, several respondents said they

found SL frustrating (difficulty maneuvering the Avatar and/or
not knowing where to go when they arrive at a site), that the
on-screen help is limited and hard to understand, and that there
is a long learning curve. One respondent also noted that the
computer lab environment where the training took place was
overloaded and crashed. With regards to motivation to
participate, all participants responded that they wanted to help
with interesting research and/or to learn something new.
Feedback with regards to improving the usability of SL for the
senior population and improving the training are provided in
Table 5. The responses to both questions are combined as there
was significant overlap.

Table 5. Respondent feedback on improving the usability of Second Life for the senior population and improving the training program for seniors in
SL (N=11).

n (%)Feedback

5 (45)Provide more assistants during training; provide individualized or small-group training

4 (36)Teach exercises slower in a step-by-step manner

3 (27)Provide a comprehensive, more organized training program and manual; simplify directions

2 (18)Enlarge the print on the screen

1 (9)Make it less challenging to navigate in Second Life

1 (9)Provide the training on an Apple platform
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Discussion

Principal Findings
Findings from this pilot study to investigate the feasibility and
potential health care applications of using a virtual world
environment with older adults suggest that perceived usefulness
of virtual worlds in terms of health, managing health, overall
usefulness, and improving quality of life increased following
the training program. Seniors who considered themselves
technologically savvy and are confident in their ability to learn
the virtual world technology were more likely to complete the
training compared to those who had less confidence and
self-reported themselves as not technologically savvy. Seniors
who completed the training were successful at creating Avatars,
learning to "friend each other", instant messaging, teleporting,
and engaging in activities in SL. All completers reported that
SL has application in health and managing disease, as well as
to reduce social isolation among people who are homebound.

Limitations
A limitation of the study was the high number of drop-outs.
During the first class participants (N=19) were instructed to set
up their SL account. However, the trainers did not know that
there was a limit on the number of new accounts that could be
set up per Internet Protocol (IP) address. As a result, many
participants had difficulty creating accounts. Trainers resolved
this issue by connecting to personal hotspots on cell phones,
but the interruption contributed to frustration that may have
resulted in drop-outs. Participants were also frustrated that they
had to wait, often for several minutes, for assistance. In
retrospect, because subjects learned how to use an Avatar at
different rates and had varying levels of attention, several
smaller groups should have been formed with at least one trainer
to two to three participants. Persons providing assistance to
participants needed to have mastered basic Avatar and SL skills,
which was not always the case in this study. While most
completers reported they enjoyed learning SL (100%, 11/11),
that they found it easy to create an Avatar (73%, 8/11), and
navigate in SL (82%, 9/11), there were other important lessons
learned through this pilot. Participants experienced frustration
with using and navigating in SL. Some of the frustration can
be attributed to the computer lab conditions. The computer lab
was equipped with laptops, which met the recommended
requirements for screen resolution and graphics, but only had
14 inch screens. In addition, some activities in SL were slow at
certain points in the training, likely due to Internet congestion
caused by a large number of computers working simultaneously
with intense graphic displays. A few of the computers even
crashed.

In addition to increasing the number of trainers available to
support setting up accounts and using high-end technology with
large monitors, suggested improvements for future trainings
include providing more support during each of the trainings and
providing a comprehensive training manual. There were several
challenges to maintaining a tempo acceptable for all participants.
First, some participants failed to remember their username and
password in subsequent trainings and then not having access to
their email accounts to access the email from SL to reset their
credentials. Second, subjects were at different stages of readiness
to use an Avatar in a virtual world, making it difficult to learn
new skills as a group. More SL technologically savvy students
wanted to press ahead with learning new skills while others in
the class were still learning previously-taught tasks. Future
projects may want to consider grouping participants by tempo.
In addition, while handouts were provided to students at the
beginning of each training, there was no overall comprehensive
training manual. In retrospect, such a manual would have helped
with organizing the material and facilitating recall of previously
taught activities. Plus, many participants wanted to practice on
their home computers for which the manual would have been
conducive.

Effect Size
One of the purposes of a pilot study is to calculate an effect size
for more robust, larger-scale studies. To this end, in a post-hoc
analysis, we calculated the magnitude of the effect of the change
in participant reported usefulness (composite of four questions)
of SL pre- and post-training. Using a power of 80% and an alpha
of .05, we calculated that 90 participants should be enrolled in
future studies to achieve a medium effect size (30%). Precaution
should be taken when applying our effect size to future studies
as we modified TAM questions to fit our population and virtual
world technology. It is also important to note that older adults
who participated in this pilot had a college degree and that
estimated results may vary if the study is replicated with a
less-educated population.

Conclusions
The purpose of this pilot study was to test the feasibility and
applicability of virtual worlds to older adults. This pilot suggests
that virtual worlds can be both a feasible and applicable method
to promote health among some seniors. Future research on
virtual worlds with older populations should consider using
state-of-the art technology including large monitors, providing
a minimum of one trainer for every two to three participants,
and distributing a comprehensive training manual at the start
of the training to support organization and recall.
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Multimedia Appendix 1
Pre-test questionnaire to assess acceptance, usability, and health applications of virtual worlds among older adults.

[PDF File (Adobe PDF File), 16KB - resprot_v5i2e81_app1.pdf ]

Multimedia Appendix 2
Post-test assessing the experience with the virtual world, potential advantages of virtual worlds, and specific health applications
of virtual worlds among completers.

[PDF File (Adobe PDF File), 16KB - resprot_v5i2e81_app2.pdf ]
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Abstract

Background: Aging of the European population and interest in a healthy population in western countries have contributed to
an increase in the number of health surveys, where the role of survey design, data collection, and data analysis methodology is
clear and recognized by the whole scientific community. Survey methodology has had to couple with the challenges deriving
from data collection through information and communications technology (ICT). Telemedicine systems have not used patients
as a source of information, often limiting them to collecting only biometric data. A more effective telemonitoring system would
be able to collect objective and subjective data (biometric parameters and symptoms reported by the patients themselves), and to
control the quality of subjective data collected: this goal be achieved only by using and merging competencies from both survey
methodology and health research.

Objective: The objective of our study was to propose new metrics to control the quality of data, along with the well-known
indicators of survey methodology. Web questionnaires administered daily to a group of patients for an extended length of time
are a Web health monitoring survey (WHMS) in a telemedicine system.

Methods: We calculated indicators based on paradata collected during a WHMS study involving 12 patients, who signed in to
the website daily for 2 months.

Results: The patients’ involvement was very high: the patients’ response rate ranged between 1.00 and 0.82, with an outlier of
0.65. Item nonresponse rate was very low, ranging between 0.0% and 7.4%. We propose adherence to the chosen time to connect
to the website as a measure of involvement and cooperation by the patients: the difference from the median time ranged between
11 and 24 minutes, demonstrating very good cooperation and involvement from all patients. To measure habituation to the
questionnaire, we also compared nonresponse rates to the items between the first and the second month of the study, and found
no significant difference. We computed the time to complete the questionnaire both as a measure of possible burden for patient,
and to detect the risk of automatic responses. Neither of these hypothesis was confirmed, and differences in time to completion
seemed to depend on health conditions. Focus groups with patients confirmed their appreciation for this “new” active role in a
telemonitoring system.

Conclusions: The main and innovative aspect of our proposal is the use of a Web questionnaire to virtually recreate a checkup
visit, integrating subjective (patient’s information) with objective data (biometric information). Our results, although preliminary
and if need of further study, appear promising in proposing more effective telemedicine systems. Survey methodology could have
an effective role in this growing field of research and applications.

(JMIR Res Protoc 2016;5(2):e101)   doi:10.2196/resprot.5187
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Introduction

Survey methodology and medical research are becoming more
connected: statisticians have always cooperated with clinicians
in the analysis of collected data, and in recent years new research
questions have arisen, along with new research fields (eg, health
technology assessment and health economics). The aging
European population and the interest in a healthy population in
western countries have contributed to the increase in the number
of health surveys, such as the English Longitudinal Study of
Ageing (ELSA, since 2002) [1], the Survey of Health, Ageing
and Retirement in Europe (SHARE, individuals from 20
European countries aged ≥50 years) [2], and the Health and
Retirement Study (HRS) since 1992 in United States [3], to cite
only the most well-known and relevant for the number of
countries involved or for the systematic nature of the survey.

In all these surveys, as well as in more traditional clinical trials,
the role of methodology in survey design, data collection, and
data analysis is clear and recognized by the whole scientific
community. The role of statisticians in clinical trials is now
complemented by survey methodology: patients are often
surveyed at the beginning and at the end of the trial to assess
their well-being or other characteristics connected to the topic
under investigation. Furthermore, patients are often requested
to give feedback on their satisfaction with health structures,
and, last but not least, health data management and analysis are
now mandatory in health services assessment. Therefore, the
contact points between medical and statistical research are
numerous. Due to the complexity of research topics, the
requested skills and knowledge are multidisciplinary and
interdisciplinary: the role of researchers has been changing, and
researchers now need to interconnect with each other, in order
to achieve their research goals.

In the same years, survey methodology has had to couple with
the challenges deriving from data collection through information
and communications technology, the movement from landline
telephones to mobiles and smartphones, and the increasing
spread of Wi-Fi connections: modes and techniques to collect
responses from people is always changing [4-8]. Guidelines
and standards to follow are constantly being updated in order
to be able to cover ever-changing and dynamic situations and
data gathering modes [9,10], and new metrics derived from
macro- and microparadata are being proposed and tested [11-16].
At the same time, the evolution of information and
communications technology is giving a strong push to
telemonitoring, telemedicine, and home rehabilitation systems
[17-21]: new systems are being tested, and are quickly evolving
from static to wireless devices, and from obtrusive to
less-obtrusive equipment, also making it possible to follow
patients and collect their information on their activities and
reactions potentially everywhere and continuously.

In our opinion, there are new and common challenges for
medicine and survey methodology. Which data are useful to be
collected and analyzed? How? And when? What is the data’s
value for the well-being of the patient, which is the ultimate
aim of a telemonitoring system? What about the quality and
usefulness of the data collected?

In the vast scientific literature on telemedicine systems, we have
found only a few reports of systems that use data and
information coming directly from patients [22-27], although
several systems, as for example Philips’ eCareCompanion and
eCareCoordinator [28], are now moving on to collecting this
information through tablets or smartphones [29,30]. Surely
researchers are exploring the implications of how and when
these subjective data are collected, their utility for effective
monitoring, and, more relevant from our point of view, whether
there is a quality control process for this subjective information
and how it works, but results have not reached the publication
stage.

Our vision is that an effective telemonitoring system would be
able to 1) collect objective and subjective data at the same time
(biometric parameters and symptoms reported by the patients
themselves), 2) control the quality of data collected, and 3)
analyze data both at the individual and at an aggregated level.

This ambitious goal can be achieved only by using (and
merging) all the technologies and skills available from both
survey methodology and health research. In this paper we focus
on the contribution of subjective data, that is, data reported by
the patients themselves, about themselves, in way that simulates
a standard medical examination: this, in our opinion, constitutes
the real innovation in the scheme above.

From Acquisition of Vital Signs to an Integrated
Telemedicine System
It is quite obvious that remote monitoring and telemedicine
systems apply only to patients with chronic conditions. For
them, a remote monitoring system is extremely useful, as it is
designed to store data collected directly at the patient’s home,
with the goal of detecting as soon as possible any worsening of
the patient’s health status.

Patient-doctor communication seems to be neglected in home
monitoring, and yet it is always present in medical checkups
(and in their telephone communications). Data and information
are always the objects of the patient-doctor communication in
each (first or follow-up) medical visit, and yet it seems that
telemedicine systems do not include this relevant source of
information. Generally, patient-doctor communication is
face-to-face. In the first contact with the patient, the physician
starts with a clinical interview: this allows the physician to know
how the patient feels and the symptoms that he or she reports,
and it precedes the objective physical examination. Thereafter,
the patient undergoes further examinations (electrocardiography,
echocardiography, chest x-ray, etc, and laboratory tests
according to the physician’s request). Only after all the data and
information have been collected and read is the physician able
to confirm the diagnosis and prescribe suitable therapy.

We underline that—as physicians themselves state—listening
to the patient’s account of his or her symptoms and feelings is
key to acquiring all of the information about the patient’s health
status. To have only biometric or laboratory data is not sufficient
for making a correct diagnosis and consequent decisions, for
taking actions, and for giving prescriptions. For patients with
a chronic disease, there are recognized guidelines (standardized
by each disease) that have to be followed in a medical checkup:
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guidelines recommend not only which laboratory and other tests
to take, but also that the symptoms reported by the patients
themselves be recorded. Last but not least, patients with chronic
diseases are increasingly able to recognize and communicate
correct and useful information about their conditions. From
these considerations, it follows that a remote monitoring system
must have the aim of daily collecting vital signs and biometric
data, as well as subjective data, from the patient.

Information and communications technology tools and survey
methodology allow for collection of these types of data
according to the ideal standards: the questions (asked by a
physician) and the responses (given by the patient) can be easily
recognized as simulating a questionnaire, whose content and
frequency of administration are determined by physicians.

The Role of Survey Methodology in Health Monitoring
The medical checkup can be transformed into a
computer-assisted Web interview, and the Web-collected data
can be used to generate a longitudinal survey. Subjective data
can be analyzed together with objective data in order to have
an assessment of the patient’s health status or to detect potential
risks.

In chronic diseases, the checkup visit can be more easily
transformed into a structured questionnaire, because the clinical
interview focuses mainly on presenting symptoms and their
variations since the last visit. It is possible to acquire and store
on a daily basis (or with a different periodicity; in any case,
more frequently than the face-to-face checkup visits) all
responses and information given by the patient. More important,
it is possible to analyze both clinical and patient variables

(measured at the same time) along appropriate longitudinal
statistical models.

The aging of the population in western countries calls for the
unavoidable and necessary use of a system to automatically
assess the health status of patients with chronic conditions,
supporting and complementing face-to-face clinic activities,
with the aim of focusing the efforts of medical staff on the most
serious cases. In order to reliably automate prediction of the
state of health of a chronically ill patient, it is also necessary to
ensure that data collection is at the highest possible level of
reliability and that the data are validated according to metrics
established and accepted by the scientific community.

To sum up, in a telemedicine system, questionnaires can be
administered (almost) daily for a group of patients for an
extended length of time. Are the questionnaires collected in a
telemedicine system similar to a longitudinal survey? If we
consider that a survey “is a systematic method for gathering
information from (a sample of) entities for the purposes of
constructing quantitative descriptors of the attributes of the
larger population of which the entities are members” [5], then
the answer is indeed positive, and we name it a Web health
monitoring survey (WHMS).

Quality Measures of a WHMS
If “the quality of a survey is best judged not by its size, scope,
or prominence, but by how much attention is given to
[preventing, measuring, and] dealing with the many important
problems that can arise” [31], then it is relevant to compare the
American Association of Public Opinion Research’s (AAPOR)
criteria to “produce a quality survey” with the particular situation
of a WHMS (Table 1) [31].
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Table 1. Comparison between the American Association of Public Opinion Research’s (AAPOR) criteria [31] for a general survey and the features of
a Web health monitoring survey (WHMS).

Features of a WHMSAAPOR survey criteria

Have specific goals.Have specific goals.Points better ad-
dressed by a WHMS

Consider alternatives.Consider alternatives.

Easier than in other fields of research. More attention to question
wording in different languages or contexts.

Take great care in matching question wording to the concepts
being measured and the population studied.

Patients are strictly involved and their active role in the monitor-
ing system can stimulate a high participation rate, a high response
rate, and a low item nonresponse rate. The patient AND the pa-
tient’s relatives or caregivers can have more positive feelings in
participating in the survey.

Maximize cooperation or response rates within the limits of
ethical treatment of human subjects.

 

The sample is not probabilistic, rather it resembles an opt-in one.Select samples that well represent the population to be studiedPoints easily respect-
ed by a WHMS

Use designs that balance costs with errors.Use designs that balance costs with errors.

Pretest questionnaires and procedures.Pretest questionnaires and procedures.

Train and supervise patients (and doctors).Train interviewers carefully on interviewing techniques and
the subject matter of the survey.

Use appropriate statistical analytic and reporting techniques.Use appropriate statistical analytic and reporting techniques.

Develop and fulfill pledges of confidentiality given to respon-
dents.

Develop and fulfill pledges of confidentiality given to respon-
dents.

Disclose all methods of the survey to allow for evaluation and
replication.

Disclose all methods of the survey to allow for evaluation and
replication.

 

New indicators and metrics are required.Check quality at each stage.Point to be studied
for a WHMS

Methods

The main contribution that survey methodologists can make to
WHMS is related to the quality of the survey at each stage.

As a first contribution, we offer some indicators, calculated on
data collected during the trial of an integrated telemedicine
system (Assistenza domiciliare allo SCOmpenso cardiaco
attraverso Le Tecniche Avanzate di comunicazione digitale, or
ASCOLTA, the Italian word for listen) [32] conducted in 2011
in Pisa, Italy, involving 12 patients with a diagnosis of heart
failure. We collected both biometric and subjective data for a
period of 2 months for 11 patients and for <1 month for 1
patient, who was the only one hospitalized for noncardiac
problems and was thus not included in the study. Patients had
to connect daily to a website, at the time most convenient for
the patients themselves. A Web questionnaire—dynamically
constructed with a different number of questions (and answers)
according to the patient’s clinical condition—collected the
patients’health data, including additional physical data (weight
and arterial pressures) measured and reported by the patients
themselves. At the end of the questionnaire, the system asked
the patient to wear wireless electrocardiograph, pulse oximetry
oxygen saturation, and respiratory rate recorders for 5 minutes.
The patients were free to ask for a new connection at their
discretion.

We have previously described and discussed the positive
contribution of subjective data to detecting potential risks [32]:
variables obtained during a virtual visit substantially contributed

to assessment of clinical status (69% of correct classifications),
similar to the traditional biometric variables (70%), as assessed
by a random forest classification algorithm. The combined use
of both variables led to a more correct classification of the
patient’s health status (84%).

The questionnaire (see Multimedia Appendix 1 for the English
translation) was designed under cardiologists’ supervision,
tested, and transformed into a Web questionnaire. The wording
of questions and answers and their sequence were in accordance
with European Society of Cardiology guidelines [33] for heart
failure patients and with the cardiologists’ clinical experience.

We also collected paradata during the study period, along with
instrumental and subjective data.

During the 2-month trial, we collected a total of 478 records
from 11 patients, 243 for the first month and 235 for the second
month.

As described before, a WHMS is a longitudinal survey that is
quite different from a panel survey in terms of duration and
contents; therefore, we needed more specific indicators than the
well-known and consolidated indicators available in the
literature [12,34,35].

We therefore propose the use of indicators that measure the
response and attrition rates at the patient level. The item
nonresponse rate is calculated as a proxy of the patient’s
cooperation. To measure whether there was any habituation to
a daily questionnaire, we compared the time span to complete
the questionnaire between the two halves of the entire study
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period. Finally, we measured the consistency of the time chosen
to complete the questionnaire as a proxy of the patient’s
compliance and satisfaction. Focus groups with patients were
organized and conducted both at the beginning and at the end
of the trial.

Results

Patient Adherence and Response Rate
As expected, patients were very cooperative due to an effective
strategy to encourage patient involvement. The number of
missing questionnaires was very low. Figure 1 illustrates the
response rate by each patient.

Figure 1. Response rate, by patient, during the 2-month ASCOLTA study.

Item Nonresponse
We measured the rate of nonresponse to each item, obtaining
good results (Table 2). The 3 biometric variables that the patients

were asked to report in the questionnaire all had a nonresponse
rate of 0%, which we interpret as denoting a cooperative attitude
among all of the patients: during the final focus group the
patients expressed positive reactions for their active role.

Table 2. Rate of nonresponse to questionnaire items (N=514).

NonresponsesItems

%n

0.392Overall feeling

6.0331Weight relative to previous day

0.975Swollen legs

0.784Shortness of breath yesterday

5.4528Shortness of breath when combing

6.6134Shortness of breath when washing

7.3938Shortness of breath when getting dressed

6.0331Shortness of breath when tying shoes

6.4233Shortness of breath when climbing steps

0.392Palpitations

0.392Chest tightness

0.392Tiredness

00Maximum blood pressure

00Minimum blood pressure

00Weight
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To measure habituation to the questionnaire, we compared the
item nonresponses between the first and the second month. We

found no significant differences (Figure 2).

Figure 2. Comparison of nonresponses to questionnaire items by period of the study (period 1: first month; period 2: second month) and by question.

Time to Complete the Questionnaire
From paradata collected, we calculated the time spent to
complete the questionnaires both for the daily and the

discretionary questionnaires (Table 3). The time required seemed
to depend on the patients’ health conditions; in general, time
required was very short and acceptable, and at our advice was
not perceived as a burden by the patient.

Table 3. Time spent to complete the daily and discretionary questionnaires, by patient.

TotalDiscretionaryDailyPatient

Mean time (min.s)nMean time (min.s)nMean time (min.s)n

1.12748.0011.0773CLMG

1.0855001.0855CLTS

1.43214.0011.3620CNCV

1.45861.0011.4685CNID

1.02251.0011.0324CNNV

3.38252.2033.4922DNTC

1.26281.0011.2727FRSG

1.4646001.4646LCUL

1.09581.0011.0957MCLN

1.33551.2451.3450PCCL

1.17211.3021.1619PSQN

1.324942.04161.31478Total

We also tested for difference in completion time between the
first and second period (Figure 3 and Table 4). Although the

difference was statistically significant for 3 patients, the overall
difference was not.
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Table 4. Time (min.s) spent to complete the daily questionnaires: comparison between first and second period of the study, by patient.

dfP valuet testPeriodPatient

Second halfFirst half

71.480.711.051.09CLMG

53.04a2.101.021.16CLTS

18.02a–2.472.201.00CNCV

83.61–0.511.561.37CNID

22.370.921.001.05CNNV

20.10–1.716.532.04DNTC

25.251.181.051.47FRSG

44.28–1.102.101.37LCUL

55.63–0.491.141.08MCLN

48.63–0.491.411.30PCCL

17.05a2.131.051.30PSQN

476.29–1.061.371.25Total

aSignificant difference (P ≤.05).

Figure 3. Time spent to complete the questionnaires, by patient and by period of the study (period 1: first month; period 2: second month).

Patients’ Chosen Time of Day to Complete the
Questionnaire
To accommodate the patient’s lifestyle, each one could choose
the hour of the day when they would complete the questionnaire,
with an interval of ±1 hour (Table 5).

During the final focus group, the patients expressed their
appreciation for this support, and therefore their behavior is a
proxy of a cooperative attitude.
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Table 5. Time of day chosen to complete the questionnaire, by patient.

Mean difference
from mean

Mean difference
from median

Mean time at start of ques-
tionnaire

(h.min.s)

Median time at start of
questionnaire

(h.min.s)

Total no. of daily question-
naires completed

Patient

17.5418.278.13.398.05.0073CLMG

15.4616.1314.42.1114.42.0055CLTS

15.5113.5315.33.1415.23.0020CNCV

14.4214.2817.45.5317.48.3085CNID

26.324.3319.14.2819.24.3024CNNV

25.322.559.55.559.45.0022DNTC

18.1118.139.25.569.29.3027FRSG

22.1222.268.26.298.20.0046LCUL

19.2517.029.30.479.20.0057MCLN

31.4211.518.36.287.56.3050PCCL

19.3220.0919.58.1120.07.0019PSQN

The mean difference was about 20 minutes, both from the
median and from the mean.

Discussion

It is worth noting that our WHMS is part of a telemedicine
system, making its goal different from that of other health
surveys such as a Web-based daily questionnaire for health [26].
Telemedicine data are collected and must be analyzed at the
patient level, because the main goal is to assess the health status
of the single patient. On the contrary, in epidemiological studies
the focus is on measuring health parameters for the entire
population.

Moreover, a WHMS is designed for patients with chronic
conditions, and therefore they may already be greatly involved
in the survey or their cooperative attitude can be reinforced: no
incentive is needed, because the implicit incentive for each
patient is to get better attention from the medical staff and to
contribute actively to the management of their chronic disease.
As a consequence, all indicators based on response rate
(although—or perhaps because—they have values never
obtained in a general survey) seem less relevant to measure the
quality of the WMHS. Nonetheless, their trend over time for
longer study is worth computing and controlling.

WHMS is a longitudinal survey with very strict periodicity,
even daily, which could be a burden for the respondent [36],
resulting in a possible high attrition rate. The attrition rate at
the patient level is therefore relevant in monitoring the quality
of data collection. Our results demonstrate that this risk is very
low, taking into account that only a few minutes are required
to complete the questionnaire.

Even with a diligent patient, there is the risk that patients’
responses will become automatic. The results we obtained led
us to reject the hypothesis of the presence of automatic
responses; therefore, the patient’s responses are deemed to be
reliable.

Signing in to the daily questionnaire and the patients’ choice
of when during the day to sign in seem a good measure of their
cooperation.

Focus groups with patients confirmed the efficacy of the
questionnaire and the positive reactions of patients to the new
mode of collecting this information. Patients appreciated their
new active role in the ASCOLTA system.

Study Limitations
We acknowledge that our study has some critical limitations,
such as the small number of patients studied and the short
duration of the longitudinal survey. Furthermore, the study
involved only patients with heart failure. Other paradata can be
collected, such as those needed to measure response latency or
time-to-click [16,37].

In more general terms, the digital skills of potential respondents
to a WHMS is a challenge: a sample of patients with chronic
conditions would be older, and the greater digital divide in this
group could be a barrier to their participation in such a survey
[38-40].

Many aspects of a WHMS deserve to be developed, by applying
the same approach to other kinds of chronic pathologies (eg,
chronic obstructive pulmonary disease, diabetes, and
hypertension) [41,42]. Moreover, the expansion of wireless
technologies on platforms such as smartphones and tablets will
enable the collection of biometric data to extend even to people
who are not yet ill (eg, people at risk) or to healthy people who
participate in amateur sports. In addition, although this is an
open field, the reactions of medical staff to the virtual visit are
worth investigating, as patient satisfaction is further explored
[43-47].

Information and communications technology solutions can be
applied to facilitate and enable patient-doctor communication
[48-53]. Many virtual medical visit applications are being
developed [54-56] and the increasing number of websites
testifies to patients’ willingness to play a more active role in
their own health management [57,58].
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The main and innovative aspect of our proposal is the use of a
Web questionnaire to virtually recreate a checkup visit,
integrating subjective (patient information) with objective data
(biometric information) in a unique database that can be
analyzed with appropriate statistical methods. We suggest here
some indicators to control the process of data collection, along
with criteria already established by survey methodology, but
we are conscious that other specific metrics need to be studied.

Our results, although preliminary, appear promising and, in our
opinion, could be of significance to the ongoing debate about
the most appropriate type of telemonitoring and remote care of
patients. Further studies, in a larger population, could be useful
to ultimately confirm our preliminary results and to provide a

more efficient cost-benefit ratio, according to health technology
assessment.

Survey methodology could have an effective role in this growing
field of research and applications.

In agreement with the Couper’s statement that “We constantly
need to hone our skills, update our knowledge, and expose
ourselves to new developments in other disciplines and fields
of research and application.” [59], we think that monitoring of
health data is a challenge for survey methodologists. Skills and
competencies of survey methodologists and statisticians must
guide data collection and data analysis in health monitoring
surveys.
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Abstract

Background: eHealth apps have the potential to meet the information needs of patient populations and improve health literacy
rates. However, little work has been done to document perceived usability of portals and health literacy of specific topics.

Objective: Our aim was to establish a baseline of lung cancer health literacy and perceived portal usability.

Methods: A survey based on previously validated instruments was used to assess a baseline of patient portal usability and health
literacy within the domain of lung cancer. The survey was distributed via Amazon’s Mechanical Turk to 500 participants.

Results: Our results show differences in preferences and literacy by demographic cohorts, with a trend of chronically ill patients
having a more positive reception of patient portals and a higher health literacy rate of lung cancer knowledge (P<.05).

Conclusions: This article provides a baseline of usability needs and health literacy that suggests that chronically ill patients
have a greater preference for patient portals and higher level of health literacy within the domain of lung cancer.

(JMIR Res Protoc 2016;5(2):e104)   doi:10.2196/resprot.5122

KEYWORDS

consumer health information; health literacy; eHealth; patient portal

Introduction

Life expectancy has nearly doubled in the last century [1], due
in part to preventive care, screening protocols, and the
conversion of previously lethal diseases into manageable,
chronic conditions through medical advances. Recently, lung
cancer screening with computed tomography (CT) has been
shown to significantly reduce lung cancer mortality and has
resulted in paradigm shifts such that screening is now a covered
medical procedure by both third party payers and Medicare [2],
providing the opportunity for more patients to be screened.
However, lung cancer is still the single greatest cause of
cancer-related death. Accurate and timely patient education is

considered to be one of the critical elements underlying
improvements in public health, to better inform patients of the
underlying causes of their conditions, the measures they can
take to mitigate risk, and the basis, and balance of benefits to
risks, of certain interventions.

However, low levels of health literacy are seen as a hurdle to
accessing health information [3]. The US Department of Health
and Human Services defines health literacy as patients’ ability
to acquire, read, and understand health information in order to
make health decisions appropriate to their situation [4]. The
National Center for Education Statistics maintains that health
literacy is crucial for all adults to understand and improve their
health, as they encounter health information in a variety of
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digital and hardcopy formats (eg, websites, blogs, federated
search engines, magazine articles, pamphlets, prescription
directions) [5].

Further study of patients’ health literacy in the subject of lung
cancer is necessary to inform the design of patient education
tools. Lung cancer screening protocols have recently been
revised due to the findings in [2], demonstrating the efficacy of
annual CT scans for high-risk individuals. Given the major
policy change in lung cancer screening, it is expected that
moderate patient education will be required to better understand
the etiologies of lung cancer and basis for screening. eHealth
apps are a potentially potent medium for the task of providing
educational materials.

The term eHealth can be broadly described as the use of
information technology in health care, examples of which
include patient portals, personal fitness apps that run on mobile
phones or personal computers, and digital consumer health
educational guidelines. eHealth tools are increasingly available;
however, availability does not ensure greater health literacy or
increased use of these tools. The term usability refers to the ease
of use and learnability of a tool, the measure of which can serve
as one gauge of the effectiveness of a tool in helping the user
reach their objectives [6]. Usability is necessary to ensure use
of and application of the information within eHealth
technologies [7,8]. Contributing to perceived usability is
perceived feasibility. Feasibility, which can be defined as the
effectiveness of an intervention, can be further divided into
eight areas of focus, including acceptability, for example, how
users react to an intervention, and demand, for example, an
estimated need of a tool [8].

While no design will be able to anticipate all information needs,
the content of a patient portal has the potential to influence
perceived usability and satisfaction, as well as improve health
literacy and outcomes [9,10]. Generally, a patient portal is a
secure website that provides individuals with access to their
personal medical information [11]. Although there has not been
lengthy discussion on the content of portals in particular, the
content of personal health records (PHRs) has received more
attention. Basic consensus has been reached on certain data
points that should be included: problem lists, procedures, lab
tests, diagnoses, and notes [7,12-15]. These data points would
likely prove beneficial in a portal as well. Portals also have a
range of functions not available in PHRs, such as the ability to
email a physician, renew a prescription, view clinical reports,
and make appointments. However, patient information needs
may differ by diagnosis, and in order to improve health literacy
and outcomes, some diagnoses may require more specific
additional information, educational content, and functions [7,16].
For instance, cancer patients have been shown to want access
to targeted information about their particular diagnosis (benign
vs cancerous), treatments (chemotherapy, radiation, surgery),
and prognosis (quality of life, 5-year survival) [17]. However,
the specific needs of cancer patients by diagnosis are not well
known. Identifying these needs, as well as their literacy levels
on specific subjects, would prove helpful in the design of tools
meant to serve specific populations, such as lung cancer. Before
this can be done, it is necessary to establish a baseline of a
general population’s information needs.

Additionally, as lung cancer is the leading cause of cancer death
and the majority of lung cancer cases are due to tobacco smoke,
it is important that the general population be informed regarding
lung cancer and the means through which risk can be mitigated
(smoking cessation) [18]. While campaigns to inform the general
population of this health issue have been wide spread, it is
important to document how effective these campaigns have
been in providing health consumers with knowledge, especially
when considering recent reforms to screening protocol.
Assessment of lung cancer literacy can help to inform portal
module design aimed at improving literacy rates.

As an initial starting point, we were interested in two areas of
study: (1) understanding the perceived usability and, in turn,
feasibility of information content of patient portals of a
convenience cohort taken from the general public, and (2) the
demand for lung cancer specific health literacy of a convenience
cohort taken from the general public. Our goal was to establish
a baseline to understand how perspectives and literacy vary by
basic patient (consumer) demographics.

Methods

To assess baseline health information needs and preferences,
as well as lung cancer knowledge, a survey was developed based
on previously validated surveys [19,20], which were designed
for the purposes of documenting patients’ health portal
preferences and lung cancer knowledge. While the questions in
our survey are taken from these validated tools, not all questions
from the original surveys were used. Instead, in an effort to keep
our survey concise and focused, we chose those questions that
most closely focused on our concerned topics, perceived
usability and feasibility of patient portals, and lung cancer
knowledge. We chose to rely on prior validated surveys, as
developing and validating a survey would require considerable
additional research beyond our current scope. Our instrument
consisted of three modules (see Multimedia Appendix 1). The
first module captured information needs and preferences
regarding patient portals posed as statements that were rated by
participants on a 7-point Likert scale ranging from 1 (completely
disagree) to 7 (completely agree). The second module consisted
of factual statements about lung cancer and computed
tomography with multiple choice answers, of which only one
answer was correct. The third module contained demographic
questions, based primarily on the US census [21]. Two free-text
questions allowed participants to describe concerns and the
effects of using a portal. This study was certified exempt by an
internal review board committee at University of California,
Los Angeles (UCLA).

Recruitment
The survey was distributed via the website MTurk, a
crowdsourcing Internet site devoted to human intelligence tasks
[22] that has been used in prior medical informatics studies
[23-26] and in the evaluation of consumer health tools [27,28].
The MTurk site was used as it has been demonstrated by those
studies as a reliable method to survey a convenience sample
and because it provided access to individuals across the country,
as opposed to one geographical area. The survey was made
available only to those MTurk participants within the United
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States. The survey was posted on the MTurk website for 3 weeks
in May 2015. Participants were invited to complete the survey
with the guarantee of compensation of US $1 per completed
survey; each participant completed only one survey. The first
500 individuals to fully complete the survey were chosen as a
convenience sample for purposes of analysis. We sought 250
participants age 41 and older, and 250 participants age 40 and
younger. To do this, the survey was distributed twice, once as
a survey available to those who were age 40 and younger, and
once as a survey to those who were age 41 and older.
Participants were asked to affirm their age cohort.

Statistical Analysis

Power and Statistical Tests
A power analysis indicated that in order to demonstrate a 0.95
power with alpha=.025, we would require 324 participants.
Survey results were analyzed using SPSS version 20 software.
Statistically significant results are those with a P value ≤.05.
Independent t-tests and one-way analyses of variance
(ANOVAs) were used in univariate analyses to determine
differences in information needs and preferences based on mean
values of demographic variables. Chi-square was used in
univariate analysis to identify differences in health literacy based
on mean demographic variables. To determine if combinations
of demographic variables can predict dependent variables,
stepwise logistic regression was done using all significant
variables from univariate analysis, with each model using the
independent variable(s) that had significant univariate results
for a particular question (P ≤.05). Logistic regression was used
in order to make the data as parsimonious as possible, as the
number of cases per group were limited. Alongside P values,

log-odds, and prediction probabilities, Nagelkerke R2values

were also reported. The Nagelkerke R2statistic is used to
demonstrate how useful the independent variables are in
predicting the dependent variable [29].

Variables
All variables can be seen in Multimedia Appendix 2. Due to
sparse data, the demographic variables sex and race were

collapsed into dichotomous variables (seen Multimedia
Appendix 1). The variable sex included one response listed as
“other.” This single response was eliminated from univariate
analysis of portal preferences based on sex. For logistic
regression, the 7-point Likert scales used to record patient portal
responses were also dichotomized as follows: Agree (Scores
5-7) and Disagree (Score 1-4). For regression analysis, a score
of 4 on Likert scale responses was included within the Disagree
category, as the purpose of our analysis was to compare those
who agreed to others. For lung cancer knowledge variables,
binary values were coded as “0” for incorrect and “1” for correct.

Results

Only surveys with no missing data elements were analyzed.
Participants who returned surveys with missing data were
contacted via email and invited to supply the missing data points.
There was no consistent pattern to the types of data elements
not completed. The surveys of participants who supplied the
missing data were included in analysis. In total, out of the 500
surveys issued, 473 complete surveys were collected.

User Demographics
The majority of participants were white (389/473, 82.2%) (see
Table 1). Although accounting for fewer respondents, Asian
(26/474, 5.4%) and black (25/473, 5.2%) participants were the
second largest group and were roughly equivalent. The majority
of participants had some college education, with very few
(27/473, 5.7%) participants listing high school as their highest
level of educational attainment. Roughly half of respondents
reported an annual income of US $35,000 or less. Participants
tended to spend over 11 hours a week online (349/473, 73.7%),
but most had used a portal 10 times or less (216/473, 45.6%)
or had never used a patient portal (174/473, 36.7%). This rate
of portal use suggests that responses to the survey are both a
measure of needs for those with experience using a portal, and
expectations for those who have not used a portal before.
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Table 1. Demographic results.

%nDemographics

Age in years

31418-20

27.713121-30

20.19531-40

29.413941-50

15.47351-60

41961-70

0.2171-80

0.21Prefer not to answer

Race

82.2389White

5.426Asian

0.42American Indian

0.42Pacific Islander

5.225Black

1.47Another race

0.63Unknown or prefer not to answer

419Two or more races

Education

5.727High school

34.6164Some college

13.363Associate degree

37.2176Bachelor’s degree

943Graduate degree

Income, USD

50.1237$0-35,000

2095$36,000-50,000

16.980$51,000-75,000

11.655$76,000 or more

1.26Prefer not to answer

Times using a portal

36.7174Never

45.62161-10 times

157111-50 times

1.9951 times or more

0.63Prefer not to answer

Time online, hours

7.3351-5 hours

18.3876-10 hours

73.734911 hours or more

0.42Prefer not to answer

Sex
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%nDemographics

51.5244Male

48.2228Female

0.21Other

Evaluation Outcomes

Influence of Participant Characteristics on Patient Portal
Questions
Patient response frequencies to all survey questions can be seen
in Multimedia Appendix 3 , and results to all univariate analyses
can be seen in Multimedia Appendix 4. Demographic variables
that significantly influenced participant perceptions of patient
portal usability and feasibility are shown in Table 2. For all
significant results, females rated statements about portal
perceptions with higher positive responses. For example, the
average Likert response to the question “Portals are not difficult
to use” was 4.97 for males and 5.32 for females (P=.009).

Females tended to have higher, more positive average Likert
scores across all questions relating to portal use.

Respondents reporting a chronic illness also tended to have
more positive views of portals, with higher average ratings than
those without chronic illness. The average response was
significantly higher for chronically ill participants for all four
questions relating to portals (see Table 2). This trend was also
seen across all questions relating to portal preferences.

Differences in responses significantly varied based on the
number of times participants had used a patient portal. However,
there was no consistent trend seen across answers. Additionally,
while not statistically significant, 33% of participants reported
concern about “unauthorized access” to their patient portal.

Table 2. Statistically significant results of univariate analysis of patient portal preferences.

PEta2Survey questionIndependent variable

Sex a

.0090.014Portals are not difficult to use.

.0440.009Using a portal can make me accomplish tasks (eg, review my diagnoses and tests) quickly in managing my
personal health information.

Chronic illness

.0030.025A portal can be useful to manage my personal health information.

.0010.29Using a portal can make me accomplish tasks (eg, review my diagnoses and tests) quickly in managing my
personal health information.

.0340.014A personalized portal can suit my needs of managing my personal health information.

.0010.027It should be easy to become skillful at using a portal.

Portal use

.0020.036A personalized portal can suit my needs of managing my personal health information.

.0020.035Using a portal can make me accomplish tasks (eg, review my diagnoses and tests) quickly in managing my
personal health information.

.0250.023A portal can be useful to manage my personal health information.

.0250.023Using a portal with a health encyclopedia can provide me with health care knowledge and education.

.0070.030It should be easy to become skillful at using a portal.

aIndependent variable that utilized an independent t test; all others used ANOVAs.

Influence of Patient Characteristics on Lung Cancer
Screening Knowledge
Questions pertaining to lung cancer and chest CT had multiple
choice answers, of which one answer was correct. The chronic
illness predictor was most frequently associated with correct

responses (see Table 3). Those reporting a chronic illness had
a higher rate of correct answers for three of the four significant
results. However, those not reporting chronic illness performed
better on the two questions with the outcome variable “Someone
who has quit smoking…” and “Lung cancer is one of the most
common cancers.”
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Table 3. Statistically significant results of univariate analysis of demographic variables on lung cancer knowledge.

PSurvey questionIndependent variable

Education

.005In the past, before the CT scan was introduced, the chance of dying due to lung cancer after diagnosis was high.

Income

.034A change of cough pattern is a frequent sign of lung cancer.

.030Coughing up blood is a frequent sign of lung cancer.

Smoking habit

.036Lung cancer is one of the most common cancers.

Hours online

.016CT images are made with X-rays.

.006To complete a CT scan, subjects must undress their upper body.

.030Lung cancer is infectious.

Sex

<.001Coughing up blood is a frequent sign of lung cancer.

Chronic illness

.012CT images are made with X-rays.

.017To complete a CT scan, subjects must undress their upper body.

.014A change of cough pattern is a frequent sign of lung cancer.

<.001Lung cancer is infectious.

Portal use

<.001Lung cancer is infectious.

Other predictors with significant test results included time spent
online, income, education, smoking habit, sex, and portal use.
Time spent online had the second highest number of significant
tests with three results. However, there was no consistent pattern
observed within the rates of answers, with those who spent more
time sometimes outperforming and sometimes underperforming
those who spent less time. For the income predictor, correct
answers to the question “Coughing up blood is a frequent sign
of lung cancer” increased as income increased, until the level
of US $76,000 or more. Those who made US $76,000 or more
a year had a lower rate of correct answers than those who made
less. For the smoking habit predictor, those who smoked had a
slight but significantly lower rate of correct answers (78.4%
versus 78.7%) for the question “Lung cancer is one of the most
common cancers.” Men had a significantly higher rate of correct
answers for the question “Coughing up blood is a frequent sign
of lung cancer” than women (75.4% vs 73.7%). As portal use
increased, correct answers to the question “Lung cancer is
infectious” decreased. There was no pattern observed in response
rates for the question “In the past, before the CT scan was

introduced…” when stratified by the education predictor, nor
for the question “A change of cough pattern is a frequent sign
of lung cancer” response rates when stratified by the income
predictor.

Logistic Regression
Stepwise logistic regression was performed for demographic
variables that had statistically significant relationships as seen
in Tables 2 and 3. Statistically significant results for logistic
regression are seen in Table 4. Increased portal use was
positively associated with agreeing with the statement “It should
be easy to become skillful at using a portal,” meaning
participants who used a portal more than 10 times were more
likely to agree with the statement. However, prediction success
was weak with 32.6% of outcomes correctly predicted. The
chronic illness predictor was positively associated with having
the correct answer for “A change of cough pattern is a frequent
sign of lung cancer,” indicating that those with a chronic illness
were more likely to choose the correct answer for the question.
However, prediction was not improved in comparison to the
constant model, remaining at 52.4%.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e104 | p.796http://www.researchprotocols.org/2016/2/e104/
(page number not for citation purposes)

Zide et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 4. Statistically significant results for logistic regression analysis.

Prediction percentage
correct, %Nagelkerke R2PLog-oddsSurvey questionIndependent variable

Portal use

32.60.024.0160.996It should be easy to be-
come skillful at using
a portal.

Chronic illness

52.40.020.0080.611A change of cough pat-
tern is a frequent sign
of lung cancer.

Discussion

Principal Results and Comparisons With Prior Work
In this study, a convenience cohort of the general public was
asked to rate their perceptions of usability and feasibility of
patient portals and knowledge of lung cancer, in order to
demonstrate the demand for lung cancer knowledge and status
of patient portal usability. Overall, we observed that respondents
reporting chronic illness tended to have more positive opinions
of patient portals and to perform better on lung cancer
knowledge questions than those without a chronic condition.
Chronically ill patients having a more positive opinion of
eHealth is a finding that has also been observed [30,31].
Similarly, a review of literature on portals found that participant
interest in patient portals varied by health status [32].

Interestingly, some studies have found that chronically ill
patients may have lower health literacy [33,34]. In contrast, a
study found that those with a chronic illness reported higher
rates of literacy regarding test results [35]. In our work, it may
be that the higher performance we observed relates to higher
levels of educational attainment, as those respondents reporting
chronic illness in our survey more frequently had Associate,
Bachelor’s, and Master’s degrees than those reporting no chronic
illness (14.6% vs 12.9%, 39.8% vs 36.8%, and 9.7% vs 8.8%
respectively).

Having used a portal was associated with significant difference
in opinions of patient portals. However, there was no consistent
trend observed, with some statements being rated in higher
agreement by those who had used portals more and other
statements being rated higher by those who had used them less.
It is also worth noting that for those who had never used a portal,
these statements are measuring expectations of portals, while
with those who have used portals, these statements are
measuring experience. These results suggest that opinions about
the usability of portals do not demonstrate a clear trend whether
being drawn based on expectations or experience.

We also found that women reported more positive ratings of
portals. While use does not equal preference, positive ratings
may be influenced by the higher use of portals we observed in
this survey (19.7% of women had used a portal over ten times,
compared to 14.3% of men), which is consistent with higher
eHealth resource use observed in women [36-38]. We also
documented a statistically significant difference in correct
responses for lung cancer knowledge stratified by the amount

of time spent online. Others have found similar relationships
between Internet use and health literacy [34], but our results
showed no consistent trend and are inconclusive.

Although two logistic regression models had significant P value
results, neither model had strong prediction success. While the
low P values (<.05) indicate that the findings are unlikely due
to chance, the prediction values, as well as the Nagelkerke

R2values, indicate that these models will not perform prediction
well. Further research is required to determine predictors that
would predict answer cohorts to these questions successfully.

Finally, 33% of participants noted that they were “concerned
about unauthorized access,” which was the most commonly
chosen option (seem Multimedia Appendix 4 , Question 26).
In other work, security was a concern for two thirds of health
information consumers, although users of PHRs had less
observed concern [39]. The overall percentage of participants
concerned with security in this study was less than in [39].
However, a similar trend was observed with 32.5% of those
who had used a portal more than 10 times were concerned with
unauthorized access while 33.1% of those who had used a portal
10 times or less were concerned. Similarly, security has also
been a concern [40]. This common theme suggests that eHealth
users may associate eHealth tools with a lack of security. This
concern has the potential to impact portal use, as it would likely
limit satisfaction and perceived usability and, thus, feasibility.

Limitations
There are several limitations to this study that may have
influenced our results. Most importantly, we used a convenience
sample of the first 500 respondents to a survey posted on MTurk.
As such, the results derive from Internet users; those with less
Internet experience may well have different views regarding
patient portals and lung cancer health literacy than those
documented here. Our respondents also had higher levels of
education than seen in the US population [41], which may have
influenced health literacy. Moreover, although we specifically
asked respondents not to look up answers to lung cancer
questions, we have no guarantee that responses were not
informed by additional online queries.

