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Abstract

Background: Any study with human subjects must have a robust consent process to ensure that participants understand the
study and can decide whether they want to be involved. Investigators must determine whether a potential study participant is able
to make an informed decision and what modifications or supports are needed to maximize participation in decision making. A
variety of approaches have been used to modify consent forms and the consent process to increase the research participants’
decisional capacity. This protocol describes a randomized controlled trial (RCT) of a digital health app to support decision making
among individuals contemplating providing consent to participate in a clinical trial.

Objective: The objective of this RCT will be to determine if the use of a tablet-based app facilitates greater participation in and
satisfaction with the consent process compared with standard practice and identify which individual factors are associated with
better response to the decision aid. We hypothesize that the tablet-based version of the consent process will promote more informed
decision making, including decisions that are more consistent with individual preferences and values expressed during qualitative
data collection.

Methods: A two-arm RCT will be conducted in a sample of approximately 100 individuals with fragile X syndrome in their
homes across the United States.

Results: Data analysis will be completed by late 2018.

Conclusions: By developing and testing a novel consent decision aid, we will have a better understanding of whether and how
technological support can optimize the fit between the decisional capacity and the decisional process.

Trial Registration: ClinicalTrials.gov NCT02465931; https://clinicaltrials.gov/ct2/show/NCT02465931 (Archived by WebCite
at http://www.webcitation.org/72Q3xJQAw)

International Registered Report Identifier (IRRID): PRR1-10.2196/10360

(JMIR Res Protoc 2018;7(11):e10360)   doi:10.2196/10360
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Introduction

Background
Any study with human subjects must have a robust consent
process to ensure that participants understand the study and can
decide whether they want to be involved. The Belmont Report
[1] identified the following 3 ethical principles that should guide
human subjects research: respect for persons, beneficence, and
justice. However, investigators who study individuals with
intellectual disability (ID) face a special challenge; they must
determine whether a potential study participant is able to make
an informed decision and what modifications or supports are
needed to maximize participation in decision making. Fulfilling
this obligation responsibly requires an understanding of the
necessary components of consent, knowledge of common
features of the cause of the person’s ID, and evidence-based
adaptations to maximize informed decision making. Ultimately,
ID researchers must acknowledge the delicate balance between
respect for autonomy and the responsibility to protect vulnerable
individuals [2]. Unfortunately, there is limited research on the
decisional capacity of people with ID and the supports they
need to consent to participate in research studies. This study
will expand this knowledge base through an assessment of a
digital health intervention for adolescents and adults with fragile
X syndrome (FXS). FXS is an excellent prototype because of
the wide range of cognitive abilities in affected individuals and
the recent increase in clinical trials for new medications targeted
at the core biology of FXS.

Fragile X Syndrome
FXS is the most common known inherited cause of ID. Males
typically have moderate ID, although impairment can range
from mild to severe; females typically have mild ID, ranging
from normal cognition to moderate impairment [3-5]. FXS is
highly associated with a range of cooccurring conditions, the
most common of which are attention problems and anxiety [6].
Longitudinal studies of FXS have shown deficits in areas such
as sustained attention, response inhibition, working memory,
and other executive functions likely to be associated with the
capacity to consent [7-10]. Reading is challenging for males
[11]. A large national survey found that although 44% of adult
males with FXS could read basic picture books or simple stories,
only 19% could read books that contain new words or concepts
[12]. In contrast, 91% of adult females with FXS could read
basic picture books or simple stories, and 76% could read books
that contain new words or concepts. Further complicating these
findings is the high coassociation between FXS and autism and
consistent findings that individuals with both FXS and autism
exhibit more severe deficits [9,11].

Recent advances in understanding the molecular basis of FXS
have led to a new generation of targeted treatments [13,14], and
clinical trials are under way using a variety of novel compounds.
Owing to the possibility of side effects and the potential for
significant changes in behavior or ability as a result of taking
these medications, the importance of obtaining meaningful
consent, not only from parents but also from individuals with
FXS, has been elevated to a new level. Researchers and
Institutional Review Board (IRB) members need data to guide

decisions about involving individuals with FXS in the consent
process. Unfortunately, little is known about the extent to which
individuals with FXS can be or are involved in decisions about
research participation.

Decisional Capacity and Informed Consent
A variety of approaches have been used to modify consent forms
and the consent process to increase the research participants’
decisional capacity. Early research focused on simplifying
language (eg, shorter sentences and less technical vocabulary)
and modifying the presentation (eg, bulleted or bolded text)
[15-17]. Multimedia formats, such as slides, videos, or
touchscreen computer programs, have also been tested [18-20].
Other approaches have sought to include a third party, such as
a nurse or counselor, in the consent process [21,22]. Another
alternative has focused on testing the participant on information
contained in the consent form and providing feedback on
incorrect answers [23,24].

However, most of these studies have not focused on individuals
with ID. In a recent review, Goldsmith et al [25] summarized
22 studies of interventions designed specifically for individuals
with ID. A primary finding was that life experiences—residence,
history of decision making, and previous health
experiences—contributed to the ability to provide consent
[26-29]. Another key finding is that the method of presentation
is important, especially for individuals with poor communication
skills or lower memory ability [19,30]. Many studies have shown
that general intelligence, verbal ability, and memory are
correlated with the ability to consent [26-31].

Despite these conclusions, we still do not have a validated digital
health app to enhance the decisional capacity in individuals
with ID, and there is no consensus on the best approach to use
[32]. A variety of techniques may be needed depending on the
skill level of participants [33]. For example, although individuals
with FXS have some weaknesses in visual-spatial processing
[34], they have a relative strength in visual contextual memory
[35], suggesting visual cues may help increase understanding.
Recent papers suggested that the use of new technologies,
primarily apps designed for tablets such as the iPad, have great
potential for enhancing communication with people with ID
[36,37]. Tablets are designed to be engaging and relatively
intuitive to use. Our belief is that an appropriately designed
tablet-based informed consent app has great potential for
enhancing the decisional capacity.

This study will be the first systematic investigation of the
decisional capacity in FXS in which we will develop and
evaluate a decision aid (DA) with the intent of enhancing
participation in the informed consent processes. The content of
the digital informed consent app is based on an existing gold
standard measure of the decisional capacity, the MacArthur
Competence Assessment Tool for Clinical Research
(MacCAT-CR) [38]. The MacCAT-CR is a structured clinical
interview used to assess the capacity to consent in individuals
with known or suspected deficits in cognitive ability. The
interview covers the following 4 areas of the capacity to consent:
understanding of the information presented about the nature of
the research project; appreciation of the effects of research
participation (or nonparticipation) on the potential participant’s
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own situation; reasoning about the decision to participate (or
not); and expressing a choice about participation. The
MacCAT-CR has been used in research settings with individuals
with Alzheimer’s disease or schizophrenia [39,40]. Although
the MacCAT-CR has been adapted for use in individuals with
general ID [41], it has never been used to examine the capacity
in a specific subpopulation, such as FXS, or been modified for
use in a digital health app. Below we briefly describe the
development of a tablet-based app.

Description of the Digital Health App
Design and development of the intervention material and the
principles that informed our approach are described elsewhere
[42]. The FXS DA is a tablet-optimized, responsive Web app
that delivers content through 3 major components as follows:
scenario-based vignettes to present key concepts on clinical
trials, informed consent, and other IRB-required material; quiz
items to assess the decisional capacity based on the
MacCAT-CR; and a tile sorting activity to provide a values
clarification exercise at the conclusion of each session (Figures
1 and 2). Material for the DA was developed using input from
a multidisciplinary committee of experienced developmental
or clinical psychologists, clinicians, and communication
scientists, based on data from qualitative interviews conducted
with caregivers and individuals with FXS. Technical activities
were informed by an agile, user-centered design approach,

existing literature on the principles of universal design, and best
practices for developing DA. The DA was implemented in
Hypertext Markup Language 5 using CreateJS libraries for
integration of animated multimedia, audio narration, and active
tasks. The user interface and user experience were optimized
for iOS tablet-based deployment and support interaction through
standard touchscreen gestural controls (eg, swipe, tap, drag, and
pinch).

A custom case management system enables event logging for
each study participant, including case identifier, interaction
specifics, and session time stamps. Built-in app analytics report
events via JavaScript Object Notation packets sent over Secure
Hypertext Transfer Protocol to a data management service that
logs events, storing data in an encrypted relational database.
Data extraction and reporting are performed by analysts using
Structured Query Language queries and scripted transformations
to prepare session data for the statistical analysis. FXS DA
sessions lasted approximately 25 minutes and were intended to
be deployed under supervised, experimental conditions in a
study participant’s home or clinical setting by field staff.
Devices used for field deployment were configured and
conditioned throughout data collection in a manner consistent
with the recommendations for tablet-based digital health
intervention research by Furberg et al [43]. A video
demonstration of the FXS DA is available in Multimedia
Appendix 1.

Figure 1. FXSDA screenshot.
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Figure 2. FXSDA screenshot.

Research Questions and Hypotheses
The primary research question was, “Does a tablet-based app
facilitate greater participation in and satisfaction with the
consent process compared with standard practice?” We
hypothesize that the tablet-based version of the consent process
will promote more informed decision making, including
decisions that are more consistent with individual preferences
and values expressed during qualitative data collection. The
secondary research question was, “What individual factors, such
as IQ, autism status, or executive function, are associated with
better response to the decision aid?” We hypothesize that all
individuals with FXS will benefit from the tablet-based version,
but those with higher functioning levels may benefit the most.
Potential advantages of a tablet-based approach to patient
education include consistent content and delivery, active
learning, privacy, potentially greater access than a human health
educator, and potential cost-effectiveness [44]. We expect that
the interactive nature of the app will foster greater involvement
in the decision making, a sense of empowerment, greater
self-efficacy, and more satisfaction.

Methods

Trial Design
We will use a two-arm, parallel-design, randomized control trial
(RCT) with a 1:1 allocation ratio. Participants will be
randomized into either the control or experimental group. As
shown in Table 1, both groups will be exposed to the same
informed consent content but delivered through different
channels—a digital informed consent app (experimental) or
paper informed consent or usual practice (control). The content
of both versions of the informed consent describes the
requirements for participating in a hypothetical clinical trial for
a fake prescription drug for FXS. Both versions include
IRB-required information (eg, study procedures, study duration,
and compensation). The digital informed consent app does not
meet all of the regulated technical requirements for electronic
informed consent (ie, the signature component). Additional
details regarding trial design and conduct can be found in the
CONSORT-EHEALTH checklist (Multimedia Appendix 2).

Participants
Up to 50 pairs of adolescents or adults (aged ≥14 years) with
FXS, a subset of 250 individuals who completed a battery of
neurocognitive assessments (including intelligence quotient,
reading abilities, autism, and anxiety comorbidities) between
2013 and 2016, will participate in this study.
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Table 1. An overview of the study design, with details regarding how the variables differ across conditions.

ExperimentalControlComponent

Delivery of information •• Paper informed consent form paired with tablet-based
tool which contains visual and audio components

Paper informed consent form paired with verbal
overview of key points

Language •• Complex (paper) and simplified (tablet-based tool)Complex (paper) and simplified (verbal overview)

Exposure to information •• Paper informed consent form will be sent to participant
and family before data collection visit. They will be
able to review as many times as they wish before visit

Paper informed consent form will be sent to participant
and family before data collection visit. They will be
able to review as many times as they wish before visit

•• During visit, the participant can go through the tablet-
based tool up to 3 times

During visits, simplified overview of informed consent
form will be provided in person just once

MacCAT questions •• All questions will be embedded within the vignettes
or presentation of disclosure information

All questions will be asked after the disclosure infor-
mation has been presented

•• Use simplified wording for questions- similar to
flipchart

Questions will have the same wording as experimental
condition

• •Procedures will mimic MacCAT or flipchart (incorrect
or partial credit will be given opportunity to answer
question again after disclosure information is repeated)

Procedures will mimic MacCAT or flipchart (incorrect
or partial credit will be given opportunity to answer
question again after disclosure information is repeated)

•• Multiple choice options rather than open-ended.Multiple choice options rather than open-ended
• •Paper and pencil data collection Response data stored within tool and exported to

dataset for analysis

Recruitment
In this study, the following 3 primary methods will be used for
recruitment: recontacting families who have participated in prior
longitudinal assessment studies conducted by the research team;
recruiting through the fragile X research registry maintained by
the University of North Carolina at Chapel Hill; and announcing
the research on the National Fragile X Foundation website. We
have been highly successful in recruiting fragile X study
participants, including a large national survey of >1000 families
[45] so anticipate few problems in recruiting an adequate
sample.

Inclusion or Exclusion Criteria
Eligibility will be determined by a person’s scores on an initial
assessment, which includes a standardized IQ and autism
measure. Participants will be excluded if they receive a score
of ≤30 on the IQ measure; receive a score between 31 and 40
on the IQ measure and have a diagnosis of autism with severe
autism symptoms as noted on a standardized autism measure;
or are determined to have other behavioral challenges that would
preclude their inclusion (eg, mutism and severe aggression).
These exclusion criteria cutoffs were established to ensure a
minimal level of comprehension and adaptive behavior for the
study; IQs of ≤35 are indicative of severe ID.

Intervention

Control Group
Participants randomized to the control group will be exposed
to a paper consent form that covers the same informed consent
information presented in the tablet-based app and mimics
informed consent forms used for real clinical trials. The complex
language that is typically used in current standard practice (ie,
participation vs take part) will be retained in the paper version.
The control group will be designed to mimic typical informed
consent procedures, that is, the verbal transmission of study

information from a clinician to the individual and caregivers.
To standardize this practice, we will develop a script that is
verbally reviewed with control group participants, including a
simplified overview of the key information in the paper consent
form.

Experimental Group
Participants randomized to the experimental group will receive
the paper consent form (the same form the control group
participants received) and will also be exposed to the
tablet-based app. Given that the digital app does not meet the
requirements of electronic consent, the paper consent form will
still be needed for documenting that informed consent was
obtained.

Randomization
We will use a stratified, block randomization method to assign
participants to the control or experimental group. Two
stratification variables will be used—verbal IQ score (3 levels)
and age (2 levels). Age was selected as a randomizing variable
because children and adolescents under 18 are not able to
provide informed consent, only assent, as their parents are their
legal guardians. Verbal IQ was selected as a second variable
because we had a small sample size and wanted to control for
any possible effects on the outcome variables. However, we
could have also chosen to account for any possible group
differences based on IQ through statistical analyses. Given that
enrollment for the RCT will be done on a rolling basis, a
10-block, 2-group design will be used. Thus, we will randomize
10 participants at a time into either the control or experimental
group. Furthermore, we will utilize a random number generator
(www.randomizer.com) to make the assignments.

Blinding
Owing to the nature of the study, participants and data collectors
were not blinded to the group assignment.
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Study Setting and Data Collection Procedures
Each study session will occur in the individual’s home and will
be videotaped to allow subsequent coding of individual
engagement in the decisional process. Approximately 10 days
prior to the visit, the participant or their primary caregiver will
be sent the standard paper consent form for a hypothetical
clinical trial. All participants, including parents and caregivers,
will be informed that the clinical trial is hypothetical.
Participants will be asked to review the consent form as they
would any research consent form.

On the day of the visit, parents and individuals with FXS who
are their own legal guardian will be asked to complete a 5- to
10-minute pretest to assess their or their child’s belief and
attitudes about participating in clinical trials. Pretest items
included questions such as participants’ possible reasons for
participating in clinical trials, the likelihood of participating,
and whom they think should make the decision about enrolling
in a trial (full list of domains in “Study Outcomes” section
below). Participants will then complete either the experimental
or control group informed consent procedure. Both the control
and experimental groups will be asked the modified MacCAT
examination items throughout the informed consent process to
assess the decisional capacity. The questions are identical for
each group. After the informed consent procedure, all
participants will again be asked to complete the posttest
questions about their beliefs and attitudes about clinical trials.

Study Outcomes
The following measures will be collected as part of the study
protocol: time spent with DA or in discussion with research
assistant; perceptions about reasons to participate in trials (eg,
altruism; pre- and posttest item); likelihood of enrolling in a
clinical trial (pre- and posttest item); the preferred level of
involvement in the decision (pre- and posttest item);
self-efficacy related to decision-making ability (pre- and posttest
item); level of engagement in the decision-making process (pre-
and posttest item); satisfaction with the decision (posttest only);
the perceived value of the educational information provided
(posttest only); and session analytics, including time on page
and session duration.

Participant Timeline
Pretest measures, the intervention or control condition, and
posttest measures will all be conducted on the same day during

an approximately 1-hour study session. The pre- and posttest
measures will take approximately 15 minutes to complete, and
the control and intervention condition will last approximately
30 minutes. No additional follow-up is planned.

Statistical Methods
In the analyses, we will examine the effect of the app on the
decisional capacity, controlling for sociodemographic
characteristics and severity of delay. We will first conduct
bivariate analyses comparing the decisional capacity,
decision-making preferences, and the likelihood of trial
participation across the 2 study groups (tablet vs standard
procedure), using chi-square tests for categorical outcomes and
t tests for continuous outcomes. In addition, we will conduct
multiple regression models to compare study outcomes by the
study group after controlling for demographics and severity of
developmental delay. Linear regression models will be
conducted for continuous outcomes (eg, decisional capacity
scores and preferences) and logistic regression models for
categorical outcomes (eg, the likelihood of participating in a
hypothetical trial). Within these models, we will test for
interactions between study group and demographic
characteristics to identify the differential impact of the
intervention on particular subgroups. For example, testing an
interaction between study group and severity of delay would
allow us to determine whether the tablet-based intervention is
more or less successful among more impaired participants.

Power Analyses
We have conducted a power analysis using a between-subjects
design (ie, participants are randomized to the control or
experimental group) to determine the recommended sample size
(Figure 3). With a sample size of 70 (35 participants per group),
we will have 90% power to detect an effect size of 0.75.

Ethics and Confidentiality
This research protocol was reviewed and approved by 2
Independent Review Boards from the University of North
Carolina Office of Human Research Ethics (IRB Number:
13-1128) and RTI International Office of Research Protection
(0281200.276). This study has been registered with
ClinicalTrials.gov (NCT02465931).
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Figure 3. FXSDA screenshot.

Results

Data collection began in January 2016 and concluded in January
2017. Data analysis began in mid-2017 and will be completed
by late 2018.

Discussion

Principal Findings
Discoveries about the underlying mechanisms of conditions
such as FXS inevitably will lead to a new generation of targeted
pharmaceuticals to be tested in clinical trials. Consenting
individuals with ID to participate in clinical trials will always
require an individualized approach. But in-depth knowledge
about the nature and range of the decisional capacity, cognitive
and experiential factors influencing the decisional capacity, and
the use of various DAs can make the individualization process
more efficient and effective. We chose FXS as the condition of
interest for this app because recent advances in treatment
potential have led to a rapid growth in clinical trials testing new
medications and the extraordinary range in cognitive ability and
emotional problems in FXS, both within and across genders,
makes it virtually impossible to characterize the decisional

capacity of the population as a group. By describing and
explaining the range of the decisional capacity in individuals
with FXS, we will have a better estimate of both how many and
how well individuals with FXS can participate in the consent
process. By developing and testing a novel consent DA, we will
have a better understanding of whether and how technological
support can optimize the fit between the decisional capacity
and the decisional process.

Study Strengths
This protocol provides an overview of the design and
implementation of a distributed, RCT to evaluate the use of a
digital health app to support individual decision making for
participation in clinical trials. Relatively few studies have been
published on the use of digital resources to support this type of
decision making given the ethical challenges of conducting such
research without compromising the ethical or legal credibility
and protections for human subjects.

Limitations
Despite the strength of the evaluation design and scalability,
the major limitation of this study is the focus on assessing
decision making to participate in a hypothetical clinical trial.
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Abstract

Background: New biomedical prevention interventions make the control or elimination of some blood-borne viruses (BBVs)
and sexually transmissible infections (STIs) increasingly feasible. In response, the World Health Organization and governments
around the world have established elimination targets and associated timelines. To monitor progress toward such targets, enhanced
systems of data collection are required. This paper describes the Australian Collaboration for Coordinated Enhanced Sentinel
Surveillance (ACCESS).

Objective: This study aims to establish a national surveillance network designed to monitor public health outcomes and evaluate
the impact of strategies aimed at controlling BBVs and STIs.

Methods: ACCESS is a sentinel surveillance system comprising health services (sexual health clinics, general practice clinics,
drug and alcohol services, community-led testing services, and hospital outpatient clinics) and pathology laboratories in each of
Australia’s 8 states and territories. Scoping was undertaken in each jurisdiction to identify sites that provide a significant volume
of testing or management of BBVs or STIs or to see populations with particular risks for these infections (“priority populations”).
Nationally, we identified 115 health services and 24 pathology laboratories as relevant to BBVs or STIs; purposive sampling was
undertaken. As of March 2018, we had recruited 92.0% (104/113) of health services and 71% (17/24) of laboratories among those
identified as relevant to ACCESS. ACCESS is based on the regular and automated extraction of deidentified patient data using
specialized software called GRHANITE, which creates an anonymous unique identifier from patient details. This identifier allows
anonymous linkage between and within participating sites, creating a national cohort to facilitate epidemiological monitoring
and the evaluation of clinical and public health interventions.