An additional limitation is the potential bias that may be
introduced by the use of a digital survey format. Others have
found that patients who have used eHealth technology have
more positive opinions of it than those who do not [42],
suggesting that experience with technology can cause one to
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regard it more favorably. Here, completing a digital survey on
eHealth may bias respondents to rate statements about patient
portals more highly.

Conclusion
This work documents a baseline for consumer information needs
and health literacy within the domain of lung cancer. Our results
suggest that women and those with chronic illness had more
positive views of patient portals and that chronically ill patients
had higher health literacy in lung cancer. Although chronically
ill patients are a likely user group for patient portals,
non chronically ill patients can also benefit from opportunities
to manage and learn about their health as well as mitigate risk
via portals. Given this, the results suggest a need for further

lung cancer education with opportunities to use patient portals
to better educate individuals who do not have a chronic illness
about lung cancer. Further study is also needed in order for
portals to better address the information needs of patients who
are not chronically ill in order to improve perceived usability
and feasibility.

This baseline can be used in future comparison studies as well
as to inform portal design to improve usability and raise lung
cancer health literacy with educational modules. Our future
work includes designing a patient portal influenced by these
results and then surveying a patient population at UCLA who
will have access to the portal, to compare those survey results
to this baseline, in order to identify any difference between
them.
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Abstract

Background: A key challenge for longitudinal cohort studies is follow-up and retention of study participants. Participant
follow-up in longitudinal cohort studies is costly and time-consuming for research staff and participants.

Objective: This study determined the feasibility and costs of using Web-based technologies for follow-up and collection of
patient-reported outcomes in the Mediators of Atherosclerosis in South Asians Living in America (MASALA) study.

Methods: The MASALA study is a community-based cohort of 906 South Asians in the United States. Since the baseline
in-person visits (2010-2013), a yearly telephone follow-up survey was used to assess participants’ health status and incidence of
cardiovascular disease. A Web-based version of the follow-up survey was developed using the REDCap (Research Electronic
Data Capture) Web app. Participants from the Chicago field center who were due for their annual follow-up and who had a valid
email address were sent an email link to a secure online portal where they could complete the survey. Telephone follow-up was
used with nonresponders.

Results: A link to the Web survey was emailed to 285 participants (February to October 2014) and the overall completion rate
was 47.7% (136/285). One-third of participants who were unresponsive (n=36) to annual telephone follow-up completed the Web
survey. Web responders were younger, more likely to be married, and to have higher education and income compared (P<.05)
to telephone-only responders. Web survey development involved 240 hours of research staff time. Since launching, the Web-based
survey has required 3 hours per week of staff time.

Conclusions: Although electronic follow-up will not be a panacea for cohort operations, it will serve as an adjunctive strategy
to telephonic follow-up for maximizing cohort retention with lower costs.

(JMIR Res Protoc 2016;5(2):e95)   doi:10.2196/resprot.5448
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Introduction

Population-based cardiovascular cohort studies contribute
important scientific information about risk factors and
pathophysiology of cardiovascular disease by collecting
high-quality detailed data linked to longitudinal outcomes.
However, longitudinal follow-up of cohorts can be costly,
time-consuming, and burdensome to research staff and study
participants. The balance of cost, data validity, and feasibility
is increasingly important for determining the value of traditional
population-based cohorts [1]. To remain relevant in a
technologically evolving world, cohort studies should be able
to capture data using newer methods, such as Web-based
follow-up, without sacrificing participant retention rates [2,3].
This study determined the feasibility and costs of using
Web-based technologies to longitudinally follow participants
in a cardiovascular cohort study, the Mediators of
Atherosclerosis in South Asians Living in the United States
(MASALA) study.

Methods

The MASALA study is a community-based longitudinal cohort
study designed to understand the risk factors and etiology of
cardiovascular disease (CVD) among South Asians living in
the United States aged 40 to 84 years who were free of CVD at
baseline [4]. Baseline clinical visits were conducted from 2010
to 2013. Once per year, follow-up was conducted using a brief
telephone survey to assess changes in participants’health status,
hospitalizations, procedures, and self-reported CVD events. In
2013, the Chicago site received pilot funding to implement and
test the feasibility of using Web-based technology for participant
follow-up and patient-reported outcomes (PRO) measurement
and data collection. Starting in 2014, participants from the
Chicago site who had provided a valid email address were given
the option of completing the annual follow-up using a
Web-based survey. This study was approved by the Institutional
Review Board at Northwestern University, Chicago, IL, and
informed consent was administered to all participants at the
study baseline visit.

Choice of Web-Based Platform
Initially, the study team evaluated three Web-based platforms:
SurveyGizmo, Assessment Center [5], and REDCap (Research
Electronic Data Capture) [6]. SurveyGizmo is a proprietary
electronic survey tool that was used for follow-up of cohort
participants from the Coronary Artery Risk Development in
Young Adults (CARDIA) study and is compliant with the Health
Insurance Portability and Accountability Act (HIPAA).
However, concern about a third-party website hosting study

data was an important barrier for using SurveyGizmo.
Assessment Center is a platform funded by the National
Institutes of Health that was specifically created to collect PROs
[7] and to reduce respondent burden. It is widely used by
biomedical and behavioral research programs. REDCap is a
consortium developed among various institutions for research
data capture, including electronic surveys. Both Assessment
Center and REDCap platforms are secure, are HIPAA compliant,
and allow easy data export. Both Assessment Center and
REDCap utilize email as a means of sending the survey link to
participants.

REDCap was chosen as the Web-based platform for the
MASALA study because it had several necessary features and
capabilities that were not available through Assessment Center,
such as branching capacity and dynamic templates. Assessment
Center can be customized, but the cost of customization was
prohibitive for the MASALA study.

Development of Web-Based Survey
The MASALA annual follow-up survey used paper surveys and
the TeleForm version 9.1 software system (Verity Inc, San
Francisco, CA, USA) for automated data entry; the survey was
converted by study staff into a Web-based survey in REDCap.
If a participant reported a hospitalization, CVD event, or other
cardiac testing, they were asked to provide further details on
the event date, hospital or clinic, and physician’s name so that
MASALA staff could obtain the records for event adjudication.
In addition to the 21 annual follow-up questions, we added three
PRO measures (15 new questions on physical function, applied
cognition, and satisfaction with social roles) from the static
PRO short forms developed by the Patient-Reported Outcomes
Measurement Information System (PROMIS) to the end of the
Web-based follow-up survey. These questions were added to
collect pilot data for future studies related to aging and cognition
among MASALA participants (Figure 1).

We conducted beta testing of the Web-based electronic
MASALA (e-MASALA) follow-up survey and PRO using
REDCap with 10 South Asian men and women aged 27 to 77
years. Participants varied in their computer literacy and
familiarity with the Internet. All participants were able to follow
the on-screen instructions, complete the survey, and reported
that they understood the questions and response options. When
asked about preferences related to how the survey would be
viewed in the browser, seven of 10 preferred a one-page survey.
Participants also preferred using a matrix to answer questions
that had the same stem rather than repeating the stem for each
question. The first version of the Web questionnaire required
approximately 240 hours of a research assistant’s (RA) time to
design, test, and implement.
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Figure 1. Matrix included in the Web-based questionnaire.

Web Survey and Security
Participants received a link to the survey through their email.
The survey linked to an online portal from which patients could
gain access to a study-specific REDCap page. REDCap allows
for secure Web authentication, data logging, and Secure Sockets
Layer (SSL) encryption. REDCap is built around HIPAA
guidelines, but is not suitable for clinical trials governed by the
Federal Drug Administration because it is not compliant with
21 CFR Part 11 [8]. The participant’s study ID and an acrostic
were the only identifiers for completed surveys.

Protocol for Web-Based Survey Follow-Up
Before implementing the Web-based survey, annual follow-up
of MASALA participants was completed by telephone using
teleforms. If a participant was not reachable after six telephone
calls, project staff would mail the teleforms, instructions, and
a stamped envelope addressed to the site principal investigator
so teleforms could be returned.

The Web-based follow-up survey was sent out to participants
who were due for their annual follow-up on the first Friday
morning of each month. Four weekly reminders were sent out
every Friday if the participant did not complete the survey in
the prior week. The participant’s baseline clinical visit date
determined when the annual follow-up survey was sent. During
the initial 2 months of this pilot study, the Web-based survey

was also sent to participants who had been unresponsive to
telephone follow-up since their baseline visit. Participants who
did not complete the Web-based survey after four reminders
were contacted at the end of the month by telephone to complete
their annual follow-up. If time allowed, the RA asked
participants about reasons for not completing the Web-based
survey.

Initially the participants received three emails over a 4-week
period to complete the survey. After observing the first month’s
completion rate, a fourth and final reminder email was added.
This fourth email resulted additional survey completions without
any obvious increase in participant burden. We continued to
send four emails and the final email for the month was sent with
the subject heading: “Final reminder: Last chance to complete
your annual MASALA follow-up survey via Internet.” This
subject heading used a deadline and time-sensitive language to
create a sense of urgency in participants [9].

The participants were emailed on Friday each week. The
decision to send the email link to the survey on a Friday was
based on study staffs’ prior experience contacting MASALA
study participants. Previously, we found that participants were
more likely to read study recruitment letters or respond to study
phone calls on Fridays and over the weekend because they had
more time. Thus, we used the same protocol for the Web survey.
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RedCAP is equipped with a scheduling feature that can be used
to schedule and automate scheduled email reminders on a
particular day and time. This feature was important for reducing
staff burden during holiday season and during long weekends
while ensuring that participants received their emails reminders
weekly.

Descriptive statistics were used to calculate the completion rate
for the Web survey to compare Web responders to telephone
responders and to calculate estimated costs of using a Web-based
survey for follow-up data collection. Differences between Web
responders and telephone responders were compared using
unadjusted chi-square test and t test for age with a P value of
.05 or less to determine statistical significance. Analyses were
conducted using SAS version 9.4 software (SAS Institute, Inc,
Cary, NC, USA).

Results

To date, we have completed 9 months of data collection using
the Web-based platform at the Chicago field center of the
MASALA study. A link to the follow-up survey has been
emailed to 285 participants and the overall rate of completion
was 47.7% (136/285) (Table 1). The majority of surveys were
completed on the same day that the first email was sent. There
were demographic differences in participants who completed
the follow-up survey by Web or telephone. For example, Web
responders were significantly younger and more likely to have
higher education and incomes than telephone-only responders
(Table 2). Two participants reported a CVD event using the
Web-based survey.

Table 1. Completion rates of a Web-based follow-up survey in the Mediators of Atherosclerosis in South Asians Living in America (MASALA) study,
Chicago field center, 2014 (N=285).

Completed Web-based survey, n (%)Weekly survey completion, nTotal surveys
emailed, n

Month (2014)

Week 4Week 3Week 2Week 1

20b(33)—a39566February

39 (67)13961058March

11 (55)026520April

6 (27)012322May

17 (60)163728June

9 (50)022518July

11 (44)333225August

15 (52)455129September

8 (42)123219October

aFourth email reminder added in March.
bThree follow-up surveys were completed by telephone when participants called us in response to e-MASALA.
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Table 2. Characteristics of MASALA study participants in the electronic pilot study by response modality, 2014 (N=285).

PNo response (n=51)Telephone (n=125)Web survey (n=119)Characteristics

.4120 (39)61 (48.8)50 (42.0)Sex (female), n (%)

.02Marital status, a n (%)

48 (94)110 (88.0)116 (97.4)Married

3 (6)15 (12.0)3 (2.5)Unmarried

.00251.9 (9.0)57.5 (9.0)55.4 (9.5)Age (years), mean (SD)

.02Age group (years), n (%)

15 (29)13 (10.4)18 (15.1)35-44

19 (37)34 (27.2)43 (36.1)45-54

10 (20)49 (39.2)35 (29.4)55-64

5 (10)26 (20.8)19 (15.9)65-74

2 (4)3 (2.4)4 (3.3)75-84

<.001   Education, n (%)

4 (8)19(15.2)2 (1.6)≤ High school

21 (41)54 (43.2)35 (29.4)Some college/bachelors

26 (51)52 (41.6)82 (68.9)≥ Bachelors

<.001   Income group (US$), n (%)

13 (25)43 (36.4)16 (13.4)<50,000

9 (18)27 (22.8)24 (20.1)50,000-100,000

15 (29)35 (29.6)36 (30.2)100,000-200,000

14 (27)13 (11.0)41 (34.4)>200,000

aMarital status of 21 nonrespondents is not known.

One-third (12/36) of participants who were unresponsive to
telephone follow-up since their baseline exam (n=36) completed
the Web-based survey. Some surveys were partially completed
(n=8), where participants opened the link but did not complete
the survey. A personal reminder from the site principal
investigator was sent to participants who opened, but did not
complete, the survey. After receiving the reminder email, six
of eight participants revisited and completed the Web-based
survey.

Among participants who were contacted by telephone to
complete the follow-up survey and who were asked about
reasons for not completing the Web survey (n=32), most (78%,
25/28) said it was because they were too busy, did not check

their email regularly, or did not pay attention to the email. These
participants said that they would try to complete the Web-based
survey in the future because they were subsequently aware of
it.

An RA developed and implemented the Web survey. During
the initial development stages, the RA spent 20 hours per week
for 8 weeks exploring different platforms and their capabilities
(Table 3). This time was primarily spent on exploring different
Web platforms and designing and implementing the Web-based
survey. During survey development in REDCap, the RA spent
10 hours per week meeting with REDCap staff, designing the
branching and skip patterns, and pretesting and modifying the
Web survey.

Table 3. Comparison of approximate costs for telephone, Web-based, and mixed mode (50% Web-based and 50% telephone) follow-up.

Survey type (US$)Activity

Mixed methodWeb-basedTelephone

$12,100/year$3600 (at $15/hr)=$2400 (20 hr/wk
for 2 months) + $1200 (10 hr/wk for
1 month)

$8500 (5 teleform pages at $1700/page)Development (exploration,
instrument building, usability
testing)

$3120/year$2340/year (3 hr/wk at $15/hr)$3120/year (4 hr/wk at $15/hr)Operation and maintenance

$1170/yearIncluded in maintenance$2340/year (at $45/wk)Data management

Year 1: $16,480; Year 2 onward:
$4290

Year 1: $5940; Year 2 onward: $2340Year 1: $13,960; Year 2 onward: $5460Total annual cost
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Since its launch, the Web survey and platform required 3 hours
per week of the research staff’s time to build new batches of
participants who are due for follow-up, send out the surveys,
track survey completion, and send follow-up emails to
participants who did not complete the survey in the prior week.
The process of collecting annual follow-up information via
telephone required research staff to make multiple attempts to
contact participants, spend 5 to 10 minutes interviewing
participants, and then fax the teleforms to the study’s data
management center. The annual cost of the telephone follow-up
and data management of teleforms was US $13,960 annually
(Table 3). During its first year of design and implementation,
the annual cost of the Web survey was US $6660 and the
projected cost of operating and maintaining the Web-based
survey is expected to be US $2340 per year. REDCap provides
automated export procedures for data, whereas the telephone
survey required manual entry of data onto a teleform and data
verification after the teleform was faxed to the data-coordinating
center.

Discussion

This study found that a Web-based platform was feasible and
at a lower cost than telephone follow-up for the collection of
longitudinal follow-up data in the MASALA study cohort. Of
participants who received a link to the Web survey, we found
that 48% completed it. Differences between Web responders
and telephone-only responders included age, sex, income, and
education. Telephone follow-up of participants who did not
respond to Web surveys was still required; however, the Web
survey allowed research staff to spend far less time on follow-up.
Web-based follow-up also lowered the number of telephone
contacts between participants and study staff, which may in
turn help to reduce participant burden. One important finding
was that one-third of respondents who had not previously
responded to the follow-up survey completed the Web survey,
which suggests that a Web platform can help engage participants
who may be difficult to reach by telephone. The majority of
costs that were associated with development of a Web survey
were for development, beta testing, and initial implementation.
Since the initial implementation, the cost of maintaining the
Web survey and follow-up data have been minimal compared
to the costs of telephone follow-up and management of teleform
data.

We had a higher completion rate of the Web survey compared
to what was reported in the Black Women’s Health Study; in
2007-2008, the investigators reported that approximately 25%
of participants completed the Web survey [10]. However, they
noted that completion of Web surveys among participants was
increasing over time, suggesting that temporal trends in Internet
use would lead to more individuals having access to the Internet
and feeling more comfortable with Web surveys. The finding
that age and socioeconomic status influenced mode of response
has been reported by others [10-14].

In October 2014, the National Heart, Lung, and Blood Council
(NHLBI) Board of External Experts Working Group’s
Recommendations to the NHLBI Advisory Council stated that,
“NHLBI should actively engage in studies to establish the

validity, reliability, and scalability of electronic tools for primary
data collection” [3]. The board also recommended active support
by NHLBI for the development, validation, and sharing of digital
tools. Along with the Health eHeart [15] and the CARDIA
cohort’s recent experiences, these data represent some of the
first describing the methods and findings from “e-epidemiology”
in the United States. The primary difference between
e-MASALA and studies such as Health eHeart is the lack of an
in-person examination among the latter’s participants. Other
cohort studies, such as the Nurses’ Health Studies [16] and
others, have not included in-person examinations and have relied
solely on telephone and postal mail to capture data. Such cohort
studies can be efficient, but can also lack in-depth phenotyping
with in-person examinations or advanced imaging.

It also remains uncertain how participant retention rates may
differ, if at all, among participants who are recruited and
followed in an Internet-based cohort compared to a traditional
cohort study. A study of the association between communication
strategies used for recruitment (offline, online, face-to-face)
and follow-up participation in nine Internet-based cohorts found
that follow-up participation ranged from 43% to 89% depending
on the cohort. The study also found that participants who became
aware of the study through an online communication campaign,
compared with those through traditional offline media, seemed
to have a lower follow-up participation in eight of nine cohorts
[17].

Studies have also found associations between
sociodemographics and participation in follow-up reporting. In
the Influenzanet study, participants from seven European
countries were asked to report weekly symptoms during
influenza season using a Web-based reporting system [18].
Sociodemographic factors associated with lower participation
in follow-up reporting included younger age, lower education,
living in a household with children, and not being vaccinated
for influenza. However, another Web-based cohort study found
that individuals with lower self-reported computer skills and
literacy were more positive toward the study and less concerned
about the burden of study follow-up than those with higher
education [14]. Given this information, it appears that any
well-designed cohort study, regardless of how data are collected,
should use a combination of Internet and non-Internet
engagement and retention activities to enhance follow-up of all
participants and to potentially reduce selection bias.

Strengths of this study include novel development,
implementation, and evaluation of a Web-based survey
instrument within a traditional cohort and inclusion of start-up
and maintenance time and cost estimates to help researchers
leading other longitudinal cohort studies. However, our study
also has limitations. First, we piloted the Web-based follow-up
study only among MASALA participants from the Chicago
field center. However, we might expect even higher response
to Web-based follow-up among the San Francisco-based
participants because those participants tend to have higher
education and income levels, which were associated with higher
use of the Web-based follow-up instrument. This program was
expanded to the San Francisco field center in January 2015.
Second, our results are limited to South Asians in the United
States and results from other race/ethnic groups and nationalities
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may be different, particularly when differences in sex, education,
and income are present. Our ability to demonstrate feasibility
and lower costs with Web-based follow-up serve as an initial
step toward more advanced methods of data capture.

We successfully implemented a Web-based survey for follow-up
and collection of PRO measures among MASALA cohort
participants. These results demonstrate the benefits of using
Web-based methods for longitudinal follow-up in epidemiologic

cohort studies and that a combination of modalities may be most
effective. Although electronic follow-up will not be a panacea
for cohort operations as hypothesized by some, it will serve as
an adjunctive strategy to telephone follow-up for maximizing
cohort retention, lower costs, and possibly lower participant
and research staff burden. Other traditional cohort studies can
adapt these methods for Web-based follow-up of research
participants.
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Abstract

Background: It is important to enhance the return to work of cancer survivors with an appropriate intervention, as cancer
survivors experience problems upon their return to work but consider it an essential part of their recovery.

Objective: The objective of our study was to develop an eHealth intervention to enhance the return to work of cancer survivors
and to test the feasibility of the eHealth intervention with end users.

Methods: To develop the intervention we 1) searched the literature, 2) interviewed 7 eHealth experts, 3) interviewed 7 cancer
survivors, 2 employers, and 7 occupational physicians, and 4) consulted experts. To test feasibility, we enrolled 39 cancer survivors,
9 supervisors, 7 occupational physicians, 9 general physicians and 2 social workers and gave them access to the eHealth intervention.
We also interviewed participants, asked them to fill in a questionnaire, or both, to test which functionalities of the eHealth
intervention were appropriate and which aspects needed improvement.

Results: Cancer survivors particularly want information and support regarding the possibility of returning to work, and on
financial and legal aspects of their situation. Furthermore, the use of blended care and the personalization of the eHealth intervention
were preferred features for increasing compliance. The first version of the eHealth intervention consisted of access to a personal
and secure website containing various functionalities for cancer survivors blended with support from their specialized nurse, and
a public website for employers, occupational physicians, and general physicians. The eHealth intervention appeared feasible. We
adapted it slightly by adding more information on different cancer types and their possible effects on return to work.

Conclusions: A multistakeholder and mixed-method design appeared useful in the development of the eHealth intervention. It
was challenging to meet all end user requirements due to legal and privacy constraints. The eHealth intervention appeared feasible,
although implementation in daily practice needs to be subject of further research.

ClinicalTrial: Dutch Trial Register number (NTR): 5190; http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=5190
(Archived by WebCite at http://www.webcitation.org/6hm4WQJqC)

(JMIR Res Protoc 2016;5(2):e118)   doi:10.2196/resprot.5565

KEYWORDS
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Introduction

Due to the improved survival rates for cancer in recent decades
[1], remaining in or returning to work has become a relevant

topic to address for people with a job when being treated for
cancer. The number of people who have a job when diagnosed
with cancer is expected to increase considerably in the coming
years. This is mainly due to an increase in the retirement age,
with the incidence of cancer within the working age group
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predicted to increase by 45% with the inclusion of people aged
65–70 years [1].

Research done over the past 10 years has indicated that cancer
survivors are more likely than cancer-free controls to be
unemployed [2,3] and they also experience problems upon their
return to work [4]. These adverse work outcomes need to be
improved through an appropriate intervention, as returning to
work is considered a key survivorship issue by cancer survivors
[5]. It also contributes to their quality of life and reduces
financial problems [6]. A few interventions with the potential
to enhance the return to work of cancer survivors have been
studied in randomized controlled trials, with some interventions
showing positive results on sustainable return to work, while
others did not [7]. Of these interventions, multidisciplinary
interventions showed the most promising results [7].

An overview of the outcomes of these above-mentioned
intervention studies, as well as studies of factors predicting the
return to work of cancer survivors, led to the following main
insights. First, it is both feasible and appreciated by cancer
survivors to address the issue of return to work in an early stage
of psycho-oncological cancer care [8,9], although the amount
of time available to spend on this topic is limited [9]. Second,
self-assessed work ability is an important prognostic factor,
irrespective of clinical characteristics [10]. Third, cancer
survivors differ considerably in the time needed before their
return to work [11] and the amount and timing of support
required, suggesting that support needs to be tailored to the
individual [12]. Fourth, employers are important stakeholders
who can facilitate or hamper the return to work [13], while at
the same time it appears difficult to establish cooperation
between primary care, occupational care, and the workplace
[9]. These main findings led to 2 hypotheses: 1) that an
intervention aimed at enhancing the return to work of cancer
survivors could be based on the theory of self-management,
which can address misconceptions about self-assessed work
ability through the technique of cognitive restructuring; and 2)
that cooperation between specialist cancer care, the general
practitioner, and occupational health care might be improved
with integrative care management [14,15].

Based on the assumption that information and support need to
be tailored to the individual, a stepped-care eHealth intervention

may be a suitable solution. Other advantages of eHealth
interventions include that they are easy to access and to tailor
to the individual, both of which are important, as information
on the Internet can be overwhelming [16]. Furthermore, eHealth
interventions can be delivered interactively and also be
integrated with traditional health care visits, which is much
needed, given the limited availability of time in the health care
system. Such eHealth approaches have also demonstrated that
they are suitable for delivering self-management interventions
for cancer survivors [17] and self-management interventions to
enhance the return to work [18]. Finally, eHealth has also been
used to facilitate involvement of the employer [14].
Nevertheless, a few drawbacks of eHealth interventions have
been reported, such as difficulties with patients’noncompliance,
high dropout rates, and security and privacy issues [19,20].

Based on all of the above-mentioned findings, we decided to
develop an intervention that would be part of psycho-oncological
care and be based on the theory of self-management and
integrative care management. We decided to deliver the
intervention as stepped care through eHealth. In this paper, we
report on this process, specifically addressing the
above-mentioned challenges to eHealth interventions, including
noncompliance.

The objectives of this study were to develop an eHealth
intervention to enhance the return to work of cancer survivors
and to test the feasibility of the eHealth intervention with end
users.

Methods

We sought ethical approval to interview cancer survivors,
employers, and occupational physicians, as well as approval
for the feasibility study, from the Medical Ethics Committee of
the Academic Medical Center, Amsterdam, the Netherlands,
which judged that ethical approval was not required for either
of the 2 studies (METC number W13_028 and W13_122).
Participants (with the exception of experts) gave either their
oral or written informed consent before the interview took place,
or their written informed consent before participating in the
feasibility study. We executed the following steps for objective
1 (Figure 1).
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Figure 1. Flowchart of the development of Cancer@Work and the feasibility study.

Objective 1: Development of the Intervention
Cancer@Work
We conducted a stepwise development of the intervention
(Figure 1). We developed a first draft based on 1) a
nonsystematic literature review and 2) interviews with experts
in an iterative manner. Thereafter, we undertook 3)
semistructured interviews with end users (cancer survivors,
employers, occupational physicians) to test whether this first
draft fit the needs of the users and whether it was the best design
to deliver the intervention. Subsequently, we adapted the first
draft on the basis of the results of these interviews. Using this
second draft, we built a first version of the website after 4)
consultation with experts, including a legal expert.

Nonsystematic Literature Review

Methods

Our literature search was focused on self-management,
integrative care management, stepped care, and eHealth in a
nonsystematic manner. The aim of this search was to retrieve
input on relevant intervention content and input on how to
deliver the intervention. We restricted our search to MEDLINE,
searching the trial register for relevant interventions. The search
was carried out between March and May 2012. We completed
a search for each topic using the main text words: “cancer,”
“absenteeism,” “self-management,” “eHealth,” “interdisciplinary
communication,” and “stepped care,” complemented with
synonyms. We also searched references from relevant studies.
The results of our search were analyzed on the basis of a written

account of the relevant intervention content and relevant
information on how to deliver the intervention.

Results

Several studies described self-management interventions that
aimed to improve individuals’ skills and confidence, helping
them deal with their disease more effectively in daily life [21].
Research on self-management has shown that it has positive
effects in cancer survivors dealing with survivorship issues [22],
as well as in chronically ill patients dealing with work-related
issues [23]. The key elements of self-management interventions
are information and assignments. Self-management interventions
can be based on problem-solving techniques or cognitive
behavioral techniques, and have proven to be equally effective
in treating patients with depression [24]. When addressing
misconceptions about cancer and work, a cognitive behavioral
component seems most appropriate, since the core focus of this
technique is on cognitive reframing. In addition, to resolve a
patient’s work-related problems, a problem-solving component
seems most appropriate, since this technique attempts to resolve
patients’problems by teaching them structured problem-solving
skills and how to generate achievable and simple action plans
[26]. Moreover, one self-management intervention based on a
problem-solving technique aimed at increasing the work
functioning of employees with rheumatoid arthritis demonstrated
its feasibility and was appreciated by both patients and care
providers [27]. We therefore decided to include both
components, offering problem-solving and cognitive behavioral
techniques.
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A few studies have tried to enhance collaboration between
primary and occupational health care, but the level of
effectiveness is still inconclusive. Some studies have shown
positive results with respect to feasibility [28] and effectiveness
[15], but others did not demonstrate any positive results [9,29].
One strategy that did prove feasible is integrative care
management [15]. The goal of integrative care management is
to establish the much-needed collaboration between all
stakeholders (eg, the sick-listed employee, the occupational
physician, the employer, the general physician, and the treating
physician) to achieve a successful return to work of the
sick-listed employee. A coordinator is ideally situated to
establish this collaboration. However, collaboration can also be
established using a secure website, where stakeholders can work
together toward a common goal and share the necessary
information to achieve this. In the eHealth intervention
developed by Vonk Noordegraaf et al [14], almost half of the
participants invited their supervisor to be involved in the eHealth
intervention and that approximately 60% of the supervisors took
this opportunity [30].

In a stepped-care intervention, all patients start with a
low-intensity intervention, with the intensity increasing only if
an intervention goal is not achieved at a certain point in time
(eg, [31]). The advantages of a stepped-care intervention include
the ability to deliver the right intensity of an intervention to
each patient, lower intervention costs, and less time wasted by
patients who participate [32]. The challenge for stepped-care
intervention, however, is determining the cutoff value that
indicates whether the intervention goal has been met and when
a judgment can be made about whether the intervention goal
has been met. When using a self-management intervention based
on problem-solving techniques, it has been proposed that
patients should be carefully selected to reduce noncompliance
and dropout [27]. For this reason, a self-management
intervention based on problem-solving techniques seems
relevant only in cases where a patient experiences problems
with his or her return to work, and it should therefore be offered
only as a second step in an intervention.

Several eHealth intervention features are related to enhanced
patient compliance: peer and counsellor support, email and
phone contact, updates, record keeping, and individualized
feedback [33,34]. Furthermore, eHealth interventions that are
combined with face-to-face contact with a health care
professional also showed enhanced patient compliance [35].

Interviews With Experts on eHealth Interventions

Methods

We approached approximately 10 experts based on the fact that
they had recently developed an eHealth intervention for cancer
survivors or an eHealth intervention aimed at increasing return
to work of sick-listed employees. The first author (ST)
undertook semistructured interviews based on a topic list. This
list consisted of questions on 1) how to deliver an eHealth
intervention, 2) features required to increase compliance with
eHealth interventions, and 3) tips and tricks for developing an
eHealth intervention. The interviews were held in August 2012.
They were not audiotaped but the first author (ST) provided a

written summary of the most important issues mentioned during
the interview.

Results

In total, 7 eHealth experts were interviewed with the aim of 1)
gaining input on how to deliver the intervention, 2) gathering
tips and tricks for developing an eHealth intervention, and 3)
determining features that increase compliance. These eHealth
experts reported that the following elements were required to
deliver an eHealth intervention: choose a modular or a structured
form; and use a combination of text, film, and pictures. The
following additional features that increase compliance with
eHealth interventions were also suggested: sending reminders,
and using blended care with a health care professional. Finally,
the experts also noted that what was most important when
developing an eHealth intervention was 1) to consider, before
starting, what type of “track and trace data” would be required
to study use and compliance, and 2) to consult an information
technology expert at the beginning of the development of the
intervention because they can give advice at an early phase
about the functionalities that are possible given financial and
practical constraints. As return-to-work trajectories vary across
patients in terms of length [36] and needs, we decided to deliver
the eHealth intervention in a modular form. As we considered
the remainder of the above-mentioned suggestions to be valuable
for our eHealth intervention, we decided to use them all. Based
on the literature search and interviews with these experts, we
created a first draft of the intervention (Multimedia Appendix
1,Multimedia Appendix 2,Multimedia Appendix 3).

First Draft
This first draft of the eHealth intervention consisted of access
to a personal, tailored, and secure website containing various
functionalities for cancer survivors, blended with support from
their nurse, occupational physician, and employer (Multimedia
Appendix 1,Multimedia Appendix 2,Multimedia Appendix 3).
We presented this first draft as an online working environment.
Blended care delivered by specialized nurse encompassed 1)
answering questions, 2) monitoring and supervising use of the
eHealth intervention, 3) providing personal feedback on
assignments on the eHealth intervention, and 4) encouraging
patients to comply with the intervention. Functionalities included
providing insight into laws and regulations, a library, and a
self-test to gain insight into opportunities to return to work
(based on the problem-solving technique component), and
redressing negative ideas concerning the possibilities to work
after cancer, including the idea that one can return to work only
after complete recovery (based on cognitive behavioral
technique components). The occupational physician and
employer had access to a specific part of the secure website that
contained certain information, allowed them to access the cancer
survivor’s return-to-work plan, and allowed them to add their
suggestions to facilitate their employee’s return to work.

Interviews With Cancer Survivors, Employers, and
Occupational Physicians

Methods

Cancer survivors were eligible to participate if they had been
working at the time of diagnosis, were fluent in Dutch, and were
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aged between 18 and 65 years. Occupational physicians and
employers were eligible to participate if they had recently
encountered an employee with cancer and were fluent in Dutch.
We intended to interview 10 cancer survivors, 5 employers, and
5 occupational physicians. The first author (ST) undertook
semistructured interviews after the interviewees had been given
a rough outline of the first draft of the intervention. They were
asked whether this first draft accorded with their needs and
whether they thought the design was the most appropriate to
deliver the intervention. The interviews were held in March
2013; they were audiotaped but not transcribed verbatim. We
analyzed the interviews using a direct content analysis [37] in
order to obtain an overview of all ideas mentioned by the
participants that could improve the draft version of the
intervention. Subsequently, 3 of the authors (ST, AdB, MF)
discussed whether each idea would be useful, whether it fell
within the scope of the intervention, and whether it was feasible
in practice (eg, financial constraints).

Results

In total, we interviewed 7 cancer survivors, 2 employers, and
7 occupational physicians with the aim of determining whether
this draft fulfilled the needs of the users and whether it was the
best design for delivering the intervention. We added the
following functionalities to the first draft for cancer survivors:
assignments providing insight into possible financial
consequences, a documentary called Irrevocable, and
assignments providing insight into the individual importance
of work (Multimedia Appendix 1). We added the assignments
providing insight into possible financial consequences and the
individual importance of work because cancer survivors
mentioned that they would have benefited from such insight
and that this information is not readily available. In addition,
to meet the needs of cancer survivors for peer support, and given
our financial constraints, we added the documentary, which
follows the return-to-work trajectories of 3 cancer survivors.
For employers, we added a functionality that addressed the need
to involve colleagues. Finally, in relation to occupational
physicians, we added advice for cancer survivors on how to
remain in contact with their workplace and references to relevant
guidelines. We altered or removed some functionalities of the
first draft of the eHealth intervention (eg, the occupational
physician’s and employer’s access to a specific part of the secure
website containing certain information, and the possibility to
see the cancer survivor’s return-to-work plan and add their
suggestions to facilitate their return to work). In addition, we
excluded some suggested functionalities from the eHealth
intervention due to legal, privacy, financial, or practical
constraints (eg, the ability to obtain peer support from former
cancer survivors) or because we did not consider them to be of
added value (eg, teaching the user how to deal with the
expectations of others) or within the scope of the intervention
(eg, information on benefits from municipalities and on the
long-term disability pension) (Multimedia Appendix 1). Based
on these interviews, we developed a second draft (Multimedia
Appendix 1,Multimedia Appendix 2,Multimedia Appendix 3).

Second Draft
The second draft consisted of access to a personal and secure
website containing various functionalities for cancer survivors
blended with support from their nurse, and a public website for
occupational physicians, general physicians, and employers
(Multimedia Appendix 1,Multimedia Appendix 2,Multimedia
Appendix 3). Blended care delivered by specialized nurse
encompassed 1) answering questions, 2) monitoring and
supervising use of the eHealth intervention, 3) providing
personal feedback on assignments on the eHealth intervention,
and 4) encouraging patients to comply with the intervention.
Functionalities for patients included support to draw up a
strategy to manage specific personal problems that might inhibit
their return to work, assignments providing insight into possible
financial consequences of being on sick leave, support to draw
up a return-to-work plan, and how to redress negative ideas
concerning the possibilities of working after cancer, including
the idea that one can return to work only after complete recovery
(based on cognitive behavioral technique components).

Consultation With Experts on Writing Web Text and
Website Design, Privacy, and Legal Aspects of Building
an eHealth Intervention

Methods

We consulted an expert on writing text for websites and an
expert on design, privacy, and legal aspects of building an
eHealth intervention. They were given the rough outline of the
second draft of the intervention and were asked to point out any
issues that required further consideration.

Results

Consultation with an expert on writing Web text taught us that
it is important to 1) draft a “tone of voice document,” which
reflects the key values of the intervention, and on the basis of
which the text is written, 2) to write clear and concise sentences
without ambiguity, and 3) to develop the website in such a way
that it is personal, for example, by using quotes from former
cancer survivors that include their name, age, and occupation.
The key values for this intervention were reliability, activating,
personal, confrontational, serious, and directed to work and
income. The design expert showed us that it is essential to match
the design of the website with the tone of voice and Web text.
Based on the tone of voice we wanted, the design expert created
style sheets (Multimedia Appendix 4,Multimedia Appendix 5).
After consultation with privacy and legal experts, it appeared
that some functionalities would not be possible due to privacy
legislation and that we needed to add a disclaimer pointing out
the risk of using two functionalities and provide more secure
alternatives (Multimedia Appendix 1,Multimedia Appendix
2,Multimedia Appendix 3).

First Version
Based on consultations with these experts, we built a first
version of the eHealth intervention, consisting of access to a
personal and secure website containing various functionalities
for cancer survivors blended with support from their nurse, and
a public website for occupational physicians, general physicians,
and employers (Multimedia Appendix 1,Multimedia Appendix
2,Multimedia Appendix 3). Functionalities for patients included
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support in gaining insight into the individual importance of
work, the ability to invite their employer, occupational
physician, or general practitioner to use the public website (as
a first step), and guidance in drawing up a strategy to manage
specific personal problems that might inhibit their return to
work (as a second step). Cancer survivors and specialized nurses
were given a unique username and password to log in to the
secure webpage, while verification would take place by text
message.

Objective 2: Feasibility of the Intervention
Cancer@Work
After developing the first version of the intervention, we tested
its feasibility by interviewing 1) cancer survivors, 2) employers,
occupational physicians, and general physicians, and 3) social
workers. All of the interviews discussed below were audiotaped
but not transcribed verbatim. We intended to interview 40 cancer
survivors, 10 employers, 10 occupational physicians, and 10
general physicians. We analyzed the interviews using a direct
content analysis [37] in order to obtain an overview of all of
the ideas that were mentioned by participants that might improve
the first version of the eHealth intervention. Subsequently, we
discussed whether each idea would be useful, whether it fell
within the scope of the eHealth intervention, and whether it was
feasible in practice. The cancer survivors also filled in 2
questionnaires.

Feasibility of the Intervention for Cancer Survivors

Methods

To test the feasibility of the intervention for cancer survivors,
1) we invited cancer survivors who had taken part in previous
research by our department and who had given their consent to
be approached in future research on cancer and work, and 3)
the treating physician also invited cancer survivors who were
treated between 2012 and 2014 in the department of
gynecological oncology of an academic medical center. Cancer
survivors were eligible to participate if they had been working
at the time of diagnosis, were fluent in Dutch, and were aged
between 18 and 65 years. The patients were sent an informative
letter about the study. If interested, they could return a consent
form agreeing to telephone contact, whereupon 1 of the
researchers contacted the patient by phone. During this

conversation they could ask questions and decide whether they
wanted to participate.

We used the following criteria to assess feasibility: 1)
appropriateness of each functionality, 2) which functionalities
needed improvement, 3) usefulness of the eHealth intervention,
4) user friendliness of the eHealth intervention, and 5) whether
the eHealth intervention met their expectations. We considered
the eHealth intervention feasible when at least 50% of the
patients responded positively to each criterion.

After patients gave their informed consent, they filled in a
questionnaire on their expectations of the intervention (eg,
“What are your expectations regarding the Internet program
Cancer@Work?”) and their need for support regarding their
return to work (eg, “Do you need support on questions or
problems regarding your work?”). After completing the
questionnaire, they were given access to the eHealth intervention
for 6 weeks, after which they filled in another questionnaire
about the usefulness and user friendliness of the intervention
(eg, “Which functionalities from Cancer@Work did you find
useful?”) and whether the intervention met their expectations
(eg, “Did Cancer@Work meet your expectations?”;
“Cancer@Work did (not) meet my expectations because...”).
All of the participants who filled in both questionnaires were
invited to participate in a telephone interview by 1 of the
researchers (SvH) to potentially gain greater insight into the
answers to the questionnaire and to ask whether they had any
further suggestions to improve the eHealth intervention and its
functionalities. These interviews were held in June 2015. Based
on these interviews, we developed a final version of the eHealth
intervention for cancer survivors.

Results

Of the 177 cancer survivors invited to participate, 39 (22.0%)
filled in the first questionnaire, while 20 filled in the second
questionnaire (each participant was contacted by phone to
remind them to fill in the questionnaire). We used the data of
the 20 participants who filled in both questionnaires for our
analysis. Table 1 details the participants’ characteristics. The
main reason that 19 participants did not fill in the second
questionnaire was that they did not feel the need to use the
intervention because it was, on average, 3 years since they had
received their cancer diagnosis and they had already returned
to work.
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Table 1. Characteristics of cancer survivors who participated in the feasibility study (n=20).

n (%) or mean (SD)Variables

Sociodemographic variables

18 (90)Female, n (%)

49 (10)Age in years, mean (SD)

Marital status, n (%)

11 (55)Married/living together

5 (25)Single

4 (4)Divorced

Educational level, n (%)

1 (5)Lower vocational education

8 (40)Secondary vocational education

1 (5)Intermediate vocational education

6 (30)Higher professional education

4 (20)University

Cancer diagnosis, n (%) a

8 (40)Breast cancer

7 (35)Gynecological cancer

1 (5)Lymphoma

2 (10)Bowel cancer

1 (5)Skin cancer

1 (5)Hematological cancer

Cancer treatment, n (%) a

17 (85)Surgery

14 (70)Chemotherapy

9 (45)Radiotherapy

7 (35)Hormonal therapy

2 (10)No treatment

Work-related variables

Current work status, n (%)

16 (80)Fully returned to work

1 (5)Partially returned to work

1 (5)Fully sick listed

1 (5)Never sick listed

1 (5)Data missing

Type of occupation, n (%)

2 (10)Physical heavy work

Type of employment contract, n (%)

15 (75)Permanent employment contract

aNumbers do not add up because of possibility of giving multiple answers.
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Table 2. Results of questionnaire for cancer survivors who participated in the feasibility study (n=20).

n (%)Intervention-related questions

Need for information on cancer and work

9 (45)A bit to very much

Need for support on cancer and work

7 (35)A bit to very much

Are you experiencing problems with returning to work?

6 (30)Yes

Reason for not using eHealth intervention Cancer@Work

4 (20)No need

1 (5)Not up to it yet

1 (5)No time

1 (5)Forgot to log in

3 (15)Other

Reason for using eHealth intervention Cancer@Work

1 (5)Useful program

0 (0)My specialized nurse encouraged me to use Cancer@Work

0 (0)My supervisor/occupational physician encouraged me to use Cancer@Work

10 (50)Other

Did Cancer@Work meet your expectations?

1 (5)Yes

3 (15)Yes, a little

1 (5)No, not at all

15 (75)Do not know/did not have any expectations

Reason why Cancer@Work met my expectations

2 (10)Receive information on cancer and work

0 (0)Receive support for work-related problems

0 (0)Get insight into my work-related problems

0 (0)Get solutions to work-related problems

0 (0)Get help from others

2 (10)Other

Reason why Cancer@Work did not meet my expectations

0 (0)Did not receive information on cancer and work

0 (0)Did not receive support for work-related problems

0 (0)Did not get insight into my work-related problems

0 (0)Did not get solutions for work-related problems

0 (0)Did not get help from others

1 (5)Other

Did Cancer@Work fit into daily use?

2 (10)Yes or somewhat

For whom is Cancer@Work appropriate? a

2 (10)For me

9 (45)For all cancer survivors with a job

13 (65)For all cancer survivors with cancer-related problems
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n (%)Intervention-related questions

8 (40)For cancer survivors who lost their job

2 (10)Do not know/no opinion

5 (25)Other

Is Cancer@Work useful?

5 (25)Very useful

10 (50)Useful

5 (25)Not useful

0 (0)Do not know/no opinion

Is Cancer@Work user friendly?

12 (60)Yes

1 (5)No

7 (35)Do not know/no opinion

Is it useful to be able to ask for support with the use of Cancer@Work?

5 (25)Yes

3 (15)No

12 (60)Do not know/no opinion

aNumbers do not add up because of possibility of giving multiple answers.

In total, 11 participants (55%) used the eHealth intervention.
The other participants did not use the intervention either because
they forgot to log in or they did not have any problems at work
and thus did not feel the need to use the intervention. Table 2
details the results of the questionnaires. One of the participants’
expectations regarding Cancer@Work were not met because
she had already fully returned to work and did not have any
work-related problems. Furthermore, 1 participant did not find
the eHealth intervention user friendly because there was too
much theoretical information and not enough opportunities to
interact with other cancer survivors.

All of the 20 participants were invited for a telephone interview
and 11 participated. The other 9 participants did not participate
because of time constraints, practical issues, or lack of interest.
During the interviews, the participants were positive about the
intervention and its functionalities. They proposed several ideas
to improve the intervention, such as making it easier to log in
by using less-complicated passwords or not using text message
authentication, or to make the intervention accessible for
vision-impaired people by making it possible to enlarge the size
of the text or to have the text read aloud. For an overview of all
of the ideas that were proposed to improve the intervention, see
Multimedia Appendix 1,Multimedia Appendix 2, and
Multimedia Appendix 3. We did not use any of these ideas to
improve the intervention in the final version, either because
they did not meet the security or privacy regulations or because
of practical constraints. Therefore, we made no changes and the
first version became the final version of the intervention for
cancer survivors.

Feasibility of the Intervention for Employers,
Occupational Physicians, and General Physicians

Methods

Employers were eligible to participate if they had recently
encountered an employee with cancer, while occupational
physicians and general physicians did not need to have recent
experience with a cancer patient or the associated work-related
problems. All of the participants had to be fluent in Dutch. After
giving informed consent, participants visited the eHealth
intervention website designed for their respective profession
and then participated in a semistructured interview to gather
information on participants’ experience with the intervention,
its usefulness, and its user friendliness. The interviews were
conducted in January and February 2015 by 1 of the authors
(SvH) and they were audiotaped but not transcribed verbatim.
Based on these interviews, we developed a final version of the
intervention for employers, occupational physicians, and general
practitioners.

Results

In total, 9 employers, 7 occupational physicians, and 6 general
physicians participated in the interviews. For a full overview
of the ideas that were mentioned, see Multimedia Appendix
1,Multimedia Appendix 2, and Multimedia Appendix 3. The
main issue that arose from the interviews was that participants
needed more detailed information, mainly on the different cancer
diagnoses and treatments, and their possible effects on the
employee’s ability to return to work. The occupational
physicians were least enthusiastic about the intervention, since
they felt that they already had a lot of knowledge on this topic.
Thus, the occupational physicians in particular indicated that
more detailed information was required to make the intervention
useful. As a result, in the final version of the intervention, we
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added more detailed information on different cancer diagnoses
and treatments and their possible effects on the employee’s
ability to return to work. In addition, we added many institutions
to the list of support agencies they could consult.