Results: Between 2009 and 2017, 1,171,658 individual patients attended a health service participating in ACCESS network
comprising 7,992,241 consultations. Regarding those with unique BBV and STI-related health needs, ACCESS captured data on
366,441 young heterosexuals, 96,985 gay and bisexual men, and 21,598 people living with HIV.
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Conclusions: ACCESS is a unique system with the ability to track efforts to control STIs and BBVs—including through the
calculation of powerful epidemiological indicators—by identifying response gaps and facilitating the evaluation of programs and
interventions. By anonymously linking patients between and within services and over time, ACCESS has exciting potential as a
research and evaluation platform. Establishing a national health surveillance system requires close partnerships across the research,
government, community, health, and technology sectors.

International Registered Report Identifier (IRRID): DERR1-10.2196/11028

(JMIR Res Protoc 2018;7(11):e11028)   doi:10.2196/11028
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Australia; blood-borne viruses; public health; sentinel surveillance; sexually transmissible infections

Introduction

Globally, sexually transmissible infections (STIs) and
blood-borne viruses (BBVs) are associated with significant
morbidity, mortality, health costs, and social stigma. Indeed,
these infections represent a major public health burden. There
are, for example, nearly 37 million people currently infected
with HIV and >1 million associated deaths per year [1], while
an estimated 70 million people live with hepatitis C, from which
nearly half a million die each year [2]. Regarding hepatitis B,
>250 million people live with this infection, which causes
>800,000 deaths annually [3,4]. Around the world, there are
>350 million new cases of curable STIs every year—chlamydia,
gonorrhea, syphilis, and trichomoniasis [5]—and human
papillomavirus (HPV) is responsible for nearly all cases of
cervical cancer, the fourth most common malignancy worldwide
[6].

In Australia, the control and elimination of some BBVs and
STIs are increasingly feasible through combinations of new and
existing strategies of prevention, treatment, and management.
For HIV, elimination is a tantalizing possibility through regular
testing in combination with pre-exposure prophylaxis among
uninfected individuals and antiretroviral treatment among those
living with the virus [7-9]. Achieving something as lofty as HIV
elimination will, naturally, be a major challenge [10] and
certainly one that requires close monitoring of biomedical
prevention coverage and impact to guide the refinement of
implementation strategies [11]. Similarly, curative therapy with
direct-acting antivirals for hepatitis C has been made available
to all infected people in Australia, representing a major advance
for both individual and public health [12] but one that also
requires monitoring, evaluation, and adaptation if there is any
hope of reducing infection rates [13].

For some other infections—notably hepatitis B and HPV—
vaccinations have proved highly effective in reducing population
incidence and prevalence. There remain, however, cohorts of
people not included in vaccination schedules because of their
age or who have migrated to Australia from countries where
prevalence is high and vaccination programs limited. For these
infections, ongoing clinical screening is required to identify
unvaccinated individuals, and in the case of HPV, intervene
early as a precursor to cancer. In addition, for curative STIs,
frequent testing and timely treatment are fundamental
components of interrupting incubation and preventing
unintended onward transmission [14]. For STIs and BBVs, it
is clear that ongoing efforts are required to track progress against

targets, monitor population health, assess the impact of
interventions, and plan into the future.

Surveillance and monitoring of BBVs and STIs are often
complicated by the fact that they disproportionately affect
populations defined by sexual identity, sex practice, drug use,
and ethnicity [11,13,14]. Thus, their management requires a
holistic and comprehensive approach to care, which in Australia
and many other countries, involves sexual health clinics, targeted
general practice clinics, drug and alcohol services, and hospitals.
Health services like these play a vital role not only in diagnosing
and managing BBVs and STIs but also in their prevention by
encouraging uptake of diagnostic testing, treatment, and vaccines
where available. Calculating the uptake of these initiatives,
however, requires knowing the number of total attending
patients—the denominator—and such information can only be
sourced directly from health services. When linked between
individuals’ episodes of care, these data can also be used to
calculate other powerful impact indicators such as incidence or
the time between diagnosis and treatment.

Here, we describe ACCESS—the Australian Collaboration for
Coordinated Enhanced Sentinel Surveillance—a national system
of sentinel surveillance that draws upon data from several
different types of health services and pathology laboratories to
inform and evaluate Australia’s BBV and STI control efforts.

Methods

Overview and Aims
ACCESS is a system that routinely extracts and collates
line-listed, deidentified data from health services and pathology
laboratories across Australia. Through anonymous patient
linkage between and within services and laboratories, ACCESS
produces a retrospective and prospective cohort of patients
attending participating sites. Established in 2008, ACCESS
began as a sentinel system for chlamydia surveillance [15] that
was expanded in 2013 to include BBVs and other STIs in some
Australian jurisdictions. Through funding from the Australian
Department of Health in 2016, ACCESS expanded further to
encompass a greater number and a more diverse selection of
sites relevant to these infections in all 8 Australian states and
territories.

The overall aim of ACCESS is to support the Australian
response to STIs and BBVs by monitoring the testing, diagnosis,
and management of these infections. In addition, ACCESS aims
to operate as an evaluative platform to measure the impact and
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outcomes of relevant programs and interventions. This includes
attention to Australian priority populations (gay and bisexual
men and other men who have sex with men, people who use
drugs, Aboriginal and Torres Strait Islander people, young
heterosexuals, sex workers, and people from culturally and
linguistically diverse backgrounds) and to “cascades of care”
(eg, HIV) [16].

Infections
ACCESS focuses on specific infections, including HIV, hepatitis
B, hepatitis C, HPV, chlamydia, gonorrhea, syphilis, and
trichomoniasis. The design of ACCESS, however, allows for
the addition of other infections or conditions as required into
the future. Already, for example, steps have been taken to begin
collecting data on Mycoplasma genitalium, a newly identified
STI.

Sites and Recruitment
The ACCESS network seeks to include health services and
pathology labs that best represent the prevention and
management of BBVs and STIs nationally and in each state and
territory. To be eligible, health services are required to use an
electronic patient management system (ie, not based solely on
paper files) and be willing to participate for a minimum of 2
years. Of note, we have encountered no health services still
exclusively using paper files. In addition, health services have
to see at least 50 individuals per year categorized as ≥1 of
Australia’s priority populations for BBVs and STIs or they have
to represent a service designed specifically for the care and
management of these infections (eg, sexual health clinics and
HIV testing sites). Given differences in the overall population
size between each state and territory—the largest contains >7.5
million people, while the smallest has just >200,000—we are
flexible in our assessment of caseloads to allow for recruitment
in smaller jurisdictions. For example, while a caseload of 50
patients with HIV might be considered small or medium in New
South Wales, it would be considered large, if not the largest, in
Tasmania.

Within these parameters, per jurisdiction, we have sought to
include a minimum of 2 sites with large caseloads of people
living with or at risk of HIV, 2 with large caseloads of people

living with or at risk of hepatitis and 2 with a large amount of
STI-related testing and care. In addition, we sought to recruit
2 pathology laboratories per jurisdiction (one public and one
private) that conducted testing for BBVs and STIs. While in
larger states (New South Wales, Queensland, and Victoria), it
was necessary to exceed these targets and recruit larger number
of sites, the opposite was true in some smaller jurisdictions. In
the Australian Capital Territory, for example, the vast majority
of BBV-related and STI-related tests were conducted by a single
pathology laboratory, making it unnecessary to recruit a second
site of this kind. Details like this one highlight the need and
strength for a tailored approach to recruitment, given the
significant differences between each state and territory.

As noted, ACCESS has been in operation since 2008 with
recruitment taking place over many years and in different
iterations. Most recently, recruitment was undertaken from 2016
through 2018 to expand the network’s coverage in jurisdictions
beyond New South Wales and Victoria. Over time, however,
methods of identifying and recruiting sites have remained
consistent; to gain jurisdictionally specific information on
potential sites, we consult with local stakeholders in government,
health, community organizations, and research institutes. We
ask them to nominate sites that either conduct a large amount
of testing for or care of BBVs and STIs, or sites that provide
care for concentrations of Australia’s priority populations.
Where available, we also review public health data on locations
of BBV and STI diagnoses (by general geographic areas) to
identify health services located nearby, and we review publicly
available lists of doctors licensed to prescribe treatments for
HIV and hepatitis C.

When this process was undertaken in 2016 and 2017, we
identified 115 health services and 24 pathology laboratories
across Australia that met our eligibility criteria. Three-quarters
of these sites were already involved with ACCESS, noting that
since its inception in 2008, no site has ever withdrawn
participation in the network. Of the remaining “new” sites
identified through our scoping process, we undertook purposive
sampling that deferred to sites with large caseloads and those
that introduced diversity either through their location, patients’
characteristics, or service model.

Table 1. Health services and pathology laboratories participating in the Australian Collaboration for Coordinated Enhanced Sentinel Surveillance
network as of March 2018, by site type and jurisdiction.

JurisdictionTotalSite type

Western
Australia

VictoriaTasmaniaSouth
Australia

QueenslandNorthern
Territory

New South
Wales

Australian
Capital Territo-
ry

22318338158Sexual health clinic

213012010129General practice clinic

121010207Hospital outpatient clinic

110120409Community-led services

010000001Drug and alcohol service

011000316Private pathology laboratory

0410105011Public pathology laboratory
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A total of 31 new sites were recruited to ACCESS, resulting in
92% (104/113) of health service identified nationally and 71%
(17/24) of laboratories identified nationally participating in
ACCESS. Participation is being negotiated with further 11 sites,
3 refused participation altogether, and 4 were not pursued

because of small patient caseloads compared with other similar
services in their jurisdiction. Table 1 provides an overview of
sites contributing data to ACCESS as of March 2018, noting
that these numbers will continue to change over time. Figure 1
depicts participating sites on a map of Australia.

Figure 1. Health services participating in the Australian Collaboration for Coordinated Enhanced Sentinel Surveillance network as of March 2018.
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Table 2. Variables extracted (where available) from participating health services via Australian Collaboration for Coordinated Enhanced Sentinel
Surveillance.

VariablesDomain

Patient information • Age
• Gender
• Home postcode
• Indigenous status
• Country of birth
• Preferred Language
• Year of arrival in Australia
• Sexual behavior

Consultation details • Date
• Type
• Reason for attendance
• Clinical diagnosis

Laboratory testing • Tests requested
• Results
• Specimen type
• Anatomical site

Treatment • Drug name
• Start or stop dates
• Dose
• Frequency
• Route

Vaccination details • Vaccination history
• Vaccines administered
• Type
• Dose number

Behavioral: sexual practices • Sexual partner gender(s)
• Sexual partner numbers
• Condom use
• Sex work
• Sex work location

Behavioral: drug use • Use of injecting drugs
• Shared injecting equipment
• Drugs injected

Data Extraction and Management
Data are extracted from participating sites using software known
as GRHANITE, which was designed specifically for the secure
collection of deidentified health data. GRHANITE works by
being installed on a local system at each participating site.
Technical and financial costs associated with calibrating and
installing GRHANITE are borne by ACCESS, making it a
cost-neutral enterprise for sites. On an at least monthly basis,
querying the site’s database or accessing files already extracted
from the database is performed. The nature of these queries is
guided by schemas customized to meet the requirements and
structures of each database. Because of their flexibility,
GRHANITE’s schemas can be deployed for use with almost
any database structure to work across diverse systems ranging
from established commercial platforms to unique systems
built-for-purpose by individual services. Details of GRHANITE
have been published previously [17,18]. Table 2 lists variables
extracted for ACCESS, where available. Some sites routinely

collect behavioral information from patients, and where
available, these data are also extracted.

As part of the extraction process, GRHANITE removes any
data that could potentially identify a patient. While still working
within a participating site, GRHANITE generates probabilistic
record linkage keys (or signatures) called “hashes.” These
signatures are derived from, but do not contain, personal
information, which means that probabilistic linkage can be
safely conducted between and within participating ACCESS
sites. This process makes it possible to monitor patient
movement between services in a way that is anonymous and
ensures that no identifiable patient details are ever transmitted
beyond participating sites. Following extraction, GRHANITE
encrypts the data and transmits it to a central, secure server.

Data are extracted for all patients and consultations, but
pathology and treatment data are only extracted when there is
evidence of testing or treatment for an STI or BBV. This
approach helps limit the size of the ACCESS database by
focusing on the most relevant pathology testing. In general
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practice clinics, notably, the majority of testing would be
unrelated to these infections, which would place an
unnecessarily high technical burden on systems to fully extract
all data. Thus, filters are used and regularly reviewed to ensure
accuracy and completeness.

ACCESS data are processed using code that organizes pathology
testing, treatment, and patient details into standardized formats.
This step also involves unifying the structure of data received
from different systems. Notably, because many patient
management systems store pathology results as free text,
computational parsing is used to identify test names, dates, and
results to organize that information into consistent categories.
This code is regularly reviewed for accuracy and adapted over
time, as required. A similar process is used to identify patients
that form part of Australia’s priority populations, which involves
drawing upon numerous pieces of information (eg,
demographics, behavioral details, and pathology tests) to
properly categorize patient files. For example, previous research
has found that sexual orientation is not well recorded among
men attending Australian general practice clinics [19]. To
address this issue, we use history of rectal swabs for STI testing
as a proximal marker indicating anal sex, which has previously
been found to be effective for identifying gay and bisexual men
and other men who have sex with men [20]. Definitions for
organizing pathology tests and categorizing patients into priority
populations were constructed in close consultation with relevant
clinical and laboratory experts, as well as community
representatives.

Data Quality
The quality of ACCESS data is ensured through a number of
processes. Data extracted from new services are validated
through a consultative process with site investigators, which
includes sharing preliminary outputs to gauge the degree to
which they converge (or diverge) from clinical experience. This
feedback is then used to improve data processing and address
gaps or errors in the extraction process. For example, to ensure
data completeness, we might ask clinic staff to estimate the
number of HIV-positive patients they see each year or the
number of chlamydia tests they conduct in an average week,
which can then be compared against extracted and processed
data. This process has previously identified components missing
from extracts, including pathology test names, drugs types, and
demographic variables, and then used to adapt and correct
extraction processes.

Beyond completeness, we also carefully attend to the accuracy
of ACCESS data. This involves what is extracted as well as
how we process extracted data, which is to say how variables
are organized into distinct and consistent categories. Wherever
possible, ACCESS data are triangulated with other sources to
improve accuracy. This process includes comparing extracted
health service data to that from pathology laboratories; because
some participating laboratories serve participating health
services, we can assess the degree to which the number of tests
and results align. Comparing data in this way has allowed us to
refine pathology filters and our processes for organizing results.
In the past, ACCESS data have also been assessed for accuracy
against passive surveillance information. For example, we

previously requested information on HIV and STI notifications
among sexual health clinic attendees in New South Wales to
calibrate our systems for processing diagnoses in these clinics
[21].

Routine data quality checks are also conducted on a quarterly
basis, which focus on assessing if there are significant changes
in test frequencies over time to generate alerts for significant
deviations. For example, if the number of tests extracted for
chlamydia doubled from one period to the next, this would be
used as a point of investigation. Investigations include reviewing
data processing, checking raw data, and consulting with site
investigators. This kind of quality assurance is done on the
dataset as a whole, by health service type and to the level of
individual sites.

Dissemination and Use
ACCESS data are used for diverse purposes. Data extracted via
ACCESS can be used to generate a number of powerful
indicators relevant to BBVs and STIs, most commonly those
related to diagnostic testing (test uptake, test frequency, test
comprehensiveness, and retesting), treatment (treatment uptake
and treatment success), infections (test yield, test positivity,
incidence, and reinfection), and vaccinations (coverage of
vaccine-acquired immunity). Indeed, indicators like these form
part of ACCESS’s contributions to the national surveillance of
BBVs and STIs [22] and their surveillance by individual states
and territories, including as stand-alone reports or as part of
existing reporting mechanisms [23]. In reports such as these,
ACCESS has been used to improve estimates of treatment
uptake and success, which supports more accurate “cascades
of care” for HIV and other infections. The automated nature of
data extraction and processing facilitates timely production of
reports, which in some cases are published as early as 4 weeks
from the end of a reporting period. Furthermore, site-specific
ACCESS data are routinely reported back to participating sites,
which can include analyses of testing uptake, test positivity,
and diagnosis frequency.

In addition to routine surveillance reporting, ACCESS data are
used for a number of other related projects. Notably, ACCESS
data have been used in stand-alone analyses of population health,
for example, in studies of HIV and STIs among sex workers in
Australia [24,25] and an analysis of hepatitis C testing and
diagnoses among people living with HIV [26]. Moreover,
ACCESS data have been used to assess the impact of syphilis
testing interventions [27]. Beyond this work, ACCESS is being
used increasingly to support other forms of research and
evaluation. In some projects, ACCESS provides line-listed and
deidentified datasets, which are and have been used to conduct
a large-scale study of HIV treatment-as-prevention [28], evaluate
pre-exposure prophylaxis implementation trials [29,30], and
study Victoria’s hepatitis C elimination response [31]. In other
cases, as in the evaluation of HIV control in New South Wales
[32], ACCESS has routinely provided specifically designed
indicators (eg, HIV testing uptake and rates of viral suppression)
to monitor and evaluate various aspects of BBV prevention and
management. In many of these examples, ACCESS fills an
important role by providing the kinds of data and indicators that
are required for research of this kind to be conducted. Through
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these projects, ACCESS demonstrates its capacity to support
diverse research on STIs and BBVs, which extends beyond the
realms of surveillance and monitoring.

Ethics and Governance
Ethical approval was granted by the lead human research ethics
committee of Alfred Hospital in Melbourne (248/17), University
of Tasmania (H0010220), and the Menzies School of Health
Research (08/047). All ethics committees waived the need for
consent to be collected from individual patients. Furthermore,
ethical reviews were provided by organizations representing
key populations, notably gay and bisexual men, people living
with HIV, sex workers, and Aboriginal and Torres Strait Islander
people.

To protect the identities of individual patients, access to the
line-listed database is restricted to a small and select group of
researchers. Where data are shared with others, potentially
identifying details (eg, patient postcode) are replaced with broad
categories (eg, urban/nonurban), which is a similar approach
taken in any reporting of ACCESS data. Furthermore, analyses
that produce cell counts of <5 individuals are suppressed.

An advisory committee was established comprising
representatives from government organizations, community
groups, health services and laboratories, and research institutes.
This committee provides advice on the project’s development
and conduct; promotes its aims and objectives; and contributes
to analysis, interpretation, and dissemination.

Results

Although some sites were able to provide electronic data going
back as far as the 1980s, data quality and completeness tends
to diminish further back in time when health services were less
familiar with technologies of electronic health that dominate
today. To examine a more recent period, we note that ACCESS
captured data from a total of 1,171,658 individual patients who
attended a participating health service at least once in the recent
past between 1 January 2009 and 31 December 2017. These
patients attended for a total of 7,992,241 clinical consultations
or an average of 0.8 consultations per patient per year. Patient
gender was evenly represented between men (597,545/
1,171,658, 51%) and women (574,112/1,171,658, 49%), and
records were extracted from a total of 1116 transgender patients
(380/1116, 34% transgender men; 356/1116, 32% transgender
women, and 380/1116, 34% unspecified gender).

Specific to Australia’s priority populations, from 2009 to 2017,
ACCESS captured data of 366,441 young heterosexuals aged
16-29 years. In addition, the network includes data from 96,985
gay and bisexual men and other men who have sex with men.
Data were also captured from 21,598 people living with HIV,
drawing upon recorded HIV diagnoses, confirmed HIV
pathology results, viral load testing, and clinical attendance for
“HIV management.” In total, 22,089 Aboriginal and Torres
Strait Islander patients attended an ACCESS health service
during this period, noting that this variable was incomplete for
74% (576,219/778,674) of patients attending general practice
clinics and 50% (196,490/392,984) of patients attending other
services. Even though Australian guidelines recommend

collecting indigenous status from all patients [33], it seems that
this indicator is still not routinely collected.

As noted, sexual health clinics in Australia routinely collect
enhanced behavioral data on factors associated with BBVs and
STIs. This information is used by ACCESS to further identify
members of priority populations. From 2009 to 2017, for
example, it is possible to identify 12,111 people who attended
an ACCESS site and reported injecting drug use at least once
in the 12 months prior to consultation, as it is possible to identify
21,205 men and women who reported sex work in the previous
12 months. As noted, identifying members of these priority
populations is not possible in settings other than sexual health
and community-lead clinics, which is attributed to a lack of
standardized methods for collecting and recording behavioral
data. Work is ongoing to support the implementation of
behavioral surveys in some general practice clinics and to
develop algorithms for recognizing these populations through
other means, such as through certain types and patterns of
pathology tests and testing.

Discussion

In this paper, we described the methods used to establish a
national sentinel surveillance system for BBVs and STIs.
ACCESS seeks to complement the existing passive surveillance
by tracking the uptake and impact of strategies aimed at
controlling these infections. The system is highly flexible and
can be adapted for use in a multitude of health contexts and
evolve over time to address emerging surveillance needs. In
addition, it is a project deeply rooted in collaboration, involving
government, researchers, community, and clinicians from every
corner of Australia. ACCESS is a unique national resource and
a model with potential relevance for other countries.

A key strength of ACCESS is its ability to anonymously link
patients between services and over time. In some ways, this
feature makes ACCESS akin to a national retrospective and
prospective cohort, which has exciting possibilities in a number
of areas. ACCESS allows scrutiny of the ways that individuals
move through different pathways of care, including the overall
trajectory and the time it takes to move from diagnosis to viral
suppression or cure. Furthermore, this linkage facilitates the
calculation of powerful epidemiological markers, like incidence
and test frequency and also allows for examinations of
compliance with clinical guidelines associated with testing (eg,
chlamydia testing among young people presenting to clinics or
following past positive tests). ACCESS also makes possible
detailed, individual, and large-scale evaluations of public health
policy, interventions, and other strategies aimed at controlling
BBVs and STIs.