When asked about the user friendliness, design, and practical
usefulness of the intervention, almost all of the participants
indicated that the intervention was easy to use (n=21, 96%),
that the design matched the content and purpose of the website
(n=20, 91%), and that they would recommend this intervention,
for example, to their friends or colleagues if they had to deal
with an employee, client, or patient with cancer (n=19, 86%).
Thus, we made no changes regarding these aspects in the final
version of the intervention (see Multimedia Appendix
1,Multimedia Appendix 2,Multimedia Appendix 3).

Feasibility of Blended Support From the Cancer
Survivor’s Specialized Nurse

Methods

We asked 2 social workers from a gynecology department of a
Dutch hospital who had experience supporting cancer survivors
in their return to work to visit the section of the eHealth
intervention for specialized nurses and to participate in a
semistructured interview with 1 of the authors (SvH). Based on
this interview, we developed a final version of the section of
the eHealth intervention for specialized nurses.

Results

A total of 2 social workers participated in 1 interview, on the
basis of which we added information on financial and legal
issues to the final version of the intervention in order to provide
specialized nurses and social workers with access to the same
information as that provided to the patients they are supporting
(Multimedia Appendix 1,Multimedia Appendix 2,Multimedia
Appendix 3). In this way, it would be easier for them to advise
patients on financial and legal issues by referring to the
intervention. Furthermore, the social workers indicated that the
intervention was easy to use, and that they anticipated no
problems in using the intervention in practice.

Discussion

The objectives of this study were to develop an eHealth
intervention to enhance the return to work of cancer survivors
and to test the feasibility of the eHealth intervention with end
users. The results of our development study show that cancer
survivors particularly want to receive information and support
on opportunities to return to work, and on the financial and legal
aspects of their position. Furthermore, we found that the use of
blended care and the personalization of the eHealth intervention
are preferred features for increasing compliance. The results of
the feasibility study showed that the eHealth intervention was
feasible; however, we adapted it slightly by adding more
information on different types of cancer and its treatment and
on the possible effects of these on the return to work.

Strengths and Limitations
The strengths of our study include the use of a multistakeholder
and mixed-method design to develop our eHealth intervention.
In this way, the content, design, and delivery of the eHealth

intervention could best fulfill the needs of the end users and be
the most suitable option to achieve the intervention goal, given
Dutch law and our framework of psycho-oncological care. This
also ensured that the risk of a type III error (ie, theory failure)
was minimized [38].

We did not test the feasibility of the eHealth intervention in
precisely the same conditions under which the intervention is
intended to be used, as the feasibility study among cancer
survivors was a prospective cohort study, with a short follow-up
period of 6 weeks, that started on average 3 years after diagnosis,
while the eHealth intervention is intended to be used from the
initial cancer diagnosis until sustainable return to work. As a
result, we are unable to draw firm conclusions about the
usefulness of the content of the eHealth intervention, the features
that enhance compliance, and the features that enhance
integrative care management. We have partly overcome this
drawback by consulting the literature, and interviewing experts
and end users under our first objective. However,
implementation of the eHealth intervention in daily practice
should be the subject of further research. We were able to test
the appropriateness of all the functionalities and the user
friendliness, the usefulness, and the design of the eHealth
intervention, for which we found positive results, so that the
criteria for feasibility were met.

The employers, occupational physicians, and general
practitioners who participated in the interviews and feasibility
study were generally very interested in this subject for personal
reasons, for example, as a cancer survivor. This was very useful
for generating ideas about the content of the eHealth
intervention, but it might have led to an overestimation of its
future use by other members of their profession in daily practice.
Implementation in daily practice should, for this reason, also
be the subject of further research.

Interpretation of Findings
Cancer survivors, employers, occupational physicians, general
practitioners, and specialized nurses were generally positive
about the eHealth intervention. Not surprisingly, occupational
physicians saw the least added value of the eHealth intervention
for their own profession, as they thought that they were already
applying the content in their daily practice. However, in their
experience, they believed that employers would particularly
benefit from the content, as they rarely have to deal with an
employee with cancer, and cancer remains a difficult topic to
address in the workplace [13,39]. We also added specific content
to the eHealth intervention for general practitioners, for two
reasons. First, patients themselves wanted more return-to-work
guidance from their general practitioner, in addition to guidance
from their occupational physician or in the absence of an
occupational physician [25]. Second, general practitioners play
a more prominent role in psycho-oncological care after primary
treatment, including dealing with the possible effects on social
outcomes such as being able to return to work [40]. We hope
that we have equipped general practitioners with sufficient
information and referral options. Apart from these issues, it
seems important that future research examine what general
practitioners specifically require to support cancer survivors in
their return to work.
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Although 97% of Dutch society has Internet access [41], Internet
illiteracy is associated with a lower educational level [41]. At
the same time, research indicates that self-management
interventions are more effective in patients with a lower
educational level [23]. Moreover, cancer survivors with a lower
educational level are less likely to return to work [42], indicating
that the intervention might be especially needed among this
group. For these reasons, we spent additional time and effort to
ensure that the eHealth intervention was very easy to use so that
people with limited Internet literacy would be able to use the
eHealth intervention as well. As appeared from both our
quantitative study and our qualitative study, where we found
that participants had very few problems using the eHealth
intervention, we might have succeeded in this goal.

Due to legal regulations, we were obliged to add a disclaimer
to two functionalities explaining the risk of using each of them
and suggesting a more secure alternative, for example, in relation
to inviting their employer, occupational physician, or general
practitioner to view personal information via an email. The use
of email is generally not considered a secure way to exchange
information if you wish to keep the information completely
confidential. Although we fully agree that it is our responsibility
to inform patients about any possible harm, such warnings might
cause unnecessary concern and discourage them from using the
eHealth intervention at all, which might lead to otherwise
preventable dropout. We therefore recommend that researchers
engage the services of a legal adviser from the start when
developing an eHealth intervention.

The process evaluation of the study by Bouwsma et al [30],
which investigated an interactive eHealth intervention on the
return to work of gynecological patients with benign tumors,
showed that only half of the participants invited their employer

to visit an anonymous section of the website. Most participants
reported that the reason for not using this tool was “finding it
unnecessary because of fast recovery and good relationship with
employer” [30], while most employers reported being satisfied
or very satisfied with the information provided [30]. As the
return-to-work trajectories of patients with malignant tumors
are significantly longer than for patients with benign tumors
(median sick-leave days 102 vs 44) [43,44], we expect that there
will be more substantial need to use this functionality among
our population. We therefore decided to include a comparable
functionality without alteration.

Implications for Further Research
One subject of further study should be the feasibility of the
eHealth intervention in daily practice, and such a study should
especially focus on the functionalities aimed at increasing
compliance and integrative care, as we were unable to study
them this feasibility study. In addition, the effectiveness of the
eHealth intervention on a sustainable return to work should also
be further studied, and the intermediate effect of the eHealth
intervention on self-management skills and work-related
self-efficacy should be analyzed (ie, a measure to study a change
of ideas regarding possibilities to return to work). We are
studying both of these in a multicenter randomized controlled
trial.

Conclusion
A multistakeholder and mixed-method design appeared useful
in the development of the eHealth intervention. However, it is
challenging to meet all end users’ requirements due to legal and
privacy constraints. The eHealth intervention appeared feasible,
although implementation in daily practice requires further
research.
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Abstract

Background: Drug repurposing (defined as discovering new indications for existing drugs) could play a significant role in drug
development, especially considering the declining success rates of developing novel drugs. Typically, new indications for existing
medications are identified by accident. However, new technologies and a large number of available resources enable the development
of systematic approaches to identify and validate drug-repurposing candidates. Patients today report their experiences with
medications on social media and reveal side effects as well as beneficial effects of those medications.

Objective: Our aim was to assess the feasibility of using patient reviews from social media to identify potential candidates for
drug repurposing.

Methods: We retrieved patient reviews of 180 medications from an online forum, WebMD. Using dictionary-based and machine
learning approaches, we identified disease names in the reviews. Several publicly available resources were used to exclude
comments containing known indications and adverse drug effects. After manually reviewing some of the remaining comments,
we implemented a rule-based system to identify beneficial effects.

Results: The dictionary-based system and machine learning system identified 2178 and 6171 disease names respectively in
64,616 patient comments. We provided a list of 10 common patterns that patients used to report any beneficial effects or uses of
medication. After manually reviewing the comments tagged by our rule-based system, we identified five potential drug repurposing
candidates.

Conclusions: To our knowledge, this is the first study to consider using social media data to identify drug-repurposing candidates.
We found that even a rule-based system, with a limited number of rules, could identify beneficial effect mentions in patient
comments. Our preliminary study shows that social media has the potential to be used in drug repurposing.

(JMIR Res Protoc 2016;5(2):e121)   doi:10.2196/resprot.5621

KEYWORDS

social media; drug repurposing; natural language processing; patient comments

Introduction

New drug development costs US $500 million to $2 billion and
takes 10-15 years [1]. A well-known approach to reduce risk
and cost of new drug development is drug repurposing (or drug
repositioning) [2]. Drug repurposing (defined as discovering
new indications for existing drugs) could play a significant role

in drug development, considering the declining success rates
of developing novel drugs. From 2007-2009, 30-40% of newly
approved drugs were repurposed medications [3]. Considering
the high cost of launching a new drug, this emphasis on
repurposing could markedly affect drug development. Typically,
a new indication for an available drug is identified by chance.
However, new technologies and a large number of available
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resources enable the development of systematic approaches to
identify and validate drug repurposing candidates with
considerably lower costs. Drug repurposing has been
exhaustively studied, and various approaches have been used
[3-5] to identify novel drug repurposing candidates, using
clinical data [6], genetic information [7-9], and scientific
literature [10-13].

Grau and Serbedzija [4] named two types of drug repurposing:
(1) identification of off-target drug actions and (2) identification
of relevance of a known drug target to a new disease. From an
informatics perspective, freely available and relevant resources
such as scientific literature, clinical trials, and biological
resources can be used to conduct drug-repurposing studies. The
compound database PubChem [14] has been used in several
drug-repurposing studies [15]. Hoehndorf et al [16] implemented
a system that inferred novel associations between drugs and
diseases by linking drug-gene associations in the PharmGKB
database to phenotype studies and animal models of disease.
Moriaud et al [17] presented a computational method that mined
the Protein Data Bank [18] to identify drug repositioning
candidates. Several studies [10,11,16,17,19,20] considered
literature mining for drug repurposing; this approach has been
comprehensively reviewed elsewhere [21,22].

Social media provides a platform for patients to share their
experiences with illnesses, medications, and also medical centers
[23]. Patient posts, usually written in an informal language,
contain hidden and valuable information. Owing to the massive
amount of data derived from social media, computerized systems
are needed to analyze and extract useful information from patient
experience. Unlike scientific literature, these comments are
usually written by non-experts users who do not have any
obligation to follow proper grammar in their comments or report
accurate observation. These differences make mining social
media more complicated and challenging compared to scientific
literature. Nevertheless, there have been several attempts to
extract knowledge from social media. Leaman et al [24]
examined comments posted in a medical forum to identify
reported adverse drug events. After manually annotating a
corpus of patient posts, they used natural language processing
methods to develop a system that extracted adverse drug
reactions from the text. Chee et al [25] studied patient posts on
Health and Wellness Yahoo! groups and applied common
natural language processing methods to predict adverse drug
events and identify medications that might require further
scrutiny by the Food and Drug Administration. Freifeld et al
[26] evaluated the correlation between adverse drug events
reported in Twitter (where statements are limited to 140
characters) and spontaneous reports received by a regulatory
agency. Rastegar et al [27] implemented a binary classifier to
identify adverse drug reactions in tweets. Sharif et al [28]
proposed a sentiment classification framework to detect adverse
drug reactions in medical blogs and forums. Recently, Karimi
et al [29] provided a corpus of 1321 medical forum posts on
patient-reported adverse drug events, which allows researchers
to develop and evaluate pharmacovigilance systems.

Although patients mostly use medically oriented social media
to describe adverse events associated with drugs [30,31], their
experiences may help others to conceive of new indications for

existing medications if their descriptions also include beneficial
effects. A well-known example is Zolpidem, an insomnia
medication that, through social media and patient reviews, was
subsequently used for brain injury [32]. Leaman at el [24]
identified 157 beneficial effects, in 3600 patient posts that could
lead to drug repurposing. The accuracy of these reported
beneficial effects in social media may be questionable, but
considering the value of drug repurposing and huge amount of
available social media data, it is worthwhile to study this type
of information and investigate the possibility of identifying
potential drug-repurposing candidates. In this study, we assessed
the feasibility of using social media data in identifying potential
drug repurposing candidates. Our hypothesis is that this
imperfect resource could lead to drug repurposing.

Methods

Data Sources
In this study, we used data from four public resources: WebMD
[33], DrugBank [34], SIDe Effect Resource (SIDER) [35], and
Unified Medical Language System (UMLS) [36]. Below are
brief descriptions of the resources and their uses in this research.

WebMD is an US corporation that provides Web-based
health-related services, including a forum for patients to share
their experiences with medications. The comments are entered
as free text, and the length of comments is not subject to a
character or word count limit. WebMD [33] allows users to
score three different aspects of the medication in their reviews:
(1) effectiveness, (2) ease of use, and (3) satisfaction. WebMD
provides some basic information about the users such as age,
sex, and duration of treatment. The patient comments from
WebMD were the main material used in this study.

DrugBank is a bioinformatics and cheminformatics resource
that provides drug information, such as indication, synonyms,
gene target, drug interactions, and structure. This database was
used to identify known indications of drugs.

SIDER, developed by Kuhn et al [35], contains information
about 1430 marketed medications and 5880 side effects (140,064
drug-side effect pairs) extracted from public documents and
package inserts. SIDER retrieved adverse drug reaction and
disease names from UMLS to generate a dictionary of side
effects. We used SIDER to detect known side effects of drugs
mentioned in the comments.

UMLS [36] integrates medical terminology and coding standards
to help researchers and developers create interoperable
biomedical information systems. We used UMLS resources to
create a dictionary of disease names. The dictionary contains
all spelling variants of diseases provided in UMLS. The
dictionary includes 239,227 entries for 86,839 unique diseases.

Method
In the first step, we generated a list of the top 180 most
frequently searched medications on WebMD. All patient
comments pertaining to these drugs were retrieved. Through
DrugBank, we collected known and approved indications related
to those medications. To locate the drugs in DrugBank, we
searched synonyms and brand name entries in addition to drug
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name entry. In the next step, a list of known side effects for
each drug is retrieved from SIDER.

We next developed a natural language processing system to
identify beneficial or adverse effects. Any mention of disorders
in the reviews was tagged by using two disease named entity
recognition (NER) approaches: (1) dictionary-based and (2)
machine learning. In the dictionary-based approach, a list of
disease names from UMLS was retrieved and a string-matching
technique was applied to identify diseases mentioned in the
comments. The dictionary-based approach did not consider any
grammatical or semantic reasoning or spelling errors. For the
machine-learning NER approach, we used MetaMap [37], a
tool to recognize UMLS concepts (eg, diseases) in the text.
Unlike the dictionary-based method, MetaMap uses natural
language processing and computational linguistic techniques
to incorporate semantic and grammatical reasoning in the
identification task.

We discarded comments that contained only known indications
or adverse effects for related medication. We then manually
reviewed some of the remaining comments to develop a list of
textual patterns commonly used to report beneficial effects or
indications. We developed a rule-based system to tag the
comments containing at least one of those patterns. In the final

step, the tagged comments were manually reviewed to identify
potential drug repurposing candidates.

Results

We retrieved 64,616 patient posts from the top 180 most
commonly searched drugs in WebMD (mean number of posts
per drug was 358). Lisinopril (an angiotensin-converting enzyme
inhibitor used to treat high blood pressure and heart failure) had
the most comments (n=2931), whereas metoclopramide (used
to treat gastric esophageal reflux disease) had the fewest
comments (n=8). Table 1 shows the top 10 reviewed medications
and includes the three most frequently named diseases in the
respective comments.

The dictionary-based NER approach identified 2178 disease
names in the comments, whereas MetaMap identified 6171
disease mentions. Table 2 shows the 10 most commonly named
diseases in the comments (after disambiguated terms were
removed manually). Of the 180 drugs, 164 (91.1%) were listed
in DrugBank but only 74 (41.1%) were listed in SIDER. We
filtered comments to remove text describing known indications
and adverse drug events from the list of recognized disease
names; frequently named diseases from the text that remained
are shown in Table 3 (note the overlap with Table 1).
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Table 1. Most-reviewed medications in WebMD and most frequently named diseases in the reviews.

Most frequent disease namesDisease names, nReviews, nDrug name

MetaMapDictionary-basedMetaMapDictionary-based

Blood pressureItch11352882931Lisinopril

CoughHigh blood pressure

Dry coughRash

PainArthritis9873202684Hydrocodone-acetaminophen

Back painItch

ArthritisChronic pain

Dry mouthDry mouth8602071931Phentermine

Weight lossDepression

Blood pressureObese

DepressionDepression10633201651Cymbalta

AnxietyItch

Weight gainFibromyalgia

DepressionDepression8642691609Lexapro

Weight gainItch

AnxietyPanic attack

DepressionDepression9432901568Effexor

DizzinessItch

AnxietyPanic attack

PainArthritis8262611404Tramadol

Back painFibromyalgia

DizzinessMigraine

InsomniaDepression7012261305Trazodone

DepressionDry mouth

AnxietyChronic insomnia

MigraineMigraine8402711191Topamax

HeadachesGist

TinglingMemory loss

PainItch7132451125Percocet

AbuseChronic pain

Back painArthritis
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Table 2. Most frequently named diseases in reviews.

MetaMapDictionary-based

CountDiseaseCountDisease

9990Pain5602Depression

4921Depression3594Itch

4016Blood pressure1610Migraine

3778Weight gain1269Dry mouth

3484Dizziness1218Infection

3323Anxiety1174Panic attack

2216Headache1086Rash

1977Nausea905Arthritis

1671Relief850Fibromyalgia

1279Dry mouth730Mood swing
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Table 3. Most-reviewed medications in WebMD and most frequently named diseases in the reviews after removing known indications and adverse
drug events.

Most frequent disease namesDisease names, nDrug name

MetaMapDictionary-basedMetaMapDictionary-based

Blood pressureItch1124280Lisinopril

CoughHigh blood pressure

Dry coughRash

PainArthritis987320Hydrocodone-ac-
etaminophen

Back painItch

ArthritisChronic pain

Weight lossDepression834195Phentermine

Blood pressureObese

SleepingHigh blood pressure

DepressionDepression1063320Cymbalta

AnxietyItch

Weight gainFibromyalgia

DepressionDepression864269Lexapro

Weight gainItch

AnxietyPanic attack

DepressionDepression943290Effexor

DizzinessItch

AnxietyPanic attack

PainFibromyalgia670200Tramadol

Back painChronic pain

HeadacheMigraine

DepressionChronic insomnia609196Trazodone

AnxietyMigraine

HeadacheFibromyalgia

MigraineMigraine840271Topamax

HeadachesGist

TinglingMemory loss

PainItch713245Percocet

AbuseChronic pain

Back painArthritis

Textual Patterns
The frequency of ten common textual patterns, used to report
beneficial effects, were counted in the comments and shown in
Table 4. Table 5 shows the frequency of the patterns after

removing the comments, which mentioned only known side
effects or indication. A manual review of the remaining
comments identified five drugs with potential for repurposing
(see Table 6).
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Table 4. Textual patterns to identify drug-repurposing candidates.

Example drugs and commentsaCountPattern

Methadone: I use this for diabetic neuopathy. works well with very little side effects.307I use * for

Percocet: I use this for M.S. pain

Percocet: I use this med for peripheral neuropathy pain.

Cymbalta: My use of Cymbalta is two fold. I use it for depression and fibromyalgia pain.42I use it for

Spironolactone: I use it for acne. Go figure it works

Promethazine: I use it for gastroparesis. I also use it for sleep 4 or 5 times a month

Nucynta: It helps with my pain from surgery131It helps with

Percocet: it helps with my back pain, better then any drug

Klonopin: I like this medication it helps with my anxiety.

OxyContin: it help with muscle spasms11It help with

Neurontin: i had drop foot and much pain. it help with the pain along with the 3 epidurals i receiveed in my spine.

Cymbalta: i started this medication years ago. not only did it help my depression, it help with my auto immune,
muscle and nerve pain.

Nucynta: I take it for severe headache and neck pain from arthritis, bulging disks, and bone spur in my neck (cervical
spine)

1,161I take it

Methadone: I take it for chronic pain it helps a lot

Flexeril: I take it for muscle spasms related to fibromyalgia.

Methadone: I take it for chronic pain it helps a lot91I take it for

Methadone: I take it for degenertive disk deteration in my neck.

Hydrocodone-acetaminophen: i take it for my scholiosis of my back

Methocarbamol: It works for my muscle tension, but gives me a headache.258It works for

Diazepam: it works for my pain weal good

Tramadol: It works for my Arthritis Pain.

…0It is useful for

Methadone: very useful for chronic and severe pain associated with fibromyalgia/rheumatoid arthritis.18Useful for

Effexor: I have been reading the reviews of this med. I have been using it for 1.5 yrs and has been very useful for
my depression.

Ultram: this med has been very useful for my hip and back pain.

Percocet: I was prescribed for kidney stones. definately took the pain away and very high.319Prescribed for

Zoloft: I feel like the antidepressant is used in conjunction with my cymbalta which I am prescribed for both depression
and fibromayalgia.

Celebrex: I was prescribed for knee pain following surgery for torn muniscus.

aConsumer comments are shown exactly as they appeared on the WebMD site.
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Table 5. Frequency of common textual patterns after removing known indications and adverse drug effects.

Example drugs and commentsaCountPattern

Flector: it’s not so bad. I use them for stress headaches only if I have a mild headache171I use * for

Hydroxyzine: I use this drug for itching attacks and it works fast and effective for me.

Elavil: I use this medication for restless leg syndrom

Promethazine: I use it for gastroparesis.i also use it for sleep 4 or 5 times a month23I use it for

Amitriptyline: I use it for ic

Seroquel: I m in love with seroquel its amazing! I use it for sleep and I wake up refreshed

Neurontin: it helps with numbness in my legs and arms72It helps with

Neurontin: I was diagnosed with rsd in from a fall on the ice. It helps with controlling the pain;

Seroquel: although it helps with my depression I have gained over 50lbs

Oxycontin: it help with muscle spasms6It help with

Hydrocodone-acetaminophen: it is ok I think and it help with my back pian.

Neurontin: I had drop foot and much pain. It help with the pain along with the 3 epidurals I receiveed in my spine.

Methadone: I take it for chronic pain it helps alot729I take it

Pristiq: I take it for depression and ptsd as well as for chronic pain from failed cervical fusion.

Zoloft: I have taken it for three years almost and when I take it my depression worsens rather in the summer when
I wouldnt take it I was the happiest

Percocet: I take it for pain after a shoulder surgery and it works48I take it for

Buspar: I take it for stress.

Effexor: I take it for depression.

Pristiq: I do not think it works for me makes me very consipated and I think it makes the back of my legs hurt in the
muscle part.

155It works for

Metformin: I take it before bed no sideeffect so for taking one month hope it works for me yes I am scared

Flexeril: back problems healed up then came right back. overall it works for a little while.

Effexor: I have been reading the reviews of this med. I have been using it for 1.5 yrs and has been very useful for
my depression.

13Useful for

Hydrocodone-acetaminophen: this med. is useful for short term relief of pain.

Ultram: this med has been very useful for my hip and back pain.

…0Prescribed for

aConsumer comments are shown exactly as they appeared on the WebMD site.
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Table 6. Example comments suggesting the possibility of drug repurposing.

Patient commentsaAdverse effectIndicationMedication

I use this for diabetic neuopathy.
Works well with very little side ef-
fects.

Amenorrhea, phlebitis, sneezing,
suffering, withdrawn, hypomagne-
semia, urticaria, rhinorrhea, fever,
spasm, …

Dry cough, drug withdrawal syn-
drome, opioid type drug depen-
dence, and pain

Methadone

elavil is an old school antidepressant
that is now considered a dirty drug
because of its undesired side effects.
one of the unintended side effects is
to relax the skeletal muscle tissue.
I use elavil off label to treat my tmj

None in SIDERDepression, chronic pain, irritable
bowel syndrome, sleep disorders,
diabetic neuropathy, agitation and
insomnia, and migraine prophylaxis

Elavil

I use it for acne. go figure it worksHyperkalemia, amenorrhea, ur-
ticaria, epidermal necrolysis, anaphy-
laxis, fever, toxic epidermal necrol-
ysis, lethargy, nausea, …

Low-renin hypertension, hy-
pokalemia, and Conn syndrome

Spironolactone

I was prescribed this medication for
slight adhd with off label anxiety
help.

None in SIDERAttention-deficit/hyperactivity disor-
der, alone or in combination with
behavioral treatment

Strattera

It even helps my migraines some-
what (maybe it will be off label in
the future for migraine prophylaxis)

None in SIDERAcute episodes of major depressionViibryd

aConsumer comments are shown exactly as they appeared on the WebMD site.

Discussion

Comparison of MetaMap Versus Dictionary-Based
Approach
MetaMap is a sophisticated tool that uses natural language
processing and machine learning methods; thus, it is more
accurate than the dictionary-based approach. MetaMap, to some
extent, tackled some general concerns such as disambiguation,
misspelling, and word normalization, but none of these is
addressed in the dictionary-based approach. For example, in
the phrase “My stomach and back hurts to sit, lay down, or
stand,” the dictionary-based approach would tag “down” as a
disease because of overlap with the “genetic disorder down
syndrome.” As Table 2 shows, MetaMap recognized about three
times the number of disease names than the dictionary-based
approach. The main reason for this difference is word
normalization in MetaMap. The dictionary-based approach is
limited by its requirement for exact matches—for example, a
dictionary that contains only “dizzy” would not detect
“dizziness” as a relevant word. In contrast, MetaMap uses
stemming and lemmatization to normalize words. The main
advantage of dictionary-based mapping over MetaMap is speed
(the dictionary-based approach is considerably faster).

Using Patient Comments for Drug Repurposing
The reviews commonly described general disorders such as
pain, itching, and headache. This is expected because comments
usually are not authored by medical experts. We observed that
patients tend to report adverse drug events instead of beneficial
effects, as some of the previous studies reported a similar trend
[24]. For example, in the corpus provided by Leaman et al [24],
they annotated 157 beneficial effects in 3600 posts, while they
found 1260 adverse drug events. Nevertheless, some patient
comments contain beneficial effects of medication, which makes

social media a useful resource for drug repurposing. This
imbalance distribution makes identifying beneficial effects more
difficult, especially for training a classifier. Our results (see
Tables 4,5, and 6) suggest that an effective approach for this
task is to recognize the textual patterns that people used to report
beneficial effects (eg, “I use [drug] for [disease]”). For example,
in a review of Viibryd , a user mentioned, “It even helps my
migraines somewhat,” clearly noting a beneficial effect of the
drug, which could be captured by our rule-based system. Similar
to other computational drug repurposing approaches, these
findings need to be reviewed manually by experts and then
confirmed or rejected by laboratory tests or clinical trials. But
as these reviews provided by non-expert users, compared to
other drug repurposing studies, which use resources provided
or generated by experts such as clinical data or biomedical
literature, our findings need more validation before going
through clinical trials or laboratory tests.

Limitations
We acknowledge some limitations to this study. Analysis of the
patient comments, which are written in an informal manner,
obviously needs a system that can handle spelling and
grammatical errors. Our current implementation does not address
these issues.

Our system covered only simple textual patterns, although
examples in Tables 4 and 5 highlight the need to decode
complex patterns. A simple pattern-matching system obviously
is insufficient for a statement such as “I use it for nose allergies
and it does not clear up my nostrils.” A system should be able
to handle negation and coreference.

Another limitation of this study was that comments originated
from only one forum. Other social media sites such as Yahoo!
Answers, PatientsLikeMe [38], and even Twitter have similar
information, which can be studied and added to our corpus. In
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addition, using only one resource for known side effects and
one for indication was another limitation. In Table 3, there are
several known indications and adverse drug events, which
highlight this limitation.

In this study, we were not able to evaluate our system precisely
and provide common performance metrics because of the lack
of an annotated corpus. As future work, we plan to annotate a
corpus of comments from various forums, to allow us to explore
this valuable resource extensively and implement and evaluate
different approaches.

Conclusion
We assessed the feasibility of using social media to identify
drug-repurposing candidates. After collecting patient reviews

of medications from WebMD, we used dictionary-based and
MetaMap approaches to identify disorders mentioned in the
reviews. Reviews describing known indications or known
adverse drug events were excluded, and the remaining reviews
were searched for textual patterns commonly used to report
beneficial effects. Although the most commonly reported
disorders were nonspecific (eg, pain, itching, headache), we
nevertheless showed that consumer comments contain beneficial
effects of medication and have the potential to be used for drug
repurposing. Our textual patterns were able to capture some
beneficial effects, but there is a need for a more complex and
sophisticated system to identify beneficial effects in social
media.
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Abstract

Background: Inner-city, minority children with asthma have the highest rates of morbidity and death from asthma and the
lowest rates of asthma controller medication adherence. Some recent electronic medication monitoring interventions demonstrated
dramatic improvements in adherence in lower-risk populations. The feasibility and acceptability of such an intervention in the
highest-risk children with asthma has not been studied.

Objective: Our objective was to assess the feasibility and acceptability of a community health worker-delivered electronic
adherence monitoring intervention among the highest utilizers of acute asthma care in an inner-city practice.

Methods: This was a prospective cohort pilot study targeting children with the highest frequency of asthma-related emergency
department and hospital care within a local managed care Medicaid plan. The 3-month intervention included motivational
interviewing, electronic monitoring of controller and rescue inhaler use, and outreach by a community health worker for predefined
medication alerts. We measured acceptability by using a modified technology acceptability model and changes in asthma control
using the Asthma Control Test (ACT). Given prominent feasibility issues, we describe qualitative patterns of medication use at
baseline only.

Results: We enrolled 14 non-Hispanic black children with a median age of 3.5 years. Participants averaged 7.8 emergency or
hospital visits in the year preceding enrollment. We observed three distinct patterns of baseline controller use: 4 patients
demonstrated sustained use, 5 patients had periodic use, and 5 patients lapsed within 2 weeks. All participants initiated use of the
electronic devices; however, no modem signal was transmitted for 5 or the 14 participants after a mean of 45 days. Of the 9 (64%
of total) caregivers who completed the final study visit, all viewed the electronic monitoring device favorably and would recommend
it to friends, and 5 (56%) believed that the device helped to improve asthma control. ACT scores improved by a mean of 2.7
points (P=.05) over the 3-month intervention.

Conclusions: High-utilizer, minority families who completed a community health worker-delivered electronic adherence
intervention found it generally acceptable. Prominent feasibility concerns, however, such as recruitment, data transmission failure,
and lost devices, should be carefully considered when designing interventions in this setting.

(JMIR Res Protoc 2016;5(2):e132)   doi:10.2196/resprot.5362
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Introduction

Inner-city children with asthma experience high morbidity and
mortality from persistent asthma [1-3]. Compared with their
white counterparts, non-Hispanic black children have four times
the rate of asthma-related emergency department visits, three
times the rate of hospitalization, and five times the mortality.
These disparities in adverse asthma outcomes have persisted
over time despite advances in treatment [4].

Inhaled corticosteroids (ICS) remain the mainstay of therapy
for persistent asthma [5]. However, suboptimal adherence to
ICS regimens is a major barrier to achieving asthma control [6].
Self-reported adherence is unreliable and consistently
overestimates medication use [7,8]. Actual ICS adherence rates
measured using electronic monitoring in clinical studies are low
for both adults and children [9-11]. Poor adherence to controller
regimens is associated with poor asthma control [12], increased
utilization of emergency and hospital care [13,14], and higher
mortality from asthma [15,16]. Urban minority youth in
particular demonstrate some of the lowest rates of adherence,
ranging from 11% to 45% of prescribed doses [11,17-19]. Better
strategies to improve adherence are needed to engage this patient
population, especially for those experiencing high levels of
asthma morbidity. In this setting, interventions involving
community health workers have demonstrated great promise
[20-22].

Electronic monitoring is a strategy used in a variety of settings
to measure and increase medication adherence among patients
with chronic conditions [23-26]. Studies in adults with asthma
have shown that electronic monitoring interventions can increase
adherence to ICS regimens [27-29]. In the few pilot studies of
electronic monitoring interventions done in children, behavior
modification strategies that included direct feedback about
electronically monitored adherence were thought to be critical
components of the strategies’ success [30-34]. Motivational
interviewing is a behavior modification strategy that has also
been shown to improve medication adherence [35,36], and it
helps address barriers to adherence such as parental beliefs about
medications [37]. Thus far, electronic monitoring studies have
not focused on the highest utilizers of emergency and hospital
care among inner-city, minority children with asthma. By
targeting this highest-risk group, an electronic adherence
intervention could have a greater impact on health care
utilization, cost of care, health disparities, and quality of life
[38].

In this study, we sought to assess the acceptability and feasibility
of an intervention that combined the community health worker
strength of family engagement and the technologic benefits of
electronic medication monitoring in a high morbidity patient
cohort. Prior to developing large-scale trials, we posited that
first exploring acceptability and feasibility issues in this
high-risk population would be critical, especially given the
complex social, economic, and cultural factors. In this study,

we sought to assess caregiver attitudes toward monitoring and
ease of use of the devices, as well as acceptable modes and
frequency of feedback, in the families of children with the
highest health care utilization for asthma.

Methods

We conducted a single-center, prospective cohort study of
children with moderate to severe persistent asthma to assess the
feasibility of a larger-scale intervention to improve adherence
to asthma medications. The protocol for the conduct of this
study was approved by The Children’s Hospital of Philadelphia
Institutional Review Board.

Study Participants
Eligible participants were children aged 3 through 16 years who
received their primary care at an academic primary care clinic
in West Philadelphia affiliated with The Children’s Hospital of
Philadelphia, Philadelphia, PA, USA. Additional inclusion
criteria were 1) enrollment in a local Medicaid managed care
plan (Keystone First, Philadelphia, PA, USA), and 2)
identification as a “high utilizer” of hospital and emergency
services for asthma. For the purposes of this study, we defined
a high utilizer as a patient whose frequency of emergency
department and hospital use for asthma-related reasons was in
the top 50 in the year preceding the study. Our target enrollment
was 15 to 20 patients for this feasibility study. Patients were
excluded from the study if they were ≥17 years of age, or had
congenital heart disease, neurologic disorders, cystic fibrosis,
or other chronic respiratory conditions and structural
abnormalities of the upper or lower airway. Children younger
than 3 years were excluded, as other wheezing illnesses may
confound the diagnosis of asthma in this age group.

Recruitment
We identified 50 potentially eligible participants using health
insurance claims for the preceding year provided by the
Medicaid managed care organization. An asthma navigator (a
community health worker with background expertise and
training in the care of children and families with asthma)
contacted eligible families sequentially until 20 patients were
scheduled for an initial visit. A total of 15 patients had an initial
visit and 14 were enrolled in the study.

Intervention
The study intervention included 1) motivational interviewing,
2) electronic monitoring of adherence to prescribed inhaler
regimens (controller and rescue medications), and 3) outreach
by the asthma navigator based on specific, predefined inhaler
use criteria.

Prior to study participant enrollment, study staff members
(including the asthma navigator and the study physicians)
received two training sessions in motivational interviewing by
experts experienced in this technique. These sessions included
lectures, videos, role play of modeled behaviors, and feedback.
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Participant families were asked to list their three primary barriers
to medication adherence at the initial study visit; these barriers
were addressed using motivational interviewing techniques by
the asthma navigator and, if necessary, a study physician (CK,
JC, SW, or JF). Examples of such barriers were not remembering
to take medications, concerns about ICS side effects, and
perceptions about the severity of the child’s asthma that differed
from the perceptions of the child’s clinical team. Counseling
techniques for the initial visit and follow-up calls were based
on strategies outlined in a review of brief motivational
interviewing for asthma medication adherence by Borrelli et al
[39]. To ensure fidelity of delivery, the research team developed
prompts to standardize the initial portion of the telephone
encounters and participated in intermittent direct observation
of counseling by the asthma navigator.

Each family received SmartTouch (Adherium, Auckland, New
Zealand) electronic monitoring devices for both the controller
and rescue medication. SmartTouch monitors are electronic
adherence monitors that can be affixed to the exterior of
patients’ inhalers. Previous versions of these devices have shown
both good reliability and validity in monitoring daily inhaler
use [38]. Study staff affixed these devices to participants’ rescue
and controller inhalers. In the case that participants did not bring
their inhalers to the first study visit or had less than a month’s
supply remaining, we provided participants with new rescue
(albuterol) and controller inhalers (fluticasone or
fluticasone-salmeterol) to ensure availability. The electronic
devices transmitted inhaler usage information to a cellular
modem in the home, which we also provided. Medication usage
data were then uploaded to a US Food and Drug
Administration-approved, Health Insurance Portability and

Accountability Act-compliant website [50]. Medication usage
alerts were registered for overuse of rescue medications and
underuse or overuse of controller medications at predetermined
frequencies (Figure 1). Families were encouraged at enrollment
to take their controller medications as directed by their primary
care doctor and to continue with daily and rescue asthma care
as they usually would. We provided them with chargers for the
devices, and instructed them on how to monitor battery life and
to charge the devices when battery life was low (indicated by
a red light).

The asthma navigator and a study physician (CK) actively
monitored the electronic monitoring website for medication
alerts. The asthma navigator contacted families after the initial
study visit to ensure the study modem was connected and that
the system was transmitting inhaler usage data to the monitoring
website. Study staff made no subsequent contact with families
for the first month to allow participants’medication use patterns
to return to their baseline. After this observation period and for
the subsequent 2 months, when alerts were triggered for
controller medication underuse, the asthma navigator contacted
families and used motivational interviewing techniques to
address suboptimal adherence. The asthma navigator monitored
the site daily, except on weekends. For those with persistent
daily alerts beyond 2 consecutive days, calls were attempted
twice weekly. In the case of rescue medication overuse, the
family was instructed to call the clinic triage nurse to determine
whether a clinic appointment was needed for an asthma
exacerbation. We provided basic cell phones with unlimited
minutes and text messaging to families to facilitate
communication with study staff during the study period.

Figure 1. Thresholds for asthma medication alerts (based on controller schedule of 2 puffs twice a day).

Outcomes
The primary outcomes for this study were acceptability and
feasibility. To measure acceptance of the electronic monitoring
technology, we assessed the perceived ease of use, result
demonstrability, and perceived usefulness of the new technology
using these subscales from the previously validated technology
acceptance model instrument [40,41]. For our evaluation of
feasibility, we assessed the functionality of the technology,
initiation and duration of use of the electronic monitors by the
caregivers of study participants, and the ability to contact study
participants in response to adherence alerts.

Secondary outcomes were asthma control and daily adherence.
We assessed parental perception of asthma control with the
Asthma Control Test (ACT) [42]. An ACT score of ≤19 is
consistent with uncontrolled asthma. ACT questionnaires were
completed by participants with the asthma navigator at the initial
visit and follow-up visit, and scores were recorded for
comparison at the end of the study. Daily adherence was
captured using the electronic monitoring devices.

Analysis
We used descriptive statistics to characterize study participants’
demographic composition, prior health care utilization, and
responses to the modified technology acceptance model
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questionnaire. We identified qualitative patterns of daily
controller use in the month preceding asthma navigator contact
with the family based on two criteria: the percentage of days in
the observation window with controller actuations; and runs of
consecutive days with controller actuations (see Patterns
subsection of Results section). We used both paired t tests and
Wilcoxon signed rank sum test to compare ACT scores at the
start of the study with scores at the completion of the study
based on the assumption of the data with and without normality.
The American Thoracic Society suggests that the minimally
clinically significant ACT score change is 3 points [43].

Results

Of the 50 highest utilizers of emergency asthma care, we
enrolled 14 patients for this study, of whom 6 (43%) were
female. Their median age was 3.5 years (range 3–9), and all
families identified their race as non-Hispanic black. Enrolled
participants had a mean of 7.8 (range 5–15) combined
emergency visits and hospitalizations in the preceding year, and
the mean ACT score at the first visit was 15.9 (range 9–24)
(Table 1).

Table 1. Participant characteristics (n=14).

Median (range) or n (%)Characteristics

3.5 (3–9)Age in years, median (range)

6 (43)Female, n (%)

14 (100)Race/ethnicity non-Hispanic black, n (%)

7.8 (5–15)Prior emergency visits and hospitalizations, mean (range)

15.9 (9–24)Asthma Control Test score, mean (range)

Baseline adherence pattern, n (%)

4 (29)Sustained

5 (36)Periodic

5 (36)Lapsed

Baseline Patterns
We identified distinct patterns of controller use over the first
30 days of the study interval (Figure 2): 4 patients had sustained

use (>50% of days with use and <7 consecutive days of missed
doses), 5 patients had periodic use (<50% of days with use with
>7 consecutive days with no use), and 5 patients had lapsed use
(<50% of days with use and no return of use after 14 days).

Figure 2. Patterns of asthma controller and rescue medication use in the first 30 days of the study. ID#: participant identification number.

Acceptability
Of the 14 caregivers, 9 (64%) completed the modified
technology acceptance model questionnaire at the final study
visit. All 9 found the electronic monitoring devices to be easy
to use, saw clear benefit in the devices, and would recommend
the devices to others, and 5 (56%) of these caregivers felt that
the device itself actually helped to improve asthma control. A
total of 8 families (89%) felt that the devices were small enough
to carry easily.

Feasibility
All 14 participants initiated use of the electronic monitors;
however, no modem signal was transmitted for 5 of them after
a mean of 45 days. Of the 9 caregivers who completed the final
study visit, 2 had lost one of the monitoring devices; we were
not able to retrieve the 10 devices from the 5 caregivers who
did not complete the final study visit. Thus, in total, 16 of the
28 electronic monitoring devices were returned, and 10 of them
(63%) were either uncharged or no longer responding to a
charge. Families who disconnected their cellular modems noted
competition for use of the electrical outlets and concerns about
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the additional use of electricity contributing to their electricity
bills. Because of these issues with data capture during the
intervention window, we report adherence data for only the first
30 days of the intervention, when all participants had a
transmitting modem signal.

Telephone contact was achieved with all participants (up to 2
calls per week for those with frequent adherence alerts) and
ranged from short messages on their answering services to
10-minute calls to troubleshoot device issues or adherence
lapses. Of the 9 caregivers who completed the final study visit,
all were happy with the relationship they had with the asthma
navigator, none felt that she contacted them too frequently, and
8 of them (89%) believed calls from the asthma navigator helped
to avoid missing doses.

Limited Efficacy
Though the study was not powered to detect a change in asthma
control, mean ACT score improved by 2.7 points (95% CI 0–5.5,
P=.05) over the duration of the study, just below the minimally
significant ACT change threshold of 3 points.

Loss to Follow-Up
The 5 caregivers who did not complete the final study visit were
either unable to be contacted or unable to schedule and complete
the final study visit following at least five attempts by the study
team. Of these 5 participants, 3 were female, their median age
was 3, and mean baseline ACT was 17.8 points, none of which
were statistically significantly different from the characteristics
of those who completed the final study visit.

Discussion

In this study, we partnered with a local managed care Medicaid
plan to assess the feasibility of an electronic monitoring
intervention for high-risk inner-city minority children with
asthma. To our knowledge, this is the first study to assess the
acceptability and feasibility of an electronic monitoring
intervention delivered by a community health worker in the
highest-risk children with asthma. With respect to feasibility,
our findings demonstrate several prominent challenges in the
delivery and sustainability of this intervention. While all 9 of
the caregivers who completed the final study visit found the
technology and monitoring devices acceptable, we were not
able to complete the survey for 5 families (36%). And while all
of the families initiated use of the monitoring technology, half
of the caregivers either unplugged the cellular modem or lost
the monitoring devices, leading to difficulty in interpretation
of adherence data beyond the initial observation month. Despite
these challenges, we noted a trend toward improved asthma
control over the study interval, and we noted some qualitatively
distinct patterns of ICS use from the observation period of this
study that may inform future inquiry and interventions in
high-risk asthma populations.

Studies have demonstrated that electronic monitoring of ICS
adherence with some form of feedback can improve medication
adherence in selected populations. In a recent randomized trial
of patients ages 14–65 years with poorly controlled asthma in
Australia, patients who received inhaler reminders and feedback
demonstrated adherence rates of 73% compared with 46% in

the groups that had usual care or personalized adherence
discussions [29]. A randomized trial of electronic monitoring
with an audiovisual reminder in children 6–15 years old
conducted in New Zealand demonstrated rates of adherence of
84% in the intervention group compared with 30% in the control
[34]. An earlier review of electronic monitoring of inhaler use
described the accuracy and reliability of newer electronic
monitoring devices and efficacy of monitoring and feedback
interventions, but highlighted feasibility concerns in vulnerable
populations, including “the patient’s ability and willingness to
use electronic monitoring devices” [38]. Our study offers a first
glimpse of feasibility issues in a high-utilizer, inner-city minority
cohort of children in the United States.

One of our primary concerns prior to launching this study was
that inner-city minority families might feel that electronic
monitoring interventions are overly intrusive and, thus,
unacceptable. In this small study, we found no evidence to
suggest this, though only 9 families (64%) completed the
acceptability survey. A total of 5 (36%) families did not
complete the final study visit and, though we cannot be sure of
the reasons why they did not follow-up, this relatively high rate
of loss to follow-up could be interpreted as their revealed lack
of acceptability.

Another prominent feasibility question was whether families
would initiate and maintain use of the devices. Our findings
show that, while all the enrolled families effectively set up and
began to use the electronic monitoring systems, there were
challenges in maintaining the devices and data transmission.
Several families unplugged the modem devices either
temporarily or permanently, noting competition for available
electrical outlets and concerns about electricity bills. Also, many
of the monitoring devices that were returned had no remaining
charge. These issues might have been mitigated at the onset of
the study by including a power strip and communicating the
negligible daily use of electricity of the cellular modem and
charging devices.

With respect to outcomes, while the study was not designed to
detect an improvement in asthma control, we found a
statistically, but just short of clinically, significant improvement
in ACT score over the course of the study for those who
completed both study visits. It is important to note, however,
that the study was uncontrolled; improvements in parental
perception of asthma control may reflect regression to the mean
or a placebo effect. We also noted distinct patterns of medication
use over the first month of the study, prior to the initiating
outreach for adherence alerts. Different patterns of daily
medication use have been noted in one prior study of asthma
in adults [44], as well as in pediatric conditions such as epilepsy
[45], inflammatory bowel disease [46], and cancer [47]. While
these categories have different labels in each prior study, further
research should be directed at learning which potentially
modifiable factors drive more sustained use patterns; this may
assist families with lapsed or periodic use patterns in improving
the consistency and duration of their controller medication use.

Based on the findings of this feasibility study, we offer a few
considerations for future studies seeking to use electronic
medication monitoring to improve the care of high-risk
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populations. Investigators should 1) establish regular
communication with the electronic device company and gain
assurance that there is robust technological support to
troubleshoot technological issues that arise during the
intervention, 2) consider practical issues such as competition
for electrical outlets within the house and cellular or wireless
coverage in the community of interest that might affect data
transmission, and 3) include team members with knowledge
and credibility in the community (such as community health
workers) who can assist in recruitment and outreach and help
elicit subtle reasons for changes in medication use or data
transmission.