Another key strength of ACCESS relates to its coverage.
Specifically, the network of health services in every state and
territory enables comparison between not only Australian
jurisdictions but also different types of service models, such as
community-based testing services, sexual health clinics, and
hospitals. These comparisons are important for identifying gaps,
comparing the utility of different ways for providing care and
nuanced information on how BBVs and STIs are diagnosed and
managed. Furthermore, by attending to the geographic
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concentrations of Australia’s priority populations and working
with community groups and health experts, ACCESS has
collated some of the largest samples of “high-risk” priority
populations seen anywhere in the world.

The automated nature of ACCESS significantly reduces the
resources and time required to report surveillance data, benefits
that are already being realized through quarterly reporting to
state health departments. Although initial enrollment of new
sites to ACCESS requires some time, maintenance is minimal
once established, which helps ensure the system’s ongoing
sustainability. Moreover, participating sites realize benefits
through the publication of scientific research and the ability to
more readily access their own data, including through tailored
site reports that can include comparisons with aggregated data
from similar sites. These strengths are reflected in the
observation that in a decade of operation, no site has yet chosen
to withdraw from ACCESS.

There are some limitations of the system that warrant
consideration. As a surveillance network, ACCESS does not
capture all new diagnoses and is, therefore, not a replacement
for passive surveillance. Although we have described the process
for anonymously linking patients between ACCESS sites, gaps
arise when patients attend health services outside of the network.
These gaps can be partly overcome through data from
participating laboratories but they are inherent in the network’s

“sentinel” nature. Another limitation is ACCESS’s inability to
collect all clinical information, in particular, the free text detail
contained within patient notes. Patient notes contain a wealth
of details that would likely be relevant to BBVs and STIs but
are not accessed by this system because they can potentially
contain identifying information. Options for identifying and
extracting relevant details through the use of text-recognition
software are currently being assessed as a potential means of
using this information confidentially. Finally, ACCESS is
entirely reliant on routinely recorded health information; the
quality and completeness of these details can vary between and
within sites. This limitation, however, can be overcome in some
cases with ACCESS’s capacity for anonymous patient linkage
by pooling information from multiple services and laboratories
to construct a more complete picture.

ACCESS represents a new way of conducting sentinel
surveillance, which adds value for government, research,
clinical, and community partners. With data extraction under
way across the country, over the coming years, the project will
focus on new ways of providing regular feedback to health
service and laboratory sites as a way to improve service delivery,
sustain interest, and capitalize on the network’s potential. In
the future, it is imagined that ACCESS will continue to develop
as a readily accessible resource for diverse stakeholders that
seek to make use of it as a unique, national database.
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Abstract

Background: In armed conflict, injuries commonly affect the extremities and contamination with foreign material often increases
the risk of infection. The use of negative-pressure wound therapy has been described in the treatment of acute conflict-related
wounds, but reports are retrospective and with limited follow-up.

Objective: The objective of this study is to investigate the effectiveness and safety of negative-pressure wound therapy use in
the treatment of patients with conflict-related extremity wounds.

Methods: This is a multisite, superiority, pragmatic randomized controlled trial. We are considering for inclusion patients 18
years of age and older who are presenting with a conflict-related extremity wound within 72 hours after injury. Patients are block
randomly assigned to either negative-pressure wound therapy or standard treatment in a 1:1 ratio. The primary end point is wound
closure by day 5. Secondary end points include length of stay, wound infection, sepsis, wound complications, death, and
health-related quality of life. We will explore economic outcomes, including direct health care costs and cost effectiveness, in a
substudy. Data are collected at baseline and at each dressing change, and participants are followed for up to 3 months. We will
base the primary statistical analysis on intention-to-treat.

Results: The trial is ongoing. Patient enrollment started in June 2015. We expect to publish findings from the trial by the end
of 2019.

Conclusions: To the best of our knowledge, there has been no randomized trial of negative-pressure wound therapy in this
context. We expect that our findings will increase the knowledge to establish best-treatment strategies.

Trial Registration: ClinicalTrials.gov NCT02444598; http://clinicaltrials.gov/ct2/show/NCT02444598 (Archived by WebCite
at http://www.webcitation.org/72hjI2XNX)

International Registered Report Identifier (IRRID): DERR1-10.2196/12334

(JMIR Res Protoc 2018;7(11):e12334)   doi:10.2196/12334
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Introduction

Background
During armed conflict, injuries commonly affect the extremities,
among both civilians [1] and combatants [2]. These injuries are
often contaminated with foreign material, increasing the risk of
infection [3,4]. Traditionally, conflict-related wounds are
surgically treated with debridement of devitalized or
contaminated tissue and then covered with a nonadhesive
dressing. After 3 to 5 days, the wound is generally examined a
second time in the operating room [5].

Negative-pressure wound therapy (NPWT) is widely used in
the treatment of wounds and is claimed to promote wound
healing and prevent infectious complications. The technique
involves covering the wound with a solid foam followed by a
plastic film through which a negative pressure is applied. Any
wound and tissue fluid is drawn away from the area and
collected into a canister. NPWT is suggested by expert
consensus for use in a range of surgical applications, including
after or in between debridements, as a bridge to definite closure
of soft tissue wounds [6]. The technique has previously been
used in the treatment of acute conflict-related wounds, but
existing reports are retrospective and with limited follow-up
[7-10]. Two independent Cochrane reviews of NPWT for the
treatment of surgical wounds [11] and traumatic wounds [12]
were inconclusive due to the lack of suitably powered,
high-quality trials.

Summary of Potential Risks and Benefits
Both treatment methods (NPWT and conventional dressings)
are well established and used in the treatment of acute and
chronic wounds. As it is unknown whether there is any
difference in outcome between the two treatment modalities,
neither patient group may be regarded as receiving preferential
treatment. In this study, we will allocate treatment at the end of
the first surgery so there is no difference between the groups in
terms of surgical risks.

NPWT has not regularly been used at the study sites prior to
this study. The introduction of NPWT is not associated with
any serious risks compared with standard treatment. Potential
benefits of NPWT are shortened healing time and fewer
infectious complications. The occlusive dressing may, on the
other hand, cause more infections or delay the identification of
infection. Other potential risks include pain, mainly associated
with dressing changes [13], and bleeding, predominantly minor
bleeding from granulation tissue [14]. Conventional wound
dressing has the potential benefit of being a safe treatment
method used for many years. Since this method permits air into
the wound, the risk of health care–associated infections is
potentially higher.

Objective
The objective of this study is to evaluate the effectiveness and
safety of NPWT in the treatment of traumatic extremity wounds
in a context associated with a high level of contamination and
infection.

Methods

Study Design
This is a multisite, superiority, pragmatic randomized controlled
trial comparing NPWT versus conventional dressing methods
in the treatment of patients with conflict-related extremity
wounds (ClinicalTrials.gov NCT02444598).

End Points
The primary end point is wound closure by day 5, by suture,
flap, or split-thickness skin graft.

The coprimary end point is net clinical benefit, defined as a
composite of wound closure by day 5 and freedom from any
bleeding, infection, sepsis, or loss of index limb.

The secondary end points are (1) rate of wound healing, defined
as days to wound closure by suture, flap, or split-thickness skin
graft; (2) wound infection, defined as purulent discharge [15];
(3) wound size ratio at day 14 (wound size day 14 compared
with size day 0, ie, wound healing rate after 14 days); (4) time
until wound is deemed no longer requiring professional care;
(5) number of surgeries; (6) time to hospital discharge; (7)
quality-of-life aspects; (8) wound healing at follow-up days 14
and 30, and at 3 months; (9) bleeding leading to blood
transfusion; (10) sepsis; (11) limb amputation (limb with wound
included in the study); (12) death; (13) direct health care costs
(substudy); and (14) cost effectiveness (substudy).

Participants
Patients 18 years of age and older presenting at the hospital
within 72 hours of sustaining a conflict-related extremity wound
are included as they present at the emergency department. In
case of multiple wounds, we are selecting the extremity wound
with the estimated largest area. Patients are included if they are
transferred from another hospital within 72 hours of initial
trauma. Patients who present with wounds considered ready for
primary closure by suture, flap, or split-thickness skin graft are
excluded. Local or systemic infections are treated according to
local standard protocols. Wounds in need of debridement are
debrided according to International Committee of the Red Cross
war surgery protocols [5].

Setting
Jordan is an upper-middle-income country [16], currently
hosting 655,000 Syrian refugees [17]. Médecins Sans
Frontières/Doctors Without Borders (MSF), an international
nongovernmental organization, runs an emergency trauma
project at the Jordan Ministry of Health hospital in Ar Ramtha,
5 km from the Syrian border. Patients within the project receive
treatment for blast and gunshot wounds sustained in the Syrian
armed conflict. Discharged patients are sometimes continuously
treated by MSF in Zaatari refugee camp. The wound infection
rate among patients receiving acute surgical treatment at the
project has been found to be 11%, with 3 out of 4 patients
infected by multidrug-resistant bacteria [18]. Physicians within
the project have found wound management to be a major
challenge [19]. Patient enrollment in Ar Ramtha, Jordan started
in June 2015.
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Iraq is an upper-middle-income country [16]. Emergency
Hospital is a trauma center in Erbil, Iraqi Kurdistan that is run
by a local nongovernmental organization called Emergency
Management Center. Most patients receive treatment for
conflict-related injuries, and the hospital was one of the key
medical institutions receiving the injured from Mosul during
the Iraqi offensive against the so-called Islamic State of Iraq
and Syria during October 2016 to July 2017 [20]. Patient
enrollment in Erbil is ongoing since May 2017.

Randomization and Blinding
We use a computer-generated randomization code with random
variation of 2 fixed block sizes to achieve balance in the
allocation of participants to the 2 treatment arms and reduce the
opportunity for bias and confounding. Each site has its own
dedicated randomization list respecting the 1:1 ratio. The sealed
randomization envelopes are opened by the operating room
nurse at the end of the first surgery, but before the wound
dressing is applied. By randomizing after the operation, we
eliminate the risk of treatment allocation influencing the
surgeon’s choice of debridement technique. Wound photographs
will be evaluated by 2 independent trained evaluators who are
blinded to the treatment allocation. Due to the nature of the
treatment methods, blinding of the patients or staff involved in
the treatment would not be possible.

Interventions
Patients in the NPWT group receive treatment using a
Conformité Européenne–marked professional device with
continuous negative pressure of 125 mm Hg. Patients in the
control group are treated with conventional wound therapy
according to International Committee of the Red Cross war
surgery protocols: a nonadhesive dressing covered with a
bandage [5]. The exact details of the dressing technique are left
to the discretion of the treating surgeon. Dressing details are
recorded. All patients receive prophylactic narrow-spectrum
antibiotic agents. Fractures are generally immobilized with
external fixation. Dressing change frequencies are determined
by the treating physician, generally every 3 to 5 days. Any
further wound dressing will follow the allocated treatment.
Wounds are treated until wound closure. Estimated median
duration of treatment (control group) is 5 days.

Follow-Up Procedures
Follow up is done at each dressing change, at hospital discharge,
at days 14 and 30 and at 3 months following the day of
randomization (Table 1). Full wound healing or size of wound
at the treatment location is noted. Discharged patients either
return to the hospital for follow-up or are contacted by phone.
If possible, wounds are photo documented and evaluated as
described below.

Quality of Life
We use the 20-item Self Reporting Questionnaire (SRQ-20) to
screen for psychological distress [21]. In addition,
wound-specific quality-of-life details are recorded, including
noise generated by the NPWT pump, movement impairment,
skin irritation, odor, sleep quality, discomfort during dressing
changes, and pain. SRQ-20 scores and wound-specific
quality-of-life details are recorded at baseline and before hospital
discharge.

Sample Size and Power Calculation
The sample size calculation was based on detection of a
difference of 25% between treatment groups in the proportion
of patients for the primary outcome. We estimated the expected
rate of patients reaching the primary outcome at day 5 to be
75% in the NPWT group and 50% in the control group. Based
on a power of 80% and a significance level of 5%, we calculated
that we would need a minimum sample size of 116 patients (58
per group) to detect a significant difference in the proportions.
To adjust for dropouts, we aim to include 200 patients (100 per
group).

Data Collection
Dedicated research nurses collect and enter data into paper-based
case report forms during the study period. For all enrolled
patients, contact details including mobile phone number are
collected. Wounds are photo documented at day 0, at every
dressing change, at day 14, and, if possible, at 1 and 3 months’
follow-up. Photo documentation is done in a standardized way
with a single-colored background and an adhesive paper ruler
attached to the edge of the wound.

Table 1. Timeline of trial activities.

ActivityTime point

Patient inclusion (consent within 5 days of randomization), patient details, injury details, wound details, photograph of

wound, SRQ-20a scores, and quality-of-life details

Baseline

Randomization, allocation of treatment, wound details, treatment details, photograph of woundEnd of first surgery

Treatment details, wound details, photograph of woundDressing change

Treatment details, wound details, SRQ-20 scores, and quality-of-life detailsHospital discharge

Treatment details, wound details, photograph of woundDay 14

Treatment details, wound details, photograph of woundDay 30

Treatment details, wound details, photograph of wound3 months

aSRQ-20: 20-item Self Reporting Questionnaire.
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Data Management
We will use the EpiData entry software, version 4.4.3.1 (The
EpiData Association) to build a database. All data will remain
anonymous throughout the data entry and analysis process. Only
the research team will know the participants’ names.
Identification codes will be safeguarded at the research facilities
for the duration of the study.

Statistical Analysis
We will perform analyses on an intention-to-treat basis with a
2-sided significance level of .05. The primary end point (wound
closure by day 5) will be presented as proportions with a 95%
confidence interval for the difference in proportions. We will
analyze the coprimary end point with standard survival analysis
using proportional hazards for comparison of the treatment
arms. For the primary end point, we will also perform a
per-protocol analysis, excluding patients who did not receive
the planned treatment or did not survive to day 5. We will report
baseline characteristics as means and standard deviations or
numbers and percentages, as appropriate. Subgroup analyses
will include age, injury mechanism, initial injury severity,
associated fracture versus no fracture, and initial wound size.

Ethics and Oversight
This study is performed in accordance with the Declaration of
Helsinki and the specifications of the International Conference
on Harmonisation of Good Clinical Practice. We will report on
the trial in line with the Consolidated Standards of Reporting
Trials (CONSORT) statement. Ethical approval was given by
the Ethics Review Committee of Jordan Ministry of Health
(MOH REC 150037) and the Ethics Review Board of MSF (ID
1520) before study initiation in Jordan. We obtained approval
from the Research Ethics Committee, Kurdistan Regional
Government (2:10 6/3/2017) before study initiation in Iraq. An
external monitor regularly inspect the trial master file,
monitoring the processes of consent taking, randomization,
registration, provision of information, and provision of
treatment.

Informed Consent
Written and oral information in English and Arabic is given to
eligible participants. Participants are informed regarding their
right to withdraw from the study and issues concerning
confidentiality. No incentives or inducements are provided to
any participant. Written informed consent before randomization
or delayed consent within 5 days of randomization is collected
from each patient who agrees to be included.

The principle of delayed consent is an established principle in
trials that include critically ill patients and has been considered
acceptable from research participants’ perspectives [16]. Due
to the nature of the study setting, patients will be transported
from the emergency room to the operating room for emergency
surgery, often without full consciousness. The emergency
circumstances require prompt action and generally provide
insufficient time and opportunity to locate and obtain consent
from each patient’s legally authorized representative. Therefore
we cannot practically carry out the research without the use of
delayed consent. Patients who have acute surgery enter the study
under presumed consent. Patients are then informed and written
consent for continuation in the trial is collected at the fist
appropriate time in the postoperative period.

Results

The trial is ongoing. Patient enrollment started in June 2015.
We expect to obtain the results of this trial in 2019.

Discussion

We present a study protocol for a randomized controlled trial
to assess the effectiveness and safety of NPWT use in the
treatment of patients with conflict-related extremity wounds.
To the best of our knowledge, there has been no randomized
trial of NPWT of wounds in this context. We will disseminate
the results through peer-reviewed publications. We expect that
the findings will increase the knowledge to establish
best-treatment strategies.
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Abstract

Background: Alcohol misuse and emotional problems (ie, depression and anxiety) are highly comorbid among Canadian young
adults. However, there is a lack of integrated, accessible, and evidence-based treatment options for these young adults.

Objective: The main goal of this study is to develop and test the efficacy of an integrated, online self-help program designed
to target both alcohol misuse and emotional problems.

Methods: A two-arm randomized controlled trial design will be used to compare the efficacy of the online integrated treatment
to a psychoeducational control group. A target sample of 214 participants will be recruited and randomly assigned to either
condition. The integrated treatment will last 8 weeks, and participants will work through 12 modules. Modules will incorporate
content based on principles of cognitive behavioral therapy and motivational interviewing. Participants in the control group will
receive links to psychoeducational resources and will have access to the full treatment after follow-up. The primary outcome will
be the number of Canadian standard drinks consumed in the week leading up the assessment. Secondary outcomes of interest
include symptoms of depression, anxiety, alcohol-related problems, quality of life, and use of other drugs. Assessments will be
completed at 3 time-points: at baseline, at the end of treatment (ie, 8 weeks), and at follow-up (ie, 24 weeks). Upon completion,
data will be analyzed using generalized linear mixed models.

Results: Data collection began in June 2018 and will continue until January 2020. Final study results will be submitted for
publication by July 2020.

Conclusions: Currently, there are no integrated treatments designed to target alcohol misuse and the range of emotional problems
experienced by young adults. This research stands to provide an effective, accessible (ie, Web-based), and feasible option to treat
the many struggling young adults in this country.
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Introduction

Background
Many young adult Canadians struggle with comorbid alcohol
misuse and emotional problems (ie, depression and anxiety).
According to national statistics, 3.1 million Canadians consume
enough alcohol to place themselves at risk of harm or injury
[1]. Existing reports show that 50%-60% of adults with an
alcohol use disorder also meet clinical criteria for a depressive
or anxiety disorder [2-5]. Prevalence rates of these mental health
concerns vary based on the geographic location, with the highest
rates of alcohol abuse and emotional problems being reported
by people living in rural and Northern communities [1]. In
addition, data show that the combinations of alcohol misuse
and depression or anxiety are the most frequent mental health
comorbidities in general populations [6,7]. We know that this
comorbidity results in high disease burden—much more than
each disorder separately [6,7]. At the individual level, comorbid
alcohol misuse and depression or anxiety are linked to chronic
poor health, increased suicidality, marital dysfunction, physical
injury, and early mortality [2,8,9]. At a societal level, this
comorbidity contributes to overburden on the health care system,
high rates of absenteeism and unemployment, and increased
legal problems [10]. There is currently a need for effective
integrated treatments designed to treat alcohol misuse and
co-occurring emotional problems.

This study will design and deliver an online self-help
intervention for comorbid alcohol misuse and emotional
problems in young adults (aged 18-35 years). This intervention
will contain strategies drawn from cognitive behavioral therapy
(CBT) and motivational interviewing (MI)—both
evidence-based psychotherapies for alcohol misuse and
depression or anxiety [11,12]. The main strength is that this
intervention will be integrated—meaning that it will target
symptoms of both alcohol misuse and depression or anxiety
within the same treatment. In addition, the Web-based platform
is advantageous relative to face-to-face approaches. We will be
able to better reach individuals in rural and Northern
communities—where we know that some of the highest rates
of alcohol misuse and emotional issues exist. These individuals
often have difficulty accessing in-person treatments because of
community remoteness. Thus, they may be left to struggle with
major mental health concerns and associated harms.
Furthermore, young adults may feel less stigma associated with
accessing support online. Thus, the proposed treatment has the
potential to improve the health and well-being of young adult
Canadians and their families.

Current State of Knowledge
Research on integrated treatment is relatively new. This is
surprising, given that it has been long understood that alcohol
misuse and comorbid emotional problems are associated with
a complex clinical presentation [5,8]. Specifically, the presence
of an emotional disorder (relative to its absence) contributes to
high rates of relapse, greater functional impairment, and poorer
responses to treatment among individuals with substantial
alcohol problems [5]. Traditional approaches to treating
comorbid alcohol misuse and depression or anxiety include
sequential or parallel intervention [13,14]. During a sequential
approach, clinicians treat the disorder viewed as “primary” first,
followed by the treatment of the comorbid condition. Often
times, this means that symptoms of emotional problems are not
addressed in treatment until an individual achieves some notable
period of abstinence from drinking. Thus, in the sequential
model, treatment is provided for one disorder at a time—with
the more acute disorder (ie, alcohol misuse) taking first priority.
The sequential model of intervention remains the most widely
used approach to treating alcohol misuse-depression or anxiety
comorbidities [14]. In contrast, the parallel model involves
treating alcohol misuse and emotional problems separately by
two distinct professionals or clinical teams [13,14]. A notable
example of this approach would be a person seeing a family
doctor for management of antidepressant medications while
working with a psychologist to reduce drinking. Therefore, in
the parallel model, an individual receives support for alcohol
misuse and depression or anxiety simultaneously, but from
distinct professionals.

Although still widely used, sequential and parallel approaches
are limited as intervention models for comorbid disorders [14].
A sequential approach may be necessary for crisis situations,
such as when a person needs hospitalization for alcohol-related
seizures or acute suicidality. However, in the absence of an
emergency warranting the immediate stabilization of one
disorder over the other, sequential treatment may impede the
treatment of both disorders [13]. Specifically, sequential
treatment does not consider the interconnectedness of alcohol
misuse and emotional problems. Moreover, in a parallel
treatment model, there is often little communication between
professionals independently treating each disorder [14]; this is
problematic because professionals often have different case
conceptualizations and treatment recommendations. Hence, it
is very common for a person to receive conflicting advice and
feedback in a parallel treatment approach [14]. Furthermore, it
is up to patients to integrate distinct treatment approaches, which
is likely difficult because of high rates of cognitive impairment
among those with alcohol problems [14]. The limitations of a
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parallel approach may lead to adverse patient outcomes, such
as frustration, continued mental health challenges, and, in the
most extreme case, discontinuation of treatment of both
disorders. Overall, attesting to the above limitations, the
literature shows that sequential and parallel approaches result
in poor treatment outcomes in those struggling with alcohol
misuse and comorbid emotional problems [15-17].

Integrated psychological treatments are designed to target
symptoms of comorbid disorders within the same intervention
[14]. There is a growing interest in combining CBT and MI to
treat alcohol misuse and comorbid emotional problems [6,18].
CBT is an evidence-based therapy where the goal is for patients
to develop better coping skills for alcohol and mood or anxiety
issues [11]. These skills become important when patients have
to navigate challenging internal (eg, negative thoughts) and
external (eg, stressors) triggers in their daily lives. Meta-analyses
show that CBT leads to marked reductions in depression and
anxiety symptoms, with effect sizes being moderate-to-large
relative to other treatments [11,19]. In addition, relapse rates
for depression after CBT tend to be half those of medication
treatments [20]. Besides, CBT has been shown to be effective
in reducing substance and alcohol use, though effect sizes tend
to be smaller relative to the effects found for depression and
anxiety [21]. Moreover, MI is an evidence-based psychological
intervention, often described as a patient-centered, collaborative
approach to help elicit and strengthen motivation for change
[22]. The emphasis in MI is to help patients resolve ambivalence
about change and, hence, move in a positive direction that is
consistent with personal values. Several meta-analyses support
the use of MI as a front-line intervention for alcohol misuse,
with typical effect sizes being in the moderate-to-large range
relative to no treatment [23]. Furthermore, MI has been used to
treat depression and anxiety, though the evidence base is
comparably smaller than for alcohol misuse [24,25].

Emerging work suggests that combined CBT and MI have
synergistic, beneficial effects on both alcohol misuse and
comorbid emotional problems within an integrated framework
[6]. MI aims to improve patients’ motivation for changing
problem behaviors. Motivational deficits are common in both
alcohol misuse and emotional disorders, and the data show that
low motivation for change predicts poor treatment engagement
and poor outcomes [22]. By increasing motivation for change
using MI, clients may be more willing to engage in the effortful
activities of CBT (eg, homework and behavioral
activation)—which are essential for building better coping skills.
In addition, concurrent MI may help to clarify patients’ core
values in CBT by developing a discrepancy between current
and desired behavior. Thus, from a theoretical perspective, MI
and CBT naturally complement each other in the treatment of
comorbid alcohol and emotional problems. While this is a
relatively new treatment approach, emerging data are promising.
Much of the work has focused on testing the usefulness of CBT
or MI for alcohol misuse and comorbid depression [6].
Comparatively, there has been much less focus on targeting
co-occurring anxiety symptoms in this literature. A recent
meta-analysis of 12 RCTs showed that combined integrated
CBT or MI (relative to control conditions) reduces alcohol
misuse and depressive symptoms [6]. Effect sizes were

comparable for subclinical (relative to clinically elevated)
symptoms, suggesting that integrated CBT or MI may be
beneficial in earlier stages of risk as well. Furthermore,
combined CBT or MI has the potential to alleviate co-occurring
anxiety symptoms in those with alcohol misuse. However, the
usefulness of integrated treatments for the alcohol
misuse-anxiety comorbidity remains unexamined.

Rationale and Objectives of the Proposed Study
Current integrated psychological treatments use a traditional
face-to-face modality [6]. However, there are distinct advantages
of online delivery of integrated treatment among Canadian
young adults. First, online interventions would be able to reach
young adults from rural and Northern communities. We know
from most recent health statistics that the highest rates of alcohol
misuse and emotional issues exist in these communities [1].
Second, young adults may be more willing to engage in an
online self-help intervention (relative to in-person); this is
because an online modality may be associated with reduced
shame and stigma—which are known, persistent barriers to
seeking treatment among substance abusers [26]. Third, online
treatments offer the potential for early intervention [27,28].
Self-guided online interventions may be helpful during a period
earlier in the risk pathway when young adults are experiencing
moderate (but still subclinical) problems. This may serve to
prevent an escalation of clinical disorders later in adulthood.
Finally, online interventions could markedly reduce the burden
on the mental health care system in Canada. More young people
with alcohol misuse and co-occurring emotional problems would
be helped for much less cost relative to inpatient treatments.
Data show that cost-effective, online interventions reduce
alcohol misuse [29], depression [30], and anxiety [31]
separately, with effect sizes being comparable to those of
in-person treatments.

The goal of the proposed study will be to adapt, implement, and
test an integrated, online treatment for alcohol misuse and
comorbid emotional problems in young adult Canadians. The
intervention will be adapted from a new online integrated
treatment developed by collaborators Schaub et al at the Swiss
Research Institute for Public Health and Addiction [27] called
Take Care of You; this intervention is in German and Dutch,
and it is the first online integrated treatment for alcohol misuse
and depression in young adults. Take Care of Me (ie, the current
intervention) is an internet-based, self-help program designed
to reduce symptoms of alcohol use and emotional problems (ie,
depression and anxiety). The treatment combines elements of
CBT and MI and is designed to target young adults at risk for
developing more severe alcohol misuse, depression, and anxiety
should they not receive care. This intervention will be translated
into English, and new treatment modules will be added to target
anxiety symptoms as well. This is an important and novel
expansion of the German-Dutch intervention, given the high
co-occurrence of alcohol misuse and anxiety symptoms in
clinical and general populations [7,8]. In addition, depression
and anxiety symptoms tend to co-occur at high rates in young
adults [6]. Accordingly, the proposed study will be a randomized
controlled trial (RCT) examining the efficacy of an online,
self-help intervention for alcohol misuse and comorbid
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emotional problems relative to a psychoeducational control
group. We have proposed the following hypotheses:

1. Participants in the integrated treatment condition will show
larger reductions in weekly alcohol use (primary outcome)
relative to participants in the psychoeducational control
group over the 8-week Take Care of Me program.

2. Participants in the integrated treatment condition will show
larger reductions on measures of alcohol misuse, depression,
anxiety, as well as increases in a measure of the quality of
life (secondary outcomes) over the 8-week Take Care of
Me program.

3. Symptom improvements during integrated treatment will
be maintained at 6-month follow-up.

Methods

Study Design
A two-arm RCT will be used. Eligible participants will be
randomized to either the online integrated treatment condition
or the psychoeducational control condition. Assessments will
occur before randomization (T0; baseline), at 8 weeks (T1;
treatment end), and at 24 weeks (T2; follow-up). The study will
not be blinded. Participants will be made aware of which
condition they have been assigned to as soon as they complete
baseline measures and are deemed eligible. Blinding of
researchers is not necessary as they will not be providing
treatment to participants.

Recruitment
Recruitment of study participants began in June 2018 and will
continue until January 2020. Participants will be recruited
through a number of means across the country (Textbox 1). Our
main recruitment objective is to recruit across Canada using
Web-based advertisements (eg, Google Ads, Kijiji, and
Craigslist), contacting student services at major Canadian
universities, and through social media (eg, Facebook). The goal
is that utilizing Web-based means will ensure that a large sample
of Canadian young adults receives the link to the study website.
In addition, prominent addiction community services in the
province of Manitoba have agreed to assist with recruitment,
which will provide access to many individuals struggling with
alcohol use problems. Study posters will also be put up at
community organizations, hospitals, local university campuses,
and popular drinking locations (eg, bars and restaurants).
Recruitment rates will be monitored on an ongoing basis (eg,
% completing screening relative to % meeting criteria to
participate). With regard to our recruitment strategies, one
potential drawback is that participants may come primarily from
the same place (eg, the same university), creating a homogenous
sample. However, our plan is to utilize many different avenues,
with the goal of creating as heterogenous a sample as possible.
Similarly, it is possible that those recruited through social media
may share characteristics that interact with their experience in
the program. Utilizing multiple recruitment strategies
simultaneously, as well as examining potential moderators upon
data analysis, will help mitigate this potential challenge.

Inclusion and Exclusion Criteria
There has been a shift to include heterogeneous samples in
RCTs to improve the generalizability of findings to other
samples [32]. Therefore, inclusion or exclusion criteria will be
kept to a minimum. Our main participant demographic will be
young adult Canadians with, at least, moderate alcohol misuse
and emotional symptoms. Young adults will be targeted as the
highest national rates of drinking are observed among
individuals in this age group [33]. Furthermore, we know young
adults are at an increased risk of both alcohol-related problems
and emotional challenges [6]. Inclusion criteria for participation
will be as follows: (1) individuals aged 18-35 years; (2) scores
>3 for women and >4 for men on a brief version of the Alcohol
Use Disorders Identification Test (AUDIT-C) [33]; (3)
self-reporting, at least, moderate depression or anxiety
symptoms, or both, indicated by a score >16 on the Center for
Epidemiological Studies Depression Scale (CES-D) [34], and
a score of >10 on the Generalized Anxiety Disorder Scale
(GAD-7) [35]; (4) fluency in English; and (5) having weekly
internet access. Individuals will be ineligible to participate if
they (1) self-report engaging in other psychological or
pharmacological treatments for alcohol misuse or depression
or anxiety; (2) report elevated suicidality, defined as scoring
greater than “minimal risk” on the P4 Suicidality Screener [36],
a widely used measure in RCTs, as well as in primary care
settings worldwide; and (3) report current psychosis or mania.

Informed Consent Procedure
Interested participants will be invited to contact the primary
investigators for a link to the study website (Figure 1). They
will have seen this contact information from any of the
recruitment materials that informed them about the study. The
website link will include all pertinent information about the
study; it will also direct them to the page where they will be
able to provide informed consent on the treatment website. Prior
to consenting, participants will be informed about the following:
the inclusion or exclusion criteria of the study, the potential
risks or benefits of completing the intervention, safety
arrangements during and after the study, and that participation
is voluntary. In addition, they will be told the circumstances
under which they should contact their family doctor or another
professional from an emergency list that will be accessible at
all times via the menu item “Help Me” on the intervention
website. They will first be provided with detailed instructions
on how to create a user account for the self-help program and
be encouraged to contact the researchers should they have any
trouble. Informed consent will be demonstrated by checking
several boxes, stating that they have read and understood the
terms of the research. After participants have provided informed
consent, they will be able to register on the study website. They
will need to create a username as well as verify their account
via email before they can access the website. All data will be
encrypted and stored on a Canadian host server. No other
personal information will be required to register. After informed
consent has been obtained and their account has been verified,
they will immediately be asked to complete the baseline
assessment measures to determine the eligibility.
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Randomization and Trial Flow
Eligible participants will be randomly assigned to either the
treatment or control condition using a 1:1 ratio (Figure 1); this
will happen automatically on the study website.

Participants will immediately be provided with instructions on
the study website once they have been assigned to either group.
Participants assigned to the treatment condition will be told that
they have been selected to participate in the program and will
be provided with instructions on how to proceed. Individuals
assigned to the control condition will be provided links to
general psychoeducation websites about alcohol and mental
illness but told that they would be given full access to the

program in 6 months. Assessments will then take place at the
end of treatment (ie, T1, 8 weeks) and at follow-up (ie, T2, 24
weeks or 16 weeks after the end of treatment). In addition,
participants will be asked to provide brief feedback (eg,
helpfulness and enjoyment) about their experience in the
program at the follow-up assessment. Participants will be
reminded of the assessments at each time-point via email. They
will receive automatic reminders about the assessment every 2
days for 1 week until they have completed the assessment.
Participants will be compensated with a Can $10 Amazon gift
card for each assessment that they complete, for a total potential
compensation of Can $30. Participants will be told about the
compensation process during informed consent.

Textbox 1. Wording to be used in recruitment emails and advertisements.

Recruitment email

Dear Participant,

You are receiving this e-mail because you may be eligible to participate in an online study being offered to young adults in Canada between the ages
of 18 to 35 struggling with alcohol use and anxiety or depression?

The purpose of this study is to test the effectiveness of an 8-week, self-directed online treatment program designed to help you cope with symptoms
of alcohol use and anxiety or depression. Over the course of the 8-weeks, you will learn strategies and techniques from 12 different modules to help
you cope with these challenges, while also receiving online support from our researchers. Our hope is that by the end of the program, you will experience
a reduction in your alcohol use as well as your symptoms of anxiety or depression. During the study, all information you provide will be kept confidential.
You will also receive a small honorarium for your participation.

If this sounds like something you would be interested in, please visit the study website at www.takecareofme.ca to sign up. You may also contact
either Jona Frohlich or Dr. Matthew Keough at support@takecareofme.ca. This research has been approved by the University of Manitoba
Psychology/Sociology Research Ethics Board.

Thank you for your consideration!

*NOTE: You must be fluent in English, have weekly access to the internet, and not currently be in treatment elsewhere in order to participate. You
must also be prepared to commit approximately 3 hours/week to the program.

Advertisement

RESEARCH STUDY

Are you between the ages of 18-35 and currently struggling with alcohol use and anxiety or depression?

If so, you may benefit from joining our treatment study about alcohol misuse and emotional problems in young adult Canadians.

You will be invited to participate in an 8-week, self-directed online treatment program designed to help you cope with symptoms of alcohol use and
anxiety or depression. The program consists of 12 modules.

While participating in the online program may be challenging at times, it may also help reduce your alcohol use, as well as improve your emotional
well-being. All of the information you provide during your participation in this study will remain confidential. You will also receive a small honorarium
for your participation. *NOTE: You must not currently be in treatment elsewhere and be prepared to commit approximately 3 hours/week.

If you have any questions about this research, or for more information, please contact: Dr. Matthew Keough OR Jona Frohlich. Email:
support@takecareofme.ca

This research has been approved by the University of Manitoba Psychology/Sociology Research Ethics Board. Concerns can be directed to the Human
Ethics Coordinator @ 204-474-8113 or email: humanethics@umanitoba.ca
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Figure 1. Randomization and trial flowchart. TAU: treatment as usual.

Integrated Treatment (Active Condition)
The website content is a further development of the Take Care
of You intervention [27] designed for use in English, with added
content specific to symptoms of both depression and anxiety.
The study website includes a dashboard with user information,
a diary for participants to track their alcohol use and mood, 12
treatment modules, and a “Help Me” page of additional
resources in various Canadian communities. Participants in the
treatment condition will have access to 12 treatment modules
(Figure 2) and will have 8 weeks to complete the modules. The
average amount of text in each module is roughly the same. The
content of all modules will be derived from CBT and MI
principles (Table 1). For example, through module engagement,
young adults will identify goals related to alcohol use and mood;
learn strategies to cope with alcohol cravings, triggers, and
social pressures; and learn how to prevent relapse. In addition,
there will be content to target anxiety and depression, focusing
on strategies designed to help reduce negative thinking and
worry, increase behavioral activation, and increase self-care

(eg, sleep hygiene). While participants can technically access
all modules at once, they will be encouraged to work through
the modules in sequential order. More specifically, they will be
encouraged to complete 1-2 modules per week over the course
of 8 weeks. However, they will be able to return to modules
more than once or move ahead to modules that may be more
relevant in a given moment if they so choose. For example, a
participant may jump ahead to the relaxation module if he or
she is having strong anxiety symptoms in a given week.
Participants will be encouraged to complete the modules as
many times as needed, and their progress will be visible on a
digital progress bar. Modules will keep the place of participants
within a module should they exit the program but want to
continue where they left off upon their return. Furthermore,
participants will also be asked to track their alcohol use and
depression or anxiety symptoms each week. On the “dashboard”
intervention page, participants will be able to see a graph
depicting treatment progress. The website will automatically
adapt for use on smartphones and tablets.
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Figure 2. Main menu of intervention modules. Source: takecareofme.ca. Author: Swiss Research Institute for Public Health and Addiction.

Intervention Support Person

The literature shows that adherence to treatment tends to be
suboptimal in addiction intervention studies, including both
in-person and online modalities [37]. In this study, comorbid
emotional symptoms may compound potential issues with
treatment adherence. For example, depression is associated with
low motivation, and this, in turn, may contribute to difficulties
with treatment engagement and homework completion. The
support-accountability module [38] posits that these difficulties
with adherence, particularly in online programs, may be
mitigated by the support of an individual who is viewed as
competent, trustworthy, and available. Therefore, an intervention
support person (ie, a research assistant) will provide primarily
automatic ongoing feedback about module progress, with
reminders about completing sections of the intervention. This
automatic feedback will also include motivational content that
is personalized and signed off by the intervention support
person. Textbox 2 shows the examples of this automated
motivational content for the first few weeks. Emails of this
nature will be sent for the duration of the active treatment
condition. Moreover, a research assistant involved in this
component of the project will provide support on
demand—meaning that they will provide answers to questions
when asked specifically by participants through email.
Therefore, the use of a research assistant for this purpose will
help to reduce the risk of attrition. Consistent with previous
research, automatic and personal feedback should also improve
adherence, as is commonly observed in self-guided behavior
change interventions [38]. It is important to note that the purpose
of the intervention support person (ie, research assistant) in this
role is not to take the place of a therapist, but rather to answer
any questions participants may have as they work their way
through the modules, which will be largely administrative.
Despite the anticipated benefits of incorporating support of this

nature, it is overall not considered equivalent to receiving
in-person therapy. However, we will obtain data on the number
of emails exchanged for participants in each condition.

Dashboard

The purpose of this page is to provide a main menu where
participants can access important information about the program
and their progress in one place. On this page, they will be able
to see the latest automated message from the research assistant,
Deborah, the date on which they started the study, which
assessments have been completed, their module progress, and
their weekly mood and drinking diary. Furthermore, the
dashboard will have an activity portal where participants can
log an activity and corresponding mood if they wish.

Social Presence

Each module will begin with a brief introduction video to bring
a small social presence to the treatment. Previous research
suggests that adding this social factor will personalize the online
program and may influence accountability [38], especially
considering that it is self-guided. At the outset of treatment,
participants will also be asked to select an animated personal
companion whom they identify with in terms of sex, age,
occupation, and family background. All companions will be
fictional, yet relatable. The purpose of this companion is to
provide advice and examples pertaining to the content
throughout the intervention. The personal companion will appear
in each module, at least, once.

Consumption and Mood Diary

Participants in the integrated treatment condition will be asked
to track both their weekly alcohol use and mood as they progress
through the program. These levels will be displayed on a graph
that will be visible to participants at all times. Participants will
be able to observe simultaneous changes in alcohol use and
negative mood by consistently filling out their diary.

JMIR Res Protoc 2018 | vol. 7 | iss. 11 | e11298 | p.37https://www.researchprotocols.org/2018/11/e11298/
(page number not for citation purposes)

Frohlich et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Table 1. Overview of the module content.

Module contentModule number and title

M1: Introduction • Introduction to intervention
• Motivational enhancement (ie, identifying reasons for change and pros and cons of drinking and not

drinking)
• Self-monitoring alcohol use and mood

M2: Strategies for meeting your goals • Strategies to change drinking habits, including stimulus control (eg, ridding the home of cues)
• Resisting alcohol in specific situations (eg, situations involving negative emotions)
• Practicing refusal skills in high-risk situations
• Developing personal strategies to reduce or abstain from harmful alcohol use

M3: Say yes! • Learning about the relationship between mood and behavior
• Increasing behavioral activation (ie, scheduling rewarding or pleasurable activities during the week)
• Tips for dealing with motivational and implementation problems

M4: Learning to “say no” to alcohol • Learning about the various ways to say no to alcohol
• Ways to resist social pressures to drink
• Trying out a few role-plays to practice drinking refusal skills

M5: Identifying risky situations • Identifying personal high-risk situations for drinking
• Learning about “seemingly unimportant decisions” that could lead to heavy drinking

M6: Linking negative emotions and
drinking to life problems

• Relating issues with mood or alcohol to problems
• The difference between controllable and uncontrollable problems
• Formal problem solving (including problem identification, generating possible solutions, evaluating

possible solutions, selecting a course of action, and evaluating the implementation of the action plan)

M7: Coping with craving • Psychoeducation about craving (eg, different forms of craving [mental and physical])
• Introduce self-monitoring of craving
• New ways to effectively cope with cravings (eg, distraction, talking, experiencing the craving, and

recalling the negative outcomes of drinking)

M8: Dealing with slips • Define a “slip” versus a full-blown relapse
• Introduce ways to cope with slip in mood and drinking

M9: Challenging automatic negative
thoughts

• Discuss think the link between thoughts, feelings, behaviors, and bodily sensations
• Review common thinking errors (or cognitive distortions)
• Introduce balanced thinking
• Encourage participants to make links between negative thoughts and drinking
• Encourage participants to complete at least one thought record for a problem situation
• Identity ways to “test” negative thoughts in real life

M10: Meeting your needs • Discussing “Sleep Hygiene”
• Ruminating and worrying less
• Increasing and improving social network

M11: Relaxation exercise • Key relaxation exercise to reduce anxiety (ie, progressive muscle relaxation)
• Deep breathing
• Scheduling relaxation times during the week

M12: Preserve your success • Identify “early warning signs” for slip or relapse
• Create personalized relapse prevention plan
• Discuss ways to cope with relapse
• Identify top five coping strategies
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Textbox 2. Examples of automated motivational emails sent to the intervention group by the support person (ie, research assistant).