Our study has a few limitations. First, since this was a feasibility
study, the sample size was small and restricted to one clinic
population. Thus, the feasibility concerns we present may not
be representative of high-risk populations in other settings.
Second, the families who agreed to participate in the study (and
completed the final study visit) may have been more open to
and accepting of any type of intervention, inclusive of electronic
monitoring, than other high utilizers or the general population.
Participants’ ratings of acceptability may have been further
enhanced by the receipt of a cellular phone with unlimited
minutes and by social desirability bias, as this outcome was
collected by a member of the study team (the asthma navigator).
The feasibility of wide-scale provision of cellular phones for
high-risk families would depend on the cost effectiveness of
similar interventions, an outcome beyond the scope of this study.
With respect to our assessment of asthma control, we assessed
parental perception of asthma control using the ACT, since the
median age of patients in our cohort was 3.5 years and there are
no validated measures of asthma control in children younger
than 4 years. More broadly, the children in our cohort were

young, with the oldest child enrolled being 9 years old. Because
of this, our results may not be generalizable to older children,
who tend to have greater responsibility for administering their
medication [48].

With respect to adherence outcomes, we used different
adherence categories than an earlier adult asthma study [44] for
two reasons: 1) we were not able to capture multiple inhaler
actuations occurring in the same minute in the first month of
the study, and 2) even with our most conservative estimate,
none of our participating patients met their criteria for
“compliance” (75% of prescribed doses). Lastly, our assessment
of adherence beyond 1 month was substantially limited by
incomplete data resulting from causes such as unplugged cellular
modems and uncharged monitoring devices. Therefore, we have
presented medication use data for only the first month of the
study prior to the onset of these issues, but also prior to the onset
of the outreach intervention.

As payers, health systems, and providers seek new approaches
to improving the care of high-risk populations, new or adapted
technologies for “automated hovering” offer the potential to
influence the 5000 hours that patients spend outside of the reach
of the health care system [49]. While some electronic ICS
monitoring interventions have shown promise in other
populations, our findings demonstrate some of the prominent
feasibility challenges of implementation in adapting such an
intervention to a vulnerable patient cohort, even despite the
strength of having a community-based peer as our effector arm.
The findings of this study can be used to both anticipate
challenges when planning future interventions and specify areas
of future inquiry germane to understanding medication use
behaviors of high-risk populations.
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Abstract

Background: Translating Emergency Knowledge for Kids was established to bridge the research-practice gap in pediatric
emergency care by bringing the best evidence to Canadian general emergency departments (EDs). The first step in this process
was to conduct a national needs assessment to determine the information needs and preferences of health professionals and parents
in this clinical setting.

Objective: To describe the development and implementation of two electronic surveys, and determine the feasibility of collecting
electronic survey data on iPads with in-person data collectors in a busy clinical environment.

Methods: Two descriptive surveys were conducted in 32 general EDs. Specific factors were addressed in four survey development
and implementation stages: survey design, survey delivery, survey completion, and survey return. Feasibility of the data collection
approach was determined by evaluating participation rates, completion rates, average survey time to completion, and usability
of the platform. Usability was assessed with the in-person data collectors on five key variables: interactivity, portability,
innovativeness, security, and proficiency.

Results: Health professional participation rates (1561/2575, 60.62%) and completion rates (1471/1561, 94.23%) were strong.
Parental participation rates (974/1099, 88.63%) and completion rates (897/974, 92.09%) were excellent. Mean time to survey
completion was 28.08 minutes for health professionals and 43.23 minutes for parents. Data collectors rated the platform “positively”
to “very positively” on all five usability variables.

Conclusions: A number of design and implementation considerations were explored and integrated into this mixed-mode survey
data collection approach. Feasibility was demonstrated by the robust survey participation and completion rates, reasonable survey
completion times, and very positive usability evaluation results.

(JMIR Res Protoc 2016;5(2):e139)   doi:10.2196/resprot.5170
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Introduction

The Translating Emergency Knowledge for Kids (TREKK)
project aims to bridge the research-to-practice gap in pediatric
emergency medicine, and reduce variable emergency care, by
ensuring that practitioners in general emergency departments
(EDs) have access to and apply the latest research evidence in
their pediatric practice [1]. The first phase of the TREKK project
(the Needs Assessment) surveyed health care professionals and
parents seeking care for their children in general EDs, to
determine information needs and preferences to guide the
development of knowledge translation tools on key child health
topics. Given the well-documented challenges of survey research
[2], particularly in health research [3-9], specific factors were
addressed in four survey development and implementation
stages, including survey design, survey delivery, survey
completion, and survey return. The aim of this research was to
increase data quality (ie, increasing participation rates, reducing
item nonresponse, and reducing dropouts) [10].

Despite a wealth of research, much debate remains regarding
the superiority of electronic and/or mailed paper surveys [4,11].
Recent studies indicate that the future of survey research
involves mixed-mode approaches (ie, two or more modes of
administration including mail, web, telephone, and/or in-person)
[12] and/or additional recruitment techniques to generate higher
response rates [13-15]. However, further research is
recommended to describe variations in survey content and
administration, and effects on participation rates and data quality
[12]. In this paper, we describe electronic survey development
and implementation using iPads and in-person data collectors.
We also detail the feasibility of this novel mixed-mode approach
to survey research by providing survey response rate results,
average length of time for survey completion, and the results
of a usability evaluation with data collectors.

Methods

Survey Design
Given the complexity of the ED environment (ie, fast-paced,
high volume, high acuity), traditional paper-based surveys were
too cumbersome and resource-intensive for this study. An
electronic survey was determined to be the most appropriate
method to meet study timelines, due to ease of implementation
across a large geographic area, and decreased administrative
costs [5,12,14,16]. To be included in the survey, each participant
was either a health care professional working in a participating
general ED, or a parent seeking care for a child in the EDs.
Participants were excluded if they were unable to read or write
English or French.

Survey questions were developed using relevant research
literature [3] and in consultation with content experts in pediatric
emergency medicine, nursing, and information science. The
surveys underwent several iterations, and face validity was
determined through team meetings and pilot testing within the
research team. Both surveys were developed in English and
translated into French. The Health Care Professional Needs
Assessment survey collected demographic information, current
information-seeking practices, information needs related to

caring for children in the ED, and preferences for receiving new
information related to caring for children in the ED (Multimedia
Appendix 1). The Parent Needs Assessment survey collected
demographic information, information about the current visit
to the ED, and health information needs and preferences
(Multimedia Appendix 2).

In addition to survey content, six features affecting response
rate of web-based surveys were considered: (1) general format,
(2) length, (3) disclosure of survey progress, (4) visual
presentation, (5) interactivity, and (6) question/response format
[17]. A screen design format was selected to display one
question per page, as this design has been shown to have lower
item nonresponse than scrolling designs [17]. Much thought
was given to survey length, and the surveys were constructed
to achieve an average survey completion time of approximately
20 minutes. This target aimed to mitigate busyness as a barrier
to health care professional participation [18], and to maximize
the opportunity for parents to complete the survey in the waiting
room before being brought into an examination room. Disclosure
of survey progress has shown limited effect on response rates,
so we did not incorporate this feature in our surveys [17]. In
terms of visual presentation of the survey, a plain visual
presentation approach with selective use of color was used,
based on research indicating higher completion rates and later
dropouts using this design [17]. Sans serif font was selected for
ease of readability on a screen [19], questions and responses
were numbered, and bolding, shading, italics, and color were
used in a consistent fashion, with the aim to enhance
understandability. Arrows were used to direct participants to
subsequent screens. Interactivity was also incorporated, as it
has been linked to lower item nonresponse [17]. This feature
included automatic jumps to questions based on previous
answers, and a missing data message was displayed when an
item was left blank; however, responses were not forced due to
the association of this option with higher dropout rates [17].
Four question/response formats were used throughout the
surveys, and included single and multi-touch responses with
radio buttons, sliding scales, and drag and drop boxes in which
responses could be dragged to a new column and rank ordered
(Multimedia Appendix 3).

Survey Delivery
Consistent hardware was used at each site to streamline training
and mitigate technological issues in survey delivery [5]. iPads
were selected as the most effective survey delivery and data
collection device because of their functionality and participant
preference. iPads are lightweight devices that are easy to
transport and hand to participants. The iPad interface is
user-friendly and the touch screen technology, which has been
shown to reduce mean time for patients completing
questionnaires [20], enabled new and interesting approaches to
survey question design [21]. In addition, previous research has
demonstrated that both health care professionals and parental
respondents preferred participation on a tablet compared to
paper-based surveys [22-25], and found these devices easy to
use [23,25]. Furthermore, electronic tablets have been shown
to be a viable method of collecting patient self-report data in
pediatric waiting rooms [26] and in rural settings [24].
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Survey Completion
External validity has been identified as a methodological issue
of concern in survey research [3-5,27,28]; we attempted to
address this issue by having in-person data collectors accompany
the technology while conducting on-site recruitment. Census
sampling aimed to recruit all health care professionals, and
convenience sampling was used to recruit parents. The protocol
for recruitment involved approaching all staff and parents to
introduce TREKK and determine study eligibility. iPads were
provided to interested parties to review the electronic consent
form; once consent was indicated, participants automatically
proceeded to the electronic survey. Data collectors were
available throughout survey recruitment and completion to
answer questions and assist with overcoming any technological
barriers, including comfort with web browsers and touch screen
technology. This consideration was based on research suggesting
that the amount of contact and length of time in the field are
important factors in health care professional response rates [4].
Surveys could be kept open for any length of time and were
closed when the Submit button was indicated at the end of the
survey, or the browser window was closed. The survey was
designed with this flexibility, as data collection occurred in
unpredictable and busy EDs.

Survey Return & Technical Issues
The electronic survey platform incorporated synchronous and
asynchronous data collection capability, meaning that data could
be collected online and automatically uploaded to a secure server
when a wireless connection was present, and data could also be
collected offline, safely stored on the device, and later uploaded
to a secure server once a wireless connection was available.
This feature was particularly important in the ED setting, as
many hospitals do not provide wireless internet and 3G/4G
connectivity is limited or non-existent in rural and remote
regions. This approach also addressed previously identified
security concerns with cloud-based data storage [29,30].
Automatic data upload also eliminated the need for data entry,
thus reducing the potential for error, and allowed the research

team to monitor data quality via a secure, password-protected
portal to provide feedback or additional training to data
collectors. This functionality required enhanced device security;
however, iPads are equipped with the appropriate security
features to meet this need, including passcodes and restrictions
to limit access and usage, encryption to protect information
stored on the device, GPS technology to track the device, and
remote and automatic data wiping capabilities (in the event that
the device is lost or stolen) [31].

Usability Evaluation of Data Collection Platform
A usability evaluation was conducted with data collectors using
an anonymous 20-question electronic survey. The content of
the survey was theoretically informed on the basis of a
small-scale review of previous studies employing electronic
platforms for data collection and the National Institutes of
Health’s Usability Guidelines [32]. These guidelines outline
key features of visual design and user experience, including
interactivity, portability, innovativeness, security, and
proficiency. The usability survey ranked features of the
electronic survey and iPad on a five-point scale according to
how positively or negatively these features affected their
experience collecting data for the TREKK Needs Assessment
(Multimedia Appendix 4). Face validity was determined via
team meetings and pilot testing within the research team.

Results

Survey Participation & Completion Rates
The recruitment rate for health care professionals was 68.66%
(1768/2575) and participation rate was 60.62% (1561/2575),
and among participants the survey completion rate was 94.23%
(1471/1561). Among parents the recruitment rate could not be
determined because the eligible population was dependent on
people coming into the general EDs; however, the participation
rate was 88.63% (974/1099) and among participants the survey
completion rate was 92.09% (897/974). See Figure 1 for
recruitment and participation details for both populations.
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Figure 1. Survey recruitment, participation & completion.

Length of Time for Survey Completion
Of the 1471 health care professional surveys included in the
final analysis, 79 surveys did not have a time stamp (ie,
participants did not press Submit at the end of the survey) and
were not included in the calculation of average survey
completion time. Of the 1391 surveys with a time stamp, the
mean time to survey completion was 28.08 minutes (standard
deviation = 118.54 minutes). This estimate includes participants
that left the survey open and returned to complete it at a later
time (eg, 9 surveys were open for more than 1000 minutes).

Of the 897 parental surveys included in the final analysis, 25
did not have a time stamp and were not included in the
calculation for average survey completion time. Of the 872
surveys with a time stamp, the mean time to survey completion
was 43.23 minutes (standard deviation = 691.25 minutes). This
estimate includes participants that left the survey open and
returned to complete it at a later time (eg, 4 surveys were open
for more than 1000 minutes).

Usability Evaluation of Data Collection Platform
Eight data collectors were approached to participate in the
usability evaluation, six of whom agreed to participate and
complete the survey (75% participation and completion rate).
On a five-point scale, responses were largely positive (score=4)
to very positive (score=5) on the five usability measures (see
Figure 2). Additionally, respondents could enter free text
information to describe, in detail, their perspectives on the
strengths and weaknesses of iPads as a data collection tool.
Respondents noted that the professional look and feel of the
survey created a sense of trustworthiness and legitimacy of the
research study, as demonstrated by the following excerpt, “With
a unique online survey specific for TREKK, it appears more
trustworthy as a legitimate research study, rather than having…
paper surveys.” However, respondents illuminated some
drawbacks to this approach, such as, “The only real negative of
using the iPad relates to the survey participants [sic] level of
comfort with technology, but not to such an extent that it affects
participation - only initial comfort.”
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Figure 2. Data collectors' (n=6) ratings on 5 variables to evaluate the data collection platform.

Discussion

Our findings make an important contribution to the web-based
survey literature by addressing calls for research to examine
web-based survey response and completion issues [10].
Generally, web-based surveys are correlated with low response
rates [10], with estimates suggesting an average 10% decrease
in response rates compared to traditional paper-based surveys.
Given that 68.66% of health care professionals that were
approached in our study reviewed the consent, and 94.23% of
those who consented completed the survey, it is apparent that
our mixed-mode approach mitigated these commonly accepted
disadvantages of web-based surveys.

Utilizing data collectors to approach potential survey
participants, and explain the study, eliminated the need for email
or web-based invitations and completion reminders, and
significantly enhanced survey participation and completion
rates. We suggest that the addition of in-person data collectors
offered the benefits of personal connection, and caused potential
survey participants to make an active decision to participate in
the study. In-person data collectors were also able to engage
with potential participants and answer any questions the
potential participants had about the study or the technology.
Deploying a web-based survey without a mixed-mode approach
allows potential participants to easily ignore electronic
invitations to participate in survey research. With a mixed-mode
approach, we were able to capitalize on the many benefits of
web-based surveys, including improved data quality and the
ability to immediately begin data analysis, while simultaneously

mitigating previously reported downfalls of web-based surveys,
including lower response rates and lower completion rates.

Vicente and Reis itemized six areas to consider when designing
and implementing web-based surveys [17], and our usability
findings support five of these recommendations (general
structure, survey length, visual presentation, interactivity, and
question/response format). Specifically, the usability findings
collected by our in-person data collectors were largely positive
to very positive for interactivity, portability, innovativeness,
security, and proficiency. Free text responses further
strengthened these findings by highlighting that the general
structure, visual presentation, and question/response format of
our survey helped to legitimize and enhance the credibility of
our study. These findings highlight the importance of the
investment of time and resources into survey design and
implementation elements. Our participation and completion
rates, and survey usability findings, are evidence that attention
to survey design and implementation is strategic.

Conclusions
This study provides strong evidence for the feasibility of a
mixed-mode approach to survey data collection using iPads and
in-person data collectors, based on strong response rates,
reasonable survey completion times, and very positive usability
evaluation results. This study also details survey development
and implementation considerations that will be useful to survey
researchers working with a variety of populations. Great
potential exists for utilizing a mixed-mode approach for future
survey research in clinical settings.
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The title of the paper originally entitled “Content Analysis of
Online Focus Group Discussions is a Valid and Feasible Mode
When Investigating Sensitive Topics Among Young Persons
With a Cancer Experience” (JMIR ResProtoc 2016 May 9;
5(2):e86) was corrected to read “Online Focus Group Discussion
is a Valid and Feasible Mode When Investigating Sensitive
Topics Among Young Persons With a Cancer Experience”. The
error was introduced by the editor in the final proofreading
process to remove a grammatical issue, but the authors feel that
“content analysis” in the title is incorrect because content
analysis was not the method used for analyzing data in the
present study. The advantages and disadvantages with the mode

of data collection was judged by analyzing characteristics of
those who participated, interactions during discussions and the
participants’ evaluation of the focus group discussions.
Secondly, there was also an incorrect affiliation footnote reading
“null” associated with author Lena Wettergren, which has now
been removed from the metadata. These errors have been
corrected in the online version of the paper on the JMIR website
on May 10 and May 12, 2016, respectively, together with
publishing this correction notice.  There are no changes to the
contents of the paper. A correction notice has been sent to
PubMed. This was done before submission to Pubmed Central
and other full-text repositories.
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Abstract

Background: This is a 2-year study to assess the early impacts of a new grocery store intervention in a former food desert.

Objective: The purpose of the study is to understand the early health effects of the introduction of a large-scale food and
nutrition-focused community-based population health intervention, the Good Food Junction (GFJ) Cooperative Store, in a
geographically bounded group of socially disadvantaged neighborhoods (the “core neighborhoods”) in a midsized Canadian city.
The GFJ grocery store was tasked with improving the access of residents to healthy, affordable food. The 5 research questions
are: (1) What is the awareness and perception of the GFJ store among residents of the core neighborhoods? (2) Are there differences
in awareness and perception among those who do and do not shop at the GFJ? (3) Will healthy food purchasing at the GFJ by
residents of the core neighborhoods change over time, and what purchases are these individuals making at this store? (4) What
early impact(s) will the GFJ have on key health-related outcomes (such as household food security status, vegetable and fruit
intake, key aspects of self-reported mental health, self-reported health)? and (5) Are the effects of the intervention seen for specific
vulnerable population groups, such as Aboriginal people, seniors (65 years old or older) and new immigrants (settled in Saskatoon
for less than 5 years)?

Methods: The research project examined initial impacts of the GFJ on the health of the residents in surrounding neighborhoods
through a door-to-door cross-sectional survey of food access and household demographics; an examination of GFJ sales data by
location of shoppers' residences; and a 1-year, 3-time-point longitudinal study of self-reported health of GFJ shoppers.

Results: Analyses are on-going, but preliminary results show that shoppers are using the store for its intended purpose, which
is to improve access to healthy food in a former food desert.

Conclusions: To our knowledge this is the first large-scale study of a full-service grocery store intervention in a former food
desert in Canada that has used multiple data sources, as well as longitudinal analyses, to examine its effects. Its findings will
contribute significantly to the knowledge base on food environment interventions.

(JMIR Res Protoc 2016;5(2):e52)   doi:10.2196/resprot.5303
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Introduction

North American lifestyles generally promote food that is packed
with calories (ie, energy-dense food) and offer little incentive
for being active [1], particularly in low-income neighborhoods
[2]. Specifically, food environments are increasingly recognized
as a critical determinant of community and population health
[3-5]. Townshend and Lake stated that the food environment
“can be broadly conceptualized to include any opportunity to
obtain food…. This definition of the food environment can
include physical, sociocultural, economic, and policy factors at
both micro- and macro-levels” [6].

The presence and accessibility of supermarkets and grocery
stores has been linked to improved fruit and vegetable
consumption [7], general improvement in healthier food intake
[8], and lower body weight [9]. Using national-level data, one
US study reported that higher prices for vegetables and fruit are
significantly associated with greater gains in BMIs in children
between kindergarten and the third grade [10]. There is
increasing evidence that poor food environments—such as
greater access to fast food and convenience stores and limited
access to full-service grocery stores—are more likely to be
located in neighborhoods with a lower than average
socioeconomic status [9,11-14]. Poor food environments may
partly explain why individuals of lower socioeconomic status
are more likely to be obese.

While early studies focused primarily on characterizing food
environments using geographical and other methods [15], more
recent research examined food environment interventions, such
as healthy corner store studies [16,17] and the health impacts
of opening new supermarkets in “food deserts” (ie,
neighborhoods where affordable and nutritious foods are
unavailable, requiring residents to travel outside of their
neighborhood to access nutritious foods) [18-20]. The body of
food environment interventions literature is still very limited in
Canada, and results from outside of Canada are contradictory
[21-23]. As such, there is a need to conduct larger scale, more
systematic, and in particular longitudinal intervention research
on food environments.

There have been mixed outcomes in previous research
examining food store interventions. Wrigley et al [24] offered
the first “before and after” study of a new grocery store
development in Leeds, England, in a low-income neighborhood
with poor retail access to healthy food. The store was a
large-scale chain supermarket. Using fruit and vegetable
consumption as a proxy for healthy diet, the authors noted that
the introduction of a full-service grocery store significantly
improved consumption. Cummins et al [19] also studied the
impacts of the opening of a for-profit retail grocery store but
showed the intervention had little effect on fruit and vegetable
consumption. However, they later argued [25] that the
community was not a true food desert and had some access to
healthy food. They noted that positive consequences of the
grocery store opening included community economic
regeneration, increased employment, and a “net reduction in
poor psychological health for those who directly engaged with
the intervention” [26]. Overall there is uncertainty as to whether

grocery store interventions impact healthy eating behavior or
other aspects of health.

Drawing on the literature, this study was developed to contribute
to the emerging field assessing the impacts of new food access
points in low socioeconomic status communities that have
previously been characterized as having particularly poor food
environments [22,23]. The study is being conducted to assess
the early impacts of a new grocery store in a community that
had been identified as a food desert [27,28]. The goal of the
study is to understand how the introduction of a large-scale
food- and nutrition-focused community-based population health
intervention (the Good Food Junction Cooperative Store) may
impact the health of individuals and families in a geographically
bounded group of neighborhoods.

Intervention and Setting
This study is being conducted in Saskatoon, Saskatchewan, a
city of just over 250,000 people. The study is focused on
neighborhoods surrounding the Good Food Junction Cooperative
grocery store. These are known as the “core neighborhoods,” a
set of 7 low socioeconomic status neighborhoods in Saskatoon
(Figure 1). The core neighborhoods have several characteristics
in common. First, they are located on the west side of the South
Saskatchewan River, a river that flows through the center of the
city (Figure 1). Second, they are older neighborhoods, built
between 1900 and 1930, and finally, they are relatively
low-income when compared to the Saskatoon median. These
neighborhoods have a relatively high concentration of residents
who (1) rent their homes, (2) do not own a vehicle, (3) identify
as Aboriginal, (4) are newcomers, or (5) are seniors with fixed
incomes [29]. Saskatoon has a large Aboriginal population,
compared to other Canadian urban centers, and over half of this
population is young (10% of the people living in Saskatoon
identify as Aboriginal compared to 3.8% for Canada, and 55%
are ≤ 24 y) [30,31]. (The term “Aboriginal” refers to the
Indigenous peoples of Canada, descendants of the original
inhabitants of this country. It is the legal term used in the
Constitution Act of 1982 to refer to First Nations, Métis, and
Inuit peoples.)

In September 2012, the Good Food Junction Cooperative Store
(GFJ) opened as a result of an 8-year consultation and planning
process focused on meeting the food needs of the people living
in the area. This grocery store was tasked with improving the
access of residents to healthy, affordable food. It is
geographically located in the center of a former food desert [27]
in the heart of one of the lowest income neighborhoods in the
city. The 4900-square-foot store offers a wide range of fresh,
frozen, and packaged foods.

The core neighborhoods have had no major chain grocery stores
since the mid-1990s, when the last such store closed [28]. The
area also saw a loss of small local grocers, going from 12 local
grocery stores in 1984 to 5 by 2004 [28]. A 2010 assessment
found that residents of the core neighborhoods live much closer
to fast food restaurants than to grocery stores, when compared
to the citywide average [27].

The GFJ grocery store is housed in a building called Station 20
West [27]. Station 20 West includes the GFJ [32], a community
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kitchen space, a coffee shop, community meeting space, and
several offices for community-based organizations, health
services and programming, and community-based research [33].

The goal of this research is to understand and model how the
introduction of a large-scale food and nutrition-focused

community-based population health intervention (the GFJ) may
impact the health of individuals and families in a geographically
bounded group of neighborhoods. The study proposal was
peer-reviewed and funded by the Canadian Institutes for Health
Research, through the Population Health Intervention Research
funding stream (grant #127084).

Figure 1. Location of the Good Food Junction Grocery Store.

Methods

The study employed 3 approaches to data collection that roughly
correspond to the 5 research questions stated below. There was
(1) a cross-sectional door-to-door survey of household food
access and demographics (research questions 1 and 2), (2) an
analysis of food purchasing sales data obtained directly from
the grocery store linked to unique membership numbers
(research question 3), and (3) a year-long longitudinal
3-time-point study of food access and self-reported health of
GFJ shoppers (research questions 4 and 5). Data collection was
conducted from July 2013 through November 2014.

The following research questions informed the study:

1. What is the awareness and perception of the GFJ among
residents of the core neighborhood?

2. Are there differences in awareness and perception among
those who do and do not shop at the GFJ?

3. Will healthy food purchasing at the GFJ by residents of the
core neighborhood change over time, and what purchases
are these individuals making at this store?

4. What early impact(s) will the GFJ have on key
health-related outcomes (such as household food security
status, vegetable and fruit intake, key aspects of
self-reported mental health, self-reported health)?

5. Are the effects of the intervention seen for specific
vulnerable population groups, such as Aboriginal people,
seniors (65 years or older), and new immigrants (settled in
Saskatoon for less than 5 years)?

This complex, community-based study of the early impacts of
the opening of a full-service grocery store in a former food
desert has required a great deal of careful thought, flexibility,
and willingness to adapt to the challenges of this type of research
with a marginalized and difficult-to-access population. One of
the goals of this paper, in addition to describing the research
protocol, is to highlight some of the challenges experienced in
conducting it and some of the ways in which the study was
adapted due to circumstances outside of our control in studying
the natural experiment that is the GFJ grocery store.

The project has received ethical approval from the University
of Saskatchewan’s Human Behavioural Research Ethics Board
(#13-168, approval date: May 30, 2013). Informed consent was
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obtained from all study participants. Participants have received
detailed information outlining study goals and requirements.
We have taken due care to inform participants regarding the
purpose and the manner in which the data will be collected,
used, and secured.

Cross-sectional Household Food Procurement Survey
In order to answer the first and second research questions, from
July of 2013 to November 2013, a cross-sectional survey was
administered. A team composed of 4 trained interviewers
conducted the door-to-door survey administration in teams of
2. One of the 4 interviewers was a woman who lived adjacent
to Station 20 West and was involved in the local community,
and the other 3 were women who worked in or were otherwise
involved in the community.

The intent of this quantitative survey was to examine the
awareness and use of the GFJ grocery store approximately 1
year after opening and other food sources by individuals who
lived within walking distance of the store.

With ArcGIS software, a road network of a 750-meter radius
(with the GFJ at the center) formed the geographic boundaries
for the study. All residential locations within this radius were
considered to be within the sample. The distance of 750 meters
from the GFJ was chosen to simulate a reasonable walking
distance.

Drawing on information from the City of Saskatoon, a total of
1459 residences were considered to be within the 750-meter
radius. Of this number, 271 locations were excluded as they
were determined to be nonresidential, inaccessible, unsafe,
vacant, or nonexistent. We did not want overlap between those
who participated in the cross-sectional household food
procurement survey and those participating in the longitudinal
study described below. Therefore, given that the recruitment
period for the 2 components of the research overlapped
somewhat, we asked potential participants if they were already
participating the longitudinal research. If they answered to the
affirmative they were excluded from this component of the
research (n=47 participants). The remaining 1141 households
were contacted through door-to-door recruitment over a period
of 5 months.

Individuals were eligible to participate in the short
interviewer-administered survey if they were over 18 years of
age, lived in the residence, and were the person primarily
responsible for purchasing food for the household.

Topics covered in the survey included whether the participant
was aware of the GFJ; if the participant had shopped at the GFJ;
which grocery store was their primary grocer; and what mode/s
of transportation the participant used to travel to said primary
grocery store. Information regarding whether participants
accessed a wide range of food programs provided by local
nonprofits was also gathered, as well as sociodemographic and
household composition information.

Initially, residences within the geographic boundary were
randomly sampled for inclusion in the research, but it soon
became clear that in order to cover more ground and efficiently
collect data, it would be necessary to contact all households

within the geographic boundaries of the study area. Interviewers
worked in pairs and approached households until the successful
completion of a survey, a direct refusal by a resident, or the
third unsuccessful attempt to connect with a household member.
Appointments were arranged with individuals who wanted to
participate but were unable at the initial time of contact.
Interviewers left printed door hangers on residences if no one
was home, informing residents of the study and ways to
participate.

For management of the data collection, the targeted geographical
area was divided into 4 quadrants. Visits were systematically
recorded on a log sheet, and these sheets were updated before
each new round of outreach to potential participants. The
schedule for conducting on-the-doorstep outreach was designed
to ensure that residences were visited on different days, and at
different times. For example, if there had been no one home
during a weekday, the following visit was conducted on a
weekend or in the early evening.

Of the residences approached, there were 180 refusals and 596
nonresponses after 3 visits. A total of 365 households within
the 750-meter radius participated in the survey, which was 32%
of all “eligible” households. The average length of interview
was 10 minutes. Individuals who participated in the
cross-sectional household survey were provided with a $10 gift
card to the GFJ as compensation for their time.

All quantitative data for the door-to-door survey was entered
and cleaned by study research staff and then analyzed using
SPSS version 22 (IBM).

One peer-reviewed paper on this data has been published to
date [34] but without description of full methodology as
presented here, and full analysis is on-going.

Multilevel Cross-Sectional Analysis of GFJ Sales Data
In order to answer the third research question, the GFJ shared
their sales data to allow the research team to track food sales
data by postal code for analysis through a multilevel
cross-sectional analytical design.

Since GFJ is a cooperative, members who shop at the store can
be tracked to understand their purchasing behavior. For a period
of 5 months, from May 1, 2013, to September 30, 2013, the
research project paid the membership cost for any shoppers who
wished to be a member of the GFJ cooperative. Each GFJ
member is assigned a unique membership number, which is
recorded at checkout. Food purchasing can be tracked through
these membership numbers, as the store records a history of
purchases made by each member. Through this database it is
possible to analyze the patterns of food purchasing over a period
of time.

One limitation with the GFJ sales data is that the membership
database contains minimal information (eg, only the members’
postal codes and linked purchasing habits). Individual
socioeconomic position is not recorded, but each member’s
neighborhood’s socioeconomic position was derived using data
from the 2006 Canadian Census, according to Pampalon’s
deprivation index [35].
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To date, the sales data have been used to observe the food
purchasing habits of store members over a 1-year period in order
to see whether shoppers living near the GFJ (the “targets” of
the intervention) have different shopping patterns compared to
GFJ members who live farther away from the GFJ (not targets
of the intervention) [36]. As only member-purchases for a
year-long period at the GFJ have been analyzed to date (plans
for future analyses are described below), these results cannot
show the full range of food purchases occurring in the store,
nor what members purchased at other stores.

The food purchasing sales data was provided directly by the
GFJ grocery store and was entered into a research database,
then cleaned and categorized to allow for analysis. Sales data
from the GFJ contains information on all food purchases made
in the store, along with the membership database.

For our initial analyses, this resulted in information on 72,587
food purchases (by all users) during the period of interest of
May 15, 2013, to April 30, 2014. During this period, 526 of the
1109 GFJ members in the data set did not make a purchase,
leaving 583 members with 38,190 purchases available for
analysis. Of the 583 members with purchase data, 361 (62%)
lived in the “core” neighborhoods [36].

Food sales data from the store was categorized into 11 different
categories using Stock Keeping Unit codes [37]. The categories
were developed in reference to 2 Health Canada tools: Canada’s
Food Guide and the Canadian Nutrient File (a database
containing information about nutrients in food in Canada)
[38,39]. Five categories were considered healthy (eg, fruit,
vegetables, meat and alternatives, dairy products, grains) and
6 categories were considered less healthy or nonfood (eg, sugar
sweetened beverages, nonnutritive beverages, snack foods,
prepared foods, flavoring, nonfood items) [39].

Longitudinal Food Access and Self-Reported Health
Research with Shoppers
In order to answer the fourth and fifth research questions, a
year-long 3-time point longitudinal study was conducted to
record potential changes in perceived health status in people
who made purchases at GFJ. Designed as a food access and
health survey, the questions included perceptions of current
health status, vegetable and fruit consumption, household food
security, and perceptions of a sense of community in their
neighborhood, all of which were taken from the Canadian
Community Health Survey [40]. In addition, all participants
were asked the questions covered in the cross-sectional food
access and demographics survey described above.

The health and food access survey was conducted at 3 time
points, with a cohort of 156 shoppers at the first time point. The
intention was to have the survey administered 3 times with about
6 months between each administration (creating a year time
frame of interviews conducted at months 0, 6, and 12). The first
time point occurred between July and August 2013, the second
was in February through April 2014, and the third administration
occurred during July through November 2014.

Participants for this longitudinal study were recruited on-location
at GFJ as they entered the store by the same trained interviewers
who administered the cross-sectional door-to-door survey.

Members of the research team were on-location for 2- to 3-hour
periods during the initial recruitment phase. Team members
alternated shifts between mornings and afternoons, in an effort
to recruit as many shoppers as possible. In order to speed
recruitment that was initially proceeding slowly, participants
were also recruited through advertisement (predominantly poster
and word-of-mouth) in the grocery store and nearby service
agencies.

To participate, the respondent had to be over the age of 18, the
primary shopper for their household, and was required to have
shopped at GFJ at least 3 times in the previous 2 months. To
prevent any possible overlap of households, participants were
asked whether any other member of their household was already
participating in the study. There were no stipulations for
participants having to live within a certain geographic distance
from the GFJ. It should be noted that residents who participated
in the door-to-door survey described above were not recruited
to participate in this part of the research.

Every effort was made with individual participants to leave a
6-month period between each iteration of survey administration.
The surveys took an average 30 minutes to complete with
administration always conducted with a trained interviewer.
Due to the need for flexibility, a staff member from Station 20
West was trained to deliver the interview midway through the
first iteration of data collection. This individual was well
respected and known in the community and was available to
participants who could not be accessed by the main interview
team. This approach enabled the study to stay connected with
participants who were highly transient or did not have phone
numbers, and were therefore difficult to contact. Because they
regularly attended Station 20 West to connect with resources
available there, the staff member was able to ask them if they
were willing to conduct follow-up interviews then and there.
At each of the 3 data collection time points, participants were
compensated for their time with a $25 GFJ gift card.

At the first data collection time point, 156 participants completed
the survey. At the second administration of the survey, 129
participants from round 1 participated in the second survey (27
participants were lost to follow-up) but 24 new participants
were added (recruitment was done in the same fashion as at the
first time point), for a total of 153 participants completing the
second round of data collection. In the third administration of
the survey, 37 people were lost to follow-up and, therefore, 116
participants completed the survey. A total of 104 participants
completed all 3 rounds of data collection and another 37
participants completed 2 rounds for a total of 141 participants
with enough data to be included in the analysis.

Participants in this study were also offered a free lifetime
membership (usual cost is $5) at the GFJ cooperative. This was
done to provide the research team the possibility of analyzing
their sales data in conjunction with their survey responses. It is
not possible to determine whether being provided with a free
membership influenced shopping habits, or whether this action
incentivized usage of the store, but it is unlikely given that
members do not receive any benefits beyond eligibility to
participate in the annual general meeting.
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Results

Data collection for this study is largely complete, but only a
small fraction of it has been analyzed to date. Some data from
the cross-sectional household food access survey and from sales
at the Good Food Junction have been analyzed, but none of the
longitudinal self-reported health and food access data from GFJ
shoppers have been analyzed to date. The longitudinal research
will likely be the largest contribution of this study to the
literature, since very little longitudinal research on grocery store
interventions in former food deserts has been published.

Two articles have been published to date: Cross-sectional
analysis of a community-based cooperative grocery store
intervention in Saskatoon, Canada [34], and Examining food
purchasing patterns from sales data at a full-service grocery
store intervention in a former food desert [36]. From analysis
by Lotoski, Engler-Stringer, and Muhajarine of the door-to-door
survey, it appears that residents are highly aware of the store
(95% of residents were aware of the GFJ at the time of data
collection) and most have shopped at the GFJ at least once [34].
Despite this, only 30 of the 251 (12.0%) households surveyed
who had ever visited the GFJ used it as their primary grocery
store.

Further analysis indicates that compared to residents who did
not shop at the GFJ, residents who did shop at the GFJ had
lower annual household incomes and were more likely to use
local community-based food programs and services in
comparison to non-users. This seems to indicate that the GFJ
is serving households that are more likely to be facing food
insecurity.

From the analysis by Fuller, Engler-Stringer, and Muhajarine
[36], it appears that shoppers living in the core neighborhoods
are making more healthy food purchases at the GFJ compared
to shoppers who live outside of the core neighborhoods. For
example, shoppers living in the core neighborhoods spend more
on vegetables, and less on meat and alternatives and prepared
foods, than shoppers who do not reside in those neighborhoods.
This appears to be an indication that people will make healthy
food purchases when healthy foods are accessible.

Discussion

Data analysis is on-going for this study. We will report on our
data in several publications. The 3 time point, longitudinal
self-reported health and food access research is currently in the
early stages of analysis. There are 2 graduate students analyzing
the longitudinal self-reported data on health and food access by
GFJ shoppers; one focusing on the self-reported health, mental
health, and sense of community of GFJ shoppers over time, and

the other focusing on vegetable and fruit consumption and
household food security of GFJ shoppers over time.

In terms of further analyses to be conducted on our door-to-door
food access and demographics survey research, we intend to
report on the distances traveled to the primary grocery store of
choice and detail the use of community-based food programs
of study participants. This will contribute to the literature
examining food access practices by residents of low-income
neighborhoods. In terms of GFJ sales data, we will also report
on the temporality and seasonality of vegetable and fruit and
other food purchasing in order to better understand (1) how
these issues may impact the sustainability of food environment
interventions and (2) how these types of interventions can better
respond to the needs of users.

Finally, we are working on a publication that will discuss
recruitment and retention challenges and lessons learned in
conducting our study. We had to recruit and retain study
participants from a marginalized population for this research,
particularly very low-income and transient participants, and we
found that we learned a great deal from this process, much of
which we think will be relevant to others conducting similar
research.

Conclusions
The Good Food Junction Grocery Store opened in 2012 due to
a long-term concerted effort by Saskatoon core neighborhood
residents and their supporters with the intended purpose of
improving access to healthy food in a documented former food
desert. Analyses in this study are on-going, but results to date
show that shoppers are using the store for its intended purpose
[34,36]. Our results show that residents of the neighborhoods
directly adjacent to the store have very low household incomes
and almost three-quarters of them use anywhere from 1 to 4
community-based food programs, including charitable programs
(the food bank was the most widely reported) and numerous
others, most of which focus on affordable access to vegetables
and fruit. We have also found that the people who shop at GFJ
have lower incomes and are more likely to be Aboriginal
compared to those who do not. What is clear from our analysis
to date is (1) the very low socioeconomic status of our study
participants and (2) the importance of better understanding the
needs of this population in order to support their access to
healthy food.

To our knowledge this is the first large-scale study of a
full-service grocery store intervention in a former food desert
in Canada that has used multiple data sources, as well as
longitudinal analyses, to examine its effects. The study’s
findings will contribute significantly to the knowledge base on
food environment interventions.
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Abstract

Background: Tobacco smoke exposure (TSE) is unequivocally harmful to children's health, yet up to 48% of children who
visit the pediatric emergency department (PED) and urgent care setting are exposed to tobacco smoke. The incorporation of
clinical decision support systems (CDSS) into the electronic health records (EHR) of PED patients may improve the rates of
screening and brief TSE intervention of caregivers and result in decreased TSE in children.

Objective: We propose a study that will be the first to develop and evaluate the integration of a CDSS for Registered Nurses
(RNs) into the EHR of pediatric patients to facilitate the identification of caregivers who smoke and the delivery of TSE interventions
to caregivers in the urgent care setting.

Methods: We will conduct a two-phase project to develop, refine, and integrate an evidence-based CDSS into the pediatric
urgent care setting. RNs will provide input on program content, function, and design. In Phase I, we will develop a CDSS with
prompts to: (1) ASK about child TSE and caregiver smoking, (2) use a software program, Research Electronic Data Capture
(REDCap), to ADVISE caregivers to reduce their child's TSE via total smoking home and car bans and quitting smoking, and
(3) ASSESS their interest in quitting and ASSIST caregivers to quit by directly connecting them to their choice of free cessation
resources (eg, Quitline, SmokefreeTXT, or SmokefreeGOV) during the urgent care visit. We will create reports to provide
feedback to RNs on their TSE counseling behaviors. In Phase II, we will conduct a 3-month feasibility trial to test the results of
implementing our CDSS on changes in RNs’ TSE-related behaviors, and child and caregiver outcomes.

Results: This trial is currently underway with funding support from the National Institutes of Health/National Cancer Institute.
We have completed Phase I. The CDSS has been developed with input from our advisory panel and RNs, and pilot tested. We
are nearing completion of Phase II, in which we are conducting the feasibility trial, analyzing data, and disseminating results.

Conclusions: This project will develop, iteratively refine, integrate, and pilot test the use of an innovative CDSS to prompt RNs
to provide TSE reduction and smoking cessation counseling to caregivers who smoke. If successful, this approach will create a
sustainable and disseminable model for prompting pediatric practitioners to apply tobacco-related guideline recommendations.
This systems-based approach has the potential to reach at least 12 million smokers a year and significantly reduce TSE-related
pediatric illnesses and related costs.

(JMIR Res Protoc 2016;5(2):e64)   doi:10.2196/resprot.4453
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Introduction

Background
Each year over 480,000 deaths in the United States are
attributable to smoking, accounting for one in five deaths, and
up to one-half of all smokers die prematurely [1]. In addition
to the harmful consequences to the smoker, exposure of
nonsmokers to tobacco smoke (TSE) is a serious health hazard.
TSE is unequivocally harmful to children’s health as evidenced
by increased rates of asthma, bronchiolitis, and respiratory
infections [2-4]. TSE-related illnesses result in increased
Pediatric Emergency Department (PED) visits and
hospitalizations [5-8]. In the United States, more than 25.5
million children are treated in PEDs each year [9] and our own
research has found rates of smoking in caregivers as high as
48% (865/1809) [10-13]. Therefore, as many as 12 million
children who visit the PED are exposed to tobacco smoke.

The American Academy of Pediatrics (AAP) considers tobacco
use a “pediatric disease” given the pediatric morbidity caused
by adult tobacco use and TSE [14]. The AAP and the Clinical
Practice Guidelines for Treating Tobacco Use and Dependence
(CPGs) [15,16] provide recommendations on the treatment of
adult caregivers who smoke for pediatric practitioners, which
includes three components: (1) use of electronic health records
(EHR) to document or “ASK” about tobacco use and TSE at
each clinical encounter, (2) use of clinical decision support
systems (CDSS) to “ADVISE” and provide brief cessation
counseling in the clinical setting, and (3) “ASSESS” readiness
to change and “ASSIST” all smokers in their efforts to make
their homes and cars smoke-free and quit smoking. This
approach targets the benefits of quitting on reducing the child’s
TSE, and offers the potential to decrease tobacco-related
morbidity in both the caregiver and child. This expanded use
of the EHR to prompt nurses to treat tobacco dependence has
been used in adult settings [15,17,18], and provides a means to
standardize screening and counseling of tobacco users in the
PED. However, despite these recommendations and evidence
of effectiveness in adult settings, no standardized protocols
currently exist in PEDs to guide practitioners in the treatment
of adult smokers as recommended by the AAP or the CPGs.
Our research has shown that tobacco interventions are feasible
and effective in the PED setting [10,13].

This project will develop and test new approaches to increase
nurse delivery of TSE and cessation interventions to caregivers
who smoke who are not pediatric patients. Because past research
has shown that PED nurses do not deliver TSE counseling in a
systematic way due to barriers such as lack of training, time,
and structured systems in intervening with adults [19-22], we
plan to integrate CDSS prompts into the EHR to promote
national treatment recommendations for caregivers in the PED
in a time-efficient, simple way. We will implement a
systems-based strategy that can be widely disseminated, and
we will systematically assess tobacco use for all caregivers of
PED patients.

For a CDSS to be successful, it must be integrated within the
complex environment of the health care setting [23]. This
technology must dynamically interact with practitioners,
patients/parents, and existing health care systems [23-25]. One
of the biggest challenges with implementation is clinical
workflow integration because if the CDSS tools are too difficult
or cumbersome to incorporate into the workflow, they will not
be used [26-28]. Thus, it has been recommended that prior to
integrating a CDSS into the health care setting, it is crucial to
ensure that it first reflects the needs and preferences of the users
(eg, nurses), and the organization systems (eg, PED) within
which it is going to be implemented [25]. The CDSS should
then only be introduced into clinical practice after an iterative
formative evaluation, usability testing, and pilot field testing,
designed to facilitate modifications to the CDSS based on user’s
needs and the clinical environment [25]. We will adopt this
developmental approach and pilot testing strategy in the
proposed project.

Framework and Design Objectives for the Clinical
Decision Support System
We will adopt the Chronic Care Model as the framework for
our proposed CDSS. This model is a widely disseminated
paradigm for redesigning health care systems to be more
proactive and focused on keeping people healthy rather than
reactively treating preventable conditions [29-32]. Because we
are addressing caregiver smoking in the PED setting during the
child’s (and not the caregiver’s) acute care visit, this model is
particularly appropriate and represents an innovative approach
for developing our CDSS. Furthermore, because the elements
of the model comprise all of the system approaches
recommended for tobacco use, it provides a unifying approach
for dealing with multiple behavioral risk factors [29,30]. Using
this model as the guide, we will work to ensure positive
caregiver-nurse interactions through the use of several systems
that start during the PED visit.

The systems that we will use to provide a unifying approach
that will facilitate caregiver-nurse interactions during the child’s
PED visit include: (1) clinical decision support: we will develop
and integrate CDSS reminder prompts based on the CPGs [16]
that will include “ASK,” “ADVISE,” “ASSESS,” and “ASSIST”
(“ARRANGE” and “ASSIST” behaviors will be consolidated
under the “ASSIST” prompt) and the AAP recommendations
(eg, home and car smoking bans), and provide training using
the CPGs as a framework, (2) enhanced delivery: we will clearly
define nurse roles and establish accountability for these roles
by developing Feedback Reports to inform nurses about their
TSE counseling behavior, (3) clinical information: we will create
a caregiver registry within the EHR to identify smokers, keep
track of who has been provided with TSE counseling, and
capture caregiver/patient outcomes (using a convenience
sample), (4) personalized cessation resources: we will facilitate
a direct, “active” referral to the caregivers’ choice of free,
evidence-based cessation program/resources (eg, telephone
Quitline (QL), SmokefreeTXT, SmokefreeGOV), and (5)
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self-management support: we will ensure that caregivers are
active participants in their care by providing information on
cessation resources and written self-help and motivational
materials.

The design objectives will be influenced by a team-oriented
workflow of care in the PED and local adaptation of the CPGs
and other cessation CDSS that have been integrated with the
EHR in adult settings [15-18]. The design will include the
following steps: identifying caregivers who smoke using
easy-to-use screening prompts, providing an electronic link to
the brief counseling advice that nurses should provide to
caregivers, and evaluating nurse behavior in the ASK, ADVISE,
ASSESS, and ASSIST steps. The CDSS prompts will facilitate
screening and counseling reminder systems by integrating four
different information systems that are part of the total PED
system and clinical research infrastructure considered critical
for successful implementation. These four systems are: (1)
hospital-wide information systems: an enterprise EHR system,
Epic, (2) PED clinical systems: the documentations screens
used in the current workflow, (3) clinical research: the Research
Electronic Data Capture (REDCap) [33] database, and (4) the
CPGs for tobacco use: links will be provided to generate an
active referral to cessation resources based on caregiver
preference.

The CDSS will be built using a combination of the EHR and
REDCap. The Epic EHR has approximately 11.6% of the total
EHR market share in the United States [34,35]. It is used by
approximately 835 customers in the United States, securely
managing over 1.25 million patient health records per month.
Approximately 40% of the US population has its medical
information stored in an Epic EHR [36]. The emergency
department information system allows the addition of modules
to existing applications based on customer needs. We will
display the child’s TSE and the caregiver’s smoking status
within the child’s EHR. However, because the counseling (ie,
ADVISE, ASSESS, ASSIST) steps will solely relate to the
caregivers, these steps will be completed outside of the child’s
EHR in REDCap. The use of REDCap is necessary in order to
maintain separate records for the parents/caregivers, who are
not patients, and for whom information cannot be stored in the
child’s health record. REDCap is a Web-based application for
building and managing Internet surveys and longitudinal
databases with a secure Web connection with authentication
and data logging. It has the ability to create, share, and modify
counseling prompt templates for use in any ED setting, can link
to external webpages (eg, smokefreeTXT) and has automated,
seamless export procedures for data downloads to statistical
packages [33]. Each PED room contains an Internet-connected
computer and access to the EHR. The EHR can provide a prompt
to link to REDCap after the caregiver is identified as a current
smoker so that the nurse will be able to collect data on
caregivers, provide caregivers with cessation counseling
messages based on the prompts, obtain QL fax referrals and/or
TSE reduction tips, or provide “active” referrals by connecting
to the SmokefreeTXT or SmokefreeGOV website [33]. REDCap
can be accessed at any time so that counseling can be performed
and recorded in the patient’s room at the nurse’s convenience.
By using existing nursing workflow and automatic prompts, we

will create a sustainable intervention requiring minimal
additional data entry by nurses, and this will facilitate the clinical
workflow between the PED nurse and physician.

Phase I: Development and Programming of the
Decision Support System and Feedback Reports
We will conduct a two phase project with the following aims:
Aim 1: convene an advisory panel of PED and EHR technical
experts to develop the prototype CDSS with the ASK, ADVISE,
ASSESS, and ASSIST prompts to facilitate caregiver tobacco
screening and TSE counseling. The CDSS will use a software
program (REDCap) that, due to being Web-based, has the
capability to interface with an EHR system to trigger brief TSE
counseling tips and direct links for registered nurses (RNs) to
provide to caregivers. The CDSS template will contain all the
necessary elements of text, graphics, and interactive features to
ensure generalizability and disseminability. Aim 2: develop
feedback reports from data extracted from the CDSS to show
individual and overall RN compliance with the use of the
tobacco screening and TSE counseling prompts. Aim 3: to refine
CDSS functionality and improve feedback reports by conducting
RN focus and user groups.

Phase II: Feasibility and Acceptability Trial of the
Decision Support System
Finally, Aim 4: to conduct a feasibility and acceptability trial
of the CDSS and feedback reports. We will: (1) obtain a baseline
assessment of RNs’ attitudes, barriers, and tobacco-related
screening, advising, and assisting behaviors, (2) train RNs on
the use of the CDSS and evidence-based TSE counseling
strategies and resources for on-going tobacco cessation
treatment, (3) assess changes in RNs’ attitudes, perceived
barriers, and behaviors 1- and 3-months after training and obtain
RN’s satisfaction with the CDSS, (4) assess the smoking
behavior and child TSE of a convenience sample of caregivers
and children who are current smokers. We will assess changes
in TSE-related outcomes of total home/car smoking bans
(validated via salivary cotinine) and caregiver smoking behavior
(validated by expired CO in those caregivers who report
abstinence) in a 10% subset of participants, and (5) conduct exit
focused interviews of nurses at 3 months post-training to obtain
recommendations for refining and sustaining the CDSS over
time.

The following hypothesis will be explored during Phase I and
Phase II. Hypothesis 1: at follow-up, there will be an increase
in self-reported TSE counseling behaviors and attitudes and
decreases in perceived barriers toward TSE counseling by
trained RNs. Hypothesis 2: over the 3-month observation period,
there will be an increase in CDSS verified TSE counseling
behaviors by trained RNs receiving feedback reports. Hypothesis
3: over the 3-month period, there will be lower child TSE and
caregivers will report decreases in cigarette use, increased
motivation to quit, and increased use of cessation resources
compared with baseline.
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Methods

A Two-Phase Study
This study will be conducted in two phases. In Phase I, we will
develop an alpha version of the CDSS with an advisory panel;
the alpha version will be revised based on feedback from nurses
in focused interviews and small focus groups; this refined
version will be iteratively evaluated in a test environment. A
portion of the alpha CDSS will be tested in the live environment

prior to launching the beta (prototype) full CDSS version.
Additionally, we will create nurse feedback reports to encourage
the use of the CDSS prompts. The feedback reports will be
designed to illustrate how frequently the nurses perform the
different tasks within the CDSS compared with other study
nurses. In Phase II, we will test the feasibility and acceptability
of the CDSS and the feedback reports with RNs working in the
Urgent Care portion of the Cincinnati Children’s Hospital
Medical Center (CCHMC) PED. Please see Figure 1.
Descriptions of each phase are listed below.

Figure 1. Steps in the development and testing of the smoking Clinical Decision Support System.

Phase I: Definition Phase and Iterative Usability and
Validity Testing
This phase will be devoted to the development, programming,
and integration of the CDSS prompts into the EHR and creation
of nurse feedback reports. The prompts will facilitate nurse
documentation and administration of the screening and TSE
counseling components. After developing the CDSS and
feedback reports based on input from a multidisciplinary
advisory panel, we will conduct nurse-focused interviews, small
focus groups, and small user groups to refine the CDSS and
feedback report content and interface.

Setting
CCHMC is the primary provider of inpatient, subspecialty, and
emergency care in Greater Cincinnati and the surrounding
counties serving over 2 million people. CCHMC is a 628-bed,

freestanding, academic, pediatric medical center with more than
1.2 million patient encounters annually and over 800 faculty
members and 15,000 employees. It has over 30,000 admissions,
33,000 surgeries, 900,000 ambulatory encounters, and 125,000
emergency department visits per year. This study will occur in
the Urgent Care portion of the PED at CCHMC. The PED is a
24/7 facility with five separate Urgent Care sites. The Urgent
Care sites are open 7 days a week with varying hours that range
from 3 PM to midnight during weekdays and 9 AM to midnight
on the weekends. CCHMC uses an enterprise EHR system from
Epic. The EHR has been in use since 2009.

Participants
The participants will consist of an advisory panel and focused
interviews and user groups. The advisory panel will include a
multidisciplinary panel consisting of experts in tobacco
cessation, biomedical informatics, PED nurse managers, clinical
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PED nurses, PED physicians, EHR analysts, and PED flow
experts. The focused interviews and user groups will include
nurses who work at least once a month in the urgent care will
be recruited and verbally consented. These RNs care for 10 to
40 patients during a 12-hour shift. We will obtain institutional
review board approval for all study-related activities and consent
procedures.

Procedures for Data Collection and Analysis
The advisory panel will evaluate the current PED workflow and
EHR. They will evaluate which providers input information
and how data from past records are incorporated into new PED
visits. This group will then develop the “ASK, ADVISE,
ASSESS, and ASSIST prompts that will be used to identify and
counsel smokers and the group will assess how these prompts
will affect patient flow and health care delivery to avoid any
interruptions in care of the pediatric patient. The CDSS will use
REDCap to trigger brief TSE counseling tips and direct links
for RNs to provide to caregivers. The counseling steps will not
be part of the child’s EHR.

We will conduct focused interviews and small focus groups
with PED nurses. During the focus interviews/groups, nurses
will be presented with paper copies of mock-ups of each of the
prompts in the CDSS and they will provide input on each of the
prompts and on the interface with the CDSS in the EHR and
with REDCap. They will provide input to make iterative
changes. Nurses will be asked structured questions on the
content, appearance, design, and format of the prompts and
feedback reports and will provide input on the functionality,
use, and adaptation of the prompts into their clinical workflow.

After iterative changes have been made based on the feedback
provided by the nurses in the focused interviews/groups, we
will user-test the CDSS in a test environment to allow nurses
to access the CDSS to assess usability. Staff will perform
usability testing of the additions to the EHR using observational
and “think-aloud” procedures. Nurses will be observed
interacting with the CDSS and will be asked to complete a brief
survey upon completion of the suggested tasks; any problems
will be noted. Notes will be reviewed and the survey will be
completed by nurses to determine which independent thematic
aspects will be organized around the CDSS and prompts to
assess the following: functionality, content, number of “clicks,”
length, appearance, format, and type, ease of use, time to use,
linkage from Epic to REDCap, linkage to cessation materials,
linkage to the SmokefreeGOV website, SmokefreeTXT,
integration with regular PED and Urgent Care workflow,
technical support and training required, perception of
maintenance of use and sustainability, and acceptability of
feedback reports. This data will be used to iteratively refine the
CDSS and feedback reports for use in Phase II. We will perform
an iterative design process. All data will be analyzed, integrated,
and used to refine the prompts with components from the CPGs
and prior efficacious TSE and cessation interventions
[10,13,16,37-39]. Following these analyses, we will develop a
list of design changes that will be incorporated into the revised
CDSS by the Epic team and used in the next round of usability
testing.

Programming of the CDSS and Creation of Feedback
Reports

Electronic Health Record Design
The EHR data collection section will fit into the current nursing
workflow. The smoking cessation parent and caregiver screening
and counseling will be integrated into the existing EHR. This
integration will include coding within the EHR and adherence
to the existing workflow. This integration will require a link to
an external system (REDCap) to complete screening. We will
include an external database to collect data because the cessation
screening data is directly related to the parents and caregivers
(who are not our patients), and therefore is not appropriate to
be stored in the child’s EHR. All code is contained and adheres
to the CCHMC customization of the Epic EHR.

Adhering to constraints of the EHR, we will integrate cessation
screening questions with branching logic to streamline the
collection of demographic smoking status data for caregivers.
If any caregiver screens positive for smoking, we will launch
an alert requesting the nurse provide cessation counseling. The
nurse will be able to close the alert and select an appropriate
refusal reason if necessary, click a link that goes directly to a
REDCap survey, or create a nursing order as a reminder to
perform cessation screening at a time that is more convenient.
This order will include a link to the REDCap database.

Research Electronic Data Capture Design
The REDCap database will be developed based on advisory
panel recommendations for the ASK, ADVISE, ASSESS, and
ASSIST steps. Patient medical record number will be used to
link parent responses with the patient chart. We will use
branching logic to display a minimum survey if the caregivers
answer “No” to cessation information. The survey results will
be used to drive the nursing feedback reports.

Feedback Report Design
The nursing feedback reports will be based on the proportion
of patients seen during the prior month’s shifts to account for
differences in nursing workloads. Feedback reports will display
the number of patient caregivers screened (EHR documentation
complete in the “ASK” step) compared with the number of
patients that the nurse treated that month. For the caregivers
screened as positive, REDCap data will be aligned to calculate
the proportion of patients who had the ADVISE, ASSESS, and
ASSIST steps completed. These data will be presented
graphically to the participating nursing staff monthly through
a study email account. Nurses will only have their specific
results compared with an aggregate average.

CDSS Screening and Counseling Prompts and
Feedback Reports

Screening, or ASK Prompt
The caregiver’s current smoking status will be assessed within
the EHR, as screening will be integrated into the existing PED
workflow during the routine medical intake process by the nurse.
The new field will read “Do any of the primary caregivers smoke
inside or outside of the home?” If the caregiver answers “Yes,”
then a series of question will assess the number of caregivers
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who smoke, the relationship of the caregivers to the patient, and
then finally, if that caregiver smokes “every day” or “some
days”. The appropriate smoking status will be selected and
recorded within the EHR. If more than one caregiver is present
and verified as primary caregivers, both will be screened. If a
caregiver has a repeat visit, the prior screening information will
be available from the last visit. Completion of the screening
prompt will be optional but strongly encouraged for the nurse
to proceed further in the patient’s EHR documentation.

Once these questions are completed and one or more caregivers
are identified as current smokers, a Best Practice Advisory,
pop-up alert window opens up that recommends that smoking
cessation counseling be given and asks if the nurse would like
to provide counseling. Nurses may select check boxes to counsel
now, counsel later (in which case orders will be generated), or
to decline counseling for reasons such as patient acuity, time
constraints, non-English speaking caregivers, and so on. The
completion of the counseling prompts will not be mandatory
so that the nurse can use their clinical judgment to opt out as
necessary.

Counseling Prompts – Overview

When a caregiver(s) is identified as being a current smoker, the
coded results from this electronic question will be used to
generate counseling prompts and reminders of the stepwise
series of the CPGs. To make these prompts and reminders appear
less burdensome, we will consolidate the key counseling
elements of the CPGs into three steps: ADVISE to quit, ASSESS
readiness to quit, and ASSIST in cessation attempt. Our
approach is similar to “Ask, Advise, Refer,” which has been
used successfully in other settings [40].

ADVISE Prompt

The ADVISE prompt will assist nurses to provide information
on how quitting will benefit their child. Nurses will be given
training on additional advice that they can give such as:
implementing complete home/car smoking bans and quitting
smoking; asking caregivers about the perceived impact of
smoking on their childÃ¢â‚¬â„¢s health, barriers to
implementing smoking bans and/or quitting, and perceived
health/lifestyle benefits associated with bans/quitting for their
child and themselves; and setting goals for reducing
TSE/quitting [41,42].

ASSESS Prompt

The ASSESS prompt will cue the nurse to ask if the caregiver
is ready to quit smoking in the next 30 days. Caregivers who
respond that they are not ready will be told “I understand that
you’re not ready to quit now” and offered an information packet
for when they are ready to quit. Those who respond that they
are ready or may be ready to quit will be offered assistance by
the nurse.

ASSIST Prompt

When the ASSIST prompt is selected, a set of options with
branched logic will appear. Nurses will be cued to ask “May I
tell you about three options?” The nurses will then be prompted
to provide information about one or more of the following
options: the QL: Nurses will give information about the services
that the QL provides and offered a fax referral to the QL [43];

SmokefreeGOV website: nurses will give information about
the services that SmokefreeGOV provides and they may log
directly onto SmokefreeGOV from REDCap using the computer
in the patient’s PED room; smokefreeTXT: nurses will give
information about the services that SmokefreeTXT provides
and they may log directly onto the SmokefreeTXT site from
REDCap where they can fill in the caregiver’s information to
sign him/her up for text messages. Finally, caregivers will be
offered a packet of written materials [40,44], with information
about the effects of smoke exposure on children, the benefits
of quitting on their child’s health, how to implement smokefree
bans, information on quitting, and information on the QL, the
SmokefreeGOV website, and SmokefreeTXT.

Feedback Reports

The use of the CDSS prompts will be further encouraged via
feedback reports. Confidential, individualized reports will be
provided monthly to each study nurse, similar to the work by
Bentz et al [17]. For each nurse, we will compute adherence to
each of the intervention behaviors (eg, ADVISE, ASSESS,
ASSIST) and present these monthly in a feedback report. Each
nurse’s feedback report will include a comparison of individual
performance to the overall performance average of all of the
study RNs [17,45]. Only the study team will have access to the
reports, and each nurse will have access only to their report.
The study team will introduce the nurses to their first feedback
report. Subsequent reports will be delivered monthly (3 total)
to each nurse via their personal email; feedback reports will not
be used to judge clinical performance.

Screening Pilot Phase
We will conduct a pilot phase for a period of 2 months in which
the nurses will use only the screening questions in the EHR.
These will include some or all of the items that ask if any of the
primary caregivers smoke, the number of caregivers that smoke,
the relationship of the caregivers who smoke to the patient (eg,
mother, father, grandmother), and whether those caregivers
smoke every day or some days. We will assess the use of these
prompts (eg, how often the prompt is used, how many caregivers
who smoke are identified) by nurses, and we will email and ask
nurses if they experienced any issues or problems while using
the screening prompts and/or have any questions.

Phase II: Feasibility and Acceptability Trial of the
Decision Support System
In Phase II, we will conduct a feasibility trial of the CDSS. They
will be assessed at baseline, 1 and 3 months after training. The
baseline assessment will consist of self-report assessments of
TSE counseling behaviors, attitudes, and perceived barriers. In
addition, we will enroll a convenience sample of caregivers and
their children and assess caregiversÃ¢â‚¬â„¢ smoking behavior
and child TSE. We will conduct exit focused interviews with
nurses to obtain recommendations on improving the CDSS and
perceived barriers to sustainability.

Setting
Nurses, Caregivers, and Children

Nurses who work at least once a month in the Urgent Care will
be recruited and written informed consent will be obtained for
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participation in the feasibility trial. The clinical research
coordinator (CRC) will recruit a convenience sample of 150
caregivers who present to the Urgent Care, are screened, and
identified as a smoker who smokes “everyday” or “some days.”
The CRC will approach them to obtain informed consent to the
collection of baseline and follow-up data about their smoking
behavior and their child’s TSE. We will validate child TSE on
a racial/ethnically representative sample of children under age
6 at baseline and 3 months, as these children are more likely to
be exposed to smoke [1-4].

Procedures for Feasibility Trial
We will conduct a feasibility and acceptability trial of the CDSS
and feedback reports. We will (1) obtain a baseline assessment
of nurses’ attitudes, barriers, and tobacco-related screening,
advising, and assisting behaviors, (2) train nurses on the use of
the CDSS and evidence-based TSE counseling strategies and
resources for on-going tobacco cessation treatment, (3) assess
changes in attitudes, perceived barriers, and behaviors 1 and 3
months after training and obtain nurses’ satisfaction with the
CDSS, (4) assess the smoking behavior and child TSE of a
convenience sample of caregivers and children who are current
smokers. We will assess changes in TSE-related outcomes of
total home/car smoking bans (validated via salivary cotinine)
and caregiver smoking behavior (validated by expired CO in
those caregivers who report abstinence) in a 10% subset of
participants, and (5) conduct exit focused interviews of nurses
at 3 months post-training to obtain recommendations for refining
and sustaining the CDSS over time.

Our hypotheses are that at 3-month follow-up, there will be an
increase in self-reported TSE counseling behaviors and attitudes
and decreases in perceived barriers toward TSE counseling by
trained RNs and that over the 3-month observation period, there
will be an increase in CDSS verified TSE counseling behaviors
by trained nurses receiving feedback reports. We also
hypothesize that over the 3-month period, there will be lower
child TSE and caregivers will report decreases in cigarette use,
increased motivation to quit, and increased use of cessation
resources compared with baseline.

Training for Participating Nurses
Prior to the launch of the CDSS in Epic and the start of the
feasibility trial, nurses must complete a 20-minute Web-based
audiovisual training created by the study investigators. The
training will provide an introduction on the importance and
effectiveness of TSE counseling and tobacco dependence
treatment, and instruction in the use of the CDSS, including:
completion of the prompts, delivery of brief TSE and smoking
cessation counseling, and how to provide connection with the
QL, the SmokefreeGOV website, or SmokefreeTXT during the
PED visit [46,47]. During and after the training period, study
staff will be available to answer any questions and provide help
as needed.

Baseline Assessments
Nurses

Prior to training, nurses will complete a baseline self-reported
assessment to determine their TSE behaviors and attitudes,
perception of barriers that inhibit regular intervention with

caregivers, and their self-efficacy in intervening with caregivers
who smoke. Using principal components analysis, we have
developed scales to measure barriers, confidence, and
self-efficacy in providing the ASK, ADVISE, ASSESS, and
ASSIST behaviors [48,49]. The CRC will conduct an EHR
review on a random sample of patients cared for by the Phase
II study nurses over the 1-month period prior to training to
assess the TSE-reduction behaviors of nurses.

Caregivers and Their Children

We will assess and define the smoking status of all caregivers
(eg, current every day smoker, current some day smoker) using
the CDSS prompts. The data from the nurses’ counseling
prompts (eg, ADVISE and ASSIST) will be summarized.

We will collect detailed in-person smoking behavior data (eg,
nicotine dependence, number of cigarettes smoked daily,
motivation to quit) on a convenience sample of 150 caregivers
and detailed TSE data (eg, number of smokers in the home;
presence of smoking bans in the home or car) on their children.
We will conduct cotinine analyses of child saliva samples
collected on a sample of children at baseline to validate child
TSE [2-4].

Follow-up Assessments

Self-Report by Nurses
Nurses will be reassessed by self-report at 1 and 3 months after
training to evaluate change in practice behaviors, attitudes,
barriers, and self-efficacy in intervening with caregivers and
providing screening and TSE counseling, and maintenance of
the intervention components. We will use the same scales as
used at baseline to measure their intervention-related barriers,
confidence, and self-efficacy.

Exit Focused Interviews
After the 3-month assessment, the study team will conduct exit
focused interviews in which nurses will be asked for suggestions
on how to improve the CDSS and they will be asked to identify
factors and barriers that they perceive will be associated with
the sustainability of the CDSS components into real-world
practice. Data will be analyzed and results and recommendations
incorporated into the design of a future, large R01 trial.

EHR Review of Patients

During the entire 3-month period of the pilot trial, the CRC will
conduct daily EHR reviews for each patient cared for by the
nurses whose caregiver screened positive for current smoking.
The review will assess sociodemographics, chief complaint,
and discharge diagnosis. The CRC will assess the nurses’
compliance with the TSE components: Ask about smoking,
Advise to quit, Assess readiness to quit, Assist in quitting, and
delivery of written materials.

Caregiver Cessation and Child TSE

Smoking behavior and cessation outcomes will be assessed by
self-report at 3-months on the convenience sample of 150
caregivers that were assessed at baseline; child TSE will be
validated with salivary cotinine on the 10% subsample via
in-person visits at 3-months. Outcomes will include nicotine
dependence; readiness to change; quit attempts ≥24 hours;
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nicotine replacement therapy or use of cessation resources,
abstinence; and child TSE. Abstinence in caregivers will be
verified via expired carbon monoxide testing during in-person
visits.

Analytic Plan
Preliminary Data Analyses

Prior to the primary analyses, we will generate descriptive
statistics for all variables (eg, means, medians, standard
deviations, ranges, skewness) and we will examine potential
outliers and patterns of missing data. To assess potential
enrollment bias of nurses and/or caregivers, we will compare
demographics of those enrolled versus those not enrolled;
differences will be assessed according to variable type,
chi-square test/Fisher’s exact test for categorical variables or
t-tests/Wilcoxon-Mann Whitney tests for continuous variables.
Attrition analyses will be done to assess if those nurses without
complete follow-up differ from those retained. If key
independent variables significantly predict attrition, we will
conduct the analysis with and without drop-outs. Primary
outcomes will be compared using complete case analysis and
intention to treat, assuming drop-outs are like those who do not
comply with the TSE counseling behaviors.

Analysis of Focused Interview and User Group Data in
Phase I
We will develop and integrate the CDSS into the EHR using
qualitative data from the advisory panel and focused interview
and user group data. We will present the prototype CDSS with
the ASK, ADVISE, and ASSIST prompts to the advisory panel
and ask for their views on use of the CDSS interface with the
child’s EHR. This CDSS will be iteratively edited based on
expert advice. We will create the feedback reports and nurse
recommendations, which will be based on user group input.
Detailed notes will be obtained, typed, and evaluated to
determine which independent thematic aspects will be organized
around the CDSS and prompts to assess: functionality, content,
number of clicks, length, appearance, format, and type, ease of
use, time to use, linkage from the EHR to REDCap, linkage to
cessation materials, linkage to the SmokefreeGOV website,
linkage to SmokefreeTXT, integration with regular PED and
Urgent Care workflows, technical support and training required,
perception of maintenance of use and sustainability, and
acceptability of feedback reports. This data will be used to
iteratively refine the CDSS and reports for use in Phase II.
Additionally, exit focused interviews at 3 months will be used
to obtain nursesÃ¢â‚¬â„¢ views on the factors, barriers,
suggestions, and recommendations on improving the CDSS.
Data will be synthesized and used in future trials.

Analysis of Data from Feasibility Trial

To assess if there are increased self-reported TSE counseling
behaviors (primary outcomes), improved attitudes and decreased
barriers toward counseling (secondary outcomes) by study
nurses, we will use the self-assessment at baseline, 1, and 3
months and examine changes in reported and EHR-verified
behaviors, and changes in attitudes and barriers at baseline and
each follow-up point. The first approach will be the intention
to treat analysis; a generalized linear mixed-model will be used

to allow use of the appropriate link function and examination
of change over time. Second, incorporation of generalized
estimating equations will allow for missing data, and then
addition of any potential covariates.

To assess if there are increased CDSS-based TSE counseling
behaviors by nurses receiving feedback reports, we will conduct
an EHR review of 100% of the patients cared for by study nurses
during the 3 months of the feasibility trial. We will compute
descriptive statistics of compliance with the prompts. Options
selected under these prompts will include: Ask about smoking,
Advise to quit, Assess readiness to quit, and Assist in TSE
reduction and quit attempt advice (QL fax, SmokefreeGOV
website, SmokefreeTXT, and delivery of written materials). For
each nurse, we will compute the percentage of the tobacco
cessation intervention behaviors addressed (eg, Advise, Assess,
Assist) and obtain descriptive statistics. We will assess if there
are trends in the association of nurse protocol to child
sociodemographics, chief complaint, or discharge diagnosis.
As above, we will employ the generalized linear
mixed-modeling to account for the nesting of caregivers within
nurses and look at changes over time, adding the potential
time-dependent covariates into the model.

Finally, we will assess if there is lower TSE in children and if
caregivers will report decreased cigarette use, increased
motivation to quit, and increased use of cessation resources at
3 months compared with baseline. Participant characteristics at
baseline and 3 months will be summarized using descriptive
statistics. Pairwise (within subjects) t-tests or McNemar’s test
or Cochran’s Q test, as appropriate, will be conducted to
examine differences in child TSE and caregiver smoking
behavior and motivation to quit at baseline compared with 3
months.

Results

This study is ongoing. We are currently in the data collection
and analysis stage of Phase II. This study may inform future
research among pediatric urgent care or emergency department
nurses and other providers working with adult caregivers who
use tobacco. The results will provide evidence as to whether
brief tobacco screening and tobacco cessation counseling
prompts are feasible, acceptable, and easily incorporated into
the workflow of urgent care nurses.

Discussion

This is the first study to develop a CDSS, integrate it with a
widely-used EHR (Epic), and test its use to facilitate tobacco
screening and TSE counseling of adult smokers in the PED
setting. The CDSS will use a system of prompts and templates
that can be implemented in all emergency settings regardless
of the EHR type. We will ensure that the CDSS is reproducible,
generalizable, and disseminable by carefully choosing an EHR
platform and research template which allows for the creation,
sharing and modification of prompt templates regardless of
setting (pediatric or adult). Thus, if effective, this type of CDSS
and systems-based strategy can be widely disseminated and
incorporated into other emergency settings.
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By incorporating tobacco screening and treatment into an
existing clinical EHR system and providing prompts and
feedback on the delivery of TSE and tobacco treatment, we will
maximize the probability of creating a sustainable, disseminable
model for use in the PED setting. If successful, this research

has a high likelihood of translation into other emergency settings
and sustainability over time. This proposed approach has the
potential to reach over 12 million smokers a year and
significantly reduce TSE-related pediatric illness and related
costs.
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Abstract

Background: Previous research has shown that reducing physical workload among workers in the construction industry is
complicated. In order to address this issue, we developed a process evaluation in a formative mixed-methods design, drawing on
existing knowledge of the potential barriers for implementation.

Objective: We present the design of a mixed-methods process evaluation of the organizational, social, and subjective practices
that play roles in the intervention study, integrating technical measurements to detect excessive physical exertion measured with
electromyography and accelerometers, video documentation of working tasks, and a 3-phased workshop program.

Methods: The evaluation is designed in an adapted process evaluation framework, addressing recruitment, reach, fidelity,
satisfaction, intervention delivery, intervention received, and context of the intervention companies. Observational studies,
interviews, and questionnaires among 80 construction workers organized in 20 work gangs, as well as health and safety staff,
contribute to the creation of knowledge about these phenomena.

Results: At the time of publication, the process of participant recruitment is underway.

Conclusions: Intervention studies are challenging to conduct and evaluate in the construction industry, often because of narrow
time frames and ever-changing contexts. The mixed-methods design presents opportunities for obtaining detailed knowledge of
the practices intra-acting with the intervention, while offering the opportunity to customize parts of the intervention.

(JMIR Res Protoc 2016;5(2):e89)   doi:10.2196/resprot.5648

KEYWORDS

musculoskeletal disorders; process evaluation; intervention study; mixed-methods study; social science; physical exposure;
masculinity; construction work

Introduction

Musculoskeletal disorders are a major economic, social, and
health challenge in the construction industry, as well as in other
occupations characterized by high levels of physical exertion
at work [1,2]. Physical exertion and strenuous work tasks such

as heavy lifting, pushing, dragging, and working in awkward
positions are known to increase the risk of developing
musculoskeletal pain [3]. Considering that most of these risk
factors are a natural part of the everyday practices in
construction work, it is surprising that only a few interventions
are aimed at reducing the physical exposure associated with
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construction work. Furthermore, studies of these interventions
have reported very low degrees of measurable success [4,5]. In
general, interventions targeting the prevention of
musculoskeletal disorders have shown very limited effect, or
the evidence has been characterized as being of low quality
[6-8], except for a few studies focusing on increasing individual
workers’ physical capacity and thereby their resilience against
physical exposure at work [6,9-11].

As a consequence of this limited success in preventing
musculoskeletal disorders in the working population in general,
and for construction workers in particular, evaluators and
researchers have called for more multidisciplinary-anchored
interventions [4,6,8]. Furthermore, to achieve a successful
intervention and for sustaining organizational change and
engagement, several sources point out that the inclusion of
relevant parties (ie, health and safety professionals, workers,
and management) is pivotal [12-15].

In response to this, we have tailored an intervention that engages
workers and management, and integrates the use of technical
quantitative measurements of excessive physical workload
measured with electromyography and accelerometers, video
documentation of working tasks, and a 3-phased workshop
program. Whereas Brandt et al [16] described the protocol for
the technical physical measurements and quantitative survey
on physical exertion and pain, this study protocol describes the
mixed-methods process evaluation of social, subjective, and
organizational processes that play important roles in the outcome
of the intervention project.

Research shows that reducing physical exertion in construction
work is a complex issue [15,17]. As Nielsen et al [18]
emphasized, evaluations of organizational research must be
contextually grounded. To ensure that we obtain the best
possible knowledge from our intervention, we must carefully
tailor the process evaluation to identify the agential roles of the
various agencies intra-acting with rationalities at work—with,
in, and between workers, in the physical characteristics of
construction workers and work, and in the organizational
practices of companies where the interventions are implemented.

Construction work is a broad category that encompasses many
different trades composed of different tasks, skillsets, and
cultural norms. However, physically exerting work is a common
denominator. Across carpentry, bricklaying, concrete work,
scaffolding, plumbing, etc, the entangled body and subjectivity
of the worker is a main resource of production, a point that takes
a line of arguments to unfold. However, it is highly important
for understanding the social framing of the intervention context.

The necessity of undertaking tasks in a physically exerting
manner is embedded in the organization of work, where planned
availability and usage of technical assistive devices play
important roles. Technical assistive devices have the potential
to substantially decrease physical exertion at work, but numerous
political, organizational, and subjective agencies challenge the
development, proliferation, and usage of such technical assistive
devices [19-21]. Thus, interventions addressing the increased
use of assistive devices should carefully consider this context
in the process evaluation.

One of these agencies lies in the material and organizational
orchestration of work that takes place at geographically
delimited sites for a certain amount of time, after which, on
project completion, the whole organization breaks up to be
reconfigured at new worksites. Here the tasks involve many of
the same skills but are usually still markedly different, and pose
new and different flows of processes, still containing physically
exerting work tasks. For this reason, planning of construction
sites is a complicated matter, in which the usage of technical
assistive devices is sometimes not thoroughly considered. This
means that adequate measures for reducing physical exertion
may not always be present in the construction process. Without
a rigorous process evaluation, important opportunities and
barriers in this regard could easily be missed.

At a political and societal level, the competition among
entrepreneurs to secure projects has been described as a barrier
for implementing initiatives prioritizing health and safety
[20,22]. In previous studies, entrepreneurs described how health
and safety measures are often the target of budget cuts. When
bids are produced, time pressure as a result of tight planning
schedules is also very likely to affect all phases of production,
leading to a faster work pace among workers [22]. This may
also reduce the incentive for investment in technical assistive
devices, particularly in companies where profit margins are
relatively narrow. Consequently, process evaluations of
interventions should also consider time pressure and budget
constraints.

Furthermore, many construction projects are completed on some
form of performance-based payment (eg, piece rate), which
provides the worker with an economic incentive for working
faster with less variation, and not using technical assistive
devices unless they directly increase production [22-24]. This
can play an important role in relation to the effectiveness of our
intervention. Part of the process evaluation should therefore
also evaluate incentives for increased bodily strain in the
above-mentioned forms. The options for working for
performance-based wages are guaranteed in agreements between
unions and employers’ associations, and are therefore tied to
political decision-making processes.

In previous studies, communication between the managerial
staff and workers has been suggested as a potential barrier to
improving health and safety at the workplace [12,25]. Even
though there is a dedicated health and safety organization at
every major Danish construction site, the workers’
representatives report being ignored by management, and the
management report that workers display a lack of interest in
both health and safety, and the organizational need for
cooperation to obtain smooth production [26]. This may
potentially affect experiences of physical exertion and pain
among workers, as higher levels of worker influence on health
and safety has been linked to lower levels of exertion and pain
[27]. This, at times, negative relationship may obstruct
implementing and anchoring the intervention within the
organization, and is an issue that demands special attention from
researchers conducting the intervention to avoid being seen as
either employees’ or management’s allies. Thus, evaluation of
communication at the workplace is also an important part of
the process evaluation.
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In addition, many construction workers embody and socially
transmit traditional masculine working-class qualities [28,29],
such as endurance, strength, self-reliance, pain habituation, and
breadwinning, as positive identity characteristics [20]. Being
able to display and participate in discursive-material practices,
reconfiguring the worker in accordance with these qualities, in
many cases functions as a parameter for maintaining social
position in the work gang and a job within the company. Not
participating in these traditional masculine working-class
practices may be costly to the worker, as sickness absence is
frowned upon and employment can be terminated with only 1
day’s notice unless the worker has been employed by the
company for more than 1 year [22]. As such, the need to
participate in these practices can increase physical exertion and
may, furthermore, complicate intervention, as taking care of the
individual worker’s body is likely a low priority for both
colleagues and the company. Thus, the process evaluation should
also evaluate how worker identity plays into the intervention.

In our evaluation, all these agencies and their entangled roles
are points of attention, as we aim to understand the facilitators
and barriers to reducing physical exertion. The purpose of the
process evaluation is to investigate how the intervention
intra-acts with both the worker’s body and subjectivity, as well
as social and organizational relations acting as facilitators and
barriers to reducing physical exertion. An additional aim is to
perform analyses using the mixed-methods design to evaluate
potential consequences of the intervention in terms of
productivity, sickness absence, and time frames.

Methods

The Intervention
The intervention is taking place in a design containing several
phases as thoroughly described by Brandt et al [16].

In the first phase of the intervention, 20 construction gangs
(N=80 workers) will be randomly assigned at a cluster level to
a participatory intervention group or a control group. We will
record in situ physical workload during a working day using
technical measurements (electromyography, accelerometers,

and video recordings) before and after the intervention. Based
on these measurements, a physical load matrix for each worker
will be developed. This matrix is based on outcomes obtained
from the analyses of the simultaneously recorded
electromyograms and accelerometer data.

The second phase is designed as a participatory process
consisting of 3 workshops: 1) workshop I at baseline, involving
presentation of video clips of the work tasks with excessive
physical load customized for each gang, followed by a
participatory development of solutions on how to reduce
excessive workloads, leading to the development of an action
plan on how to implement these solutions at the workplace, 2)
workshop II, where the implemented solutions will be further
developed and qualitatively evaluated during group discussion,
3) workshop III at follow-up to enhance long-term
organizational sustainability of the implemented solutions. All
workshops will aim to include researchers, workers,
occupational health and safety (OHS) staff at the companies,
and a management representative as participants. We will
facilitate the elaboration of solutions aimed at lowering the
physical exertion related to the participants’ suggestions. The
control groups are not targeted in the evaluation study and are
therefore not addressed in this protocol.

Evaluation Design
The evaluation is designed in a mixed-methods framework to
address different aspects of the intervention, which has been
recommended by several sources on evaluation research [30,31].
To assure that our evaluation addresses key pieces of
information about the interventions, we draw upon an adapted
version of the framework presented by Saunders et al for process
evaluation in public health interventions [32-34]. More
specifically, using this framework means addressing recruitment,
reach, fidelity, satisfaction, intervention delivery, intervention
received, and context [34]. Because previous studies have used
these terms differently, we define their specific use in the present
study below. Figure 1 shows the timeline for the intervention
project and process evaluation. Textbox 1 shows the description
of evaluation components.
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Textbox 1. Process evaluation components and description of their elements.

Recruitment

• Number of companies asked to participate

• Number of companies agreeing to participate

• Number of gangs participating (intervention and control groups)

• Number of workers participating (intervention and control groups)

• Number of workers responding to questionnaires

• Number of workers asked to participate in interviews

• Number of workers participating in interviews

• Number of occupational health and safety (OHS) staff asked to participate in interviews

• Number of OHS staff participating in interviews

Reach

• Number of technical measurements completed

• Number of workshops completed

Fidelity

• The extent to which the workshop program was completed in accordance with intentions

Satisfaction

• Workers’ and OHS staff’s satisfaction with prioritized risk factors, the competencies of workshop facilitators, and the time for workshops

• Workers’ and OHS staff’s satisfaction with the method of the workshops

• Workers’ and OHS staff’s satisfaction with the implementation of measures for improving ergonomic work environment

Intervention delivery

• Perceived intervention implementation according to researchers

• Intervention reception

• Perceived intervention implementation according to workers and OHS staff
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Figure 1. Process evaluation activities and timeline for a participatory intervention to reduce physical risk factors in construction work. EMG:
electromyography.

Recruitment
In our evaluation, recruitment is defined by several parameters:
1) the number of companies asked to participate, and 2) the
number of companies agreeing to participate. We will also
record 3) the number of work gangs randomly assigned to the
intervention and control groups, as well as how many of these
completed the study, 4) the number of workers and OHS staff
asked to participate in the intervention at each participating
company, to answer questionnaires and to participate in
interviews, and 5) the number of workers and OHS staff
agreeing to participate in the study, to answer questionnaires
and to participate in interviews.

Reach
Reach can be defined as the proportion of the intended recruited
participants who actually received the intervention, as defined
by Saunders et al [34]. In our study, the reach of the intervention
is defined as the number of technical measurements and
workshops completed in each gang of the project in total. We
will list the number of workshops that we deliver and will note
the reasons for cancellation. We will also list the number of
participants volunteering to take part in technical quantitative

measurements and workshops, will note the reasons for
individual absence.

Fidelity and Satisfaction
After each workshop, we will ask all participants to complete
a questionnaire addressing workers’and OHS staff’s perceptions
of the workshop. Fidelity will be addressed in 2 ways. First, we
will ask workers to rate each workshop phase on a 5-point scale
(very bad, bad, neutral, good, very good). Second, we will record
all activities of the workshops to assess whether they were
completed in accordance with the planned activities.

Likewise, we will assess satisfaction based on the workers’ and
OHS staff’s satisfaction with 1) prioritized risk factors, 2) the
competencies of workshop facilitators, 3) the time frames for
the workshops, 4) the structure of the workshops, and 5) the
implementation of solutions for lowering physical exertion and
improving the work environment. All of these parameters will
be rated on 5-point scales (very unsatisfied, unsatisfied, neutral,
satisfied, very satisfied). Through qualitative interviews in
selected cases, we will gain further knowledge of workers’ and
OHS staff’s satisfaction with and knowledge of particularly
well-functioning or dysfunctional elements of the intervention.
This will allow us to use the evaluation in a formative manner,

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e89 | p.879http://www.researchprotocols.org/2016/2/e89/
(page number not for citation purposes)

Ajslev et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


adjusting the intervention for better implementation, as
previously suggested [35,36].

Intervention Delivery
What we term intervention, delivery, and reception is based on
the definition by Saunders et al [34], originally termed dose
delivered. Referring to a complex organizational and ergonomic
intervention as a dose does, however, in our opinion, risk
confusing the intervention with a medical injection, which would
be misleading because the intervention is a framework for
developing preventive solutions that intra-acts with other
agencies in work and organizations. The intervention should
not be seen as something we inject into the organization with
determinate effects.

Immediately after completing each day of technical
measurements and each workshop, the facilitating researchers
will have an evaluative meeting. Minutes of the meeting will
be produced to evaluate the success of the activities.
Furthermore, we will conduct observational studies at the
worksites during 2–5 workdays between workshops I and III
in order to assess whether solutions on how to reduce excessive
workloads were actually used during work. We also record the
number of visits and observations during these visits.

Intervention Received
After each workshop, we will evaluate the intervention received
by using questionnaires. We will ask each of the workers and
OHS staff to assess whether the decided measures have been
implemented and integrated as part of work. This will be
answered on a 5-point scale (very low degree, low degree,
moderate degree, high degree, very high degree). More precise
descriptions of the measures that were actually implemented
will be explored through interviews with participants.

Context
We will investigate the intervention context through interviews
with workers and OHS staff to explore their positioning in
relation to different agencies intra-acting with the intervention.
To address the subjective, social, and organizational practices
intra-acting with the implementation of the project, we have
designed an in-depth qualitative study consisting of
observations, interviews, and document analysis. The qualitative
design focused on a limited number of intervention cases
offering insights on productivity, sickness absence, and time
frames, as well as how the intervention intra-acts with worker
identity and meaning in work as initially described.

For the qualitative study we will select 4 work gangs based on
a critical case argumentation for validity and generalization
from case study research. Our aim is to select 2 cases (gangs)
in which the implementation seems to be particularly successful,
and 2 cases in which the intervention seems to meet resistance
or other barriers. By selecting “best” and “worst” cases, we
have the opportunity of making generalizations of the type “if
the implementation meets X as a barrier/facilitator in this case,
it will be likely/unlikely to work better/worse in other cases’
[37].

Initial and Final Questionnaires
We will distribute the survey questionnaires to the workers of
both the intervention and control groups at the time of the initial
technical measurements and again after the intervention period.
The questionnaire will contain questions addressing the physical
work environment and several risk factors of particular relevance
to work in the construction industry drawn from previous
research [3,22,38]. Of particular interest are questions related
to the worker’s capacity for taking care of the body in work,
their physical exertion, managerial support for improving health
and safety at work, the worker’s influence on health and safety,
and the availability and usage of technical assistive devices.

Questionnaires I, II, and III
These questionnaires will be handed out to participants of the
intervention group directly after each workshop and will address
fidelity, satisfaction, and the intervention delivered.

Interviews
We will conduct interviews with the intervention group and
address the workers’ and OHS staff’s satisfaction and context.
As described for context above, we will select cases for
interviews through a critical case definition, as discussed by
Flyvbjerg [37]. Based on this, we will select cases in which the
intervention seems to be working particularly well, and cases
where the intervention meets particular complications (best and
worst cases). From this selection strategy, we will be able to
make generalizations of the sort “if this is (not) valid for this
case, then it applies to all (no) cases” (p. 230 in [37]). The
interviews are aimed at producing knowledge about how the
participants make sense of the intervention. To gain in-depth
insight into the practices taking place in relation to the
implementation, we will interview workers, health and safety
professionals, and managers engaged with the project in each
of the 4 cases. We will design and conduct the interviews in a
semistructured interview format, where most questions will be
posed rather openly and important themes will be explored
through follow-up questions, asking the participants to discuss
and elaborate their answers. To facilitate discussion and
positioning statements among workers, we chose to implement
a focus group interview structure, because group negotiations
of what is going on at the workplace are an important source of
information in the analysis of the scope for changing or
developing the working environment. This can be challenging
with regard to managers and OHS staff, as these groups are
often singularly represented on site, but we will carry out focus
groups where possible. If this proves impossible, we will
conduct interviews with managers and OHS staff individually.

We will conduct the interviews between workshops II and III
to ensure that the participants have the intervention fresh in
their memories, while also having some experience of the action
taking place during the intervention.

All interviews will be transcribed and imported to NVivo (QSR
International Pty Ltd) for coding and to facilitate the analysis.
The interview analysis will draw on a view of lingual
productions as positioning in discursive-material practice in an
analytical framework composed on the thoughts of Davies and
Harré [39] and Barad [40]. Positioning theory in an agential
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realist framework is a theory conceptualizing the ways in which
people (re)configure subjectivities through lingual and physical
engagement with other people and the materialities of the world,
including work. This approach will allow us to analyze how
participants draw on elements of work and the body, as well as
social and organizational practices, to describe and rationalize
their experiences of the intervention.

Observations
Observations will be conducted in 2 forms and particularly
address the delivery of the intervention as well as the context.
First, we will video record all workshops in the project to permit
analysis of the processes taking place during the workshops.
This analysis will illustrate the communication concerning
lowering physical exertion through the intervention. In
particular, we are interested in how participants use the
technology and what solutions are reachable in the interplay
between workers, health and safety professionals, and
management. We will also analyze this observational material
through positioning theory [39] in a modified agential realist
framework drawing on Barad [40], allowing a focus on
positioning of both physical and subjective characteristics of
work and the intervention.

Second, a researcher will follow the work at the intervention
sites during the intervention period in order to gain insight into
the practices in the organization during the time of
implementation. These observations will be drawing on
observational methodology and analysis by Czarniawska, who
suggests observing particular practices, objects, or people [41].
From these suggestions, we intend to follow practices and
objects of particular relevance to the solutions on how to reduce

excessive workloads developed in the intervention. During these
observations, we will record field notes for analysis. These notes
will be taken immediately after each day of observation
elaborated by the conducting researcher and used for analysis
of practices in the organizations and worksites where the
interventions are conducted.

Document Analysis
In the participating companies, we will obtain documentation
of sickness absence, time frames, and economic measurements
(performance-based salary levels or budget numbers). Through
analysis of these documents, we will attempt to gain insight
into some of the measures of how the intervention affects
productivity, which is very important to estimating the potential
costs of this type of intervention.

Mixed-Methods Analysis
We will analyze the different empirical elements of the study
in relation to each other. We will focus on combining
triangulation and a complementary approach to the
mixed-methods design rather than on quantifying qualitative
material or other approaches to mixed methods [42]. In practice,
our mixed-methods analyses will be focused on discovering
consistencies and inconsistencies in the physical measurements,
questionnaires, qualitative data, and document. Further, we will
use our qualitative data to elaborate on the physical
measurements, which are of limited character. By pursuing this
approach, we can analyze in a detailed manner how the
intervention functioned in the different settings, in line with
Bamberger et al [30]. Table 1 summarizes the tools used for
each evaluation component.

Table 1. Tools used for each component.