After 1 week

Subject: First week is Over

Text:

Hi [Participant]!

You survived the first week! Congratulations! We hope you have been feeling well in the last few days.

Tomorrow starts your second week. Please log in today and fill out your diaries on . Fill in how much you drank in the past few days and how much
you plan to drink in the upcoming week. Also, please enter your mood ratings for the previous week.

At this time, we would also like to encourage you to start another module if you haven’t yet done so. The more modules you do, the more likely you
are to make progress!

Have a good week,

Deborah

After 2 weeks

Subject: Two weeks so far

Text:

Hello [Participant]

Two weeks have passed. We hope you are doing well and are starting to become familiar with the layout of this treatment program.

Tomorrow starts your third week. Please log in today and fill out your alcohol use and mood diaries on

Fill in how much you drank in the past few days and how much you plan to drink for in upcoming week. Also, Also, please enter your mood ratings
for the previous week.

Have a good week,

Deborah

After 3 weeks

Subject: Week 3

Text:

Hello [Participant]!

You’ve completed three weeks of this course now! You’re doing great.

Maybe people in your life have noticed some changes in your behavior, (e.g. that you do not drink as much as you used to). If you encounter people
trying to convince you to drink, we suggest you work through Module 4 (Say No).

And as always, don’t forget to update your drinking diary with your consumption for last week, as well as your intentions for next week on: [study
website]. Also, please enter your mood ratings for the previous week.. Also, please enter your mood ratings for the previous week.

Have a good week,

Deborah

Psychoeducation (Control Condition)
Consistent with similar RCTs conducted in the field [6,27], the
control group will receive links to websites that provide general
psychoeducation about alcohol and mental illness. Therefore,
the control group will be defined as having access to the
available Web-based psychoeducational material. Participants
assigned to the control group will be told that they cannot utilize
the 12 modules right away, but that they can access the said
resources in the meantime if they wish, and that they will be
provided access to the full intervention at the end of follow-up
(ie, 6-months after the first assessment). At both the end of
treatment and follow-up, participants assigned to the control

condition will be asked which resources they utilized and how
many hours they spent, on average, looking at the said resources.
This will help support the notion that both knowledge acquisition
and time were controlled for (ie, differed between the 2 study
arms).

Measures
Table 2 provides a schedule of assessments. Demographic
information will include age, biological sex, gender, ethnicity,
history, and treatment for any physical or mental conditions,
and family history of alcohol use. All self-report questionnaires
will be administered through Web.
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Table 2. Schedule of assessment measures.

24 weeks (T2)8 weeks (T1)Baseline (T0)Self-report measures

✓Demographics (eg, age, sex, treatment history, psychiatric or medical history)

✓✓✓Suicidality (P4 Screener)

✓✓✓Timeline Followback

✓✓✓Center for Epidemiological Studies Depression Scale

✓✓✓Generalized Anxiety Disorder Scale

✓✓✓Alcohol Use Disorder Identification Test

✓✓✓Quality of Life (World Health Organization Quality of Life brief version)

✓✓✓Drug Use (National Institute on Drug Abuse Alcohol, Smoking, and Substance Involvement
Screening Test)

✓✓✓Motivation assessment

Primary Outcome
Alcohol use will be assessed using the Timeline Followback
(TLFB) procedure at all assessment points (T0-T2). The primary
outcome measure will be the number of Canadian standard
drinks consumed in the past 7 days prior to the assessment.
Standard drinks are defined as a 12-oz can or a bottle of beer,
a 5-oz glass of wine, or a 1.5-oz shot of hard liquor. The TLFB
procedure has been shown to provide reliable and valid estimates
of alcohol use and is widely used in basic [38] and treatment
[27] studies.

Secondary Outcomes

Depression

Depression symptoms will be captured at all assessment points
(T0-T2) using the CES-D, a 20-item self-report questionnaire.
A sum score will be used. The CES-D is one of the most widely
used, validated measures of depression severity [34].

Anxiety

Anxiety symptoms will be captured at all assessment points
(T0-T2) using the GAD-7. The GAD-7 is a 7-item self-report
instrument that measures the severity of anxiety symptoms. A
sum score will be used. Studies in the extant literature support
its reliability and validity [37].

Alcohol Misuse

The AUDIT is a 10-item self-report measure designed to assess
alcohol misuse and will be included in this study as an additional
secondary outcome. Overall, the measure provides an indication
of both alcohol use and alcohol-related problems. The AUDIT
is a widely used, reliable, and valid estimate of alcohol misuse
[33] and will be administered at all assessment points (ie, T0,
T1, and T2).

Combined Reduction of Alcohol Use and Comorbid
Emotional Problems

We will also use a combined outcome to look at clinically
significant reductions in alcohol misuse and depression or
anxiety. Specifically, a short version of the AUDIT (first 3 items
of the full AUDIT, referred to as AUDIT-C) will be used, where
scores <3 for women and <4 for men would reflect that
participants are no longer drinking hazardously. Similarly,

falling below 16 on the CES-D or 10 on the GAD-7 would
reflect that participants are no longer experiencing moderate
emotional symptoms. A binary outcome will be created for
participants scoring below the AUDIT-C cutoff and the cutoff
for either depression or anxiety (coded as 1) versus those scoring
above cutoffs (coded as 0). Furthermore, the AUDIT-C will be
used to determine eligibility during the baseline assessment.

Quality of Life

An additional secondary outcome will be the quality of life.
The World Health Organization Quality of Life Assessment
(WHOQOL-BREF) is a 26-item self-report measure that
assesses functionality in various life domains (eg, “How satisfied
are you with your ability to perform your daily living
activities?”). A sum score will be used to assess the overall
quality of life at all assessments (T0-T2). The WHOQOL-BREF
has become one of the most widely used quality of life measures
in the literature [39].

Drug Use

Participants’ use of other drugs in addition to alcohol will also
be included as a secondary outcome and assessed using the
National Institute on Drug Abuse Alcohol, Smoking, and
Substance Involvement Screening Test [40]. Examples of these
additional substances include cannabis, cocaine, prescription
medication, methamphetamine, and opioids. This information
will be collected to examine potential transfer effects to other
substances.

Motivation

Finally, given the large MI component, participants’ level of
motivation will be assessed at all assessment points. The
motivation for change will be assessed along 3
dimensions—importance, confidence, and readiness. Participants
will be asked how important it is, how confident they are, and
how ready they are to change their alcohol use and negative
emotions. Each item will be assessed using a single item on a
scale ranging from 0 (Not Important or Confident or Ready) to
10 (Very Important or Confident or Ready).

Sample Size Calculation
A recent meta-analysis showed that combined CBT and MI
resulted in statistically significant reductions in alcohol use and
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depressive symptoms, with effect sizes being in the small range
for both clinical and subclinical groups (g=0.17-0.27). Data
show relatively comparable effect sizes for online and in-person
interventions for alcohol misuse and emotional symptoms
[29,30]. Therefore, a small effect size (g=0.25) is expected for
group differences in alcohol use and emotional symptoms at
the end of treatment. Using G*Power, the sample size required
to detect a small effect with 80% power, alpha=.05, and a
correlation of .50 between repeated measures was N=164. Based
on the previous literature using online interventions to target
alcohol use and depression [28], approximately 30% of
participants are expected to be lost at follow-up. Therefore, to
consider attrition, the sample size will be increased to N=214;
this will allow for a buffer, should recruitment and attrition pose
more of a challenge than anticipated.

Data Analysis Plan
Before hypothesis testing, we will run preliminary analyses (eg,
baseline differences and missing data analyses). In addition, we
will examine overall group differences in clinically meaningful
variables (ie, % below moderate cutoffs on the AUDIT, CES-D,
and GAD-7 after treatment and at follow-up). Next, generalized
linear mixed models will be used under the framework of
intent-to-treat to evaluate the main hypotheses that integrated
treatment will result in the largest reductions in alcohol use,
depression, and anxiety. The use of generalized linear mixed
models is a multilevel modeling technique that is preferable to
repeated-measures analysis of variance for pre- and
postanalyses, as it will allow us to include all randomized
participants in analyses [41]. This results in less bias due to
missing follow-up data [41]. However, owing to potential
attrition problems, we also plan to conduct a sensitivity analysis
to ensure that data are missing at random. Furthermore, primary
and secondary outcomes will be tested sequentially in a mixed
within- (repeated assessments) and between-subjects (treatment
condition) design.

Safety
We are aware of the increased risks associated with recruiting
young adults with moderate (and distressing) alcohol misuse
and emotional symptoms. We would expect higher base rates
of suicidality and self-harming behaviors in these individuals
relative to those without these mental health concerns.
Accordingly, we will have safeguards to minimize the risk of
harm. Young adults who report suicidal ideation and plans
during screening will be recommended to visit their local
medical professional or hospital for support. In addition, they
will be given access to the integrated intervention, but their data
will neither be analyzed nor included in the RCT. We will also
be monitoring changes in suicidality at each assessment and
will direct participants to emergency services if needed.
Moreover, participants will have full-time access to a list of
mental health services, including community resources,
hospitals, and helplines. Supports will also be accessible to
participants at all times via the menu item “Help Me” on the
intervention website. Finally, participants in the control
condition will be given access to the active treatment after the
final assessment (6 months). They will receive all elements of
the integrated intervention. To maintain transparency, updates

will be made on ClinicalTrials.gov at each stage of the research
process. Finally, the project has been funded by Research
Manitoba, meaning that it has undergone a substantial
peer-review process also considering safety aspects right from
the beginning (Multimedia Appendices 1 and 2).

Results

The intervention will be designed to adhere to the ethical
principles of the Declaration of Helsinki and the Consolidated
Standards of Reporting Trials guidelines for internet-based
interventions [42]. The study has been granted procedural ethics
from the Psychology/Sociology Research Ethics Board at the
University of Manitoba, P2017:128 HS21125. All study
procedures will be conducted in accordance with this ethics
board at the granting institution, who will receive updates of
the study status and will immediately be notified when the study
is complete. Finally, the intervention is currently registered on
ClinicalTrials.gov for traceability (ID: NCT03406039). We will
update the status of the intervention at each stage of the study
process in accordance with website guidelines.

Primary trial findings will be published in open-access journals
so that both the public and policy makers in Canada can learn
about and use the intervention. Anonymized study data will be
available on request, and interested participants will be provided
with a summary of the results once the study is complete.
Finally, dissemination will also include providing talks at
various community locations, major hospitals and universities,
and at public institutions (eg, libraries) to ensure that results are
as far-reaching as possible.

Discussion

Principal Findings
High rates of substance use and emotional issues in Canada
demonstrate a clear need for additional and more accessible
mental health services in the country. In addition, many
provinces have considerable rural spread, meaning that several
communities are dispersed throughout the province with little
access to major city centers; this poses a substantial challenge
for providing equal access to mental health care services.
Furthermore, young people living in remote communities are
at a marked disadvantage, as they seem to be struggling most
with substance use and related problems but have limited access
to treatment facilities. Thus, the proposed study has the potential
to substantially improve the health and well-being of young
adults living across the country. Given that we will be targeting
young adults (ie, those who are early in the risk pathway), our
intervention may help individuals change their mental health
trajectories. That is, an early evidence-based intervention may
provide “at-risk” young adults effective coping strategies and,
therefore, prevent the escalation of problems in the future, thus,
resulting in fewer adults with alcohol use and emotional
disorders. Furthermore, the intervention stands to provide a
cost-effective method (relative to traditional in-person
treatments) of improving mental health care delivery to
Canadians. Online interventions have the potential to save the
government millions of dollars via the reduced burden on the
health care system.
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Limitations and Mitigation Plan
Intervention studies show substantial variability in attrition
rates, depending on the treatment orientation and clinical
severity [43,44]. Generally, dropout rates are high in populations
with alcohol and substance use disorders—ranging from 21%
to 80% [45]. We are aware of this possible influence on attrition.
However, regular contact with the intervention support person
will likely provide personalized support that is not typical of
online interventions; this may reduce dropout. In addition, we
will offer participants the possibility to receive a summary report
at the end of the study of overall findings. This report will
contain information about the effects of the treatment, significant
or not, based on aggregate-level data. The combined use of the
strategies above will help reduce attrition. An additional
limitation of this study is the use of self-report measures in a
Web-based format, of which not all have been tested online.
However, assessments of this nature remain widely used in
clinical research and increasing reliability and validity evidence
for these Web-based tools is accumulating in the clinical
literature.

Conclusions
The proposed intervention is a potentially effective, cost-friendly
means to enhance mental health care delivery to young adults
in Canada. Currently, no such treatments exist for young adults
in the country who struggle with addiction and comorbid
emotional problems. Research wise, the proposed intervention
is a novel expansion of the Swiss study. One major new feature
will be the inclusion of content that specifically targets anxiety
symptoms—which are currently missing from existing online
integrated treatments. It is essential to provide young adults
with the skills to cope with these emotional problems because
both are known triggers for alcohol misuse and both often occur
within the same individual. Therefore, by including new skills
to target anxiety, we will enhance the therapeutic benefits of
our intervention. Overall, the proposed intervention stands to
have a substantial positive impact on the lives of young
Canadians and on government expenditures related to mental
health care.
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Abstract

Background: Mental health and substance use disorders are the leading causes of global disability in children and youth. Both
tend to first onset or escalate in adolescence and young adulthood, calling for effective prevention during this time. The Climate
Schools Combined (CSC) study was the first trial of a Web-based combined universal approach, delivered through school classes,
to prevent both mental health and substance use problems in adolescence. There is also limited evidence for the cost-effectiveness
of school-based prevention programs.

Objective: The aim of this protocol paper is to describe the CSC follow-up study, which aims to determine the long-term efficacy
and cost-effectiveness of the CSC prevention program for depression, anxiety, and substance use (alcohol and cannabis use) up
to 7 years post intervention.

Methods: A cluster randomized controlled trial (the CSC study) was conducted with 6386 participants aged approximately 13.5
years at baseline from 2014 to 2016. Participating schools were randomized to 1 of 4 conditions: (1) control (health education as
usual), (2) Climate Substance Use (universal substance use prevention), (3) Climate Mental Health (universal mental health
prevention), or (4) CSC (universal substance use and mental health prevention). It was hypothesized that the CSC program would
be more effective than conditions (1) to (3) in reducing alcohol and cannabis use (and related harms), anxiety, and depression
symptoms as well as increasing knowledge related to alcohol, cannabis, anxiety, and depression. This long-term study will invite
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follow-up participants to complete 3 additional Web-based assessments at approximately 5, 6, and 7 years post baseline using
multiple sources of locator information already provided to the research team. The primary outcomes include alcohol and cannabis
use (and related harms) and mental health symptoms. An economic evaluation of the program will also be conducted using both
data linkage as well as self-report resource use and quality of life measures. Secondary outcomes include self-efficacy, social
networks, peer substance use, emotion regulation, and perfectionism. Analyses will be conducted using multilevel mixed-effects
models within an intention-to-treat framework.

Results: The CSC long-term follow-up study is funded from 2018 to 2022 by the Australian National Health and Medical
Research Council (APP1143555). The first follow-up wave commences in August 2018, and the results are expected to be
submitted for publication in 2022.

Conclusions: This is the first study to provide a long-term evaluation of combined universal substance use and mental health
prevention up to 7 years post intervention. Evidence of sustained benefits into early adulthood would provide a scalable,
easy-to-implement prevention strategy with the potential for widespread dissemination to reduce the considerable harms, burden
of disease, injury, and social costs associated with youth substance use and mental disorders.

International Registered Report Identifier (IRRID): PRR1-10.2196/11372

(JMIR Res Protoc 2018;7(11):e11372)   doi:10.2196/11372

KEYWORDS

alcohol abuse; prevention; depression; anxiety; costs and cost analysis; school; eHealth

Introduction

Background
Mental health and substance use disorders are the leading causes
of global disability, accounting for 25% of total disability in
children and youth [1]. Every year, mental and substance use
disorders conservatively cost the Australian community over
Aus $12.7 billion [2]. The burden of substance use and mental
disorders now account for 1 in every 10 lost years of health
globally [3]. The most common mental disorders are anxiety
and depression [4,5], with the most commonly used substances
in Western countries, such as Australia, being alcohol and
cannabis. To reduce the cost and burden of depression, anxiety,
and substance use, timely and effective prevention is critical.

Epidemiological studies show that between 40% [6] and 50%
[7] of the population in Western countries will suffer from a
depressive, anxiety, or substance use disorder during their
lifetime. Furthermore, depression, anxiety, and substance use
disorders typically emerge before the age of 25 years [8]. From
the ages of 13 to 24 years, there is an increased susceptibility
for the development of depression, anxiety, and substance use
disorders. Longitudinal life course studies show that transitions
from childhood to adolescence and from adolescence to young
adulthood are marked by significant increases in anxiety
disorders, depression, and substance use disorders [9]. In
addition, even small elevations in mental health symptoms in
adolescence increase the likelihood of developing a full-blown
mental disorder later in life [10]. Substance use during
adolescence is also a significant global problem, resulting in a
number of adverse outcomes including violence, accidental
injury, self-harm, suicide, and an increased risk of developing
mental illness [11]. Although the majority of adolescents will
not meet criteria for a full-blown substance use disorder [12],
a substantial portion will use alcohol at harmful levels [13].
Data from nationally representative surveys consistently show
rates of substance use (namely alcohol use) increase steeply
between the ages of 13 and 18 years [14-16]. In the general

population, approximately 25% of people with a substance use,
anxiety, or mood disorder will experience comorbidity with
another class of these disorders in any 12-month period [17].
Of particular concern, individuals with comorbid disorders are
harder to treat, suffer a more chronic illness course, and
experience poorer outcomes later in life than those with no
disorder or single disorders [18,19].

To halt the escalation and associated burden of disease,
prevention efforts need to be commenced before the onset and
acceleration of substance use, depressive, and anxiety symptoms
into well-established patterns and disorders. Adolescence is a
key time to do this. School-based programs have been shown
to reduce both substance use and depression and anxiety
symptoms [20-22]. However, to date, prevention programs tend
to target single disorders in isolation, ignoring the comorbidity
and common risk factor shared by substance use and mental
disorders [23,24]. Until recently, there were no prevention
models targeting depression, anxiety, and substance use
simultaneously.

Few studies have examined the effectiveness of prevention
approaches for substance use, depression, and anxiety beyond
secondary school. There is limited evidence from studies in the
United States [25,26] that receiving the universal Life Skills
Training substance use prevention program in year 6-7 (ages
12-13 years) reduced risk of alcohol-related problems and illicit
drug use into early adulthood (ages 18-22 years). Further
investigations of the Life Skills Training program have indicated
that these reductions in substance use, in turn, demonstrated
significant secondary benefits on depression symptoms at the
age of 22 years [27]. According to recent reviews, the durability
of universal prevention programs for anxiety and depression
has not been investigated beyond 4 years post intervention and
into the young adult years [28-30]. The secondary effects of
prevention for anxiety and depression on substance use are
rarely investigated and have been identified as a high priority
future direction in prevention research [31]. Moreover,
assessment over the longer term for interventions instigated in
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adolescence is important as adolescents are increasingly exposed
to drugs and alcohol, and personality vulnerabilities are triggered
by the unique challenges associated with early adulthood [32].

The Climate School Combined Study: First
Randomized Controlled Trial of Simultaneous
Universal Prevention for Anxiety, Depression, and
Substance Misuse
The Climate School Combined (CSC) study commenced in
2014 as the first randomized controlled trial (RCT) of a
combined approach to preventing depression, anxiety, and
substance misuse (focusing on alcohol and cannabis) in
adolescence [33]. This study was a 4-armed, cluster RCT, in
which participating schools were randomly allocated to 1 of 4
conditions: (1) CSC intervention; (2) Climate Schools Substance
Use; (3) Climate Schools Mental Health, or (4) Control (health
and physical education as usual). Participants allocated to the
CSC intervention received 18 × 40-min classroom lessons
focused on depression, anxiety, alcohol, and cannabis. Each
lesson includes both computer-based and manualized classroom
activities. The computer-based component is delivered on the
Web to individual students who log on to view cartoon storylines
that impart information about anxiety and depressive symptoms,
alcohol, and cannabis. The classroom activities are delivered
by the teacher and aim to reinforce the learning outcomes
outlined in the cartoons and allow interactive communication
between students. These lessons adopt a harm minimization
approach in relation to substance use and utilize cognitive
behavioral skills and strategies to assist students in identifying
and reducing problematic mental health symptoms. Those
allocated to Climate Schools Substance Use intervention
received 12 × 40-min lessons focused on alcohol and cannabis
use, those allocated to the Climate Schools Mental Health
intervention received 6 × 40-min lessons focused on anxiety
and depression, whereas those in the control condition received
health education as usual. Further details about the intervention
components and groups have been previously reported [33].
The primary aim of the original CSC study was to assess the
effectiveness of delivering a comprehensive prevention strategy
(the CSC intervention) targeting depression, anxiety, and
substance use (alcohol and cannabis) in reducing the onset and
escalation of mental health symptoms, substance use and related
harms, and increasing knowledge in relation to these issues. A
total of 71 schools and 6386 students aged 13 to 14 years at
baseline participated in the trial. Although the initial phase of
the study did not specifically aim to test the cost-effectiveness
of the intervention, resource use questions used in
cost-effectiveness analysis were included in the study from
baseline (2014).