Methodological toolComponent

Checklist, questionnaires, interviewsRecruitment

ChecklistReach

Summary of researchers’ evaluation discussionFidelity

Questionnaires I, II and III, and interviewsSatisfaction

Summary of researchers’ evaluation discussion, observational studiesProgram delivery

Questionnaires I, II and III, and interviewsProgram reception

Results

At the time of submitting this paper (February 2016), we have
made initial contact with cases for the intervention and
evaluation, and 40 workers have agreed to participate so far.
We have completed evaluation design and have prepared
interview guides and the observational methodology. The
intervention and evaluation are designed to run over the course
of winter 2015 to winter 2016, after which time we will
undertake the analysis.

Discussion

One practical issue when conducting research, interventions in
particular, in the construction industry can be that time frames

are often very narrow, which is why workers often do not have
the time to participate in interventions. One particular challenge
will be to engage workers, OHS staff, and managers to cooperate
in developing and implementing solutions for reducing physical
exertion in work, as these groups are usually not engaged in
such activities. These challenges can complicate our aim to
complete the workshops and group interviews. We will,
however, attempt to follow through.

A particular strength of the evaluation design is the
mixed-methods framework. Through using lingual
communications, observed practices, and quantified assessments,
we have configured an analytical apparatus capable of describing
how the intervention intra-acts with the workplaces in which it
is implemented. We get the opportunity to identify mutually
supportive configurations of these relationships, as well as the
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ability to identify differences occurring through only one or two
methodological approaches.

Also, the formative evaluation design allows us to use the
insights produced through the evaluation to customize parts of
the intervention to better address the context’s or participants’
requirements for a fruitful implementation.

However, we do expect that completing the mixed-methods
analysis of the various sources of data and measurements will
pose significant challenges. For instance, weighing the different

approaches in relation to each other will demand attention and
carefulness in the research group working with the study. For
these reasons, we expect to be able to illustrate how agencies
in construction work intra-act in relation with the ergonomic
intervention and to reconfigure the boundaries of material work,
organization of physically exerting work tasks, and worker
subjectivity. These insights will provide pointers for future
action and interventions targeting physical exposure in
construction work.
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Abstract

Background: Strategies to improve access to health care for people living with human immunodeficiency virus (PLHIV) have
demonstrated limited success. Whereas previous approaches have been informed by the views of health providers and
decision-makers, it is believed that incorporating patient perspectives into the design and evaluations of health care programs
will lead to improved access to health care services.

Objective: We aim to map the literature on the perspectives of PLHIV concerning access to health care services, to identify
gaps in evidence, and to produce an evidence-informed research action plan to guide the Living with HIV program of research.

Methods: This scoping review includes peer-reviewed and grey literature from 1946 to May 2014 using double data extraction.
Variations of the search terms “HIV”, “patient satisfaction”, and “health services accessibility” are used to identify relevant
literature. The search strategy is being developed in consultation with content experts, review methodologists, and a librarian,
and validated using gold standard studies identified by those stakeholders. The inclusion criteria are (1) the study includes the
perspectives of PLHIV, (2) study design includes qualitative, quantitative, or mixed methods, and (3) outcome measures are
limited to patient satisfaction, their implied needs, beliefs, and desires in relation to access to health care. The papers are extracted
by two independent reviewers, including quality assessment. Data is then collated, summarized, and thematically analyzed.
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Results: A total of 12,857 references were retrieved, of which 326 documents were identified as eligible in pre-screening, and
64 articles met the inclusion criteria (56% qualitative studies, 38% quantitative studies and 6% mixed-method studies). Only four
studies were conducted in Canada. Data synthesis is in progress and full results are expected in June, 2016.

Conclusions: This scoping review will record and characterize the extensive body of literature on perspectives of PLHIV
regarding access to health care. A literature repository will be developed to assist stakeholders, decision-makers, and PLHIV in
developing and implementing patient-oriented health care programs.

(JMIR Res Protoc 2016;5(2):e71)   doi:10.2196/resprot.5263
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Introduction

Within the topic of access to health care for people living with
human immunodeficiency virus (PLHIV) there are four key
ideas which are very important to the conception and planning
of research in this area. These ideas are used to guide research
in an effective manner to be able to produce the best results and
initiate change. These ideas are (1) efforts to improve health
care will be wasted unless they reflect what patients want from
the service [1], (2) access is a major concern in health care
policy and is one of the most frequently used words in
discussions of the health care system [2], (3) engagement in
care is vital for the prognosis of PLHIV or acquired immune
deficiency syndrome (AIDS), and to reduce the transmission
of HIV [3], and (4) access and delivery of health care services
to PLHIV is challenging and requires a characterization of these
people and their perspective of access to health care [4-6].

Access to Health Care for People Living with HIV
In developed countries, the number of PLHIV is increasing.
With advances in HIV treatment and health care services,
PLHIV are living longer, necessitating a wider range of
preventive, acute, and long-term health care services to meet
the needs of PLHIV across their lifetimes [4,5]. The complexity
of responses to meet the needs of PLHIV is heightened as HIV
continues to disproportionally affect vulnerable populations.

Providing health care for a patient population that experiences
complex needs requires societies to develop and sustain
appropriate health care, as well as improve access to health care
services that ensure engagement and ongoing retention in care
[4,7-9]. The positive impact of accessible health care on the
health and quality of life of PLHIV has been previously
identified [4,7-9]. In a system such as Canada's (that provides
universal health care), it is often assumed that there are few
barriers to accessing care and treatment, such as antiretroviral
therapies. Indeed, Canadian studies show that most people
diagnosed with HIV have had encounters with health care
providers within one month of their diagnosis [5]. However,
there are many people with HIV who have not engaged with
care to adequately monitor and treat infection [5]. Access to
required services for HIV care also varies across jurisdictions,
and many PLHIV report continued difficulty accessing health
care services [5]. Previous studies have revealed barriers to
access, disparities in health care delivery, and factors
contributing to underutilization of services among this

population [4]. In addition, there have been attempts to mitigate
these barriers, including strategies such as eHealth or outreach
programs to improve access and engagement in health care [7].
However, most of these studies were developed and conducted
based on the perspective of health care decision-makers, while
patients’ views of access to health care may differ from health
professionals, managers, and policymakers [10]. Incorporating
patients’ perspectives into the implementation and evaluation
of health care programs is essential [11]. This study represents
the first attempt to broadly and systematically identify, classify,
and synthesize literature on PLHIV’s perspectives on access to
health care.

Concept of End-Users and Patients’ Perspectives
It is increasingly recognized that patients’ beliefs and desires
influence their involvement in their own health, access to health
care, and communication with their health care providers. Recent
studies also emphasize that patients’ perceptions of their access
to health care services should be taken into account when
implementing health programs [12-14]. However, there is no
unique consensus for patients’ perspectives that can span all
conditions and all populations [10,11].

Most existing literature has documented patients’ perspectives
by assessing patient satisfaction using questionnaires and
surveys; others suggest first identifying a common definition
for the end-users of the health care system, including patients,
consumers, citizens, and the general public. These studies
classify the end-users into two categories. The first group
includes individuals whose role is to provide a societal or lay
perspective about health services/technologies [15]; this
category includes groups representing citizens and elected
officials. The second category includes those individuals directly
affected by a given health condition or health service/technology
[15]. One study by Cayton suggests that these two categories
represent different roles that individuals take on while engaging
with health care services, and identifies these categories as two
sides of the same coin [16].

Finally, consumer-perspective studies suggest visualizing issues
through the eyes of the service users. These investigations
include consumers’ insights and experiential evidence of the
totality of features of a product, and consumer-stated satisfaction
(or their implied needs) with the products. The challenge in
these studies is the implicit assumptions of people’s
interpretation of quality and their individual values [1,11].
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Concept of Access to Health Care
Access to health care is a complex concept that is usually
measured using multiple dimensions, including the
characteristics and expectations of health care providers,
customers, or patients. A growing body of research has grouped
these characteristics into the five A’s of access to health care
(affordability, availability, accessibility, accommodation, and
acceptability) [2]. Many investigators suggest distinguishing
between the potential of having access and gaining access, by
identifying whether people who require health care get into the
health care system or not.

Individuals’ perceptions of their needs for health care, and their
decisions to seek health care services, are the first steps in the
process of gaining access to health care. Access to health care
services suggests that a person distinguishes and accepts his or
her needs for health care, consents to be a service user,
recognizes resources, and is willing to use the services available
[17]. This process is further influenced by demographic,
socioeconomic, cultural, and environmental factors. Individuals’
anticipation and recognition of a health care service may differ
from those of health care professionals [17]. In recent years,
efforts to change people’s attitudes and behaviors regarding
health care services have increasingly shifted to acknowledging
the importance of the views of users and their demands in
developing services. Some of these advances extend the concept
of access (beyond physical access) to the development of remote
access via electronic devices and the Internet [18].

Scope of the Review
We aimed to summarize the perspectives of PLHIV concerning
access to health care, as identified in previous studies. In order
to provide a more comprehensive overview of the existing
knowledge, a scoping review will be conducted instead of a
systematic review. Findings from the scoping review will enable
us to examine the extent, range, and nature of research activity
on this topic, and to evaluate the value and feasibility of
performing a full systematic review [19].

Protocol of the Review
The standard process for this scoping review will include the
stages suggested by Arksey and O’Malley, among others
[19-23]. The draft protocol is being circulated to knowledge
translation experts, systematic review methodologists, a
librarian, clinicians, and decision-makers for their review, and
the protocol will be modified as required. The quality of
individual studies will also be assessed, scored, and synthesized
to gauge the overall quality of studies being done [19,21-23].

Stage 1: Identifying the Research Question
The research question for this review was developed by
members of Advancing Primary Healthcare for People Living
with HIV (LHIV Innovation Team), a team of researchers,
primary and specialist health care providers, policy-makers, and
HIV-positive people with experience accessing health care,
aiming to improve the community-based care of PLHIV in
Canada. Our research question is summarized as: What is the
extent of knowledge on the perspectives of PLHIV about access
to health care services?

Goals and Aims
In response to the research question, the main goal of this review
is to explore the depth, breadth, and quality of evidence about
the perspectives of PLHIV regarding access to health care
services internationally, with a particular focus on Canadian
studies. The aims of this scoping review are to orient our
research team, to provide evidence-based information for the
team to conduct the research, and to advance the primary health
care for PLHIV in Canada.

Objectives
We have five main objectives in this study:

1. Map the literature on the perspectives of PLHIV about
access to health care services.

2. Describe what is known about the perspectives of PLHIV
regarding access to health care services, to identify the gaps
in evidence, and to highlight research priorities based on
these results.

3. Establish the themes of the perspectives of PLHIV regarding
access to health care.

4. Prepare an evidence-based summary of Canadian and
international research literature on the perspectives of
PLHIV related to health care access.

5. Produce an action plan and a research agenda for the LHIV
Innovation Team.

Methods

Participants
The participants that will be targeted include anyone living with
HIV/AIDS. There will be no exclusion criteria based on age,
sex, ethnicity, or geographic location, although sub-populations
may be discussed separately depending on our findings.

Outcomes
Outcomes will be restricted to any measures of PLHIV-stated
satisfaction, implied needs, beliefs, and desires concerning
access to health care. No restrictions on the type of health care
services are to be applied to our search, including traditional
and non-traditional services for the diagnosis and treatment of
disease or the maintenance of health, in order to include all
outcomes in the literature. To distinguish access from other
attributes of health care services, including continuity of care
and retention, the definitions suggested by Haggerty et al will
be used [24,25].

Stage 2: Identifying Relevant Studies

Selection of Search Terms
Significant terms from the research question will be selected,
and a list of possible synonyms or alternate terms will be
compiled. To find the best search terms, Medical Subject
Heading (MeSH) terms, MeSH tree, and related words found
in key words and references will also be searched.

Building Search Terms Strategy
To determine the best search strategy, different combinations
of words will be tested across databases. The search will include
an iterative process to refine the search terms through testing
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of different terms, and combining new terms, as new related
citations are identified. The search will include a combination
of MeSH and keywords searched in the title and abstract (tiab)
fields. Search strategies will be modified for other databases as
required.

Sources of Relevant Studies
To identify all sources of information, this review will begin
with a comprehensive mapping of peer-reviewed publications
referenced in electronic databases. The search for studies will
be in the following databases, and will be guided by a librarian:
EMBASE (1947 to May 5, 2014); MEDLINE vis PubMed (1946
to May 5, 2014); CINAHL (1937 to May 5, 2014); Cochrane
(1993 to May 5, 2014); and PsycINFO (1880s to May 5, 2014).

Cited references of articles chosen for inclusion in the scoping
review will also be searched, as well as additional sources,
including the reference lists of included studies, searching
ProQuest for PhD theses, contacting experts to request details
of any known studies (eg, known Canadian researchers in this
subject area), HIV Conferences and Symposia, and all sources
identified in Multimedia Appendix 1.

Validation of Search Protocol
To validate the search protocol and calibrate our search strategy,
the protocol will be tested on the gold standard studies and
journals suggested by content experts. The eligibility criteria
will be modified as required.

Directory of the Identified Studies
A directory of publications and grey literature will be created
in Refworks [26]. To capture and tag the web-pages’
information, other reference manager software will also be used,
including Zotero [27] and Mendeley [28]. The tagged webpages
will then be imported into Refworks.

Stage 3: Study Selection
Study selection will be an iterative process consisting of
searching the literature, refining the search strategy, assessing
the eligibility criteria, pre-screening and reviewing the full text
of the literature for inclusion, and retaining only articles
concerning PLHIV’s perspectives on access to health care.

Eligibility Criteria
Decisions about review process methodology will be undertaken
by members of our team who will be blinded to the results of
the studies in question, and who have expertise in health care
services for PLHIV. Inclusion criteria will ensure a wide range
of literature from varying resources, but only French and English
articles will be used, as reviewers are fluent in these languages.
To ensure a good standard of evidence and clinical relevance
to the review, the types of articles found under exclusion criteria
will not be included.

Inclusion criteria will include (1) literature from peer-reviewed
journals, (2) grey literature, such as unpublished theses and
reports from relevant websites, and (3) the use of only French
and English articles for full-text review. Exclusion criteria will
include (1) audits or anecdotal information, (2) research at the
planning stage (although this will be included in the research

directory), (3) pilot studies, (4) undergraduate and MSc
dissertations, (5) book reviews, and (6) policy analyses.

Qualitative and quantitative studies will be examined.
Qualitative studies will include any kind of qualitative study
(eg, phenomenology, ethnography, grounded theory, historical
and case studies) as identified by the authors. Quantitative
studies encompass reviews (systematic reviews, meta-analyses,
narrative reviews, scoping reviews), observational studies
(cohort, case control, cross-sectional studies, case series, case
reports), and interventional studies (field trials, randomized
controlled trials, community trials, quasi-experimental).

Study Selection Process

Step 1: Pre-screening

The titles and abstracts of all articles identified during database
searches will be examined by a trained undergraduate student
to evaluate eligibility, after duplicates are removed. Studies will
be considered unrelated if the articles and abstracts are not
related to the search subject, or if the articles are commentaries
or editorials. The number of all articles deemed eligible by title
and abstract will be recorded for further reference, but only
French and English articles are subject to full-text reviews.

Step 2: Verification of Results

A random sample of 5% of the articles that are excluded by title
and abstract will then be re-examined by one of the two
reviewers to ensure that all relevant articles are considered. If
more than 5% of the sample is found to be relevant, all excluded
articles will be re-examined.

Step 3: Full Text Review

The full texts of retained references will be linked to the PLHIV
Perspective Directory in Refworks using the Memorial
University Library Services. The number of articles without
full texts will also be recorded for further reference. Before
commencing the full text review and data extraction, a
calibration exercise will be undertaken. Two independent
reviewers will be assigned a random selection of 5% of included
citations. The eligibility criteria will then be modified if the
agreement between the two reviewers is low (κ<0.5). The
reviewers will also screen the remainder of the citations and
discrepancies will be resolved by a third reviewer.

Stage 4: Data Extraction
A data extraction tool in Excel will be prepared for data
abstraction to systematically collect data from identified articles.
The tool will be designed to extract information on the citation
type (eg, original research), country, date of study,
methodological aspects of the study, design, characteristics of
the participants, participants’ perspectives on access to health
care, and the quality of the study. The data extraction tool will
be assessed on a random sample of 10 articles. The data
extraction tool will also be revised iteratively, as required. Two
trained graduate students will independently review and extract
the information.
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Stage 5: Collating, Summarizing and Reporting the
Results
Collating and summarizing results will include a descriptive
summary of the number of identified articles, and an interpretive
synthesis using the Arksey and O’Malley framework [19]. It is
anticipated that the identified studies will incorporate different
methodologies; qualitative and quantitative analyses will then
be undertaken. The quality of original studies (both quantitative
and qualitative) will be evaluated using a scoring system for
Systematic Evaluation of Mixed Studies Review [23]. The
quality of the screened articles will be graded, not with the
intention of excluding the poorer studies or weighting the
studies, but rather to identify the overall quality of studies in
the sample. The studies and their characteristics will also be
summarized. The frequency of studies will be reported by the
study design, including place and date of publication, quality
score, identified outcomes (PLHIV’s perspectives on access to
health care), the positive and negative perspectives, and the
PLHIV’s reported barriers and facilitators to accessing health
care.

Quantitative studies will be reviewed and evaluated using a
descriptive summary of key findings (eg, PLHIV’s reported
facilitators and barriers, PLHIV’s views, satisfaction, attitudes,
and opinions on access to health care) as well as the
measurement tools (see Multimedia Appendix 2). Qualitative
studies will be reviewed and evaluated by identifying the key
findings and themes (eg, PLHIV’s reported barriers and
facilitators, PLHIV’s views on access to health care). The
findings will then be presented as an initial concept and further
broken down into the emerging and final themes within that
concept (see Multimedia Appendix 2).

Analysis will focus on detecting the key concepts among studies.
The concepts will then be synthesized and refined to determine
core themes; directed content analysis and thematic analysis
will be undertaken to classify the data [29-31]. It is also
anticipated that this multi-layer synthesis will identify novel
concepts not suggested by the individual studies. Using this
approach, we will identify research available in this area, the
gaps in literature, and whether there is a need for a systematic
review of the literature or other future reviews. Need for a
systematic review will be determined by the content and
methods of the studies and whether they are conducive to
performing a systematic review, as the topic is very broad.

The results will then be reported in descriptive tables, frequency
tables, and diagrams. The characteristics of the studies, including
participants, study setting, study design, and study outcomes
will be described. A summary table will also provide the
identified themes.

Knowledge-User Consultation
To ensure applicability, usability, and a clear purpose, the review
is being conducted using an integrated knowledge translation
approach and knowledge-users will be involved throughout the
review’s duration. This approach will involve a series of
consultations with research experts and the community advisory
committee in our team to engage them in the development of
the study outcome, action plan and research agenda, and to
provide opportunities for knowledge exchange. The team
includes researchers, educators, PLHIV, policymakers,
clinicians, and trainees.

Preliminary findings of the review will be shared with our team,
to validate our findings and guide the review’s completion, on
a regular basis [20]. We will present the preliminary results and
list of findings in the annual meetings of the LHIV Innovation
Team. All comments and feedback will be recorded and will
be integrated into the study. We will also ask the LHIV
Innovation Team whether they can suggest any additional issues
related to PLHIV’s access to health care from the patients’
perspective, which has not yet been identified in our review.
Using the final results, a summary of possible implications to
practice, including the areas that may require action in the
medium and longer term, will be developed. The summary will
be presented in the annual meeting of the LHIV Innovation
Team for brainstorming, developing the research questions,
identifying appropriate strategies, and the production of an
action plan and research agenda for the LHIV Innovation Team.

Results

Stage 2: Identifying Relevant Studies
The search terms that were selected for the literature search can
be found in Multimedia Appendix 3. The literature search
strategy for PubMed is outlined in Table 1 (see Multimedia
Appendix 4 for search strategies for all other databases). After
an extensive literature search, 20,687 articles were found using
the appropriate search terms. 7829 of these articles were
duplicates which left 12,858 references to be screened.
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Table 1. The literature search strategy for PubMed and number of identified articles.

Searches#

"HIV"[Mesh] OR "HIV Infections"[Mesh] OR HIV[tiab] OR AIDS[tiab] OR "Acquired Immunodeficiency Syndrome"[tiab]
OR "Human Immunodeficiency Virus"[tiab] OR "Human Immunodeficiency Viruses"[tiab] OR "Acquired Immune Defi-
ciency Syndrome"[tiab]

1

Satisfaction[tiab] OR satisfy[tiab] OR perspective[tiab] OR perspectives[tiab] OR attitude[tiab] OR attitudes[tiab] OR
opinion[tiab] OR opinions[tiab] OR view[tiab] OR views[tiab] OR preference[tiab] OR preferences[tiab] OR experience[tiab]
OR experiences[tiab] OR "Attitude to Health"[Mesh:NoExp] OR "Patient Satisfaction"[Mesh]

2

(access[tiab] OR accessibility[tiab] OR accessible[tiab] OR barrier[tiab] OR barriers[tiab] OR facilitator[tiab] OR facilita-
tors[tiab] OR utilize[tiab] OR utilize[tiab] OR utilization[tiab] OR use[tiab] OR utilization[tiab] OR provision[tiab] OR
provide[tiab]) AND ("health services"[tiab] OR "health service" [tiab] OR "health care"[tiab] OR healthcare[tiab] OR
care[tiab] OR treatment[tiab] OR therapy[tiab] OR therapies[tiab] OR service*[tiab] OR clinic*[tiab] OR "medical care"[tiab]
OR "medical services"[tiab] OR program*[tiab])

3

"Health Services Accessibility"[Mesh] OR "Health Services/utilization"[Mesh]4

#3 OR #45

N=5858#1 AND #2 AND #56

Stage 3: Study Selection
After assessing eligibility based on title and abstract, a total of
317 articles were deemed to be relevant (Figure 1). Of the
12,532 articles which were not relevant based on title and
abstract, 700 (5%) were randomly selected to verify the results
of the exclusion/inclusion process. These articles were
re-assessed based on title and abstract. Of the 700, 9 articles
were found to be relevant and therefore added to the 317 to be
reviewed by full text. This was less than 5% of the sample and
therefore verifies the process (Figure 1).

A total of 326 articles were reviewed in full text. Based on the
inclusion/exclusion criteria, 260 of these articles were not about
patients' perspectives on their access to care, which left 66
articles that met eligibility. A full description of the exclusion
process can be found in Figure 1.

Stage 4: Data Extraction
The final version of the data extraction tool can be viewed in
Multimedia Appendix 5. During extraction, two articles were
found to not be relevant to this scoping review and therefore
were not included in any analysis, which left a total of 64
articles. Of these 64, 36 (56%) were qualitative, 24 (38%) were
quantitative and 4 (6%) were mixed methods by design.
Throughout the extraction process, a comparison of quality

assessment and extraction were done by two independent
reviewers. Quality assessment scores were deemed comparable
if they were within 1 point of each other. If differences in
extraction results were found, a discussion between the two
reviewers was initiated and either a common conclusion was
made, or a third party was consulted. Overall, the agreement
between the two reviewers was good (ĸ=.75). The majority of
assessments and extractions were similar between the reviewers,
with all differences being discussed and decided upon together.

Stage 5: Collating, Summarizing and Reporting the
Results
Looking at the articles more closely, there were some general
initial quantitative results available. The majority of articles
were published within the past 10 years, with the most being
published in 2009 (n=9); a breakdown of all publication years
can be found in Figure 2. Of the 20 different countries in which
research was performed, a substantial number of the studies
were conducted in the United States (n=27), with other countries
such as Nigeria, Canada, India, and South Africa adding studies
to the body of literature. In Figure 3, it is possible to see a visual
representation of the proportion of research there has been in
each country. The other category includes the 11 countries that
are only represented in one article of this review. Data synthesis
is in progress and full results are expected in June, 2016.
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Figure 1. Stepwise exclusion of articles.

Figure 2. Year of publication of research.
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Figure 3. Country of study.

Discussion

Anticipated Challenges
A large number of search results are anticipated, so proactive
steps are taken during the review, including (1) working closely
with a librarian at Memorial University of Newfoundland to
ensure that the review will be manageable, and (2) categorizing
the studies in terms of their quality and the proper knowledge
synthesis methods. We have a strong team with expertise in
research methods, review methods, and content. Our team
conducts regular meetings and communications with
stakeholders to obtain their comments and iteratively modify
the study methodology as required.

Throughout the process there have been some challenges. As
there are a large number of articles identified for review, not
all are initially accessible electronically through databases, and
many have to be found individually. This issue adds to the
workload of the research librarian, who has to manually obtain
these records. Due to the wide selection of possible outcomes

and the adding of new possibilities (due to an iterative process
to include all aspects of patients’ perspectives of care), there
may be slight variation in how results are classified between
graduate students. However, the core results sections (eg, 5 A's)
remain the same, so all important results will be accounted for.

Next Steps
Data extraction has been completed and compared by both
graduate student reviewers. The next step in the process is to
collate and summarize that data found, in order to answer the
objectives within this study.

Conclusion
A scoping review will record and characterize the extensive
body of literature on perspectives of PLHIV regarding access
to health care. Without a systematic and well-documented
protocol, the scoping reviews are subject to biases. A repeatable
and evidence-based protocol is required to broadly and
systematically identify, classify, and synthesize literature. A
valid protocol will help to identify the issues, resolve some
problems, and reduce the risk of bias.
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Abstract

Background: Migrants form a substantial proportion of the population affected by the human immunodeficiency virus (HIV)
epidemic in Europe, yet HIV prevention for this population is hindered by poor understanding of access to care and of postmigration
transmission dynamics.

Objective: We present the design and methods of the advancing Migrant Access to health Services in Europe (aMASE) study,
the first European cross-cultural study focused on multiple migrant populations. It aims to identify the structural, cultural, and
financial barriers to HIV prevention, diagnosis, and treatment and to determine the likely country of HIV acquisition in HIV-positive
migrant populations.

Methods: We delivered 2 cross-sectional electronic surveys across 10 countries (Belgium, France, Germany, Greece, Italy, the
Netherlands, Portugal, Spain, Switzerland, and United Kingdom). A clinic survey aimed to recruit up to 2000 HIV-positive
patients from 57 HIV clinics in 9 countries. A unique study number linked anonymized questionnaire data to clinical records data
(viral loads, CD4 cell counts, viral clades, etc). This questionnaire was developed by expert panel consensus and cognitively
tested, and a pilot study was carried out in 2 countries. A Web-based community survey (n=1000) reached those living with HIV
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but not currently accessing HIV clinics, as well as HIV-negative migrants. It was developed in close collaboration with a community
advisory group (CAG) made up of representatives from community organizations in 9 of the participating countries. The CAG
played a key role in data collection by promoting the survey to higher-risk migrant groups (sub-Saharan Africans, Latin Americans,
men who have sex with men, and people who inject drugs). The questionnaires have considerable content overlap, allowing for
comparison. Questions cover ethnicity, migration, immigration status, HIV testing and treatment, health-seeking behavior, sexual
risk, and drug use. The electronic questionnaires, which were available in 15 languages, allowed for complex routing, preventing
respondents from answering irrelevant questions.

Results: In total, we recruited 2249 participants from 57 HIV clinics as part of the clinic survey and retrieved 1637 complete
responses as part of the community survey.

Conclusions: The findings will provide much-needed information for improving HIV prevention interventions and access to
services for migrant communities.

(JMIR Res Protoc 2016;5(2):e74)   doi:10.2196/resprot.5085

KEYWORDS

migrants; HIV; survey; community mobilization

Introduction

In 2014, with new human immunodeficiency virus (HIV)
infections on the decline, the Joint United Nations Programme
on HIV/AIDS (UNAIDS) announced the beginning of the end
of the AIDS epidemic [1]. Although there are still approximately
35 million people living with HIV worldwide, UNAIDS has set
a goal of ending the AIDS epidemic in “every region, every
country, in every location, in every population and every
community” by 2030 [1]. Reaching this ambitious goal is now
possible because of vast improvements in the ability to provide
widespread HIV testing and subsequent treatment with
antiretroviral therapy. Within Europe, the end of AIDS is
dependent on identifying, treating, and preventing onward
transmission among an estimated 2.2 million people living with
HIV [2], a substantial and disproportionate number of whom
are people who were born in another country, that is, migrants.
While 9.7% of the European Union (EU)/European Economic
Area population were born outside the current borders of their
country of residence [3], over a third (35.0 %) of those newly
diagnosed with HIV in 2013 were migrants [4]. Approximately
15% of those were people who had migrated from a country
with a generalized epidemic, notably sub-Saharan Africa (13%).
Smaller proportions of newly diagnosed migrants were from
Central and Eastern Europe (5.1%), Latin America and the
Caribbean (4.9%), other Western European countries (3.9%),
and South and Southeast Asia (2.2%) [4].

Despite the heavy burden of HIV among migrant communities,
HIV prevention and treatment for these populations is hindered
by a relatively sparse evidence base and the heterogeneity of
the populations affected [5]. Migrants are more likely to be
exposed to social determinants of ill health (such as poverty,
social exclusion, and unemployment), which can result in poor
health-seeking behaviors [6]. Other structural factors such as
legal and administrative status, together with health care- and
community-related barriers, can further prevent migrants from
accessing health services, particularly HIV testing [7]. Yet little
is known about migrant access to health services, particularly
HIV testing, access to treatment, and safer sex practices [8].
Previously it had been assumed that most HIV diagnosed among
migrants in Europe was acquired in the country of origin,

particularly those born in sub-Saharan Africa. Yet it is unclear
whether infections are acquired pre- or postmigration [5].
Although surveillance data show that people living outside their
country of birth form a substantial proportion of the population
affected by the HIV epidemic in Europe, limited data are
available about migrant populations to inform policy and
practice for these communities.

Understanding barriers to accessing HIV care and postmigration
transmission dynamics will provide policy makers and program
managers much-needed evidence for effectively planning HIV
prevention programs for migrant communities. Several
cross-sectional sexual health and HIV studies have sampled
migrant populations, but these were often limited to migrants
from 1 region (black Africans in Burns et al [9] or Central and
Eastern Europeans in Evans et al [10]) or migrants in 1 country
(Dray-Spira et al [11]), and there has not been a collaborative
European study to address these research questions jointly.
Within the European Network of HIV/AIDS Cohort Studies to
Coordinate at European and International Level Clinical
Research on HIV/AIDS (EuroCoord), we set up the advancing
Migrant Access to health Services in Europe (aMASE) study
whose overall aim is to provide the evidence to prevent HIV
infection and improve diagnosis and prognosis of migrant
populations living with HIV in Europe in order to support policy
development at the European level. Specifically, aMASE aims
to identify the structural, cultural, and financial barriers to HIV
prevention, diagnosis, and treatment and to determine the likely
country of HIV acquisition in HIV-positive migrant populations.
In this paper, we present the design and methods of the 2
cross-sectional studies that form aMASE and the unique
challenges associated with multisite, multidisciplinary,
multinational research.

Methods

Study Design
aMASE is formed of 2 cross-sectional, electronic surveys of 2
populations: (1) migrant adults living with HIV and attending
HIV services (the clinic survey), and (2) migrant adults living
in Europe (the community survey). For the purposes of this
study, we define migrants as foreign-born individuals intending
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to live in their current country of residence for ≥6 months.
Residency was not dependent on formal documentation, and
immigration status, while captured within the survey, was not
part of the inclusion or exclusion criteria. The clinic survey was
delivered using a computer-assisted self-interview (CASI) or
computer-assisted personal interview (CAPI) and augmented
with clinical data from patient records. The community study
was a Web-based survey designed to reach those living with
HIV but not currently accessing HIV clinics, as well as
HIV-negative migrants.

Clinic Survey

Study Setting and Time Period
The clinic survey was implemented in 57 clinics in 9 countries
(Belgium, Germany, Greece, Italy, the Netherlands, Portugal,
Spain, Switzerland, and the United Kingdom) between July
2013 and June 2015. Multimedia Appendix 1 lists the clinics’
names.

Participants and Eligibility Criteria
Patients were eligible for inclusion in the study if they were (1)
HIV-positive, (2) aged ≥18 years, (3) foreign-born and resident
in the country of recruitment for ≥6 months, (4) diagnosed
within 5 years of the study date, and (5) able to complete, either
alone or supported, a CASI in any of the 15 languages available
(Amharic, Arabic, Dutch, English, French, German, Greek,
Italian, Polish, Portuguese, Russian, Turkish, Tigrinya, Spanish,
and Somali). In Switzerland, local eligibility criteria applied
(migrants from neighboring Austria, France, Germany, and Italy
are excluded due to close linguistic and cultural ties).

Sample Size
The sample size calculation was based on precision and used
the standard formula for standard error of a proportion: SE=Sqrt
(p*(1–p)/n). In calculating the sample size, the primary outcome
measures were health service use (registered with primary care
physician) and the proportion of participants with a previous
negative HIV test.

Initially we anticipated recruiting 4000 participants (2000 men
and 2000 women) from 2 to 5 clinics in each of 7-9 EU countries
(creating about 40 clusters). We considered the within-cluster
correlation likely to be relatively weak (eg, 0.005), at least for
regression analyses, as the average cluster size may potentially
have been large (eg, 75-125). Assuming a design effect of 1.5
for the study, the overall effective sample size would have been
~2670. This sample size would have provided good precision
for our estimates. Specifically, within each gender group, our
outcomes could be estimated to within 3% across Europe and
to within around 8% for each country. As recruitment was
slower than anticipated, to a large extent due to the decrease in
the number of new HIV-positive migrants in Europe [12], we
revised this sample size in December 2014.

The revised target sample size calculation was 2000 participants
(1000 men and 1000 women) from all clinics. We recruited
participants from a minimum of 2 clinics in each of the 9
countries, with each clinic forming a discrete cluster. We
estimated this within-cluster correlation also to be relatively
weak (eg, 0.005), at least for regression analyses including

patient and city characteristics as covariates. As the average
cluster size was likely to be smaller than first estimates (eg,
40–60), we assumed a design effect of 1.25 for the study and,
hence, an overall effective sample size of ~1600. This revised
sample still provides good precision for estimates. Specifically,
within each gender group, we will be able to estimate our
outcomes to within 3.5% across Europe and to within 10% for
each country.

Sampling Strategy
The main inclusion criteria for study sites were a sizable migrant
clinic population (sufficient to recruit a minimum of 40 study
participants in most sites) and the human resource capacity to
conduct the study with minimal additional funding. Eligible
patients attending participating clinics within the study period
were approached by members of their clinical care team or a
recruitment researcher to participate in the clinic survey.

Variables and Questionnaire Development
We formed a working group, made up of international experts
and EuroCoord collaborators, to act as an expert panel tasked
with reaching consensus on survey instrument development and
provide overall supervision of the study. Where possible, we
adapted questionnaire items from existing survey instruments.
New questions were drafted by the core research team and expert
panel members.

We validated the questionnaire using cognitive testing (cognitive
aspects of survey methodology approach [13]). It was tested in
Spanish (in Spain) and English (in the United Kingdom) on 7
black African and 3 Latin American migrants recruited from
community-based HIV service organizations. The finalized
patient questionnaire is divided into 3 sections: (1) detailed
sociodemographic data and extensive migration history data,
(2) sexual and HIV risk behavior, including drug use before and
after migration, and (3) service use and experiences of living
with HIV, including stigma and discrimination. Questions were
tailored to reflect the different health care or ethical approval
systems in different countries. For example, respondents
completing the survey in Portugal were not asked questions
about ethnicity or health care costs. There are 90-92 items
included depending on current country of residence, although
through skipping and filters some respondents answered as few
as 43 questions. Most questions were closed and the survey
completion time was between 15 and 50 minutes depending on
the language selected. The survey was translated from English
into 15 languages (see Participants and Eligibility Criteria
above) by a professional translation company. These translations
were then checked by a different translation company, who
back-translated a portion of the questionnaire into English to
ensure quality control.

Participating patients’questionnaires were matched to a clinical
data form using a unique study number. The clinical data form
contains 20 items, including CD4 cell count and viral load (at
diagnosis, at antiretroviral therapy initiation, and the latest
available); previous HIV-negative tests and viral clade;
AIDS-defining illnesses and coinfections; and treatment
initiation. Clinical data were completed electronically.
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Ethics
Ethical approval for the aMASE studies was received separately
in each participating country (see Table 1).

Pilot Study
We piloted the function and reliability of the CASI and the
clinical data form in 3 clinics (2 in London, 1 in Madrid) with
115 patients. The pilot study also tested whether recruitment
procedures, study implementation, and data collection, storage,
and handling methods were feasible and appropriate. Following
feedback about the function of the CASI software from
recruitment researchers, we redesigned the survey using new
CASI software. To facilitate recruitment, the selection criterion
of HIV diagnosis in the previous 3 years was increased to 5
years. Based on the results of the pilot study, the survey
questions remained essentially the same; however, we
redesigned some items to produce a better user experience.

Study Implementation
The patient questionnaire was administered using tablets,
computers, or laptops running Fluidware version 5.0
(SurveyMonkey Canada Inc, Ottawa, ON). Enrollment
commenced in participating clinics in July 2013 and was
completed in July 2015.

As of August 2015, there were 57 participating clinics in 9
countries: Belgium (n=4), Germany (n=2), Greece (n=8), Italy
(n=2), the Netherlands (n=3), Portugal (n=7), Spain (n=18),
Switzerland (n=6), and the United Kingdom (n=7).

A study coordinator at the Institute of Health, Carlos III, Spain,
was responsible for the overall management of the fieldwork,
but in each country a nominated country lead (usually a member
of the expert panel) was responsible for collating data across
clinics in his or her country. This coordinator actively engaged
with all participating centers and country leads to ensure
compliance with the study standards, and identified aspects that
needed improvement throughout the study period. Where
necessary, clinics were supplied with laptops and tablets
preloaded with CASI software and instructions for use. Clinics
were given a clinic study pack (developed during the pilot
study), which detailed the general protocol and maintenance
instructions for the CASI devices. Clinic recruiters were able
to access an online Web resource with electronic versions of
all the required documentation for the study. Incentives were
not provided to participants, although some clinics supported
travelling costs in the context of their research practices.

Recruitment procedures varied slightly across countries and
between clinics, but in general recruitment and consent
procedures were as follows.

Eligible patients were identified though clinic databases and
their clinical records were flagged. Clinic numbers of eligible
patients were noted next to precoded unique study numbers on
an enrollment log. Eligible patients were then approached by
either members of their clinical care team or a recruitment
researcher and provided with a patient information sheet and
the opportunity to ask questions. Patients who declined to
participate had their age, ethnicity or nationality, and gender
noted on the enrollment log. Those who agreed to participate

were asked to complete the CASI/CAPI on site. In most
countries, ethical approval for obtaining informed consent
through a tick box in the questionnaire was given; however, in
Belgium, Switzerland, Greece, and Germany local ethical
approval standards required separate consent forms.

Enrollment logs were stored in a locked cabinet; electronic
versions of the completed forms were returned to the study
coordinator on a monthly basis. Survey data were either captured
and then stored directly on a central secure database operated
by FluidSurveys (online questionnaire) or stored on the device’s
hard drive until they were transferred to a secure network in
Madrid (offline questionnaire).

Statistical Analysis
We will explore barriers to accessing health care by using the
primary outcomes measures: access to a primary care physician
and a previous negative HIV test.

Participating clinics are not necessarily representative of the
number of clinics within countries or, indeed, the migrants living
with HIV within those countries. For these reasons, the overall
sample prevalence of our primary outcome measures, pooled
across countries and clinics, may not be informative. We shall
give it emphasis in our results only if the prevalence across
countries is similar and otherwise focus on the prevalence in
each country. We anticipate that associations with the primary
outcomes, for example their association with age, will be broadly
comparable across countries. However, if associations differ
substantially between countries, then we shall investigate this
heterogeneity and report an overall measure of association if
we judge this to be meaningful. Furthermore, as men and women
are expected to have different barriers to accessing care, we will
analyze them separately. We will analyze individuals who
identify as transsexual separately if numbers are sufficient. We
will conduct analyses separately by region of birth if associations
differ substantially by region, and we may conduct separate
analyses for men who do and do not have sex with men if
associations differ substantially between these 2 groups of
participants.

Our interest is in associations between the primary outcome
measures and each of the following factors: age, gender, region
of birth, sexual orientation, immigration status, and age at
migration or diagnosis. We will first describe these associations
through cross-tabulations. To acknowledge the clustering of
participants, we shall analyze associations using hierarchical
random effects logistic regression, with a random effect for
clinics nested within countries, analyzing factors individually
and then jointly in a multiple regression model. We will report
associations as odds ratios with 95% CIs.

Within EuroCoord, a group of experts has been established to
develop and evaluate a reliable algorithm to determine probable
country of infection. The algorithm will incorporate
demographic (eg, gender, race or ethnicity, age) and clinical
data (eg, CD4 counts, HIV RNA levels, clinical stage according
to the US Centers for Disease Control and Prevention) and will
be evaluated in simulation studies and in cohorts with
well-estimated seroconversion dates. The algorithm will be
further elaborated using data from the questionnaire (eg,
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migration and HIV testing history, sexual partners pre- and
postmigration). CD4 cell counts and viral loads for the study
participants will be extracted from the clinical records. Methods
for calculating a proxy date for seroconversion rely on clinical
parameters with very little, if any, behavioral information
informing the model [14]. Our analysis will draw on more
detailed information than what is available in routinely collected
surveillance data, thus allowing for a more nuanced approach
in determining probable country of infection. We will use
imputation methods to account for missing data in clinical
records. Further details on the methodology used to develop,
verify, and apply the algorithm will be published separately.

Response Rates
The age, nationality or ethnicity, and gender of all patients
approached to participate in the study were noted on a clinic
log. We will analyze these data to assess whether those who
agreed to participate are significantly different from those who
declined.

Community Survey

Study Setting and Time Period
We designed the aMASE community survey to complement
the clinic survey and capture data on all migrants regardless of
their HIV status. The community survey was available through
Web browsers between April 2014 and July 2015.

Participants and Eligibility Criteria
All migrants living in the World Health Organization European
area (52 countries) aged ≥18 years, irrespective of their HIV
status or current country of residence, were eligible to participate
in the aMASE community survey.

Sample Size
No sampling frame for migrants in Europe exists, so we used
a convenience sampling strategy. The main outcome measures
on which we based our sample size estimates were registration
with a primary care physician and ever having tested for HIV.
The community survey aimed to recruit 1000 migrants, which
allows for estimates of outcomes by gender to within 5%. This
sample size also provided 80% power to detect a difference of
6% in 1 of the key outcomes (assuming an overall outcome
prevalence of 50%) compared with service users (in the clinic
study), or smaller differences for less prevalent outcomes.

Sampling Strategy
We actively promoted the survey from June 2014 to May 2015
using social marketing and community participatory methods

in 9 countries: Belgium, France, Germany, Greece, Italy, the
Netherlands, Portugal, Spain, and the United Kingdom. We
targeted some of these countries for active promotion because
they were also involved in clinic recruitment. An ongoing survey
with African migrants in Switzerland precluded active promotion
in that country, and we selected France because it has a large
migrant population. A community advisory group (CAG), a
group of individuals working for local community-based
organizations that provide services to migrant communities or
oversee pan-European migrant or HIV networks, was integral
to the sampling strategy. The aMASE expert panel selected
CAG members with representation from all countries involved
in active promotion of the survey. CAG members were
contracted to deliver outreach meetings, with the aim of
promoting the survey to other organizations within their country.
In turn, these organizations promoted the survey to other
organizations and their service users and cascaded the study
promotion in a method similar to snowball sampling.

Variables and Questionnaire Development
We developed the community survey instrument using an
iterative community participatory approach involving the CAG
and the expert panel. The expert panel was responsible for the
survey content and design and all technical aspects of
administering the questionnaire. The CAG ensured that the
survey content was relevant to migrant communities within
Europe and provided a “real-world” critique of the survey items.
The CAG was able to highlight culturally insensitive questions
(eg, increasing the number of available gender categories from
2 to 6) or request items that will provide findings that can be
quickly translated into policy and practice recommendations
(eg, knowledge about access to free condoms). After 4 iterations
of the survey development process, we tested the survey CASI
for programming inconsistences. The survey was then translated
into 14 languages (identical to the clinic survey with the
exclusion of Tigrinya) by a professional translation company.
These translations were then checked by members of the CAG
or colleagues fluent in the available languages. Almost
three-quarters (66/93) of the items in the clinic survey patient
questionnaire are replicated in the community questionnaire to
allow for comparison between the 2 samples. The remaining
items include country-specific questions and topics of interest
to the CAG and cover health service use in the country of origin
or residence; home testing or sampling for HIV and other
infections; mental health; and social determinants of health (eg,
housing).
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Table 1. Ethical approval for the advancing Migrant Access to health Services in Europe (aMASE) study in each country.

NumberCommitteeCountry

911/13Institute of Tropical Medicine, Institutional Review BoardBelgium (Antwerp)

B076201215754Comité local d’éthique hospitalier, Centre Hospitalier Universitaire Saint-PierreBelgium (Brussels)

B076201215754Universitair Ziekenhuis Gent, Commissie voor Medische EthiekBelgium (Gent)

B707201318791Comité local d’éthique Hospitalo-Facultaire Universitaire de LiègeBelgium (Liège)

008/14Rheinische Friedrich-Wilhelms-Universität Bonn, Medizinische Fakultat Ethik-
Kommission

Germany (Bonn)

6/3/2013a(# 6313)National and Kapodistrian University of Athens Institutional Review BoardGreece

22/02/2013aIstituto Nazionale per le Malattie Infettive “Lazzoro Spallanzani”Italy

2013_137#C20131038Universiteit van AmsterdamThe Netherlands

28/8/2013aCentro Hospitalar de São João, EPEPortugal

31/8/2013aHospital Prof. Doutor Fernando Fonseca, EPEPortugal

9/10/2013aCentro Hospitalar Lisboa Norte, EPEPortugal

11/7/2013aCentro Hospitalar Lisboa Central, EPEPortugal

21/1/2015aCentro Hospitalar de Setúbal, EPEPortugal

14/10/2014a
Comissão Nacional de Proteção de Dados (Portuguese Data Protection Authority),
EPEPortugal

CEI PI 01_2012-v2Comité de Ética de la Investigación y del bienestar animal, Instituto de Salud Carlos
III

Spain

024/13Kantonale Ethikkommission BernSwitzerland

11/LO/1600London-Bentham Research Ethics CommitteeUnited Kingdom

aDate of approval letter.

Ethics
Ethical approval was obtained from the London Bentham
Research Ethics Committee (11/LO/1600). Additional approvals
were obtained in all countries also undertaking the clinic survey.

Pilot Study
We carried out a short pilot study with CAG and expert panel
members (38 respondents) who completed the survey in a
language of their choice. The CASI was revised to improve the
quality of translations and make them more suitable for our
target population.

Study Implementation
EuroCoord’s primary community partner, the European AIDS
Treatment Group (a European network of nationally based
volunteer activists), employed a project coordinator to assist
the research team in community engagement and chair the CAG.
CAG members were provided with a suite of promotional
materials including posters, business cards, postcards, and
electronic banner advertisements, which were available from
the aMASE website. Over 18,000 small media items (3100
business cards; 15,600 postcards) were printed and disseminated
to community-based organizations across Europe. The CAG
also used additional promotional and recruiting strategies: for
example, 12 organizations (in France, the Netherlands, Greece,
and the United Kingdom) allowed participants to complete the
survey on laptops or other devices on their premises.

We contacted a further 243 community-based organizations
identified through a mapping exercise and asked them to
promote the survey on their websites and social media pages
(eg, Facebook, Twitter). Approximately 300 webpages and apps
also carried banner advertisements or links for the community
survey, including PlanetRomeo, Grindr, Poz Traveler, and
EasyExpat.