Sustaining Prevention Effects Into Young Adulthood:
The Need for Longer-Term Follow-Up
At ages 17 to 18 years, the CSC trial cohort is now nearing early
adulthood in 2018. This transition, from adolescence to early
adulthood, represents a unique developmental period
characterized by numerous personal and social role changes
including new social relationships and living arrangements,
increased financial and social independence, and pursuit of
employment and/or higher education. Along with increased

exposure to alcohol and cannabis during this period, mental
health symptoms often become more pronounced with the onset
of new challenges, increased autonomy, and formation of new
friendship circles. A review of longitudinal epidemiological
studies focusing on the transition from adolescence to young
adulthood found that rates of any mental or substance use
disorder more than doubled, as did the use of illicit drugs [9].
Specifically, substance use, anxiety, and depression begin to
increase in adolescence and continue to increase significantly
into early adulthood [34-36].

Despite evidence demonstrating that school-based prevention
efforts can interrupt the trajectory of growth in substance use
and mental health symptoms during adolescence [21,22,37],
very little research has focused on whether these effects can be
sustained into the critical period of young adulthood [38]. The
majority of existing prevention programs have a very limited
evidence base beyond 3 years [22,38,39]. It is therefore unclear
whether prevention effects are sustained into young adulthood,
when adult vocational and social roles are established, and rates
of substance use and mental health problems are highest. Even
small disruptions have potentially significant economic
consequences, with economic modeling suggesting that even
modest long-term reductions in substance use would lead to
substantial societal benefits [40]. Evaluation of long-term
outcomes and cost-effectiveness of school-based prevention
programs for substance use, anxiety, and depression is a critical
knowledge gap, and the long-term effectiveness of combining
mental health and substance use prevention is unknown.

The Climate Schools Combined Long-Term Follow-Up
Study
The CSC long-term follow-up study will be the first in the world
to examine the long-term effectiveness of a combined approach
to the universal prevention of anxiety, depression, and substance
use disorders delivered on the Web. It will extend the follow-up
of the existing CSC cohort by an additional 3 time points (5, 6,
and 7 years post initial baseline assessment in 2014). There is
limited evidence to suggest that when delivered in isolation,
mental health and substance use prevention programs have
secondary benefits on comorbid conditions [41,42]. This
suggests the possibility of powerful multiplicative effects of
mental health and substance use prevention when delivered in
combination. This study will provide evidence on the long-term
effectiveness of a combined approach to prevent mental health
(anxiety and depression) and substance use (alcohol and
cannabis) problems and evaluate the cost-effectiveness of such
an approach. This combined approach will be compared with
mental health and substance use prevention delivered in isolation
and to education as usual (a control group). Primary outcomes
include alcohol and cannabis use and related harms, and mental
health symptoms. An economic evaluation of the program will
utilize data linkage as well as self-reported resource use (use of
health care staff time, facilities, and consumables) and quality
of life measures. By investigating the long-term effects and
cost-effectiveness of a combined approach to preventing mental
health and substance use problems, this study will provide
crucial information about which prevention approaches are most
sustainable and whether and when additional booster sessions
might be needed. To further understand intervention effects
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over the long term, it is important to explore potential
moderators and mediators of the intervention. Research has
shown that emotion regulation [43], self-efficacy [44],
personality domains (such as perfectionism) [45], social
networks [46], and broad internalizing and externalizing
domains [47] are important factors to consider in relation to
substance use and mental health and will be considered as
potential moderators and/or mediators in this study.

Cost-Effectiveness of Universal School-Based
Prevention
There is limited evidence demonstrating the value for money
of school-based programs to prevent depression, anxiety, and
minimize substance abuse. An economic evaluation of
school-based programs to prevent depression in adolescents
aged 11 to 17 years demonstrated that both were cost-effective
in an Australian context [48]. However, this was a modeled
evaluation limited to the prevention of depression, based on a
number of assumptions and used disability-adjusted life years
as an outcome measure. A total of 4 cost-benefit analyses
evaluated school-based programs to prevent substance use. The
benefits of the prevention programs and the monetary benefits
of reducing substance use over a lifetime outweighed the costs
to deliver the programs in schools [49-51]. However, these were
also model-based evaluations and conducted in the United States
education and health systems. An economic evaluation
conducted alongside an RCT of these interventions has not been
undertaken nor has an economic evaluation of a combined
Web-based approach to prevent mental and substance use
disorders.

Aim
The study will conduct a long-term (7-year) follow-up of the
first RCT of a combined Web-based substance use and mental
health prevention approach addressing the following research
questions:

1. RQ1: Is the combined approach used in the CSC program
more effective in the long-term across the transition into
early adulthood (ages 18-21 years) compared with: (1)
universal substance use prevention (Climate Substance
Use), (2) universal mental health prevention (Climate
Mental Health), and (3) education as usual (control
condition) for:
• reducing the use and harmful use of alcohol and

cannabis
• reducing overall symptom levels of anxiety and

depression

2. RQ2: How cost-effective is a combined approach to
prevention over the long-term?

We hypothesize that the combined prevention model (CSC
program) will be cost-effective compared with (1) school-based
prevention as usual, (2) stand-alone universal school-based
substance use prevention, and (3) stand-alone anxiety and
depression prevention, where Aus $50,000 per quality-adjusted
life year is taken as the benchmark for cost-effectiveness in
Australia.

Methods

Ethics Approval and Consent to Participate
The study was approved by the University of Sydney Human
Research Ethics Committee, Australia (2018/906), and all
participants provided informed consent to participate in the
original CSC study. All participants will provide additional
informed consent before participating in further follow-up
surveys.

Study Design
This trial is registered with the Australian and New Zealand
Clinical Trials Registry: 12613000723785. A total of 88 schools
from the Australian states of New South Wales, Western
Australia, and Queensland were recruited to the CSC trial in
2014. A total of 17 schools withdrew after randomization
(primarily due to time constraints). The final cohort at baseline
consisted of 6386 year 8 students from 71 schools (mean age
13.5 years [SD 0.6], 54.84% [3502/6386] female, 81.24%
[5188/6386] born in Australia). Participating schools were
randomized to 1 of 4 conditions: (1) Control (health education
as usual), (2) Climate Substance Use (universal substance use
prevention), (3) Climate Mental Health (universal mental health
prevention), or (4) CSC (universal substance use and mental
health prevention). Blocked randomization was used, allocating
schools to the 4 conditions in equal ratios in blocks of 4. The
CONSORT diagram (see Multimedia Appendix 1) summarizes
participant flow and retention rates through the study for each
condition. Comprehensive information about the intervention
content, delivery, and study design of the original CSC study
has been published in the original CSC study protocol [33]. The
completed CSC study assessments and timeline for extended
follow-up assessments can be seen in Multimedia Appendix 2.

Procedure
The CSC long-term follow-up study will extend data collection
up to 7 years post baseline. Using multiple sources of locator
information already provided to the research team (eg, email
addresses, address, phone number, and Facebook usernames),
all participants will be invited to consent to take part in the
long-term follow-up and then complete 3 Web-based
assessments at approximately 5, 6, and 7 years post baseline.
Participants in the state of Queensland complete school 1 year
earlier than participants in New South Wales and Western
Australia. To collect data from Queensland participants in their
first year post school, follow-up will commence in Queensland
from August 2018 to January 2019, whereas data collection will
run from January 2019 to June 2019 in New South Wales and
Western Australia. Participants will consent to take part in the
longitudinal follow-up study and provide additional consent to
release their Medicare Benefits Schedule and Pharmaceutical
Benefits Scheme information to the research team. Subsequent
contact with students will be made via email invitation or via
school with reminder emails and texts sent once a week for 3
weeks. Those who cannot be reached via email will be contacted
via alternative forms of locator information, including short
messaging service (SMS) and social media. If no response is
received, participants will be followed up via phone calls, and
paper surveys will be mailed to their home address. Participants

JMIR Res Protoc 2018 | vol. 7 | iss. 11 | e11372 | p.49https://www.researchprotocols.org/2018/11/e11372/
(page number not for citation purposes)

Birrell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


will be contacted via the locator information provided until a
response is received.

“Participants will be directed to the CSC website through a
personalized URL to complete written consent procedures and
complete the survey (approximately 30-45 min in duration) on
the Web. Responses will be deidentified and linked over time
using a unique identification code. Participants will be
reimbursed Aus $20 in the form of a gift voucher for each survey
occasion they complete. A duty of care procedure has been
developed and approved by the University of New South Wales
Human Research Ethics Committee and will be followed if a
participant self-identifies as at risk of harm during the study.
This includes automatic emails to participants with detailed
information about support services if their response indicates
they are at risk of harm.

Sample Size Calculations
Participants for this study come from 6386 students from 71
schools recruited to the original CSC study. Power calculations
for the original trial were based on methods developed to detect
intervention by time interactions in longitudinal cluster RCTs
[52] and ensured adequate power to detect clinically significant
differences across groups both in the total sample and in each
of the 3 states of Australia where recruitment took place. These
calculations accounted for 10% dropout at the school level and
indicated that 2800 students recruited from 28 schools in each
state (for a total of 8400 students) would achieve 80% power
to detect a between-group mean difference of 0.15 (at the P<.05
level) with 7 measurement occasions. In our original study, we
achieved a total sample size of 6386 students. Although this is
not sufficient to do analyses at the state level, the total sample
size is more than sufficient and far surpasses the 2800 required
to detect the expected differences across the whole sample. As
initiation and frequency of substance use as well as levels of
depression and anxiety increase over the transition to early
adulthood [9], larger effect sizes are expected over the
longer-term follow-up. Thus, even allowing conservatively for
dropout rates of >35%, the proposed follow-up study is
adequately powered for the expected size of effect for Climate
Substance Use (d=0.15), Climate Mental Health (d=0.15), and
the CSC intervention (d=0.2). Power calculations based on the
obtained sample, where there were at least 16 schools, and an
average of at least 80 students per school in each intervention
group show that the power to detect an effect size of d=0.15 at
the final long-term follow-up would be >90%.

Measures
Where possible, measures have remained consistent from the
original CSC study to the long-term follow-up study. Some
measures have been amended or updated to be age appropriate
as participants transition out of school. Details of all included
measures in the long-term follow-up study are outlined below.

Demographic data including gender, age, country of birth,
truancy rates, and academic performance were obtained at
baseline to determine the equivalence of groups. All follow-up
outcomes will be assessed by validated self-report measures,
which have been shown to be valid and reliable in adolescent
populations [53-55].

Primary Measures

Alcohol Use

Drinking behaviors in the past 6 months will be assessed using
an adapted version of the Patterns of Alcohol index [56].
Participants will report the frequency and average quantity of
their alcohol consumption in standard drinks, frequency of binge
drinking (defined as consuming 5 or more standard drinks on
1 occasion), the maximum number of drinks consumed on 1
occasion, and the proportion of their friends or acquaintances
who drink alcohol and drink to get drunk. From this scale, it
will be possible to calculate dichotomous variables to determine
whether participants have ever had a sip, full serve of alcohol,
or binge drunk (consumed 5 or more standard drinks). This
questionnaire has been used in previous Climate Schools trials
[57-59] and allows for comparison with large-scale Australian
cohorts. A standard drinks chart will be presented with these
items to assist reporting. Emerging symptoms of alcohol use
disorder will be screened for by a Diagnostic and Statistical
Manual of Mental Disorders-fifth edition (DSM-5) symptom
checklist [60]. This 16-item checklist examines the presence of
symptoms in the past 12 months as specified in the DSM-5 and
includes items such as, “during the past 12 months, have you
tried unsuccessfully to reduce your use of alcohol?”
Alcohol-related harms will be measured by the 24-item Brief
Young Adult Alcohol Consequences Questionnaire [61]. Items
capture a wide range of age-appropriate harms from mild (eg,
fatigue) to more severe (eg, sexual victimization) consequences
during the past year.

Cannabis Use

Cannabis use will be assessed by 4 items from the National
Drug and Alcohol Strategy Household Survey (NDSHS) [62].
Items will assess whether participants have ever tried cannabis,
their frequency of use in the past 6 months, and proportion of
their friends and acquaintances who use cannabis. Emerging
symptoms of cannabis use disorder will be screened by a 17-item
DSM-5 symptom checklist, which assesses the absence or
presence of symptoms in the past 12 months [60].

Other Substance Use

A total of 6 items from the NDSHS [62], allowing for
comparison with a large representative group of Australians,
will ask participants whether they have ever tried amphetamines,
ecstasy, hallucinogens, sedatives, inhalants, or any other
substance and their frequency of use in the last 6 months (on a
5-point scale ranging from “none” to “more than five times”).
Questions will be presented alongside a table with alternative
names for drugs. Cigarette and electronic cigarette use will be
measured by 7 questions modified from Barrington-Trimis et
al [63]. Questions assess whether participants have ever tried
cigarettes or electronic cigarettes, their frequency of use in the
past 6 months and 30 days, and the average quantity of cigarettes
smoked per day in the past 30 days.

Mental Health Measures

Psychological distress in the past month will be assessed by the
Kessler 6 scale [64] and the Distress Questionnaire-5 [60].
Depressive and anxiety symptoms during the past 2 weeks will
be measured by the Patient Health Questionnaire-9 modified
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for adolescents [65] and the 7-item Generalized Anxiety
Disorder scale, respectively [66]. The 3-item Mini Social Phobia
Inventory [67] will screen for social phobia, whereas the
Community Assessment of Psychic Experiences Positive
Scale-15 [68] will measure psychotic-like experiences during
the past 3 months. A total of 3 dichotomous questions drawn
from the Youth Risk Behavior Surveillance System [69] and 1
question from the Patient Health Questionnaire-9 [65] will assess
suicidal ideation in the past 12 months, including thoughts of
and plans to attempt suicide.

Resource Utilization

Participants’ will be consented for access to Medicare Benefits
Schedule and Pharmaceutical Benefits Scheme data providing
detailed information on the number and cost of contacts with
health care professionals and prescription medications
reimbursed through these commonwealth-funded plans. These
data will be obtained from the Department of Human Services
for up to a 4.5-year period from the date of extraction. A
retrospective 12-month questionnaire will also be used to capture
resource use outside of Medicare Benefits Schedule and
Pharmaceutical Benefits Scheme data, in addition to capturing
some overlapping data for those participants who may not agree
to this data access. The resource use questionnaire was adapted
from the Client Services Receipt Inventory [70] and will assess
the frequency of contact with health care professionals, other
service utilization (eg, ambulance, self-help materials), overnight
medical admissions, use of prescription medications, time off
paid and unpaid work, support payments, and living
arrangements.

Health-Related Quality of Life

Health outcomes will be assessed by the Child Heath Utility-9D
[71], a pediatric health-related quality of life measure providing
utility values for economic evaluations, which has been adapted
for Australians aged 18 to 29 years [72].

Secondary Measures

Social Networks

All participants completing Web versions of the survey will
also complete a social networks survey at each time point
consisting of questions adapted from O'Malley et al [73] and
Lau-Barraco et al [74]. Participants will be asked to nominate
up to 6 people with whom they spent most of their free time
with in the past 12 months. For each identified person,
participants will be asked to report on this person’s
demographics, relationships, frequency and mode of contact,
perceived mental health symptoms, perceived alcohol
consumption, whether they are considered a drinking associate,
and relationship closeness. The relationships and closeness
between pairs of nominated individuals will also be rated.
Although these questions were not included in the original phase
of the study, a subsample of participants were asked to nominate
their 6 closest friends in their year at school to provide
information on their social networks in the original CSC study.

Other Measures

Other secondary measures that will be administered include the
following: (1) Bandura’s Resistive Self-Regulatory Efficacy

Scale [75,76] will examine perceived self-efficacy to resist peer
pressure to engage in high-risk activities; (2) the 8-item Frost
Multidimensional Perfectionism Scale-Brief to measure
perfectionism across 2 dimensions (striving and evaluative
concerns) [77]; (3) the 11-item Emotion Regulation
Questionnaire to assess individual differences in the use of 2
emotional regulation strategies (reappraisal and suppression)
[78]; and (4) the Strengths and Difficulties Questionnaire 18+
to assess both internalizing and externalizing symptoms of
participants [79].

Statistical Analysis
Intention-to-treat analyses will be carried out for all primary
and secondary outcomes in the trial, including all participants
in the groups they were initially randomized to. Multilevel
mixed-effects regression models will be used to assess these
outcomes. Where appropriate, generalized mixed-effects models
will be applied, for example, using logistic regression for
dichotomous outcomes.

Multilevel models are able to account for the clustered design
of the trial by taking into account the expected correlations
between the multiple observations of each participant and
between participants in the same school [80]. Multilevel models
will include random intercepts for schools and random intercepts
and slopes for time for individuals. The best fitting random
effects structure for each model will be determined using
likelihood ratio tests and model fit statistics such as the Akaike
information criterion.

Models will include dummy-coded intervention terms that
compare each intervention with the reference control group and
time terms reflecting the survey occasion, along with covariates
such as gender to adjust for possible confounding. The effects
of greatest interest for assessing the effectiveness of the
interventions are intervention × time terms that provide
baseline-adjusted estimates of how each intervention group has
changed relative to control. Interpretable measures of effect size
such as odds ratios and standardized mean differences will be
calculated for all effects as well their accompanying CIs.

Given that some outcome data are expected to be missing due
to loss to follow-up, the analysis must also account for missing
data. As mixed-effects models employ maximum likelihood
estimation, they produce unbiased estimates when missing data
can be assumed to be either missing completely at random or
missing at random [81] and are considered to be superior to
other strategies for dealing with missing data [82].

Planned Comparisons
The primary aims of the original CSC trial were to assess the
efficacy of the combined CSC intervention in comparison with
the stand-alone Climate Substance Use intervention, Climate
Mental Health intervention, and standard education received
by the control group [83]. Therefore, planned comparisons for
each outcome will compare CSC versus Control, CSC versus
Climate Mental Health, and CSC versus Climate Substance Use
including all participants allocated to each of these intervention
groups.
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Economic Evaluation
The cost to deliver each intervention will be combined with the
additional resources used by participants over the follow-up
period to calculate total costs from the Australian health sector
and societal perspectives as recommended by current guidelines
[84]. Intervention costs will comprise software development,
staff, and teacher time to deliver interventions and usual care.
Additional health care resources will be valued by applying
standard Australian unit costs (ie, Independent Hospital Pricing
Authority, Australian Bureau of Statistics wage rates) to the
resource use units collected. The combined CSC intervention
group will be compared with the stand-alone intervention groups
and the control group in terms of both total costs and outcomes
as assessed by an incremental cost-effectiveness ratio.
Nonparametric bootstrapping will be used to obtain CIs for
cost-effectiveness ratios, as parametric techniques are
inappropriate for use on skewed variables and ratios. The
sensitivity of the results will be tested against the variation in
the utility weights and unit cost prices.

Additional Analyses: Moderation of Intervention Effects
To explore possible mechanisms for the interventions’
effectiveness, planned moderation analyses will be conducted
to examine whether measures of baseline risk moderate the
intervention effects. Baseline measures of risk will be
investigated in relation to alcohol and other substance use, harms
related to substance use, and mental health symptoms.

Results

The CSC long-term follow-up study is funded from 2018 to
2022 by the Australian National Health and Medical Research
Council (APP1143555). The first follow-up wave commences
in August 2018, and the results are expected to be submitted
for publication in 2022.

Discussion

Overall Aim
This paper outlines the study protocol and design of an extended
long-term follow-up of the CSC study cohort into late
adolescence and early adulthood. The study aims to (1) examine
the long-term effectiveness of a combined universal mental
health and substance use program (CSC program) in preventing
substance use (and related harms) and reducing mental health
symptoms up to 7 years post baseline and (2) evaluate the
cost-effectiveness of the program over the long term. In addition,
we will explore intervention effects on secondary outcomes
including self-efficacy, social networks, peer substance use,
emotion regulation, and perfectionism into young adulthood as
well as key mediators and moderators of intervention effects.

Strengths and Limitations
This study will address a significant gap in knowledge by
determining for the first time the longevity of school-based

universal prevention for substance use and mental health
delivered via the Web into young adulthood as well as
conducting 1 of the first cost-effectiveness studies of Web-based
prevention for mental health and substance use up to 7 years
post baseline. Furthermore, this will be the first study to examine
unique effects of combining substance use and mental health
prevention over the long term. As with the original CSC study,
2 key limitations of the study are participant attrition and
reliance on self-report for the majority of measures. Although
follow-up rates for the original CSC study remained relatively
high across survey waves (ranging from 67% to 88%), it is
anticipated that the addition of a new round of consent and
participants transitioning from school to postschool
environments in this study will present additional challenges
and increase study attrition. Anticipated barriers include
incomplete and changing contact details, participant relocation
(overseas or interstate for travel, study, or work opportunities),
and a lack of follow-up support from teachers as participants
complete school. To aid in participant follow-up, a set of
detailed follow-up strategies will be developed, including a
procedure using a wide range of mediums to contact participants
(email, SMS, Facebook, phone calls, and mail out), obtaining
contact details from one other person who is likely to know how
to contact the participant should their contact details change,
and adequately reimbursing participants for their time (Aus $20
reimbursement). Reliance on self-report data for the majority
of collected measures may introduce bias related to social
desirability, particularly in relation to illegal or risky behaviors
such as drug use. Nonetheless, self-reported substance use has
been shown to be both reliable and valid [53,54], especially
when confidentiality is assured and when young people self
administer surveys on the Web [55,85], both of which will occur
in this study.