All community survey promotional materials referenced the
aMASE website, where potential participants were able to select
1 of the 14 survey languages on the initial landing page [15].
Participant information sheets about the community survey were
available in all 14 survey languages. Further information with
in-depth details about both cross-sectional surveys was available
in Dutch, English, French, German, Italian, Portuguese, and
Spanish. Individuals who wished to participate in the study
clicked through to a separate website, where the survey is hosted
by FluidSurveys. All participants provided within-survey tick
box consent. Survey data were captured and then stored directly
on a central secure database operated by FluidSurveys.

Statistical Analysis
Statistical analysis will follow similar methods to those outlined
for the clinic survey. Direct comparisons between the clinic
population and the community population in the primary
outcome measures may identify additional barriers to accessing
health care, especially HIV testing, treatment, and care.
Secondary outcomes explored in the community survey include
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chronic illness and infection other than HIV; access to condoms;
access to needle exchange programs; and experiences of racism
and homophobia.

Funding
The aMASE study is part of Work Package 14 of EuroCoord,
which is funded by the EU’s Seventh Framework Programme
for research, technological development, and demonstration
(under grant no. 260694). The community mobilization and
engagement project was sponsored by Gilead Sciences Europe
Ltd. Multimedia Appendix 2 lists other funding sources that
contributed to the aMASE study.

Results

By the end of July 2015, recruitment for both clinic and
community surveys had concluded. In total, we recruited 2249
participants from 57 HIV clinics as part of the clinic survey and
we retrieved 1637 complete responses as part of the community
survey. Following data cleaning and analysis, we submitted
initial findings and results for peer review in April 2015.

Discussion

The aMASE study is the first multinational study to specifically
sample migrants from across the globe living in Europe. The
data gathered will provide not only valuable information about
the barriers faced by migrants when trying to access HIV testing,
prevention, treatment, and care, but also data about
postmigration HIV acquisition. A literature review estimated
that postmigration HIV acquisition among migrants from
countries with a generalized epidemic range from 2% in
Switzerland to 62% among migrant black Caribbean men who
have sex with men in Europe [5]. The aMASE study will be the
first to estimate postmigration HIV acquisition among European
migrants living in Europe, as well as those from endemic
regions. These data will provide policy makers and HIV program
managers with a sound evidence base on which to develop HIV
testing and prevention initiatives for these populations.

There were limitations to this study. Clinics from 9 countries
were involved in data collection for the clinic study, and we
recruited participants from 57 clinics. We selected these
countries in part because they have large migrant populations
(including those from Latin America and sub-Saharan Africa);
in 2011, the United Kingdom, Germany, Spain, and Italy were
the destination countries of 60.3% of all immigrants to EU
member states [3]. The selected countries also contain the largest
numbers of nonnationals (not including migrants who acquired
citizenship in their current country of residence) living in the
EU: Germany (7.7 million persons), Spain (5.1 million), Italy
(4.4 million), the United Kingdom (4.9 million), and France
(3.8 million) [3]. In Greece and Belgium, migrants make up a
substantial proportion of the population (7.8% and 11.2%,
respectively). Migrants living in France are a notable omission
from our clinic sample; however, agreements are in place that
will enable us to compare aMASE data with data from similar
studies conducted in France.

Participating clinics were not chosen at random and may not
be representative of clinics throughout their country of location.

Nonetheless, the majority of sites are located in conurbations
with large migrant populations, and the clinic sample is likely
to be broadly representative of migrants accessing health care
within each participating country. Our clinic (and community)
sample is unlikely to be representative of the European migrant
population as a whole in terms of such factors as country of
residence, region of birth, gender, and sexual orientation.
Consequently, a naive analysis of the overall data might
underestimate or overestimate the strength of associations with
our outcomes in the total population, but we believe our strategy
of investigating heterogeneity of associations between countries
and conducting analyses separately within subgroups determined
by these factors, where necessary, will limit the bias in our
findings.

Finally, the long recruitment period for both the clinic and the
community surveys may present a challenge to interpreting the
data. Migrant populations within Europe can fluctuate and
change rapidly. Those recruited at the beginning of the study
may represent a different migration cohort with differing barriers
to accessing care from those recruited toward the end.

The aMASE clinic survey links self-reported data provided by
participants with data from clinical records, which is vital for
the accurate estimation of probable country of HIV acquisition.
Furthermore, the clinical data will also allow us to estimate
factors associated with late diagnosis, recent seroconversion,
and hepatitis coinfection, thereby providing insight into the
barriers and facilitators to earlier testing and access to care for
study populations that have rarely been the sole focus of HIV
research in Europe. The clinic survey will also augment the
evidence base with regard to distal determinants of health such
as poverty and hunger, as well as the sexual health needs of
migrants living with HIV.

The aMASE Study as a whole also provides a useful model for
community participatory methods in research. The community
survey was developed using iterative methods with close
communication between the research team, a panel of
experienced epidemiologists, statisticians, and HIV clinicians,
and an advisory group made up of community activists. Actively
involving the CAG in survey development was time consuming
and presented logistical challenges for the research team (eg,
language barriers, inability to schedule some meetings during
the working day). Those issues notwithstanding, the benefits in
adopting this strategy were clear shortly after the 2014 European
parliamentary elections, in which parties that campaigned on
an anti-immigration platform performed successfully. Without
the endorsement and support of the CAG, a study about the
health of migrants in Europe may have been viewed with
suspicion across the political spectrum. A careful balancing act
between active promotion on migrant-friendly media and
low-level promotion on mainstream media has enabled the CAG
and the research team to promote the study without experiencing
a significant backlash from anti-immigrant organizations.

Community stakeholders will be actively involved in guiding
analysis and disseminating the results of both surveys. A detailed
publication agreement has been drafted that gives
community-based organizations access to community survey
data relevant to their communities. In addition, CAG members
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will assist in creating a policy advocacy information sheet based
on the results of both surveys. This information sheet will
provide community-based organizations with key local and
pan-European health policy advocacy points designed to
improve access to health care for people living with diagnosed
HIV. Involving community stakeholders in this final stage of

the study increases the likelihood that the findings from this
study will be incorporated into policy and practice across
Europe. The results of this study will improve the understanding
of postmigration transmission dynamics and the barriers to
health care for migrants in Europe.
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Abstract

Background: Cost-effective and efficient methods to attract people to Web-based health behavior interventions need to be
identified. Traditional print methods including leaflets, posters, and newspaper advertisements remain popular despite the expanding
range of Web-based advertising options that have the potential to reach larger numbers at lower cost.

Objective: This study evaluated the effectiveness of multiple Web-based and print-based methods to attract people to a Web-based
physical activity intervention.

Methods: A range of print-based (newspaper advertisements, newspaper articles, letterboxing, leaflets, and posters) and
Web-based (Facebook advertisements, Google AdWords, and community calendars) methods were applied to attract participants
to a Web-based physical activity intervention in Australia. The time investment, cost, number of first time website visits, the
number of completed sign-up questionnaires, and the demographics of participants were recorded for each advertising method.

Results: A total of 278 people signed up to participate in the physical activity program. Of the print-based methods, newspaper
advertisements totaled AUD $145, letterboxing AUD $135, leaflets AUD $66, posters AUD $52, and newspaper article AUD
$3 per sign-up. Of the Web-based methods, Google AdWords totaled AUD $495, non-targeted Facebook advertisements AUD
$68, targeted Facebook advertisements AUD $42, and community calendars AUD $12 per sign-up. Although the newspaper
article and community calendars cost the least per sign-up, they resulted in only 17 and 6 sign-ups respectively. The targeted
Facebook advertisements were the next most cost-effective method and reached a large number of sign-ups (n=184). The newspaper
article and the targeted Facebook advertisements required the lowest time investment per sign-up (5 and 7 minutes respectively).
People reached through the targeted Facebook advertisements were on average older (60 years vs 50 years, P<.001) and had a
higher body mass index (32 vs 30, P<.05) than people reached through the other methods.

Conclusions: Overall, our results demonstrate that targeted Facebook advertising is the most cost-effective and efficient method
at attracting moderate numbers to physical activity interventions in comparison to the other methods tested. Newspaper
advertisements, letterboxing, and Google AdWords were not effective. The community calendars and newspaper articles may be
effective for small community interventions.

ClinicalTrial: Australian New Zealand Clinical Trials Registry: ACTRN12614000339651;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=363570&isReview=true (Archived by WebCite at
http://www.webcitation.org/6hMnFTvBt)

(JMIR Res Protoc 2016;5(2):e94)   doi:10.2196/resprot.4826
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Introduction

Recent reviews and meta-analyses have confirmed the short-term
effectiveness of Web-based physical activity interventions [1-3].
However the public health impact of these interventions is
dependent on how many people they reach when disseminated.
It is more difficult and complex to successfully attract people
to participate in Web-based health programs than may
commonly be perceived. The Internet is a very competitive
environment with hundreds of thousands of websites all vying
to attract the attention of a potentially vast audience. To date,
a range of methods have been used to attract participants to
Web-based health interventions including newspaper
advertisements [4], leaflets [5], email [6], and social media [7].
However, limited research has measured the cost-effectiveness
of these methods [8,9].

Traditional methods including leaflets, posters, and newspaper
advertisements are still commonly used by researchers and
health professionals to attract people to Web-based heath
interventions. This is despite the growing use of Web-based
methods, which have the potential to reach larger numbers at
lower cost [8]. Email has been successfully used to attract
specific groups such as workplace employees to Web-based
health interventions when email lists are available [9]. Email is
nevertheless inappropriate for a population-wide dissemination
as it is becoming increasingly hard to engage people with emails
that are not targeted and personally relevant, or not from a
trusted source [10]. Internet banners, links on websites, social
media, and search engines are popular and effective Web-based
marketing methods in the commercial sector [11].

Recent studies have successfully used social media to attract
adolescents and adults to nutrition, smoking, and other health
interventions [12-14]. Gilligan et al [7] found Facebook
advertisements to be 10 times more cost-effective at recruiting
mothers of adolescents to complete a survey than traditional
media. Furthermore, Morgan et al [15] found Google AdWords
to be a cost-effective method for attracting adults to a depression
intervention across 6 western countries. Their results also
revealed that posts in forums and community notice boards were
not effective. A better understanding of how the Internet can
be used to attract people to Web-based heath interventions will
help researchers and public health workers attract large numbers
to Web-based health interventions. Therefore, evaluating the
cost-effectiveness of Web- and print-based methods to promote
Web-based health interventions requires investigation.

Participants of Web-based physical activity interventions
reached through traditional print-based methods have typically
been Caucasian, female, and educated [16,17]. Internet use in
Australia is currently widespread (83%); however, Internet use
decreases with lower education and income [18]. It is unknown
whether Web-based advertising is more effective at reaching a
representative sample than print-based advertising. Facebook
advertising provides the advantage of targeted advertising to
assist in reaching desired sample characteristics [12,19].

Therefore, further research is required to determine the
characteristics of people reached through different print- and
Web-based methods for promoting Web-based health
interventions.

This study aims to determine the effectiveness (in terms of cost,
time investment, and numbers reached) of multiple Web- and
print-based methods to attract Australian adults to a Web-based
physical activity intervention. It is hypothesized that the Google
AdWords and Facebook advertising will reach a larger number
of people at a lower cost and time investment per sign-up than
the community calendar and the traditional print-based methods.

Methods

The current study recorded and analyzed methods to attract
people to a Web-based physical activity intervention trial in
Australia. Data collection began in March 2014. The
intervention itself was part of a randomized controlled trial
(RCT) comparing the effectiveness (in terms of engagement,
retention, and physical activity changes) of computer-tailored
advice only and computer-tailored advice with a brief coaching
session in an 8-week intervention. A detailed description of the
intervention, measures, and study protocol has been published
elsewhere [20]. Participants were excluded from the RCT if
they were non-English speaking, pregnant, under 18 years of
age, currently meeting the Australian physical activity guidelines
(assessed by a single item, “do you currently participate in less
than 30 minutes of physical activity on average each day?”), or
at risk of injury or ill health from increasing their physical
activity (assessed by the Physical Activity Readiness
Questionnaire [21]). These criteria are stricter than typical
population- or community-based physical activity interventions,
so all interested participants’ data were included in the current
study, regardless of their eligibility to participate in the
following RCT. These numbers are more likely to reflect the
effectiveness of strategies to attract people to real-world
Web-based interventions that aim to sign up as many people as
possible. The research has been approved by the Central
Queensland University Human Ethics Committee (H13/04-044).
Informed consent to participate in the study was obtained from
all participants.

Stage 1 Sign-Up
The advertising methods were implemented in the cities of
Rockhampton and Mackay, Queensland, Australia. All
print-based advertisements including a newspaper advertisement,
posters, and leaflets displayed the intervention logo, the
CQUniversity logo, the intervention URL and a quick response
(QR) code. The QR code directs people to the intervention
website when they scan it with a smartphone. Readers were
asked “Do you want to get healthy and fit and go in the draw
to win some fabulous prizes? You are invited to participate in
an online research study where you will gain free access to the
‘My Activity Coach’ program developed by CQUniversity. It
will provide you with personalized advice to help you become
more active.” The 10x3 cm newspaper advertisements were
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printed in a local newspaper (the Morning Bulletin) that has a
circulation of 20,000 in the Rockhampton region. The newspaper
advertisements contained the same information as the posters
and leaflets but in a more concise format, due to space
restrictions. A graphic designer assisted with the design of the
print advertisements.

The Web-based methods included paid advertisements targeted
to Mackay residents on the social media website Facebook and
on the Google search engine (Google AdWords).
Advertisements were also displayed on Mackay’s community
websites, including the local newspaper’s website (the Daily
Mercury) and My Community Connect Mackay at no cost.
These advertisements listed the program in the websites’ event
calendars. Participants could click on the calendar entry to find
out more information including a link to the intervention
website. The Google advertisements appeared when users
searched for terms related to the intervention including fitness,
healthy, physical activity, weight loss, and exercise. The Google
search engine displays the advertisements that generate the
largest number of clicks for each keyword searched. Therefore,
each advertisement is competing against similar advertisements
linked to the same keyword(s). The advertisement displayed
one sentence about the program (see Figure 1) and took people
who clicked on the advertisement directly to the intervention
website. Multiple advertisements were trialed with different
wording. The frequency of the advertisements that generated

the largest number of clicks was increased. A daily maximum
spend of AUD $10 was applied.

Facebook advertising allows clients to create an advertisement
with text and a picture that can be targeted to Facebook user’s
demographics and interests. The advertisements can be displayed
as part of the user’s newsfeed, or on the right side of their
newsfeed. If the Facebook users click on the feed advertisement,
they will be taken to the organization’s Facebook page, and if
the users click on the side advertisement they will be taken
directly to the organization’s website. Multiple advertisements
can be created within a campaign, with the option to target each
advertisement to specific demographics such as age, gender,
and location, and/or to people who have shown interest in certain
Facebook pages. Only side advertisements were used in the
current study to promote direct traffic to the intervention
website. Only Facebook users who were over 18 and reside in
Mackay were targeted. No additional targeting was implemented
to avoid biasing the sample of people reached. Multiple
advertisements were trialed with different wording and pictures.
Facebook increases the frequency of advertisements that
generate the largest number of clicks from the target audience.
A limit of AUD $20 per day was applied. The Facebook
advertisements displayed a picture and a sentence inviting
people to participate in the physical activity intervention (see
Figure 2). Both the Facebook advertisements and Google
AdWords were checked by an online marketing specialist.

Figure 1. Google advertisement.

Figure 2. Facebook advertisement.
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Stage 2 Sign-up

Stage 2a
At the end of May 2014 after 2 months of promoting the
intervention, only 22 people had completed the sign-up survey.
To increase the number of sign-ups, the advertising methods
were extended to include several other Australian towns:
Bundaberg, Townsville, and Brisbane in Queensland; Melbourne
(Victoria), Perth (Western Australia), and Sydney (New South
Wales). The newspaper advertisements and Google AdWords
that had a very high cost per sign-up were discontinued. A new
method of delivering leaflets to people’s homes was also
implemented.

Stage 2b
By August 15, 2014, only 61 people had completed the sign-up
survey. Delivering leaflets to people’s homes had a very high
cost and time investment, so this was discontinued. Furthermore,
no additional posters and leaflets were distributed through health
care centers. The event listings in the online calendars, however,
were continued as they were free and quick to implement. A
news article about the program was printed in the Morning
Bulletin on September 1, 2014; this was free of cost and took
only 1.5 hours to arrange with the newspaper staff. The costly
untargeted Facebook advertising was also discontinued. Instead,

new highly targeted Facebook advertising was implemented
across Australia. From this point forward, this was the main
recruitment method (see Table 1). The advertisements were
targeted to gender, whereby the advertisements showed a photo
of an active person of the same gender. Furthermore, in order
to reach individuals most likely to be interested and with the
most to gain from the intervention, individuals who had diabetes,
depression, cancer, and heart disease were targeted. To do this,
people who were members of Facebook pages and support
groups on diabetes, depression, cancer, and heart disease were
targeted. These advertisements included a statement relating to
the condition the user was connected with. Finally some
Facebook advertisements were shown only to individuals over
45 years of age. These advertisements displayed a picture of an
active older person. Both feed advertisements that are displayed
on the user’s newsfeed alongside posts from their Facebook
friends and groups, and side advertisements displayed on the
right border of the Facebook webpage were used. Different
combinations of gender, age, disease, and advertisement location
were created resulting in 24 different advertisements (eg, feed
advertisement targeted to males over 45 years with diabetes;
Figure 3). Initially, a daily maximum spend of AUD $5 for each
advertisement was selected, but this was regularly updated by
increasing the maximum daily spend for the advertisements that
had the lowest cost-per click to the intervention website.

Table 1. Timeline of strategies used to attract people to the intervention website.

20152014Strategies

MarFebJanDecNovOctSepAugJulyJuneMayAprMar

Rockhampton, Mackay, Bundaberg, Townsville and Brisbane in QLD;
Melbourne (VIC), Perth (WA), and Sydney (NSW)

Rockhampton and Mackay in QLD

√√√√√Facebook

√√√Google

√√√Newspaper advertisement

√√√√√√√√√√√√√Calendara

√√√√√√√√√√√√√Leaflet

√√√√√√√√√√√√√Poster

√√Letterb

√Newspaper article

√√√√√√√√Targeted Facebook

aCalendar=online community calendar.
bLetter=letterbox drop.
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Figure 3. Feed advertisement targeted to males over 45 years with diabetes.

Measures

Participant Numbers
The number of times each advertisement was displayed
(impressions) were recorded for the Facebook and Google
AdWords advertisements. For the newspaper advertisements,
the circulation (estimated number of readers) was used as the
measure of impressions. The number of first time website visits
from each of the Web-based methods was recorded through
Google analytics and the number of website visits for each of
the 24 targeted Facebook advertisements was recorded through
Facebook. After visiting the homepage, individuals were
encouraged to complete a screening survey that asked
participants, “how did you hear about this program?” Options
included “Google search,” “Facebook,” “community calendar,”
“newspaper article,” “newspaper advertisement,” “leaflet,”
“letterbox drop,” “poster,” or “other.” This was used as the
measure of sign-ups. Generating sign-ups is the main goal of
the advertisements and is likely to reflect the number of
participants reached though real-world interventions that do not
have strict eligibility criteria. Participants who selected “other”
were excluded from the current analysis.

Cost
The total cost of each of the methods used to attract people to
the intervention was calculated. This included the cost of a
research assistant to implement each method based on the
Central Queensland University rate of AUD $35/hr. The money
spent on each of the 24 targeted Facebook advertisements was
also recorded through Facebook. The time spent implementing

each method was also calculated. This included the time spent
planning, executing, and monitoring each advertisement.

Demographic Characteristics
Participant demographics were assessed only for those people
who signed up, were eligible, and who completed the baseline
survey (140 out of 278 that signed up). The questionnaire
collected participant demographics including gender, marital
status, language, income, education, employment, age, body
mass index (BMI), and physical activity. Total minutes of
physical activity during the previous week was assessed by the
validated Active Australia Questionnaire [22].

Data Analysis

Data Screening
All analyses were conducted using SPSS version 20.
Significance level was set at P<.05. All continuous variables
were screened for outliers and normality using Fisher’s skewness
coefficient. Age, BMI, and total physical activity per week were
found to have a significant negative, positive, and positive
skewed distribution respectively. A reflect and square root
logarithm and square root transformation successfully
transformed these variables into normal distributions
respectively.

Participant Numbers
The number of impressions, first time visits to the website, and
sign-ups for each advertising method were calculated.
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Cost
Money spent on the recruitment method plus the hours spent
implementing the recruitment method times the hourly cost of
employing a research assistant (AUD $35) was calculated and
divided first by the number of website visits and second, the
number of sign-ups from each recruitment method. Cost per
sign-up was the main outcome measure. The time invested in
each advertising method per sign-up was calculated as a measure
of efficiency.

Demographic Characteristics
The demographic characteristics of participants reached through
the Web-based and print-based recruitment methods were
calculated and compared using chi-square analysis for the

categorical characteristics (gender, language, marital status,
employment, education, and income) and analysis of variance
for the continuous characteristics (age, BMI, and physical
activity).

Results

Participant Numbers
The strategies implemented in Stage 1 led to 59 sign-ups, and
the letterboxing implemented in Stage 2a led to 18 sign-ups.
During Stage 2b, the targeted Facebook recruitment led to 184
sign-ups and the newspaper article led to an additional 17
sign-ups (see Table 2 and Figure 4).

Figure 4. Hours per sign-up, cost per sign-up, and number of sign-ups for each advertising method.

Cost
Two newspaper advertisements were printed, which totaled
AUD $446. A total of 8 hours was spent organizing the
newspaper advertisements costing $280 in research assistant
time. In total, 1000 leaflets and 150 posters were displayed in
20 health care centers throughout Rockhampton, and 21 health
care centers in Brisbane. The leaflets and posters cost AUD
$570.35 and AUD $154 for printing respectively. A total of 24
hours were spent distributing the leaflets and posters, costing
AUD $840. Another 3500 and 1500 leaflets were delivered to
homes in Rockhampton and Melbourne respectively. The
printing for these leaflets cost AUD $990. A total of 41 hours
were spent delivering the leaflets, costing $1435.

The calendar entry in the Daily Mercury’s website and Mackay’s
My Community Connect was free of costs. However, the
research assistant spent 2 hours organizing this, costing $70. A
total of AUD $215 was spent on Google AdWords. The research
assistant spent 8 hours developing, implementing, and evaluating
the Google advertisements, costing $280. Untargeted side
Facebook advertisements totaled $1228. The research assistant
spent 6 hours developing, implementing, and monitoring these
Facebook advertisements, costing AUD $210. The targeted
Facebook advertisements totaled AUD $7021. The research
assistant spent 20 hours developing, implementing, and
monitoring these Facebook advertisements, contributing AUD
$700 to the total cost (see Figure 4).
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Table 2. Time investment, costs, impressions, first time visits, and sign-ups of each advertising method.

Cost per
sign-up, $

Cost per im-
pression, $

Time per
sign-up,
mins

Sign- ups, nVisits, nImpressions,
n

Cost, $Time, hrsAdvertising
method

Web-based

12 20620 702Community
calendar

680.011721877119,80614386Untargeted
Facebook

420.0171845372547,507772120Targeted
Facebook

4950.0348013418,7734958Google Ad-
Words

Print

52–36511––57412Posters

66–4815––99012Health care
leaflets

1350.413718–6000242541Letterbox
drop

1450.02965–40,0007268Newspaper
ad

30517–20,000531.5Newspaper
article

113.110.0811752786303752,08614,492110.5Total

Demographic Characteristics
A total of 140 participants out of 278 (50.4%) completed the
baseline questionnaire. The remaining 49.6% did not meet the
inclusion criteria for the RCT (inactive Australian over 18 years
with no health conditions that may affect their ability to safely
become more active) or failed to complete the baseline
questionnaire. This comparison was conducted instead of
comparing all print methods to Web-based methods as there

was a large variance in effectiveness of the Web-based methods
and targeted Facebook advertisements were the most effective
method at reaching large numbers at low cost. People reached
through the targeted Facebook advertisements were on average
older and had a higher BMI than people reached through the
other methods. They were also more likely to be divorced or
widowed and less likely to have never married, which is likely
to be due to the older age group (see Table 3).
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Table 3. Descriptive summary of participant characteristics reached using targeted Facebook advertisements and all other methods.

ComparisonAll other methods (n=66)Targeted Facebook (n=74)Participant characteristics

χ2=1.24, P=.27Gender, n (%)

12 (18)19 (26)Males

55 (82)55 (74)Females

χ2=0.26, P=.61First language, n (%)

66 (98)71 (97)English

1 (2)2 (3)Other

χ2=6.17, P=.01Marital status, n (%)

5 (7)0 (0)Never married

46 (69)50 (69)Married

16 (24)23 (31)Divorced or widowed

χ2=3.23, P=.19Employment, n (%)

29 (43)24 (33)Full time

15 (22)13 (18)Part time/casual

23 (35)36 (49)Unemployed

χ2=1.55, P=.46Education, n (%)

1 (2)1 (1)Less than secondary

7 (10)13 (18)Secondary

59 (88)59 (81)TAFE or university

χ2=1.4, P=.50Income, AUD, n (%)

28 (50)24 (49)Over $78,000

19 (34)13 (26)$31,200-77,999

9 (16)12 (25)Under $31,199

F1,141=57.20, P<.00150.21 (1.24)59.72 (.57)Age in years, mean (SD)

F1,139=5.081, P=.0730.36 (1.04)32.0 (.83)BMI (kg/m2), mean (SD)

F1,141=0.05, P=.83162.84 (24.19)161.67 (22.07)Total physical activity (minutes/wk), mean (SD)

Targeted Facebook Advertising
The three most cost-effective Facebook advertisements at
bringing people to the intervention website were (1) a feed
advertisement targeting males over 45 years with diabetes, (2)
a side advertisement targeting females over 45 years, and (3) a
side advertisement targeting females over 18 years. The female
targeted advertisements were more cost-effective per website
visit than the male targeted advertisements except for the
diabetes, depression, and heart-targeted advertisements. The
advertisements targeted to adults over 45 years were more
cost-effective per website visit than the advertisements shown
to all ages. The advertisements targeted to general health were

more cost-effective as a side advertisement, while the targeted
health advertisements were more cost-effective as a feed
advertisement. Overall, the side advertisements were more
cost-effective per website visit than the feed advertisements,
except for the diabetes-targeted feed advertisement (see Table
4). The advertisements targeting females were more
cost-effective than the advertisements targeting males. The
advertisements targeting general health were more cost-effective
than the advertisements targeting specific diseases, and the
advertisements targeting adults over 45 years were more
cost-effective than the advertisements targeting adults over 18
years (see Figure 5).
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Table 4. Cost, impressions, website visits, and sign-ups for each Facebook advertisement ordered by cost per visit.

Cost per outcomeOutcomesReal cost, $Facebook advertisement

Cost per visit, $Cost per impres-
sion, $

Sign-
ups

VisitsImpressions

0.670.022127380585.49Feeda, diabetes, male

0.770.01533237259,9922500.92Side, healthb, female

0.850.000762175,051646.91Side, health, female, all ages

0.860.00014465,069123.72Side, health, male, all ages

0.870.009648113,949566.64Side, health, male

0.880.01116519,456144.44Side, cancer, female

0.890.03935411,828315.09Feed, diabetes, female

0.900.0822683111241.46Side, diabetes, male

0.980.01039390138.06Side, depression, male

1.030.0725478051564.05Side, diabetes, female

1.030.0412106141215.47Side, heart, male

1.040.04756913148590.06Side, heart, female

1.040.01084731087.72Side, depression, female

1.230.01024504329.49Side, cancer, male

1.430.020725123103.17Feed, cancer, female

1.710.020654663111.42Feed, heart, female

1.740.020675054116.73Feed, depression, female

1.940.011548640093.03Feed, health, female

1.960.01041958480.34Feed, health, female, all ages

2.040.01116370932.67Feed, health, male

2.360.0116101914.18Feed, heart, male

2.390.010196,03745.36Feed, health, male, all ages

2.830.0208138222.61Feed, cancer, male

2.990.01037358.98Feed, depression, male

––37–––Can’t remember

0.900.011407523739,5616778.01Total

aFeed advertisements are displayed on the user’s newsfeed alongside posts from their Facebook friends and groups, and side advertisements are displayed
on the right border of the Facebook webpage.
bHealth refers to advertisements that were not targeted to a physical activity related chronic disease.
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Figure 5. Average number of visits per $100 spent on each Facebook advertisement target.

Discussion

Principal Findings
The effectiveness of the Web-based strategies hypothesized to
be the most effective (Facebook and Google AdWords) was
highly varied. The results demonstrate the low cost-effectiveness
of the Google AdWords (AUD $495), while the targeted
Facebook advertisements were the most cost-effective (AUD
$42 per sign-up) method at reaching a large number of sign-ups
(n=184). This is line with previous research demonstrating
Facebook to be a cost-effective method for recruiting adolescent
and young adults to nutrition and smoking interventions in
Australia and North America [12-14]. The effectiveness of
Facebook advertisements per sign-up may be due to the low

cost per impression and the ability to tailor advertisements to
individuals who are more likely to be interested in a Web-based
physical activity intervention (eg, females over 45 years). The
Facebook advertisements were not as effective when the
targeting was not used, confirming that the effectiveness of the
Facebook advertisements is partially due to tailoring. Health
professionals implementing Facebook advertising in future
interventions should target the advertisements to reduce costs;
however, they need to be aware that this can bias the sample
reached. Researchers and public health professionals must
balance cost-effectiveness with how representative the sample
reached through Facebook advertising will be. On the other
hand, targeted Facebook advertisements can be used to reach
underrepresented demographics (eg, people with a mental health
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condition) or those most in need of a physical activity
intervention (eg, males, people over 45 years), but this may
result in a higher cost per click. Although the Facebook
advertising was the most cost-effective method at reaching
moderate numbers, AUD $42 is still too costly for
population-wide dissemination of interventions. Facebook
advertising may need to be used in conjunction with mass media
and viral marketing strategies to be cost-effective for large-scale
disseminations [23]. Overall, the findings from the current study
provide evidence to support the use of targeted Facebook
advertising to attract people to a Web-based physical activity
intervention.

Facebook advertisements displayed on the right side panel that
target females over 45 years and general health were generally
more cost-effective at attracting people to the physical activity
intervention website. It is not surprising that the advertisements
targeted to older females are the most cost-effective as this is
the demographic that is typically more interested in physical
activity interventions [16,17]. In many physical activity
interventions, women outnumber men 60% to 40% [1].
Furthermore, it is not surprising that the smaller side
advertisements were more cost-effective than the feed
advertisements. The feed advertisements resulted in more clicks
per dollar spent. However, the feed advertisements take users
to another Facebook page (about the physical activity
intervention) and then users need to click again to go to the
intervention website itself. It is therefore likely that many people
were lost at this additional step. It is surprising, however, that
the advertisements targeted to people who had liked Facebook
pages about diabetes, heart disease, depression, or cancer were
not as effective as the advertisements targeted to general health.
This could be due to the people who had liked these pages not
having the disease themselves. Alternatively it could be due to
a small number of users fitting the target criteria, resulting in a
high number of impressions made to the same people (ie,
repeated displays of the same advertisement to the same
uninterested users).

Participants were asked in the sign-up survey which Facebook
advertisement allowed them to find out about the program. Due
to 37 out of 140 participants’ “not remembering” (26.4%), we
did not include the analysis of cost per sign-up for each
Facebook advertisement. The result of this analysis suggests
that the feed advertisements targeted to specific diseases were
the most cost-effective at recruiting participants. This means
that more people clicked on the side advertisements per dollar
spent, but many decided they were not interested after visiting
the intervention website and did not sign up. On the other hand,
fewer people clicked on the feed advertisements per dollar spent,
but a higher percentage of these people signed up to the
intervention making it the more cost-effective for achieving
sign-ups. Although we cannot draw any conclusions from this
data, it highlights the importance of future interventions to
monitor website visits as well as sign-ups to evaluate the
performance of each Facebook advertisement. Facebook now
allows customers to do this by choosing a “conversion” behavior
(eg, clicking on the sign-up button) to automatically track how
many people from each advertisement begin the sign-up
questionnaire on the website.

The high cost and low effectiveness of Google AdWords was
not expected as Google AdWords is an effective marketing
strategy in the commercial sector, and the advertisements were
shown to people who were searching for information related to
the intervention. This means that the advertisements were
viewed by people more likely to be interested in physical activity
and health, compared to Facebook or print-based advertisements,
which are shown to people who are not searching for
information on physical activity and health. Further, these
findings are inconsistent with Morgan et al [15] who found
Google AdWords to be a cost-effective method for attracting
adults to a depression intervention across 6 western countries
($12 per participant). The high cost of the Google AdWords for
the current physical activity program could be due to a high
level of competition for the AdWords used including exercise
and weight loss. Google increases the frequency of the
advertisements that generate the most clicks. Our Google
advertisements were therefore competing against commercial
weight loss and exercise-related companies in the multibillion
dollar fitness industry, which are more likely to gain clicks and
therefore be shown more frequently.

The newspaper article and calendar cost the least per sign-up
(AUD $3 and AUD $12 respectively); however, they reached
only a small number of sign-ups (n=6 and 17 respectively). This
is in line with the findings from Morgan et al [15], that
community forums and notice boards resulted in few
participants. Furthermore, it may not be possible for state- or
national-wide interventions to use community forums and
calendars as many accept only local events. The only forums
that accepted the advertisement for the current project were in
Mackay, as Mackay has a Central Queensland University
campus through which the program was run. The newspaper
article was easy to arrange in Rockhampton where the main
campus of the university is located; however, newspapers in
other towns were not interested. Although Web-based
community forums and newspaper articles did not reach many
people, small community interventions may benefit from these
methods as they can reach a few additional people for a minimal
time and monetary investment.

It is not surprising that the newspaper article and Facebook
advertisements required the least amount of time investment
per sign-up. The newspaper article was organized by newspaper
staff at their expense, so the only time investment was contacting
them about the program and answering some interview questions
over the phone. The tailored Facebook advertisements can be
set up online without any face-to-face meetings or need to
manually distribute. Only a small time investment was required
to choose appropriate figures and wording for the advertisements
and to monitor and adjust them when they were running. The
other advertisements needed to be distributed to health clinics
(posters and leaflets), delivered to people homes (leaflets), and
arranged with face-to-face meetings (newspaper advertisement).
This further supports the use of targeted Facebook advertising
to attract large numbers to Web-based physical interventions
with a wide reach.

There are currently 12 million Facebook users in Australia [24],
and the demographics of Facebook users has broadened in recent
years [25]. Due to the wide reach of Facebook, Facebook
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advertising has reached a representative sample of the target
population in many Australian studies [7,26]. It was therefore
surprising that people reached through the targeted Facebook
advertisements in our study were significantly older than those
reached through the other methods. This may have been
influenced by the Facebook advertisements that were targeted
to people over 45 years. These advertisements were displayed
more frequently as they resulted in a lower cost per click. The
high prevalence of chronic conditions related to physical
inactivity in older adults (eg, osteoarthritis, cardiovascular
disease, diabetes, and falls), and the aging population means
there is a specific need for physical activity interventions that
can reach older adults [27]. The finding that participants reached
through targeted Facebook advertising had a significantly higher
BMI than participants reached through the other methods may
be due to the advertisements targeting individuals with
cardiovascular disease and diabetes. It is encouraging that the
findings of this study demonstrate the capability of Web-based
methods at reaching people most in need of a physical activity
intervention.

Limitations
This study presents data to help researchers and public health
professionals understand the cost, effectiveness, and issues
surrounding different methods to attract people to a Web-based
health intervention. However, the findings have limitations,
including that the demographic data were collected only for
participants eligible to participate in the RCT and who
completed the baseline assessment. Thus, it did not include
people who signed up but were not eligible. Further, to ensure
enough people participated in the RCT, the amount of funds

allocated to the advertisements was continuously evaluated and
directed to the more successful advertisements over the
recruitment period (hence Stages 1, 2a, and 2b during the
recruitment phase). Therefore, the most successful advertisement
method (eg, Facebook ads) was used for longer than the
non-successful advertisements (eg, Google AdWords and
newspaper ads). The differences in time of year and total amount
spent on different advertisement methods may have affected
their success.

Conclusion
Our findings reveal that targeted Facebook advertising is the
most cost-effective method to attract moderate numbers to a
Web-based health intervention while Google AdWords, despite
being a popular marketing method in the commercial sector,
was the least cost-effective method. However, the cost of
Facebook advertisements are unsustainable for large
population-based interventions that seek widespread
implementation. Such interventions may need to use mass media
in addition to Facebook advertising to reach larger numbers at
a lower cost. Community calendars and newspaper articles were
the cheapest methods; however, they reached a limited number
of sign-ups. These interventions may therefore be beneficial for
local community-based interventions. In summary, our findings
suggest that Facebook advertising is the most cost-effective
method at attracting moderate numbers to physical activity
interventions in comparison to the other methods tested.
However, it is still too costly for population-based interventions.
Further research is needed to determine alternative recruitment
procedures more effective at reaching large numbers of
participants at low cost.
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Abstract

Background: Internet interventions may have an important role to play in helping self-quitters maintain an initial period of
abstinence. Little is known about the characteristics and utilization patterns of former smokers who use Internet cessation programs.

Objective: The overarching aim of this preliminary study was to establish the feasibility of a subsequent randomized trial of
the effectiveness of Internet interventions in preventing relapse. Specifically, this study sought to determine the number of former
smokers that register on a smoking cessation website, the characteristics of former smokers and their website utilization patterns,
and potential predictors of sustained abstinence.

Methods: Participants were self-identified former smokers who registered on a free smoking cessation website. Recruitment
occurred immediately following site registration. Participants completed Web-based baseline and 1-month follow-up assessments.
Website utilization metrics were extracted at 1 month. Descriptive statistics were used to characterize the full sample. Baseline
differences were examined between recent quitters (≤7 days of abstinence at enrollment) and more established quitters (8+ days
of abstinence at enrollment) using chi-square tests and t tests. Univariate logistic regression examined demographic, smoking,
psychosocial characteristics, and website utilization metrics as predictors of 1-month abstinence.

Results: During the 10-month study period, 1141 former smokers were recruited to participate: 494 accepted the invitation,
395 were eligible, 377 provided informed consent, and 221 completed the baseline and fully enrolled (56% of those eligible). At
1 month, 55.7% (123/221) of participants completed the follow-up survey. Mean age was 44.25 years (SD 12.78) and the sample
was primarily female (174/221, 78.7%), white (196/221, 88.7%), and had at least some college education (177/221, 80.1%).
Slightly more than half of participants (123/221, 55.7%) reported quitting more than a week prior to website registration and
43.9% (97/221) had quit within 7 days of registration. The website features most likely to be used were an interactive Quit Date
tool (166/221, 75.1%) and the Community (134/221, 60.6%). Univariate regression models showed that recent quitters, those
with higher motivation to remain abstinent, and those who used cessation medication in the past year were more likely to use the
Community. Older age, longer duration of abstinence at registration, better health status, and health care provider advice to quit
were associated with 1-month abstinence. Website utilization metrics did not predict abstinence, though odds ratios suggested
higher utilization was associated with greater odds of abstinence.

Conclusions: This exploratory study demonstrated the feasibility of recruiting former smokers to a research study and documented
the uptake of an Internet cessation intervention among this group of self-quitters. Results also showed higher levels of website
utilization and greater likelihood of community use among smokers early in their quit attempt compared to those with a longer
period of abstinence at enrollment. Important areas for future research include identifying former smokers who may be more
susceptible to relapse and determining which components of an Internet intervention are most helpful to prevent relapse in the
early and later stages of a quit attempt.

(JMIR Res Protoc 2016;5(2):e119)   doi:10.2196/resprot.5542
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Introduction

Identifying strategies to prevent relapse among the millions of
smokers that attempt to quit each year remains a public health
priority [1]. In 2012, 52.9% of smokers attempted to quit
smoking, yet each year, only 5-7% of smokers are able to
maintain abstinence for more than 6 months [2]. The majority
of smokers relapse within several weeks after a quit attempt
[3-6]. Despite decades of research on relapse prevention, a 2013
Cochrane systematic review of 63 studies found little support
for the effectiveness of behavioral interventions delivered
face-to-face or telephonically, or for pharmacological
interventions [7]. As tobacco control policies continue to drive
increased quit attempts [8], novel relapse prevention efforts are
needed to increase the likelihood that these efforts translate into
successful long-term cessation [9].

Internet interventions may be uniquely suited to provide relapse
prevention approaches for smoking cessation as they are
broad-reaching [10,11], cost-effective [12], and may appeal to
individuals who would otherwise not seek cessation counseling.
The Internet is a primary source of health information for a
majority of adults [13] and is often the first place many people
turn to when faced with a health-related question or concern
[14]. A timely, on-demand intervention after a smoking lapse
is a critical element of an effective relapse prevention approach
[15] and one that other treatment modalities like face-to-face
and telephonic interventions may be unable to provide. The
24/7 availability of Internet interventions and their ability to
surmount geographic and other barriers to treatment use make
them a powerful channel through which to address relapse at
the time when support is most needed.

In addition, Internet interventions for smoking cessation
commonly include social media and Web 2.0 applications that
facilitate the exchange of information and support between and
among users [16]. Real-time social support from current and
former smokers may provide precisely the kind of
encouragement, inspiration, and “road-tested” practical advice
that former smokers need to prevent relapse [17]. High levels
of social support have been associated with better cessation
outcomes in a number of studies [18-20], and low levels of
support have been conceptualized as a barrier to abstinence
[21]. Few studies have examined the role of “offline” social
support for relapse prevention [7], and only two studies to our
knowledge have explored the impact of online social support
through Internet cessation interventions. Schwarzer and Satow
[22] found that recent quitters who posted the number of days
they had been abstinent in an online bulletin board were less
likely to relapse than those who did not post. In addition, posting
more messages was associated with a greater likelihood of
maintaining abstinence. The authors posited that making one’s
intentions to quit visible to an online community may strengthen
an individual’s commitment to quit and that active engagement
naturally results in continued contact with others, being
reminded of one’s intention to quit, and potentially receiving
praise. Selby et al [17] found that among individuals who posted

within an online cessation community, the most common type
of first posts were help-seeking messages from recent quitters
who were struggling to remain abstinent. In this study, we were
specifically interested in exploring whether use of an online
community for smoking cessation was associated with lower
rates of relapse among former smokers.

Internet interventions have shown promise for relapse prevention
in mental health and addiction treatment [23,24], and several
studies within smoking cessation suggest that there is demand
for and utilization of online cessation resources among recent
quitters. A study by Borland et al [25] sought to examine the
impact of a Web-based intervention among current smokers
and recent quitters (defined as quit for <4 days) but did not
report outcomes by baseline smoking status. Interestingly,
approximately 25% of participants screened for this smoking
cessation study reported they had already quit smoking.
Similarly, a 2006 study by Cobb and Graham [10] found that
24% of individuals searching for smoking cessation information
on the Internet had quit smoking: 17% had quit within the
previous 7 days, and 7% had quit more than 7 days prior. In an
observational study of the Australian Web-based cessation
program “QuitCoach,” Balmford et al [26] found that return
visits were most common among those who had just quit when
they registered on the site and lowest among those not planning
to quit.

These studies and others [11,27,28] suggest that Internet
interventions may have an important role to play in helping
those who have already quit to maintain an initial period of
abstinence or to extend their abstinence. However, to date, few
studies have documented the extent to which former smokers
use Internet cessation programs or their effectiveness in
preventing relapse. The goals of this preliminary study were to
explore the feasibility of conducting a randomized trial to
evaluate the effectiveness of Internet interventions in preventing
relapse. Specifically, we sought to address the following
questions: (1) Is it feasible to recruit former smokers to a
research study, and what is the monthly recruitment volume?,
(2) What are the characteristics of former smokers that register
on an Internet smoking cessation website?, (3) How do former
smokers utilize an Internet cessation program?, and (4) Are
there baseline variables or website utilization metrics that predict
a former smoker’s ability to maintain abstinence?

Methods

Participants
Participants were individuals who registered on a free smoking
cessation website and selected “former smoker” when asked
about smoking status (options were “current smoker,” “former
smoker,” or “looking for help for someone else”). The only
other eligibility criteria were age 18 years or older and US
residence, which were gathered during website registration. The
study invitation was presented immediately following website
registration. Eligibility screening, informed consent, and the
baseline survey were administered online. Immediately
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following the baseline survey, participants were directed back
to the website where they were able to use the site as they
desired; there were no additional interventions provided. At
1-month post-registration, participants were asked to complete
an online survey to assess smoking status and other related
variables. Participants received three email prompts for
follow-up survey completion and were offered a US $20
incentive. The study protocol received human subjects protection
approval from Copernicus Group Independent Review Board.

Intervention
BecomeAnEX is a free smoking cessation website developed
and managed by Truth Initiative (formerly American Legacy
Foundation) in partnership with the Mayo Clinic Nicotine
Dependence Center [11,29]. Consistent with the 2008 Public
Health Service Clinical Practice Guideline for Treating Tobacco
Dependence [1], BecomeAnEX provides (1) problem-solving
and skills training designed to enhance self-efficacy, (2)
information and guidance in selecting and using FDA-approved
smoking cessation pharmacotherapies, and (3) intra-treatment
social support in the form of a large online community.
BecomeAnEX guides and supports smokers through the process
of planning and preparing to quit through the following
interactive features: (1) a Quit Date tool that assists users in
selecting a prospective quit date or documenting a retrospective
quit date, (2) a Cigarette Tracker exercise to identify smoking
triggers, (3) a Beat Your Smoking Triggers exercise (Separation
exercise) to identify strategies to dissociate cigarettes from
triggers, (4) a Build Your Support System exercise (Support
exercise) to identify helpful supporters, (5) a Choose a Quit
Smoking Aid exercise (Addiction exercise), in which users
indicate their plans for pharmacotherapy use, and (6)
Community, which is a large online network of thousands of
current and former smokers who communicate through a variety
of channels (eg, blog posts/replies, wall posts, private messages).
In addition to these interactive features, the site contains static
content to prepare for quit day, cope with slips, and prevent
relapse; videos about addiction and medication; and a checklist
(My Quit Plan) that displays whether each of the site’s core
components has been used and recommends next steps. The
site can be browsed anonymously, but to save information or
post content in the Community, visitors must register. To register
on BecomeAnEX, individuals must agree to the site’s Terms
of Use and Privacy Policy. The Privacy Policy makes clear that
(1) BecomeAnEX automatically collects information about its
users and their use of the site, (2) information is used for
research and quality improvement purposes only, and (3)
personal information is kept confidential. BecomeAnEX has
been promoted through a national multimedia campaign since
2008 [11], with more recent promotional activities focused on
paid search advertising that targets current smokers.

Data Collection and Measures
Data sources for these analyses included (1) a Web-based survey
administered at baseline, (2) a Web-based survey administered
at 1-month post enrollment, and (3) 1-month website utilization
metrics obtained via automated tracking software. Demographic
variables included age, gender, race, education, employment,
and marital status.