Conclusions
Harms relating to early substance use and development of mental
health problems are a serious concern, and the transition into
early adulthood represents a key risk period. Despite this, very
little is currently known about the effectiveness of school-based
prevention programs beyond school age. This study addresses
a critical knowledge gap and will indicate if prevention
approaches for anxiety, depression, and substance use can have
lasting effects. Furthermore, this study will provide a critical
economic evaluation of the long-term effects of a combined
universal approach to prevent substance use and mental health
problems among young people. This knowledge is vital to
inform policy both nationally and internationally as economic
modeling suggests substantial societal benefit can be gained
from even modest reductions in substance use and mental health
[48,50,86]. Evidence of sustained benefits into adulthood would
provide a scalable and easy-to-implement prevention strategy
that could be disseminated immediately, at minimal cost, to
reduce the considerable harms, burden of disease, injury, and
social costs associated with substance use and mental disorders.
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Abstract

Background: Data collected by health care organizations consist of medical information and documentation of interactions
with patients through different communication channels. This enables the health care organization to measure various features
of its performance such as activity, efficiency, adherence to a treatment, and different quality indicators. This information can be
linked to sociodemographic, clinical, and communication data with the health care providers and administrative teams. Analyzing
all these measurements together may provide insights into the different types of patient behaviors or more accurately to the
different types of interactions patients have with the health care organizations.

Objective: The primary aim of this study is to characterize usage profiles of the available communication channels with the
health care organization. The main objective is to suggest new ways to encourage the usage of the most appropriate communication
channel based on the patient’s profile. The first hypothesis is that the patient’s follow-up and clinical outcomes are influenced
by the patient’s preferred communication channels with the health care organization. The second hypothesis is that the adoption
of newly introduced communication channels between the patient and the health care organization is influenced by the patient’s
sociodemographic or clinical profile. The third hypothesis is that the introduction of a new communication channel influences
the usage of existing communication channels.

Methods: All relevant data will be extracted from the Clalit Health Services data warehouse, the largest health care management
organization in Israel. Data analysis process will use data mining approach as a process of discovering new knowledge and dealing
with processing data extracted with statistical methods, machine learning algorithms, and information visualization tools. More
specifically, we will mainly use the k-means clustering algorithm for discretization purposes and patients’ profile building, a
hierarchical clustering algorithm, and heat maps for generating a visualization of the different communication profiles. In addition,
patients’ interviews will be conducted to complement the information drawn from the data analysis phase with the aim of suggesting
ways to optimize existing communication flows.

Results: The project was funded in 2016. Data analysis is currently under way and the results are expected to be submitted for
publication in 2019. Identification of patient profiles will allow the health care organization to improve its accessibility to patients
and their engagement, which in turn will achieve a better treatment adherence, quality of care, and patient experience.
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Conclusions: Defining solutions to increase patient accessibility to health care organization by matching the communication
channels to the patient’s profile and to change the health care organization’s communication with the patient to a highly proactive
one will increase the patient’s engagement according to his or her profile.

International Registered Report Identifier (IRRID): RR1-10.2196/10734

(JMIR Res Protoc 2018;7(11):e10734)   doi:10.2196/10734

KEYWORDS

health communication; population characteristics; eHealth; mHealth; telehealth; health information systems; consumer health
informatics; delivery of health care; machine learning

Introduction

Background
Health care organizations and patients communicate with each
other using various communication channels [1,2]. Some of
these communication channels are traditional: face-to-face
meetings with a physician or a nurse, face-to-face interactions
with the administrative staff, and phone calls. However, in the
past decade, many health care organizations introduced novel
methods of digital communication with patients such as text
messages, emails, video calls, websites, and mobile apps. The
communication channels between the health care organization
and its patients have been examined and analyzed in previous
studies [3-10].

Data mining and machine learning methodologies have been
used to define or redefine clusters of patients according to their
state of health and other sociodemographic data [11,12].
Recently, process mining has been used to try to improve
communication between consumers and health care providers
[13]. However, no studies attempting to cluster patients by
combining medical, sociodemographic, or communication
characteristics have been conducted and certainly not in a
population as large as the one proposed in this study. We expect
that such research will improve communication between
patients, service providers, and medical organizations and will
improve the quality of treatment and treatment effectiveness
and responsiveness.

Aims and Objectives
Finding the circumstances and the extent to which different
population segments use different communication channels,
and specifically, the extent to which usage of newly introduced
channels replaces the usage of more traditional channels will
help us learn about the effectiveness of these new channels.
Tying these population segments’communication behavior with
their sociodemographic profiles and health outcomes will help
us establish the association between the 3, and it may help drive
the hypotheses as to the causation. In addition, identifying
communication-based population segments may help health
care providers to use the most appropriate channels with each
population segment, leading to more efficient and targeted
communications, for example, identifying and quantifying the
early adopters group will help the health care organization to
estimate the usage level of a newly developed communication
channel, its effectiveness in driving the intended message, and
to some extent, its effect on health outcomes. Accordingly, this

will also allow to improve the quality of treatment, treatment
effectiveness, and responsiveness.

The aims of this retrospective data study are to assist health
care policy makers to improve and personalize the
communication between patients and health care professionals
(eg, physicians and nurses). Communication improvement
includes enhancing the accessibility of health care professionals
by expanding the capabilities of current communication channels
and introducing new ones. These communications will help to
improve patient engagement with the treatment process, increase
patient responsiveness to follow-up requirements and treatment,
and improve patient experience with health care services. More
specifically, the primary aim of this study is to characterize
usage profiles in the available communication channels in the
Clalit Health Services (Clalit), each one of them without
considering the others and then all of them together. The second
aim is to establish relationships between communication
profiles, sociodemographic, and medical patients’ profiles. The
main objective is to suggest new ways to encourage the usage
of the most appropriate communication channel based on the
patient’s profile. A secondary objective is to suggest ways for
improving communication between the patient and the health
care organization mainly through technological means.

Hypotheses
The first hypothesis is that the patient’s follow-up and clinical
outcomes are influenced by the patient’s preferred channel(s)
of communication with the health care organization. If this
hypothesis is validated, the research will quantify the
phenomenon.

The second hypothesis is that the adoption of newly introduced
communication channels between the patient and the health
care organization is influenced by the patient’s
sociodemographic and/or clinical profile. If this hypothesis is
validated, the research will identify sociodemographic and/or
clinical attributes that affect the adoption of newly introduced
communication channels.

The third hypothesis is that the introduction of a new
communication channel influences the usage of existing
communication channels. If this hypothesis is validated, the
research will characterize the changes in usage of existing
communication channels once a new communication channel
is introduced.
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Methods

Materials
This is a data-based study that analyzes information stored in
Clalit electronic medical records (EMRs) and in logs
documenting access to various communication channels between
patients and Clalit, such as the internet personal health records,
and telephone logs. Researchers have full access to Clalit EMRs
and logs on the entire insured population of 4.53 million patients
in 2015, which constitute 54% of the Israeli population of 8.38
million as of 2015. Data collected include demographic, clinical,
and pharmacological information. In addition, we plan to
conduct interviews with a representative sample of the patients
to learn directly about the patients’perceptions, their relationship
with the various means of communication, patterns of use, and
suggestions for improvement. We hope that this survey will
provide supplementary information to the one we will receive
from analyzing the data.

Clinical data from community and hospital settings and
pharmacological data are routinely collected in the data
warehouses (DWHs) of the health maintenance organization
(HMO) and classified into the appropriate data world (eg,
appointment scheduling, consultation with a physician,
appointment with a specialist, diagnosis during hospitalization,
medical services, and prescriptions). The information recorded
includes sociodemographic data (gender, marital status, number
of children at home, age, origin, socioeconomic status (SES),
and place of residence), medical information (dates of specialist
appointment, physician license number and the corresponding
specialization, diagnoses, date of each diagnosis, prescriptions,
acquisition of prescriptions, laboratory results, and imaging),
and communication data (appointment date, date the
appointment occurred, time elapsed between the scheduled
appointment and the actual appointment, and the way the
appointment was scheduled—through a medical secretary, call
center, website, or mobile app). All relevant pieces of
information include a patient identifier, which allows compiling
all data relevant to a specific patient into a single record.

The information to be analyzed is extracted from the EHR DWH
of Clalit and includes data collected between 2008 and 2016
for all relevant patients. The long duration of the study will
allow us to identify changes in the ways patients interact with
the HMO as a function of time and as a function of new
communication channels the HMO introduced (eg, website,
mobile apps, and the use of the short message service [SMS]
text messaging). Accordingly, the patient can start or stop using
1 or more channels to interact with the HMO. The patients
included in this study are aged 21 years and over and are
members of Clalit for at least 1 year before 2008 and are still
alive in 2016. We will focus our study on patients with chronic
disease because we want to examine long-term adherence and
efficacy. In addition, patients who suffer from 1 chronic disease
or more have a high rate of resource consumption. In the United
States, for example, 86% of health care spending is devoted to
patients with chronic diseases [14]. In particular, we will
examine diabetic patients, who in 2001 accounted for about
20% of the patient population [15]. We hope that the study will

help optimize the processes in which these patients participate.
The incidence of chronic diseases in general and of diabetes in
particular is increasing over the years due to several factors,
most notably the aging of the Israeli population. According to
Clalit data, as of the end of 2014, more than 40% of the insured
population had at least 1 diagnosis that is defined as chronic
(eg, diabetes, asthma, heart disease, mental illness, and cancer).
Patients with diabetes constitute more than 300,000 individuals
with our inclusion criteria [16,17]. The profiles that will be
found will help define the recommendations and policies that
will improve communication with specific subpopulation groups
and will increase the effectiveness of treatment and patient
adherence. Chronic diseases are not spread uniformly by age;
however, given the high cost of treating patients with chronic
diseases, we believe it is more useful to concentrate on these
patients despite this bias.

Ethics
Ethical approval for the study was granted by the Clalit ethical
committee (147-15-COM2; January 26, 2016).

Methodologies
The communication between health care providers (ie,
physicians, nurses, hospitals, and more globally, HMOs) and
patients is studied by focusing, generally, only on 1 or 2 of the
channels [1-12]. To fulfill our research aims and objectives, our
analysis will consist of characterizing the usage profiles of
existing nontechnological and technological communication
channels over a period of 9 years, taking into account that Clalit
has added and changed over the time the methods by which
patients contact health care professionals (eg, the introduction
of Web and mobile apps). Then, the sociodemographic and
clinical profiles of each one of the different communication
channels’ usage profiles will be defined. This will allow us to
qualitatively evaluate the influence of the communication profile
on patient’s engagement and follow-up quality.

As part of the analysis, we will evaluate impacts of new
communication channels introduced over the research period.
This will allow us to suggest future improvements to the
communication between the patient and physician or nurse,
with the aim of improving the work processes of the health
organization.

This research is based on knowledge discovery in databases
(KDD) methodologies [18,19]. KDD is an interdisciplinary
discipline that deals with methodologies for the extraction and
identification of valid, new, nontrivial patterns of data that have
the potential to be useful and understandable [18-20]. The
continued increase in the amounts of data available, a product
of the unprecedented development of computer and
communications technologies over the past two decades, created
a unique opportunity to implement KDD methodologies. Data
science experts from different disciplines are therefore
challenged to find new and effective ways to extract and
generate new knowledge from existing data.

In the analysis phase, we will use one-dimensional and
multidimensional statistical methods as well as different data
mining algorithms. The data mining stage is part of the KDD
process and focuses mainly on the discovery of unknown
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patterns. For this purpose, we will use and tune, if necessary,
data mining [21] and machine learning [22] algorithms for
dealing with the multidimensional dataset (ie,
sociodemographics, bio-clinical, and communication-related
data over time), which will be explored in this study. The
patterns found in this stage are then evaluated and interpreted
to form the knowledge extracted from the KDD process.

The KDD process that will be developed and implemented in
this research includes data collection and integration, early
processing and cleaning of data, development and
implementation of data mining algorithms to discover new
knowledge and a qualitative research [18-20].

Data Acquisition
Clalit DWH is the main source of information the research uses,
and a replication for research purposes is updated on a weekly
basis. The data extracted from Clalit DWH for each patient
comprise the following information:

1. Sociodemographic data
• Date and country of birth and date of immigration when

relevant
• Date of death (allowing exclusion)
• Start and end date of membership (allowing exclusion)
• Gender
• Ethnic sector (general Jewish, Arab, and ultra-orthodox

Jewish)—the ethnic sector is determined according to
the clinic at which the member receives primary care
medicine. It is computed by the Clalit computer services
unit by integrating geostatistical data from the Israeli
Central Bureau of Statistics

• Clinic-level SES (3 categories: low, mid, and
high)—the SES is determined according to the clinic
at which the member receives primary care medicine.
It is computed by the Clalit computer services unit by
integrating geostatistical data from the Israeli Central
Bureau of Statistics

2. Bio-clinical
• Body mass index (BMI) category (underweight, normal,

overweight, obese, or unknown) [23]
• Smoking status (current, past, never, or unknown)
• Last available glycated hemoglobin (HbA1c)

measurement reflecting the level of blood sugar control
in patient with diabetes

• Last available lipidemic profiling (high-density
lipoprotein, low-density lipoprotein, triglycerides, and
total cholesterol)

• Adjusted clinical groups (ACG) [24]
• Comorbidities according to the Clalit chronic diseases

registry [15]
• Proportion of days covered by treatment of diabetes

when relevant based on purchase of drugs used in
diabetes and more particularly by blood glucose
lowering drugs excluding insulin (Anatomical
Therapeutic Chemical Classification System codes
starting with A10B) [25]

3. Communication or contacts with the HMO data

• Appointments scheduling (through a medical
secretary—data available since 2009, call center—data
available since 2009, website—since 2011, or mobile
app—since 2012)

• Consultations with a physician or a nurse
• Hospitalizations
• Consultations at an emergency department
• Nonqueue requests (eg, request for periodic checks,

prescription renewal, and sick leave certificate) done
without visiting but only by sending a request to a
physician through a call to a medical secretary or a
nurse or by completing a paper or an electronic form

• Any purchases in a pharmacy of the HMO or purchase
related to a prescription in other pharmacies having an
agreement with the HMO

• Prescription renewals by SMS—since 2015.

Data Preprocessing

Data Cleansing

After integrating the data collected and extracted from the
Clalit’s DWH, we will prepare it for analysis. This stage
includes cleansing of the data collected by Clalit’s DWH when
necessary. The main objective of this phase is to reduce noise
by detecting and removing or correcting outliers [26] in the
dataset by evaluating the quality of the data [21]. An outlier is
a data measurement that is inconsistent with other historical
measurement data of the same individual (eg, outlaying height
value, an exceptionally high number of consultations with a
physician—a few hundred per year-). When a
measurement-specific (eg, BMI) algorithm has been developed
in-house by Clalit Research Institute (CRI) for epidemiological
studies, outlier detection and data correction will be processed
using it. For example, an algorithm screens data on BMI, weight,
and height, to detect and handle outliers in the recording of 1
of these 3 measurements (eg, due to mistyping). When the CRI
algorithms will not be relevant, outliers will be detected with
statistical approaches such as median absolute deviation to find
outliers (nonparametric due to lack of knowledge regarding the
data distribution [27] and/or machine learning algorithms such
as k-means [28]).

Data related to communication between patient and Clalit have
not yet been fully processed and cleansed before, and
accordingly, we may need to develop special cleaning and
correction algorithms for these data. If data correction algorithms
and/or algorithms that deal with cases of missing information
do not exist for any given data in our database [29,30], we will
use appropriate machine learning algorithms and/or statistical
approaches [31,32] to correct and/or deal with missing data
where needed. Examples of potential problems that we might
encounter are identifying irrelevant entries (eg, entries related
to quality assurance traffic and testing and entries that are not
the result of human activity) and lack of full documentation. In
addition, interface exposed to the user is a breathing interface
and changes over time depending on the services that the HMO
chooses to provide through the Web-based and app services. A
new version of the website, for example, is released every 6
months. Data processing and analysis should reflect these
changes.
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Data Transformation

Many methods of machine learning and data mining require,
as part of the preprocessing phase, a data reformulation such as
a new categorization or a new grouping of numerical,
categorical, or textual data to reduce the number of values each
attribute has [28].

This step involves the use of techniques for reducing the number
of dimensions or transduction methods to reduce the number
of variables for analysis or to find invariant representations of
the data [26,33-35].

For example, if we consider attributes with continuous values
such as laboratory tests or clinical measurement having existing
and defined scales in the literature, we will reformulate them
into categorical values as a part of the dataset dimension
reduction. For example, HbA1c values may be divided into 5
categories: excellent control (<6.5%), good control (6.5% to
7.5%), moderate control (7.5% to 8.9%), poor control (≥9%),
and not available [36,16].

However, for attributes that do not have predefined scales in
the literature or which are specific to Clalit, such as the number
of appointments by using the HMO website or the number of
visits to a physician per year, we will use the k-means clustering
algorithm for discretization purposes in 6 groups of resource
consumption: “No” (meaning not consuming of the related
resource, so excluded from the k-means run and assigned to this
group), “Small,” “Small-Moderate,” “Moderate,”
“Moderate-Large,” and “Large.” The cluster bounds are
validated, if necessary, by a domain expert (ie, a public health
practitioner having some experience with the Clalit data).

Data Mining
For identifying population clusters, different machine learning
methods and algorithms must be used. The main aim is to
characterize usage profiles in the available communication
channels. Considering the fact that we do not have prior
knowledge on the data, we will use unsupervised machine
learning algorithms [37-43] and will more particularly focus on
k-means [38] and hierarchical clustering [37]. We choose to
use these specific algorithms because they are relatively simple
to communicate with people having less technical knowledge,
such as decision and policy makers of the HMO, which will get
the final analysis report and will need to implement its
recommendations.

The first data mining goal is to find the number of hidden k
clusters in the “Communication/contacts with the HMO data”
or in other words, the number of different types of patient
communication profiles. This will be performed on the available
data of the year 2016 because by that time, data cleansing will
be fully performed. As communication channels constantly
evolve, we chose the most recent year to be the reference point
to which previous years, with less communication channels, are
compared with. The “Communication/contacts with the HMO
data” of 2016 will be clustered as follows:

1. For each k between 2 and 100, 100 randomly selected
samples of 20% of the cohort will be generated

2. For each sample, k-means will be run

3. For each run, the Ray-Turi criterion [44] will be computed
4. The results of the overall Ray-Turi criterion computation

will be plotted on a graph
5. The elbow will be manually defined on the previously built

plot for finding the relevant k.

Each cluster relates to a type of patient communication. This
step allows reducing the patient communication profiles from
the number of patients included into the cohort (more than
300,000 if we consider patients with diabetes) to a small one
(at most less than a few dozen).

The second data mining goal is to generate a hierarchical
clustering of the previously discovered clusters to allow
understanding the similarities and dissimilarities between the
communication patterns.

Descriptive statistics of sociodemographic, bio-medical, and
communication data will be generated for each cluster.

On the basis of the previously built k clusters of
“Communication/contacts with the HMO data” of 2016 and the
related hierarchical clustering, we will generate descriptive
statistics for each patient communication profiles (ie, cluster or
set of patients) over the years (2008-2015).

Information Visualization
To provide user-friendly tools to decision and policy makers
[45], allowing them to understand the different patient
communication profiles and the strengths and weaknesses of
each one, we will build heat maps for each year between 2008
and 2016 based on the previously generated hierarchical
clustering of 2016 data.

Process Mining
Furthermore, we plan to implement algorithms and approaches
from the field of process mining [46] to identify the changes in
communication profiles over time, which may be the cause of
treatment adherence changes. For example, process mining will
allow us to model how patients with a similar communication
profile (ie, patients within the same cluster) have changed their
communication patterns with the HMO using the following
channels:

1. Consulting with physicians and/or nurses
2. Scheduling appointments by using 1 or more of the

following channels: through a medical secretary—data
available since 2009, call center—data available since 2009,
website—since 2011, or mobile app—since 2012

3. Overall interaction with the HMO (using the overall
services).

Qualitative Research
Qualitative research of focus groups is the most effective means
to fully understand factors that encourage or delay the use of
communication interfaces with the health care organization.
Focus groups enable the collection of information from a
multicultural population [47] and discussion of new ideas that
do not arise during personal interviews [48]. We designed the
qualitative part of the proposed study based on the guidelines
presented by King et al [49]. The qualitative part of the research
will include between 1 and 8 focus groups depending on their
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usage level of the communications channels with Clalit. Each
one of the focus groups will include up to 8 patients from the
same area. Participants in the focus groups will be asked to
complete a short sociodemographic questionnaire and sign an
informed consent form. During the focus group meeting, the
group facilitator will record the discussion and make important
notes related to the participants’ nonverbal communication.

A guideline questionnaire for the focus groups will be
constructed with the assistance of experts in the field and
relevant literature. This questionnaire will evaluate factors that
encourage or delay the use of communication channels with
Clalit. The guiding questionnaire will include up to 10 open
questions that will facilitate responses providing critical
information, for example, “What factors contribute or will
contribute to your use of the communication channel X?”; “What
factors delay or will delay your usage of communication channel
X?”; or “How do you think that communication channel X can
be improved?”. The guiding questionnaire will be used to
explore aspects that are relevant for better understanding the
topic and will facilitate expanding the discussion to areas that
the participants consider to be most significant.