Abstinence-related questions asked when participants decided
to quit smoking, their quit date and confidence about the
accuracy of that date, and the date of their last puff of a cigarette.
These questions were used to calculate the number of days they
had been abstinent when they registered on BecomeAnEX. The
Abstinence Related Motivational Engagement Short Form
(ARME) [30] was administered to assess motivation to remain
abstinent. This scale consists of 5 Likert items (1=completely
disagree to 7=completely agree): (1) I try to anticipate and
prepare for any challenges to being smoke-free (vigilance), (2)
The thought of being a nonsmoker still excites me (excitement),
(3) At this time, I am still very excited by the idea of being
smoke-free (excitement), (4) I spend a great deal of time
thinking about becoming or staying smoke-free (cognitive
effort), and (5) I am carefully watching out for things that might
put me at risk for smoking (vigilance). The short form has
demonstrated adequate reliability (alpha=.82) and has been
correlated with length of abstinence [31].

Smoking history questions asked about the number of quit
attempts made in the past year, and the use of behavioral
(books/pamphlets, individual/group counseling, telephone
quitline, Web-based interventions), pharmacologic (nicotine
patches, gum, lozenges, nasal spray and inhaler, Zyban,
Chantix), and alternative (e-cigarettes, switching to chew or
snuff, switching brand or cutting back, acupuncture, hypnosis,
herbal/laser/other alternative methods) quit methods during the
past year. Reports of using “willpower/cold turkey” or “prayer”
were coded as unassisted quit attempts.

Health history items included current health status (excellent,
very good, good, fair, poor; [32]), history of an illness caused
or made worse by smoking (yes/no), and whether the participant
had received advice to quit smoking from a health care provider
in the past year (yes/no).

Psychosocial measures assessed “offline” social support as
potential influences on online Community use. They included
the Appraisal and Belonging subscales of the 12-item
Interpersonal Support Evaluation List [33], which is a general
measure of perceived social support. The Appraisal subscale
measures the perceived availability of someone to talk to about
one’s problems, and the Belonging subscale measures the
perceived availability of people one can do things with. Each
subscale contains four statements that participants indicate are
definitely true, probably true, probably false, or definitely false.
One item from the UCLA Loneliness Scale [34] was
administered, which asked how often the participants felt that
there were people they can turn to (1=Never, 4=Always).

Internet and social media use were assessed with items that
asked about frequency and duration of Internet use [35] and
frequency of communication with other people via the Internet
(eg, via blogs, instant messaging, forums) [36].

Website utilization data were obtained via Adobe Analytics
software [37], a customizable Web analytics tool that is used
to monitor, report on, and optimize use of the BecomeAnEX
website. General utilization metrics examined in this study
included number of return visits following website registration,
total number of minutes spent on the site, and the number of
pages viewed. Data were also extracted on the use of the six

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e119 | p.922http://www.researchprotocols.org/2016/2/e119/
(page number not for citation purposes)

Cha et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


interactive features described above. Because website utilization
typically shows a steep attrition curve [38-43], we focused on
utilization metrics during the first month following site
registration.

Smoking abstinence at 1-month post enrollment was measured
as 7-day and 30-day point prevalence abstinence.

Statistical Analyses
Descriptive statistics were examined to characterize former
smokers on sociodemographic variables, smoking history, health
status, and psychosocial measures. We also examined baseline
differences between recent quitters (≤7 days of abstinence at
enrollment) and more established quitters (8+ days of abstinence
at enrollment) using chi-square tests and t tests. Our decision
to use 7 days as a cut-point was largely an empirical one.
Relapse is most common within the first week after a quit
attempt, and prior analyses have shown that the largest
proportion of Internet cessation treatment users that self-identify
as former smokers report quitting within the past 7 days
[3,10,44]. Previous studies of relapse prevention interventions
have varied widely in terms of abstinence-related inclusion
criteria [45]. Our intent was to determine if there were
distinguishing characteristics based on length of abstinence at
program enrollment that might suggest that a subsequent
effectiveness study should focus specifically on recent quitters.

Website utilization patterns were examined using descriptive
statistics. The full sample was characterized, and comparisons
between recent quitters and more established quitters were
explored. Means and standard deviations were computed for
general website utilization variables and compared using
two-sample t tests. Given that general website utilization data
were positively skewed, the median and interquartile range are
also reported and differences examined using the Wilcoxon
Mann Whitney test.

To identify characteristics of participants who used the
Community, univariate logistic regression models examined
baseline demographic, smoking history, and psychosocial
variables. To identify predictors of 1-month abstinence,
univariate logistic regression models examined the association
between 30-day abstinence and baseline characteristics
(demographic, smoking history, psychosocial measures), website
utilization metrics (return visits, time on site, Community use),

and other treatment utilization (behavioral interventions,
medication use, alternative methods). Statistical significance
for all analyses was set to an alpha of .05. Analyses were
performed using SPSS version 21 and SAS software version
9.3.

Results

Recruitment and Follow-Up Results
Between November 15, 2012, and September 17, 2013, a total
of 1141 consecutive registered users who identified as former
smokers were recruited to participate in the study: 494 accepted
the invitation, 395 were eligible, 377 provided informed consent,
and 221 completed the baseline survey and fully enrolled (56%
of those eligible). This represents an available pool of
approximately 114 former smokers per month from which to
recruit and a recruitment rate of approximately 22 participants
per month. At 1-month post registration, 55.7% (123/221) of
participants completed the follow-up survey. Survey
non-respondents were more likely to have a high school degree
or less (OR 2.68, 95% CI 1.35-5.30) and to be black/African
American (OR 4.26, CI 1.14-15.97). One-month follow-up
attrition was significantly correlated with website utilization.
Specifically, those with fewer site visits, time on site, and
number of page views were also more likely to be lost to
follow-up (all ORs  1.76, P<.04).

Baseline Characteristics of Former Smokers
Table 1 shows the demographic, smoking history, and
psychosocial characteristics of the full sample of former
smokers. Mean age was 44.25 years (SD 12.78), and the sample
was primarily female (174/221, 78.7%), white (196/221, 88.7%),
college educated (177/221, 80.1% reporting some college or
more), employed full or part-time (149/221, 67.4%), and married
or living with a partner (135/221, 61.1%). Two thirds (148/221,
67.0%) reported having an illness either caused or made worse
by smoking, and 69.7% (154/221) had been advised to quit by
a health care provider in the past year. The average score for
ARME was high (mean 29.51, SD 5.69), with the two
“excitement” items (“thought of being nonsmoker still excites
me,” “I am still very excited by the idea of being smoke-free”)
yielding the highest mean values (mean 6.1, SD 1.5 for both
items).
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Table 1. Baseline characteristics of former smokers by number of days quit at enrollment.

Days quit at enrollmentAll former smokers, N=221 

P valuea8+ days, n=123≤7 days, n=97

Demographic characteristics

<.00147.33 (12.76)40.39 (11.82)44.25 (12.78)Age, years, mean (SD)

.4599 (80.5)74 (76.3)174 (78.7)Gender, female, n (%)

.76110 (89.4)85 (87.6)196 (88.7)Race, white, n (%)

.676 (4.9)6 (6.2)12 (5.4)Ethnicity, Hispanic, n (%)

.59100 (81.3)76 (78.4)177 (80.1)Education, some college or more, n (%)

.7082 (66.7)67 (69.1)149 (67.4)Employment, full-time or part-time, n (%)

.1281 (65.9)54 (55.7)135 (61.1)Marital status, married/partner, n (%)

Smoking history

.0328.75 (6.18)30.46 (4.89)29.51 (5.69)ARME, range (5-35), mean (SD)

.742.34 (3.04)2.21 (2.73)2.29 (2.90)# quit attempts past year, mean (SD)b

N=107N=74N=182Quit methods, #quit attempt past year ≥1, n (%)

.4779 (73.8)51 (68.9)131 (72.0)Unassisted

.5836 (33.6)22 (29.7)58 (31.9)Behavioral interventions

.6878 (72.9)56 (75.7)135 (74.2)Medications

.9446 (46.0)34 (46.6)81 (46.6)Alternative methods

Health status, n (%)

.2431 (25.2)18 (18.6)50 (22.6)Self-reported health status, fair or poor

.2786 (69.9)61 (62.9)148 (67.0)History of smoking-related illness

.7287 (70.7)66 (68.0)154 (69.7)Health care provider advice to quit past year

Psychosocial variables

.217.48 (2.16)7.82 (1.85)7.63 (2.03)ISELc Appraisal subscale, range (1-12), mean (SD)

.366.95 (1.49)7.12 (1.26)7.02 (1.39)ISEL Belonging subscale, range (1-12), mean (SD)

.439 (7.3)10 (10.3)19 (8.6)Loneliness, never or rarely, n (%)

Internet use, n (%)

.80116 (94.3)91 (93.8)208 (94.1)How long used Internet,  5 years

.3494 (76.4)81 (83.5)176 (79.6)How often use Internet, several times/day

.74Use of Internet to blog/chat/instant message

42 (34.1)38 (39.2)80 (36.2)Several times/day

24 (19.5)18 (18.6)42 (19.0)Once a day

57 (46.3)41 (42.3)99 (44.8)Less than daily

aFormer smokers who had quit within the past 7 days at enrollment compared to former smokers who had quit 8 days or more at enrollment. One
respondent who did not provide valid date-based responses was excluded from comparison but included in all former smokers column.
bQuit attempts were restricted to ≤20 attempts, removing 1 outlier.
cISEL=Interpersonal Support Evaluation Scale.

JMIR Res Protoc 2016 | vol. 5 | iss. 2 | e119 | p.924http://www.researchprotocols.org/2016/2/e119/
(page number not for citation purposes)

Cha et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. One-month website utilization metrics of former smokers by days quit at enrollment.

Days quit at enrollmentAll former smokers, N=221 

P valuea8+ days, n=123≤7 days, n=97

General website utilization

.134.93 (14.19)8.79 (21.46)6.61 (17.79)No. return visits, mean (SD)

.012.00 (1.00-3.00)3.00 (2.00-6.00)2.00 (1.00-4.00)No. return visits, median (IQR)

.2281.93 (313.10)159.60 (549.90)115.69 (433.42)Time on site (minutes), mean
(SD)

.0225.37 (11.90-39.50)42.33 (18.30-75.90)28.27 (14.50-56.40)Time on site (minutes), median
(IQR)

.1259.98 (176.60)110.70 (279.90)82.00 (228.33)No. page views, mean (SD)

.0526.00 (9.00-45.00)39.00 (18.00-88.00)32.00 (11.00-58.00)No. page views, median (IQR)

Feature utilization, n (%)

<.00181 (65.9)85 (87.6)166 (75.1)Set a Quit Date

.0166 (53.7)68 (70.1)134 (60.6)Visited Community

.0629 (23.6)34 (35.1)63 (28.5)Choose a quit smoking aid

.0929 (23.6)33 (34.0)62 (28.1)Separation exercise

.0650 (40.7)52 (53.6)102 (46.2)Addiction videos

.2418 (14.6)20 (20.6)38 (17.2)Support exercise

.5620 (16.3)13 (13.4)34 (15.4)Cigarette tracker

Community utilization, n (%)

.1316 (13.0)20 (20.6)36 (16.3)Viewed user profiles

.0110 (8.1)19 (19.6)29 (13.1)Read blog posts

.036 (4.9)13 (13.4)19 (8.6)Wrote blog posts

.013 (2.4)10 (10.3)13 (5.9)Wrote on user message board

.053 (2.4)8 (8.3)11 (5.0)Sent private messages

aRecent quitters (≤7 days abstinence at enrollment) compared to more established quitters (8+ days abstinence at enrollment). One respondent who did
not provide valid date-based responses was excluded from comparison but included in all former smokers column.
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Table 3. Univariate logistic regression model of odds of 30-day abstinence at 1 month among former smokers.

P value95% CICrude ORSmoking, n=40Abstinent, n=83GroupVariable

Demographic variables

.011.05-1.401.23   Age (5-year increments)

Gender

——3066Female (ref)

.570.32-1.890.771017Male

Education

——79HS or less (ref)

.310.60-5.081.743374Some college or more

Race

——3674White (ref)

.890.32-3.801.1049Non-white

Ethnicity

——3779Non-Hispanic (ref)

.550.13-2.930.6234Hispanic or Latino

Employment status

——1422Not employed (ref)

.330.66-3.361.492661Employed

Marital status

——1929No partner (ref)

.180.78-3.631.692154Partner

Smoking variables

Consider self former smoker

——2933Within past week (ref)

<.0011.87-11.414.61842More than a week ago

Days quit at enrollment

——10558+ days (ref)

<.0010.07-0.400.173028≤7 days

.700.94-1.091.01 ARME

Past year quit methods

Unassisted

——917No (ref)

.480.55-3.651.412156Yes

Behavioral

——2147No (ref)

.590.52-3.231.29926Yes

Medication

——916No (ref)

.390.59-3.981.532157Yes

Alternative methods

——1439No (ref)

.290.26-1.490.631628Yes 
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P value95% CICrude ORSmoking, n=40Abstinent, n=83GroupVariable

Health status

Health

——1313Fair/poor (ref)

.041.07-6.302.592770Excel/very good/ good

Illness from smoking

——1624No (ref)

.220.74-3.611.642459Yes

Health care provider advice to quit

——1619No (ref)

.051.00-5.072.252464Yes

Communicate via Internet

——3762Less than daily (ref)

.560.38-1.700.805468Daily or more often

Past month quit methods at follow-up

Unassisted

——1321No (ref)

.400.62-3.251.422762Yes 

Behavioral interventions

——2547No (ref)

.540.60-2.771.281536Yes 

Medication

——2145No (ref)

.860.44-1.990.931938Yes 

Alternative methods

——2451No (ref)

.880.44-2.040.941632Yes 

1 month website utilization

2+ return visits

——1214No (ref)

.100.87-5.132.112869Yes

30+ minutes on site

——2037No (ref)

.570.58-2.651.242046Yes

2+ community visits

——1929No (ref)

.180.78-3.631.692154Yes 

Slightly more than half of participants (123/221, 55.7%) were
“more established quitters” (days abstinent at registration: mean
358.8, SD 1504.9, range 9713) and 43.9% (97/221) of the
sample were “recent quitters” (days abstinent at registration:
mean 3.1, SD 2.0, range 7). One respondent did not provide
valid date-based quitting-related responses and the length of
their quit at registration is unknown. Recent quitters were
younger (mean 40.39, SD 11.82 vs mean 47.33, SD 12.76,

P<.001) and had higher scores on the ARME (mean 30.46, SD
4.89 vs mean 28.75, SD 6.18, P=.03) than more established
quitters. No other baseline differences were observed.

One-Month Website Utilization Patterns and
Predictors of Community Use
Website utilization metrics are presented in Table 2. During the
first month after registration, participants made an average of
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6.61 return visits to the site (SD 17.79; median 2.00), spent
115.69 minutes on the site (SD 433.42; median 28.27), and
viewed 82.00 pages (SD 228.33; median 32.00). The most
commonly used features were Set a Quit Date (75.1%) and
Community (60.6%). There were significant differences between
recent quitters and more established quitters across a number
of utilization metrics. Recent quitters made more return visits
(median 3.00, interquartile range (IQR) 2.00-6.00 vs median
2.00, IQR 1.00-3.00, P=.01), spent more time on the site (median
42.33, IQR 18.30-75.90 vs median 25.37, IQR 11.90-39.50,
P=.02), and viewed more pages (median 39.00, IQR 18.00-88.00
vs median 26.00, IQR 9.00-45.00, P=.05), compared to more
established quitters. Recent quitters were also more likely than
more established quitters to set a quit date on the site (87.6%
vs 65.9%, P<.001), to visit the Community (70.1% vs 53.7%,
P=.01), and to engage in the Community both passively (read
blog posts: 19.6% vs 8.1%, P=0.01) and actively (wrote a blog
post: 13.4% vs 4.9%, P=.03; wrote on message boards: 10.3%
vs 2.4%, P=.01; sent private messages: 8.3% vs 2.4%, P=.05).

Predictors of Abstinence
Univariate regression analyses showed that several baseline
characteristics were predictive of 1-month abstinence (see Table
3). Older age (OR 1.23, CI 1.05-1.40), self-identification as a
more established quitter (OR 4.61, CI 1.87-11.41), better health
status (OR 2.59, CI 1.07-6.30), and being advised by a health
care provider to quit in the past year (OR 2.25, CI 1.00-5.07)
were associated with increased abstinence, whereas 7 or fewer
days of abstinence at registration was associated with lower
odds of 1-month sustained abstinence (OR 0.17, CI 0.07-0.40).
General website utilization metrics (number of return visits,
time on site) and community use did not emerge as significant
predictors of abstinence, though odds ratios suggested that
higher levels of utilization were associated with increased
abstinence.

Discussion

Principal Findings
This study is one of the first to characterize a sample of former
smokers that registered on an evidence-based Internet smoking
cessation program, document their website utilization patterns,
and explore the factors that predicted maintenance of an initial
period of abstinence. Over the 10-month study period, 1141
former smokers registered on the site. This is noteworthy given
that all promotional efforts describe the site as a smoking
cessation intervention for current smokers. Promotional efforts
that specifically appeal to recent quitters may attract an even
larger audience, as our data demonstrate that an online cessation
program is of interest to recent quitters looking for information
and support. The study enrollment rate is comparable to several
recent large-scale Internet cessation trials [25,46] and
demonstrates the feasibility of recruiting former smokers to
participate in research.

In general, this was a sample of very recent quitters, nearly half
of whom had quit within the past week and who were very
motivated to maintain this initial period of abstinence.
Two-thirds reported having an illness caused or made worse by
smoking and having been advised by a health care provider to

quit smoking. Participants had made multiple quit attempts in
the past year, and the majority had used medication and
alternative quit methods during these quit attempts. These
characteristics paint a picture of middle-aged smokers who had
experienced multiple failed quit attempts using other treatment
strategies but who were still engaged in the process of quitting.
That the sample was largely female is consistent with reports
that women are more likely than men to seek health care
information online [13].

Self-identified former smokers were not a homogeneous group
when it came to website utilization patterns. Recent quitters (ie,
those who had quit in the last week) returned to the site more
often, viewed more pages, and spent more time on the site than
more established quitters (ie, those who had quit more than a
week ago). They were also more likely to use the quit date
feature and to participate in the Community both actively and
passively. These differences may signal the more precarious
nature of their abstinence and the need for different type of
guidance and support than those who are more established in
their quit. It is noteworthy that of all the website features
examined, the most consistent patterns of differences emerged
in use of the online Community. Additional research to
understand the nature of the posts that former smokers make in
blogs and on message boards may help inform more tailored
treatment strategies specifically designed for recent quitters
versus more established quitters.

Approximately a third of participants who completed the
follow-up survey indicated that they had returned to smoking
at 1 month. Older age, longer duration of abstinence at
enrollment, better health status, and having received advice
from a health care provider to quit smoking were predictive of
abstinence. These findings suggest that it may be possible to
identify former smokers at higher risk for relapse using baseline
characteristics, which is consistent with previous research [47].
More intensive or directed intervention for former smokers at
greater risk of relapse—potentially leveraging the constant
availability of online community support—may be a fruitful
line of inquiry for future research.

Limitations
This study has several limitations. First, the wide confidence
intervals in several of the univariate analyses point to small cell
counts for several variables. This was a feasibility study
primarily designed to determine the available pool of
participants for a subsequent trial and to characterize this
understudied group of website users. Future research with a
larger sample is needed to confirm some of the preliminary
associations we have identified. Second, given the exploratory
nature of the study, we did not control for the number of
statistical analyses conducted so as not to miss important
potential relationships. This approach may have increased the
likelihood of Type I error. Third, as this was an exploratory
study, univariate logistic regression results are unadjusted and
the associations noted in the results section may not persist if
appropriate adjustments are made. Fourth, assessing abstinence
at 1-month post registration provides only an early peek at the
potential effectiveness of an Internet intervention in preventing
relapse. Studies with a longer-term follow-up are needed to
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assess the extent to which the early signals of intervention effect
are sustained over time. Finally, slightly more than half the
sample was reached for follow-up. Although this degree of
attrition is common in Internet-based studies [48], it may have
resulted in an overestimate of the proportion of participants who
were abstinent in responder-only analyses and may limit the
generalizability of these findings. However, our use of
automated tracking data ensured that we captured the full extent
of website utilization during the study period.

Conclusion
Our findings suggest that the Internet may be a promising
delivery channel for relapse prevention intervention and
highlight several important areas for future studies. Additional
research should focus on identifying recent quitters who may
be more susceptible to relapse and determining which specific
aspects of a Web-based intervention are most helpful to recent
quitters in preventing relapse. Optimizing Internet interventions
to help recent quitters maintain an initial period of abstinence
may yield significant benefits for reducing the prevalence of
smoking.
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Abstract

Background: Text messaging (short message service, SMS) has been shown to be effective in delivering interventions for
various diseases and health conditions, including smoking cessation. While there are many published studies regarding smoking
cessation text messaging interventions, most do not provide details about the study’s operational methods. As a result, there is a
gap in our understanding of how best to design studies of smoking cessation text messaging programs.

Objective: The purpose of this paper is to detail the operational methods used to conduct a randomized trial comparing three
different versions of the National Cancer Institute’s SmokefreeText (SFTXT) program, designed for smokers 18 to 29 years of
age. We detail our methods for recruiting participants from the Internet, reducing fraud, conducting online data collection, and
retaining panel study participants.

Methods: Participants were recruited through website advertisements and market research online panels. Screening questions
established eligibility for the study (eg, 18 to 29 years of age, current smoker). Antifraud measures screened out participants who
could not meet the study requirements. After completing a baseline survey, participants were randomized to one of three study
arms, which varied by type and timing of text message delivery. The study offered US $20 gift cards as incentives to complete
each of four follow-up surveys. Automated email reminders were sent at designated intervals to increase response rates. Researchers
also provided telephone reminders to those who had not completed the survey after multiple email reminders. We calculated
participation rates across study arms and compared the final sample characteristics to the Current Population Survey to examine
generalizability.

Results: Recruitment methods drove 153,936 unique visitors to the SFTXT Study landing page and 27,360 began the screener.
Based on the screening questions, 15,462 out of 27,360 responders (56.51%) were eligible to participate. Of the 15,462 who were
eligible, 9486 passed the antifraud measures that were implemented; however, 3882 failed to verify their email addresses or cell
phone numbers, leaving 5604 who were invited to complete the baseline survey. Of the 5604 who were invited, 4432 completed
the baseline survey, but only 4027 were retained for analysis because 405 did not receive the intervention.

Conclusions: Although antifraud measures helped to catch participants who failed study requirements and could have biased
the data collected, it is possible that the email and cell phone verification check excluded some potentially eligible participants
from the study. Future research should explore ways to implement verification methods without risking the loss of so many
potential participants.
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ClinicalTrial: Clinical Trials.gov NCT01885052; https://clinicaltrials.gov/ct2/show/NCT01885052; (Archived by WebCite at
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(JMIR Res Protoc 2016;5(2):e134)   doi:10.2196/resprot.5653
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Introduction

Text messaging (short message service, SMS) has been shown
to be effective in delivering interventions for various diseases
and health conditions, including smoking cessation. There are
many similarities in the design of existing text-based cessation
interventions. Kong et al [1] conducted a narrative review of
15 text-based smoking cessation interventions and found that
all based their motivational messages in cognitive behavioral
and social cognitive theories focused on self-efficacy, with
roughly half of the interventions tailoring the message content
according to baseline questionnaire responses. All studies
recruited participants who indicated that they were willing to
quit smoking, and seven of the programs recruited young adults
18 to 29 years of age. The reviewed interventions varied in
duration and format. All interventions included text messages
to participants during the active quit phase, which ranged from
1 to 13 weeks; 10 interventions also included a preparation
phase (ranging from 1 to 4 weeks) before the participant reached
his or her quit date, and 8 included a maintenance phase during
which the number of text messages received decreased over
time. Similarly, the number of text messages varied by
intervention, from nine messages per day to three per week,
with increased frequency during the active quit period. Eleven
of the interventions reviewed specifically offered or informed
participants about other cessation treatments, including support
through email, websites, self-help booklets, and medication, to
supplement the text messaging intervention.

When developing smoking cessation studies, researchers also
look to previous studies to answer questions pertaining to how
study participants should be recruited, what type of data
collection strategy would work best for a smoking cessation
text messaging program, how frequently the data should be
collected, what kind of incentive (if any) should be used, what
type of antifraud methods should be used, how long recruitment
should last, what response and retention rates can be anticipated,
and what level of follow-up is required to retain participants
through all data collection activities.

While the review by Kong et al provided details about the key
elements of text messaging programs, it did not provide clear
answers to these specific issues; however, it did synthesize the
general methods used in the 15 studies that were reviewed. This
review indicated that recruitment strategies for text-based
cessation interventions most frequently used online venues (eg,
Google, Facebook, Craigslist; [2-4]), although Free et al [5]
reported use of a wide variety of recruitment methods, including
radio, billboards, newspapers, and cessation service providers.
Kong et al found that data collection tended to be conducted
online [3-5] with secondary options including phone [5] and
text message [4]. Very few studies reported offering a financial

incentive for data collection efforts. Ybarra et al [4] offered US
$10 to $20 for completion of post-quit follow-up surveys, but
they did not discuss fraud that may have occurred as a result of
this financial incentive. Reviews and individual studies often
do not provide the details about the operational methods used,
and do not highlight the lessons learned from using these
methods, resulting in a gap in our understanding of how best to
design studies of smoking cessation text messaging programs.

Study Objective
While some studies provide a general description of study
methods, most do not provide the details about operational
methods used to conduct a study. The purpose of this paper is
to detail the operational methods we used to conduct a
randomized trial comparing three different versions of National
Cancer Institute’s (NCI) SmokefreeText (SFTXT) program
(Clinical Trials.gov NCT01885052). In particular, we detail our
methods for recruiting participants from the Internet, reducing
fraud, conducting online data collection, and maintaining the
panel of over 4000 study participants.

Rationale for the Study
This study was developed to compare three different versions
of NCI’s SFTXT program, which is designed for smokers 18
to 29 years of age. The current SFTXT program (available at
NCI’s smokefree.gov website [6]) is an 8-week text messaging
program that includes 2 weeks of preparatory messages before
a participant’s quit date and 6 weeks of motivational support
messages after a participant’s quit date. For this study, we
assigned a quit date 2 weeks post-baseline, as opposed to the
real-life application of SFTXT that allows users to choose their
own quit date. Program data indicated that 34.1% of participants
dropped out of the program within one week after their chosen
quit date. Given these data, NCI was interested in determining
whether a modified program focusing only on preparatory
messages and quit-day support messages would be as effective
as the full program. NCI also wanted to determine how these
high-intensity motivational messaging programs compared with
a low-intensity program that provided only quit date reminders
and smoking status check-in messages. Three different versions
of the SFTXT program were tested using a randomized
three-arm longitudinal study design. The number of texts
received varied by study arm, with Arm 1 participants receiving
11, Arm 2 participants receiving 40, and those in Arm 3
receiving a total of 127 text messages. Participants received a
variety of types of texts depending on their group assignment.
Examples of the types of texts included quit date reminders,
tips on staying smoke-free, motivational messages, facts about
smoking cessation, mood assessments, and others. The authors
can be contacted for a full description of the study, including
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details about the intervention components of all three SFTXT
programs tested.

Methods

Recruitment Goal and Power
To determine the sample size needed to conduct this study, we
performed a power analysis [7] assuming a 32% predicted
smoking abstinence rate and a 60% wave-to-wave attrition rate.
The analytic goal was to detect a 5% difference between any
two arms within the experimental design with 80% power and
a two-sided test. This power analysis yielded a conservative
baseline recruitment size of 4248 (1416 per arm) and a minimum
sample size of 435 participants per arm to complete all five
surveys.

Recruitment Methods

Advertisements
SFTXT Study participants were recruited from June 26, 2013,
through January 8, 2014, using a series of online strategies.
Advertisements were posted on Facebook, Craigslist, and
Pandora, along with search ads on Google, Yahoo!, and Bing.
Additionally, market research firms emailed announcements
about the study to their online panel members who smoked, and
were within the eligible age group. Individuals who clicked on
an SFTXT Study advertisement were directed to a 10-question
screener to determine study eligibility.

Eligibility Criteria
To be eligible to participate in the study, individuals had to (1)
be aged 18 to 29, (2) live in the United States, (3) have smoked
on at least 5 of the past 30 days, (4) be at least moderately
interested in stopping smoking within the next 30 days, and (5)
not be seeking cessation services elsewhere. Given that all study
communication was conducted via email or by text message,
participants needed to have an active email address and agree
to receiving up to 130 messages over 8 weeks on their mobile
phones. Only one family member per household was eligible
to participate in the study, as determined by a question on the
screener questionnaire, and verified using an automated Internet
Protocol (IP) address duplication check. Participants could not
have a close friend who was already participating in the study.
Finally, to be eligible, individuals had to be willing to share
their contact information.

Eligible individuals completed an online consent form and were
required to provide their email address (entered twice) and
mobile phone number, and give permission for the study team
to use the email and phone number to send surveys and leave
reminder messages. Eligible individuals were also asked for an
alternate phone number, but could participate in the study
without providing one. Ineligible individuals were asked to
complete a four-question exit survey that included demographic
questions about sex, race/ethnicity, and education level.

Email and Text Verification
To confirm contact information, participants responded to an
email verification request and a text message verification request
before receiving the baseline survey. This procedure also

verified that a participant could receive both emails and text
messages for the study.

Incentives
To keep participants engaged in the study, we initially offered
a choice of an Amazon or iTunes electronic gift card as an
incentive for completing each of the five surveys. We conducted
an initial pilot study for 2 weeks in July, 2012. Within the first
few days of this pilot, we noticed that similar email addresses
were being used to enroll participants. For example, an enrollee
might have entered Jane.Doe@gmail.com, and shortly thereafter
we would find a similar email address, such as
JDoe@gmail.com. Upon investigation, we discovered that the
system we created to check for duplicate emails or phone
numbers was not working properly. To verify that the second
case was associated with the first, we examined the IP addresses
from the two cases to see if they were identical. We identified
105 duplicate or fraudulent enrollees, and these cases were
notified by email that they were terminated from the study. We
stopped the study for 16 days to fix the system for duplication
checks, and added more antifraud measures, which are described
below. We also decided to stop incentivizing the baseline survey.
Instead, we only incentivized the four follow-up surveys at US
$20 per survey.

Antifraud Measures
To ensure the integrity of the SFTXT Study sample, multiple
antifraud measures were implemented within the screener
instrument to prevent two types of behaviors: (1) eligible
participants enrolling multiple times in the SFTXT Study
(presumably) to obtain multiple incentives (US $20 for
completion of each of the four follow-up surveys), and
(2) previously ineligible individuals reenrolling and changing
their responses to be within the eligibility criteria.

Our antifraud process included the following measures:

• CAPTCHA. CAPTCHA is a technique used to verify that
a person, and not a computer, is accessing the website. A
common type of CAPTCHA asks a user to type letters or
numbers that appear in a distorted image on the screen. This
task is very difficult for a computer to perform, making it
an effective way to verify that a person is on the other end
of the transaction.

• Honesty pledge. An honesty pledge can be implemented at
the start of a survey to attempt to improve data quality.
Users are asked to acknowledge that they intend to answer
the survey truthfully. Results from a recent study presented
at the American Association of Public Opinion Reporting
(AAPOR) suggested that these types of pledges can help
reduce the occurrence of straightlining, question skipping,
and other types of fraud [8].

• Hosting the survey on a secure site. With a secure site, only
those with a password can gain access. This mechanism
reduces the likelihood that a participant could tell their
friends to take the survey to collect incentives. To access
each survey, participants needed to enter the username and
password that was sent to them with the link to the
follow-up surveys.
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• Conducting rigorous data cleaning. The cleaning process
looked for straightlining, anyone completing the survey in
an extremely short amount of time, and other such
indicators.

• Duplication checks. The antifraud process included
automated duplication checks of phone numbers, email
addresses, and IP addresses. If duplicates were detected,
the individual was excluded from the study. To ensure that
no lapses occurred in antifraud prevention, retroactive
duplication checks were implemented by linking cases to
one another through the contact information and IP
addresses, which helped to ensure the sample’s validity.

Data Collection
Once participants completed the verification process, they were
invited to participate in the study. Study data were collected at
five time points: baseline, 3 weeks post-baseline (7 days
post-quit date), 8 weeks post-baseline (6 weeks post-quit date),
20 weeks post-baseline (18 weeks post-quit date), and 32 weeks
post-baseline (30 weeks post-quit date). Additionally, upon
completion of the baseline survey, participants were randomly
assigned to one of the three study arms. A quit date was set at
2 weeks after completion of the baseline survey for all study
participants.

Participants were invited to complete each survey via an email
with a link to the study website. Participants could complete
the survey at one time or could save their partial responses and
complete the survey later. Participants were required to take the
baseline and 3-week follow-up survey within 14 days of the
initial email invitation and within 36 days for the 8-week,
20-week, and 32-week surveys, and were classified as survey
non-respondents if they did not do so. These participants,
however, remained in the study and were invited to complete
the remaining questionnaires. Participants who had not
completed a survey were emailed reminders on the third, fourth,
fifth, sixth, and tenth day after the invitation was sent. If a
participant still had not completed a survey, a staff member
telephoned them as a final reminder before expiration of the
2-week window for taking the survey.

Panel Support and Maintenance
To support the study, project team members answered
participants’questions about the study via email and telephone.
The majority of participant questions focused on the verification
process, missing login information, and requests to have
incentive gift codes re-sent. This process enabled participants
to update their contact information and receive answers to
questions regarding existing survey invitations and incentives,
which helped to ensure that the intervention was implemented
as designed.

Participants were allowed to withdraw from all or parts of the
SFTXT Study at any time, including the 2-week period before
the assigned quit date. Participants who texted “STOP” in the
2 weeks before the assigned quit date were opted out of the
study entirely and received no future text messages or follow-up
survey invitations, as they would not have received the
intervention. Participants who texted “STOP” after the assigned
quit date no longer received the text messages but continued to

receive follow-up survey invitations and were still considered
study participants. These individuals could still opt out entirely
if they contacted the study director to leave the study completely.

Statistical Analysis
To be considered a study participant, an individual needed to
meet all eligibility criteria, complete the verification process,
and complete the baseline survey. Individuals were defined as
verified if they provided informed consent, pledged to give
honest responses, provided an email address and phone number,
and verified their contact information. For the baseline survey
to be considered complete, individuals needed to respond to
essential questions (eg, smoking history, demographics). To
assess differences between arms for response and retention rates,
we conducted significance testing based on a chi-squared test
for differences between Arms 1 and 2, Arms 1 and 3, and Arms
2 and 3. To calculate the response rate for the baseline survey,
we used the AAPOR [9] RR6 formula with noncontact and
other set to zero.

Results

Participant Recruitment
Participants were recruited over 196 days. Figure 1 presents the
steps involved in recruiting and determining the eligibility of
study participants, and the number retained and excluded at
each step, beginning with initial visits to the SFTXT landing
page where the study screener was located. There were 153,936
unique visitors to the landing page, or 785 visits per day on
average.

Of those 153,936 unique visitors, 27,360 (17.77%) began the
screener. Based on their responses to the screener, 15,462 of
27,360 visitors (56.51%) met the study’s eligibility
requirements. Failure to provide informed consent excluded
3428 of the 15,462 eligible participants (22.17%). Antifraud
measures excluded 2548 of 12,034 participants who provided
informed consent (21.17%): 576 (4.79%) refused the honesty
pledge, 1312 (10.90%) did not provide contact information, and
660 (5.48%) failed the duplication checks, leaving 9486 of the
15,462 eligible participants (61.35%) who had both consented
and passed the antifraud measures. Another 3882 of 9486
(40.92%) eligible participants were sent a verification code;
however, they failed to verify their email address and phone
number and were excluded based on this requirement.

The remaining 5604 respondents were sent an invitation to
complete the baseline survey; 1172 of 5604 respondents
(20.91%) did not complete this survey and were excluded from
the study. Participants (405 of 4432, 9.14%) were also excluded
if they did not receive the intervention. For example, 233 of
4432 faced technical difficulties (eg, undelivered text messages).
Participants who texted “STOP” at any point before their quit
date (n=150) were excluded because they had not received an
essential part of the intervention (ie, messages on their quit date)
and, depending on the study arm, may have received less than
half of the text messages. A small number of participants (n=22)
opted out of the study entirely by notifying the project team,
typically via email. Those who texted “STOP” after the quit
date were retained in the analytic sample.
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Final Sample
A total of 4,027 participants were retained for analysis, including
participants who texted STOP after their quit date (n=236), as
they had received the essential quit date messages and most of
the intervention at that point. The frequency of texting “STOP”
messages sent after the quit date was significantly higher in
Arm 3 (153/236) than in Arm 1 (54/236) or Arm 2 (29/236) and
significantly higher in Arm 1 than in Arm 2. Of these
participants, 41 responded to a survey question asking why they
opted out of receiving further text messages, with the majority
(51%, 21/41) reporting that there were too many texts or that

the texts were bothersome. Others stated that the texts did not
help them quit smoking (10/41), or that they had stopped trying
to quit (6/41).

Response and Retention Rates
Verified and consented individuals (5604 of 9486 eligible
participants) were invited to take the SFTXT baseline survey,
and 4027 participants subsequently completed it and were
retained for analysis (see Table 1). This sample size, which
excludes participants who completed the baseline survey but
were ultimately dropped from the analytic sample, equates to
a response rate of 71.86% (using the AAPOR RR5 formula [8]).

Table 1. Response rates by recruitment stage and study arm (n=153,936).

Arm 3Arm 2Arm 1OverallResponse rate for recruitment stage

%n%n%n%n

———153,936Unique visits to project websites

———17.7727,630Initiated screener/initiation rate

———94.3126,057Completed screener/screener rate

33.07511434.32530732.60504159.3415,462Eligible

33.44187433.94190232.62182836.245604Verified (baseline survey invitation)

32.63131434.77140032.60131371.864027Completed baseline surveya,b

aAn AAPOR [9] RR6 formula was used for the calculation, with noncontact and other set to zero.
bIncludes all cases retained for analysis.

Retention rates for each follow-up survey were calculated for
the analytic sample (n=4027; Table 2). Approximately 56.67%
(2282/4027) of participants completed all four follow-up
surveys, and 19.99% (805/4027) did not complete any of the
follow-up surveys. Within each study arm and across arms,
retention rates tended to decline as the weeks between baseline
and follow-up increased. For example, the retention rate for the
3-week follow-up survey was 74.72% (3009/4027), whereas
the retention rate for the 32-week follow-up survey declined to
64.64% (2603/4027). The lowest retention rates in the 3-week
and 8-week follow-up surveys were in Arm 1, whereas the

lowest retention rates in the 20-week and 32-week follow-up
surveys were in Arm 3.

For the 3-week follow-up, Arm 2 had a significantly higher
retention rate than Arm 1 (P=.01). There were no significant
differences between arms at the 8-week and 20-weeks
follow-ups. For the 32-week follow-up, Arm 2 had a
significantly higher retention rate than Arm 3 (P=.03). Arm 1
was significantly more likely than Arm 2 not to complete any
follow-up surveys (P=.01). Arm 2 was significantly more likely
than Arm 3 to complete all follow-up surveys (P=.05).

Table 2. Retention rates (n=4027).

Arm 3 (n=1314)Arm 2 (n=1400)Arm 1 (n=1313)Overall (n=4027)Follow-up survey

%n%n%n%n

75.2798976.50107172.2894974.7230093-week

70.9393273.14102470.4592571.5428818-week

64.8485268.3695765.9686666.42267520-week

62.7182466.6493364.4384664.64260332-week

19.5625718.2925622.2329219.99805Completed no follow-up surveys

54.6471858.4381856.8274656.672282Completed all follow-up surveys

The proportion of participants who completed each survey on
the day the invitation was emailed was highest for the baseline
survey (56.16%, 3147/5604) and lowest at the 32-week

follow-up survey (22.80%, 918/4027), as shown in Table 3.
Email and telephone reminders boosted the response rate for
all five surveys.
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Table 3. Percentage of the overall sample completing survey by prompt and data collection point (n=4027).

32-week20-week8-week3-weekBaselinePercent complete

22.824.131.830.956.2Day invitation sent

7.98.09.08.95.6Day after invitation sent

2.3–7.02.5–5.61.4–4.73.8–7.91.1–2.1Single email remindera

2.93.22.63.00.8Single phone reminder

aFour email reminders were sent for each survey.

Representativeness of the Sample
Multimedia Appendix 1 presents the demographic and smoking
history characteristics for the SFTXT analytic sample compared
with population estimates from the January, 2011 Current
Population Survey (CPS), the most recent survey data available
with detailed cigarette smoking information [10]. CPS data are
weighted, so counts are not displayed. To create the SFTXT
population within CPS, the CPS data were subset down to
individuals 18 to 29 years of age who smoked five or more
cigarettes per day. The SFTXT sample was predominately
female (70.15%, 2825/4027), whereas the CPS population had
a more equal distribution of females and males. Compared with
the CPS population, the SFTXT sample included more highly
educated participants (25.4% vs. 17.3% with a college degree
or more), but fewer participants that were employed full-time
(39.7% vs. 62.1%). Household income and race/ethnicity
characteristics were similar between SFTXT and CPS. In terms
of smoking history, the SFTXT sample contained a higher
proportion of individuals who tried to quit smoking at least once
in the past year (73.8%) compared with the CPS population
(60.9%). Average scores on the Heaviness of Smoking Index
were higher in the SFTXT sample than in the CPS population,
indicating higher nicotine dependence levels among SFTXT
participants. Multimedia Appendix 1 also displays demographic
and smoking history characteristics within each study arm of
the SFTXT sample. These characteristics did not differ
significantly by study arm.

Discussion

Principal Findings
When designing this study, we reviewed past studies of smoking
cessation text messaging interventions to determine what
methods had been successfully used in the past. Unfortunately,
few studies provided details about study implementation and
the effectiveness of strategies that were used to recruit, retain,
and manage study participants and reduce fraudulent entry into
the study. Our results help to fill these gaps.

Through online advertising, this smoking cessation study
resulted in 153,936 visits to the study’s landing page, of whom
27,360 screeners initiated, and 4027 participants were recruited.
Antifraud measures prevented, at a minimum, 2448 people from
enrolling. Another 3882 respondents were excluded from
participating because they did not validate both their email and
phone number when sent the verification requests. Of the 4027
participants recruited, 64.64% (2603/4027) were retained across
four follow-up waves that extended to 32-weeks

post-intervention. Results from our examination of the
effectiveness of the enrollment, data collection, and antifraud
methods used in this study can be used to inform the methods
and procedures developed for future studies. Although the
effectiveness of every procedure we used cannot be quantified,
we offer the following suggestions based on experience
conducting this study.

First, the online advertising and other recruiting efforts were
effective in driving more than 150,000 people to the study
website, with over half meeting the eligibility criteria. When
compared with CPS data, a higher proportion of our sample
was female and had higher levels of educational attainment.
However, study participants were heavier smokers and had
previously tried to quit in the past year, likely because of our
eligibility requirement that participants must be at least
moderately interested in quitting.

While the total sample was slightly smaller than our target goal
of 4248, our retention rates were higher than anticipated, with
56.67% (2282/4027) completing all four follow-up surveys. We
had initially planned for approximately 60% attrition over the
four waves of follow-up, for a total of 40% completing the final
follow-up survey.

The reason for this higher than expected retention rate may have
been the incentive of the US $20 Amazon or iTunes gift cards
offered for completion of each follow-up survey. Future studies
could use smaller incentive amounts to see if they would be
equally effective in retaining the sample. We recommend
incentivizing only follow-up surveys; offering an incentive for
a baseline survey that is recruiting participants through online
advertising seemed to invite people to attempt to enter the study
more than one time so they could get additional gift cards.

Retention rates differed by arm, with Arm 2 having higher
retention rates than Arm 1; this result is not entirely unexpected
because Arm 2 received significantly more text messages than
Arm 1. However, the amount of communication received does
not solely explain differences in retention rates by arm, as Arm
3 received significantly more messages than Arm 2. This finding
may indicate a threshold for the amount of messaging that keeps
participants engaged in both the intervention and the study. In
this case, Arm 1 may have been below that threshold while Arm
3 exceeded that threshold.

Multiple email reminders to encourage participants to complete
each survey may have positively affected completion rates for
each survey. While we are unable to disentangle the effect of
these reminders from the effect of the incentives, our findings
suggest that the additional email reminders and the single phone
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reminder resulted in a small percentage of participants
completing a survey, especially for the 32-week follow-up
survey, while a single email reminder appears to have prompted
7.0% of the sample to complete that survey. We recommend
that researchers who are conducting longitudinal online surveys
use multiple email reminders over time to encourage participants
to complete each survey.

To receive an invitation to complete each survey, having a
correct email address for each participant was necessary. For
studies such as this one, we recommend requiring participants
to enter their email address two times and programming the
data collection instrument to continue only if both email
addresses match. However, additional procedures may be needed
to ensure that those who are eligible do not have any other
barriers to participation. In the overall recruitment process, the
largest number of potential participants lost was during phone
number and email verification. This number represented a large
proportion of the otherwise eligible sample (40.92%, 3882/9486)
and, although we sent an email reminding participants to
complete the verification process, if their email address was
problematic, they would not have received the reminder. Future
studies could use both phone and text-based reminders, and
should explore other ways to prevent such loss. Without
additional research, it is difficult to know all of the possible
reasons for so many unverified cases. It is plausible that potential
participants did not receive or notice the verification email
and/or text, or felt it was too burdensome to go through that
process. Others may simply have forgotten. Regardless of the
reasons for their dropout, these individuals were known to be
eligible and had provided contact information. Additional
research could help to determine whether email or phone
information is inaccurate, or if reminders to verify (or
instructions emphasizing the simplicity of the verification
procedures) can help to reduce the number of participants who
do not complete the process. In addition, researchers should be
mindful of such instances during the recruitment phase, because
this type of sample loss incurs unnecessary costs to the
recruitment effort.

Previous Internet studies of smoking cessation have found some
respondents to be fraudulent [2]. The antifraud procedures we
established allowed us to identify more than 5000 cases that

would have been included in the dataset otherwise. Thus, we
were able to screen out participants who may have continued
to provide bad or duplicate data, and enhance the overall quality
of the dataset. The results of this study add further evidence to
growing literature that suggests antifraud measures can help
deter some respondents who otherwise might have provided
less complete or invalid data [8].

Limitations
Compared with CPS data, our sample was more likely to be
female, younger, more educated, heavier smokers, and more
likely to have tried quitting in the last year than the general
population of smokers 18 to 29 years of age. CPS data did not
ask how motivated smokers were to quit, leaving us unable to
determine if our sample was more motivated than the general
population of smokers 18 to 29 years of age; being moderately
interested in quitting was a study requirement. Consequently,
the results cannot be generalized beyond this specific sample.
Our findings are limited, because we did not design our study
to determine the effectiveness of individual study procedures
(eg, email reminders, phone reminder, incentives) in retaining
participants. Future studies could be designed to conduct
experiments to compare these methods.

Comparison with Prior Work
Our results detail specific methods used to conduct an online
longitudinal study of a text-based smoking cessation
intervention. Other studies have reported on outcomes, but to
date, no other studies provide detailed information about the
effectiveness of the operational methods used to conduct the
studies.

Conclusions
The methods described here helped the project team to recruit
an overall sample of more than 4000 smokers for the study.
Antifraud measures helped to catch participants who tried to
collect multiple incentives or were unable to verify their phone
numbers or email addresses. This step may have resulted in loss
of potentially eligible sample members, but may have
contributed to higher retention rates than we originally projected.
This tradeoff is a lesson for future studies. Additional research
should explore more efficient ways to conduct such verification
without risking the loss of so many potential respondents.
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