The discussions in the focus groups will be recorded and
transcribed. The transcripts of the focus group discussion will
be analyzed in a phenomenological approach that emphasizes
the patient’s unique and subjective perception through
qualitative content analysis [50]. The coding process will begin
with open coding (ie, identification of major categories),
following by axial coding that results from 1 core phenomenon.
Next, the data will be categorized according to this core
phenomenon [51] and will be reviewed by external domain
experts to ensure objectivity [49]. Sandelowski [52] notes that
through qualitative content analysis, researchers can add new
information to the existing one and gain new insights. The
encoding and analysis will be performed by the principal
investigators and the associate investigators, with the same
encoding rules for guaranteeing homogeneous and consistent
encoding [49]. In cases of disagreement regarding the encoding,
an expanded forum will be held in which the majority decision
prevails.

Results

This project was funded in 2016, and the research project is
scheduled to be completed in 2019.

A preliminary analysis has been performed on the data of the
year 2015 related to 309,460 patients with diabetes in 2015,
aged 32 years and above, having the disease treated by Clalit
for more than 7 years. Overall, 7 main communication patterns
have been discovered.

The first cluster is of patients with relatively low contacts with
the HMO in comparison with the rest of the population. Patients
in these 2 groups tend to be relatively young (median age: 64
years) and less morbid (ACG between 3 and 4). Although
patients in the first group tend to have a poor follow-up quality,
21.21% (18,779/88,524) of the patients were missing BMI
measurement and 23.09% (20,436/88,524) were missing their
HbA1c measurement in 2015; patients in the second cluster have

an average follow-up quality: only 7.72% (6228/80,714) of the
patients did not perform a BMI measurement and only 10.56%
(8527/80,714) did not perform a HbA1c measurement. A possible
explanation for this difference may be related to the tendency
of the patients in the second group to resort mainly to human
contact (face-to-face or by phone).

The next 2 clusters are of early adopters of technology. These
diabetic patients interacted in 2015 with Clalit mainly through
new digital platforms: the website (first group) or the mobile
app (the second group). These patients also tend to use lesser
medical services compared with the rest of the population, and
their follow-up quality was better than the rest of the population:
only 4.64% (1212/26,098) and 6.10% (1593/26,098) of the first
group did not perform BMI and HbA1c tests in 2015,
respectively, whereas 5.05% (603/11,945) and 6.93%
(826/11,945) of the second group did not perform BMI and
HbA1c tests in 2015, respectively.

The patients included in the fifth cluster are mainly using
nursing services. They also tend not to schedule appointments.
This subpopulation has a low SES (40.79%, 14,531/35,624).
However, the follow-up of these patients is quite good (with
3.17% [1128/35,624] and 6.05% [2155/35,624] of these patients
missing their BMI and HbA1c measurements, respectively). This
is a clear effect of the nursing personnel involvement.

Patients in the last 2 clusters tend to be older than the rest of
the patient population (aged more than 70 years) and with
relatively high morbidity (ACG=5). Patients in the sixth cluster
tend to be consumers of medical services that involve access to
a human being, whereas patients in the seventh cluster tend to
be heavy users of all medical services. They also tend to have
one of the best follow-up rates: only 1.64% (825/38,070) and
4.38% (1668/38,070) of the patients in the sixth cluster have
missed their BMI and HbA1c measurements, respectively, in
2015, whereas only 4.22% (1203/28,485) and 6.40%
(1822/28,485) of the patients in the seventh cluster have missed
their BMI and HbA1c measurements, respectively, in 2015.

Discussion

Overview
This research protocol deals with the identification of patient
communication profiles. This knowledge will help the health
care organization to increase the accessibility of patients to the
services the health care organization provides and to improve
patients’ engagement with the treatment process. This, in turn,
may motivate the patient to achieve a better treatment adherence,
improve quality of care, and generate better patient experience.

Expected Results and Future Directions
Analysis of communication patterns over time may reveal
long-term behavior patterns as well as identify patterns at a
higher abstraction level (eg, early adopters of technology and
early adopters of services). It should be noted that the research
is planned to be performed on data from a period that witnessed
a significant yet gradual change in the communication channels
Clalit provides its patients. Analyzing the response of the patient
population to these changes will hopefully help improve the
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available communication channels as well as assist in
formulating realistic expectations from the introduction of new
communication channels, taking into consideration also the
sociodemographic characteristics and clinical constraints as
well as their previous communication patterns with the HMO.

By tuning its communication tools to patients’ preferences (eg,
by translating the user interfaces of the electronic
communications tools—website or apps—from Hebrew to other
languages such as Arabic, English, Russian, Amharic, French,
and Spanish), the health organization would (1) improve and
increase accessibility to health care services, achieve better
patient engagement and responsiveness to treatment, and
improve quality of treatment and treatment experience within
existing budgetary constraints and (2) increase patients’
engagement with the treatment process by transforming the
communication scheme with each patient to a more proactive
scheme, so as to better fit their profile.

Strengths and Limitations
Clalit insured and provided medical services to approximately
4.53 million patients in 2015 and is the largest health care

provider in Israel. The data available spans all treatment
providers including hospitals’ end emergency units.
Nevertheless, overall ethnic distribution of the Clalit population
does not fully reflect the overall Israeli demographic
composition. The Clalit members comprise, in comparison with
the Israeli general population, (1) a higher proportion of Arabs
and a lower proportion of ultra-orthodox members and (2) a
higher proportion of members having a low SES.

Another potential limitation is the decision to analyze only
patients with diabetes. These patients may exhibit behaviors
that are unique to this specific chronic disease and may not be
shared by other chronic patients. Nevertheless, diabetes is 1 of
the most common chronic diseases, with prevalence of
approximately 7% within Clalit’s insured population.

Finally, this research is conducted on data of Israeli patients.
The structure of the Israeli health care system as well as Israeli
culture and norms may affect patients’ behavior and may not
apply to patients in other geographical locations.
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Abstract

Background: Childhood obesity is a public health crisis, particularly in low-income, minority populations in the United States.
Innovative and technology-enhanced interventions may be an engaging approach to reach at-risk youth and their parents to
improve dietary behaviors and feeding practices. However, such tools are limited, especially ones that are theory-based;
co-developed with user-centered approaches; tailored to low-income, minority preadolescents; and include parent-focused content.

Objective: The objectives of this study include assessing the feasibility and acceptability and exploring the potential impact of
the Intervention INC (Interactive Nutrition Comics for urban, minority preadolescents) Web-based tool, which is focused on
decreasing childhood obesity risk in black/African American and Latino children aged 9 to 12 years.

Methods: Intervention INC is underpinned by the narrative transportation theory, social cognitive theory, and health belief
model, and it was co-developed by children and parents from the intended population. The child component consists of a 6-chapter
interactive nutrition comic optimized for use on tablet devices, a goal-setting and self-assessment feature, and weekly text/email
messages and reminders. The parental component consists of 6 Web-based newsletters, access to the child comic, and weekly
text/email messages and reminders. The tool was evaluated using a pilot, single-blind, 2-group randomized controlled study
design. Child-parent dyads were randomized to either the experimental or comparison group and assigned to a targeted behavior
(increase fruit/vegetable or water intake) based on initial screening questions. Data were collected at 4 time points: baseline (T1),
intervention midpoint (T2), intervention endpoint (T3), and 3 months postintervention (T4). Primary measures comprise usage,
usability, and feasibility of the Web-based tool. Secondary measures comprise dietary knowledge, preferences, and intake and
anthropometric measures (for child) and feeding practices and home food environment (for parent).

Results: Study enrollment was completed in November 2017. A total of 89 child-parent dyads were randomized to either the
experimental (n=44) or comparison (n=45) group. Data analysis is currently being conducted.

Conclusions: This study aims to implement and assess an innovative approach to deliver health messages and resources to
at-risk minority preadolescents and their parents. If found to be acceptable, engaging, feasible, and a potential approach to improve
dietary behaviors, a full-fledged randomized controlled trial will be conducted to assess its efficacy and potential impact.

Trial Registration: ClinicalTrials.gov NCT03165474; https://clinicaltrials.gov/ct2/show/NCT03165474 (Archived by WebCite
at http://www.webcitation.org/73122IjgP)

International Registered Report Identifier (IRRID): RR1-10.2196/10682

(JMIR Res Protoc 2018;7(11):e10682)   doi:10.2196/10682
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Introduction

Childhood obesity continues to be a serious clinical and public
health issue in the United States. Over the last three decades,
the rate of childhood obesity has tripled, with 17.0% of children
aged 2 to 19 years now considered obese [1]. Although the US
childhood obesity rate has leveled off in recent years, the
challenge remains pronounced among certain populations,
particularly in low-income, minority groups. Latino and
black/African American children have the highest rates at 21.9%
and 19.5%, respectively [1]. This epidemic has profound short-
and long-term consequences as it not only leads to negative
health outcomes such as type 2 diabetes and cardiovascular
disease and can compromise a child’s quality of life but also
increases the risk of adult morbidity and mortality [1-6].

Effective yet innovative interventions are needed to capture the
attention of children living in a multimedia environment. Visual
narratives such as comics may engage today’s youth population
around health topics and promote positive psychosocial and
behavioral outcomes [7-9]. Moreover, narrative-based health
communication interventions can be effective with populations
that have strong storytelling traditions such as Latino and
African American communities, especially when cultural
elements are incorporated [10-13]. Furthermore, the
pervasiveness of technology and new media use in children,
particularly within black and Latino populations, highlights
opportunities and new avenues to engage with this priority
population [14-16].

Web-based and technology-enhanced interventions, particularly
if developed with user-centered approaches and informed by
theory [17], also have the potential to increase access, improve
convenience, decrease cost, and increase participant engagement
with dietary behavior change strategies, especially among
culturally diverse and hard-to-reach communities [18-21].
Indeed, some recent studies have indicated that Web-based
programs could improve dietary behaviors in school-aged
children [22-25]. However, such interventions tailored to
minority youth are limited, especially those which have been
co-designed by and/or developed for this population [26-30].
Lifestyle interventions developed to be culturally tailored or
culturally relevant have the potential to be more readily adopted
by at-risk minority populations [31-34]. Furthermore, this gap
in tailored health promotion tools is particularly apparent within
the preadolescent population, which is an understudied, yet
critical stage of development. Not only does obesity prevalence
increase when children transition into adolescence [35] but food
preferences and behaviors established during this developmental
period often continue into adulthood [36-39].

Despite the increase in childhood obesity studies using
technology, mobile health (mHealth), and interactive media,

there remain few systematic reviews of this literature and none
specific to or tailored for minority/at-risk youth [40-43]. Broad
recommendations for future work in this area highlight the need
to identify the most effective approaches and strategies to impact
behavioral and related health outcomes. In addition, knowledge
gaps and challenges related to the implementation and adoption
of technology-enhanced interventions exist (eg, identification
and recruitment of at-risk, low-income minorities with internet
access), which limit their potential effectiveness [40].

The purpose of this paper is to describe the protocol for the
implementation and assessment of the Intervention INC
(Interactive Nutrition Comics for urban, minority
preadolescents) Web-based tool, which focuses on decreasing
childhood obesity risk in Latino and black/African American
children aged 9 to 12 years. This intervention builds on previous
research and recommendations for childhood obesity
interventions as it is theory-guided, focused on improving key
dietary-related health behaviors, delivered via a narrative-based
comic medium, and enhanced through an engaging mHealth
platform, and it was developed with the intended population
(Latino and black/African American preadolescents). The
objectives of the study include assessing the feasibility and
acceptability and exploring the potential impact of the
intervention on dietary behaviors using a pilot, single-blind,
2-group randomized study design.

Methods

Study Design
The Intervention INC study is a pilot, single-blind, 2-group
randomized controlled trial (RCT) that evaluated a 6-week
intervention, with a 3-month follow-up period (see Figure 1).
Child-parent dyads were enrolled into the study on a rolling
basis between August and November 2017. Dyads were
randomized to either the experimental group, in which the child
received a Web-based comic with health messages primarily
promoting either fruit/vegetable (F/V) or water consumption or
the comparison group, in which the child received Web-based
newsletters with health information similarly promoting
primarily F/V or water consumption. Parents of both groups
received Web-based health newsletters; however, parents in the
experimental group were also given access to the child comic.
Dyads were blinded to group assignment. Data were collected
at 4 different time points: baseline (T1), intervention midpoint
or 3 weeks postbaseline (T2), intervention endpoint or 6 weeks
postbaseline (T3), and 3-month follow-up postintervention (T4).

The study was approved by the Hunter College institutional
review board and is registered with the Clinical Trials Registry
(NCT03165474). Adult consent, parental permission, and child
assent were obtained at baseline before the commencement of
any study procedures.
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Figure 1. Study design of Intervention INC.

Study Population

Child
Children residing in New York City (NYC) were recruited based
on the following inclusion/exclusion criteria: self-identifies as
black/African American and/or Latino; aged between 9 and 12
years (preadolescents) at the time of scheduled baseline visit,
reads and speaks in English; has a body mass index (BMI)
percentile at or above 5% at baseline (categorized as healthy,
overweight, or obese); has regular internet access via a tablet
device, mobile phone or computer/laptop; has regular access to
a phone with texting capability; is comfortable reading/viewing
material on electronic devices; is comfortable speaking with
study staff about thoughts/experiences while participating in
the study; has no allergies, food aversions, food disorders, or
medications with side-effects that may impact participation in
the study; does not have a pacemaker or heart condition; and
has a legal parent/guardian willing to participate in the study.

It should be noted that original criteria included a BMI percentile
at or above 85% (categorized as overweight/obese). Due to
recruitment challenges and evidence highlighting that most
youth, regardless of BMI status (healthy, overweight, or obese),
do not consume the daily recommended amount of
fruits/vegetables and water [44-46], the criterion was changed
to expand the BMI percentile range to include healthy-weight
children (BMI percentile at or above 5%). In addition, the
criterion regarding comfort level of child speaking with study
staff was added after recruitment began due to observations at
initial baseline visits of some children who were
unable/unwilling to verbalize their thoughts/experiences.

Parent/Guardian
Parents/guardians were recruited based on the following
inclusion/exclusion criteria: legal parent/guardian of child

willing to participate in the study; reads and speaks in English
or Spanish; primarily responsible for preparing/purchasing food
for child; has regular internet access via a tablet device,
smartphone, or computer/laptop; has regular access to a phone
with text messaging capability; comfortable reading/viewing
material on electronic devices; and able to attend in-person
study visits and complete online questionnaires with their child
over the full duration of the study.

Recruitment
Several recruitment approaches (with bilingual materials) were
utilized to enroll child-parent dyads. Recruitment letters were
sent to the parent/guardian of eligible child patients (based on
age, race/ethnicity, and BMI percentile criteria) who had
received care at a community-based clinic (partnering
organization) in upper Manhattan, NYC, within the last 2 years.
We also intended to send recruitment letters to similar child
patients of a government-insured medical clinic based in Upper
Manhattan, NYC. However, barriers related to accessing patient
data were encountered, thus preventing the use of this approach.
Once the BMI percentile criterion was changed (see Study
Population section above), recruitment approaches were
expanded to include local community flyering in East
Harlem/Upper Manhattan, posting inside/near local businesses,
housing complexes, community centers, schools, and churches.
Through several partnerships with local schools and community
initiatives, recruitment efforts also occurred via tabling at
community and school events.

Interested parents/guardians had the option to call, text, or email
study staff to receive more information about the study. Those
receiving recruitment letters also received a recruitment call to
assess interest in the study and receive additional information.
Interested parents/guardians completed a screening form via
phone/email to determine study eligibility. Eligible participants
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were scheduled to attend a baseline (T1) visit where the child’s
height and weight were measured to determine if their BMI
percentile was at or above 5%.

To minimize attrition, child participants were compensated up
to US $70 in gift cards and parent/guardian participants up to
US $65 for completing data collection. Compensation was
distributed in increasing amounts at each time point (T1: child
US $10, parent/guardian US $15; T2: child US $15; T3: child
US $20, parent/guardian US $20; and T4: child US $25,
parent/guardian US $30). Each participant had the option to
select a gift card from either a large department store retailer,
a discount supermarket chain, a supermarket chain specializing
in selling organic products, or a sporting goods retailer.
Participants also received a round-trip metro card for any
in-person study visits. If a dyad completed data collection at all
4 time points, they were entered into a raffle for a US $100 gift
card.

Sample Size
The sample size for this study was determined to reliably assess
feasibility, acceptability, and preliminary efficacy of the
intervention. We aimed to enroll a total sample size of 82 dyads
(41 per group) [47,48], which allows for assessment of (1)
intervention usage, usability, and feasibility/acceptability of
study implementation and (2) both the within and between-group
effect sizes as well as preliminary intervention efficacy based
on mixed-models methodology (d=0.5, power=.80, alpha=.05,
intraclass correlation coefficient=.6, 4 repeated measures), after
taking into consideration estimated attrition of 20%. This sample
size also allows to characterize potential sociodemographic
moderators of the intervention as well as guide power
calculations for a subsequent full-fledged RCT.

Randomization
At baseline (after height and weight data were collected),
eligible participants were randomized to either the experimental
group or comparison group using a minimization allocation
strategy (performed using the QMinim Web-based app created
by Mahmoud Saghaei [49]). Randomization was performed at
the dyad level and was balanced on child ethnicity (Hispanic
or non-Hispanic) and BMI category (normal, overweight, or
obese). Randomization was revealed at T4.

Experimental Group Description
Interviews/focus groups, usability testing, and continuous quality
improvement feedback on multiple prototypes with children
and parents/guardians from our priority populations were used
to inform development of Intervention INC, a theory-guided,
interactive Web-based tool promoting healthy dietary behaviors
(increased F/V and water intake), with the goal of reducing

childhood obesity risk in black/African American and Latino
preadolescents. Table 1 outlines the multiple phases and related
research activities of the design and development process, which
ultimately led to the final product that was tested in the pilot
randomized trial. Details of the formative and development
phases of Intervention INC are included in another manuscript
(currently under review). Intervention INC comprises a 6-chapter
comic with embedded goal-setting and messaging components.
The tool is hosted on a password-protected website and
optimized for use on tablet devices and touch-screen
computer/laptop devices. All study participants received training
on how to use the website at baseline.

Theoretical Framework
The narrative transportation theory (NTT), social cognitive
theory (SCT), and health belief model (HBM) provided the
theoretical framework for the Intervention INC tool. Comics,
in particular manga comics (also known as Japanese comic art),
are a unique form of multimodal narrative media that stimulate
a reader’s attention by combining detailed visual images and
text to create more of a subjective or personal viewpoint of a
story [50]. The NTT explains how narrative communication,
such as manga comics, could contribute to changes in
health-related beliefs and behaviors by transporting the reader
into the narrative world [51]. According to the NTT,
transportation into a narrative world is believed to lead to
acceptance of persuasive messages within a story through
multiple mechanisms [52-54]. This theory also suggests that
images are most impactful when they are embedded in a story
rather than provided in isolation, as it could enhance the
narrative influence [55]. Therefore, visual images relevant to
the story’s message, such as those incorporated in manga
comics, may further impact attitudes and beliefs. Furthermore,
Latino and African American communities have strong
storytelling traditions; thus, narrative-based health
communication interventions could be effective with such
populations, especially when culturally grounded messages and
character experiences are depicted within relatable contexts
[10].

SCT is a frequently used framework in effective dietary behavior
change interventions [56,57], and it also lends explanation to
ways in which a manga comic may influence health behavior
in youth [7,8]. Exposure to characters in the storylines may
facilitate observational learning and influence health behaviors,
particularly when readers relate to the characters in the comics
and consider them role models [58]. The development of
entertainment-education narratives draws greatly on SCT by
using role models to perform new behaviors [59-61]. SCT also
supports self-regulatory behavior change procedures such as
goal setting, self-monitoring, and feedback [58].

Table 1. Phases of Intervention INC tool design and development.

ObjectivesActivitiesPhase

Identify factors influencing child dietary behaviors; assess tech-
nology use; and identify preferred comic storylines and characters

Focus groups/interviews with children and parentsFormative

Draft initial tool outline and comic storyline/characters based on
formative phase research; test and finalize acceptable and relatable
tool components and comic content; and resolve tool usability
issues identified during testing

Internal development of initial Web-based tool concepts; co-de-
signing of Web-based tool content and design with children and
parents; and usability testing of Web-based tool prototypes with
children and parents

Development
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The HBM construct of cues to action also guided tool
development as it is a strategy to activate readiness for change
and stimulate behavior change [56]. Thus, an innovative
Web-based interactive tool that includes health messages
delivered in a narrative comic format, tailored feedback, and
cues to encourage behavior change, guided by the NTT, SCT,
and HBM, might be an effective vehicle to promote healthy
eating behaviors (see Figure 2).

Child Components

Comic

Children randomized to the experimental group were given
access to a 6-chapter interactive nutrition comic titled “Game
On” containing health messages focused on F/V and water
consumption (see Figure 3). One chapter was made available
at the beginning of each week for 6 weeks. Comic content was
tailored (to include more information related to either F/V or
water) based on responses to initial screening questions (asked
at baseline) related to child F/V and water intake, child
self-efficacy to increase F/V and water intake, and parent
self-efficacy to support child in increasing F/V and water intake.

To ensure acceptability and relatability to our intended
population, the comic storyline and its characters were informed
by extensive formative research (highlighted in Table 1).
Additional details related to how the formative research guided
the design and development of the comic are described in
another manuscript (currently under review). The comic depicts
the story of a seemingly average high school student who
discovers he has been tasked with the responsibility of saving
the people of his world by battling an evil empire that has
restricted access to F/V and water. With help from his friends,
he must prepare for his epic battle by eating healthy foods and
avoiding energy-dense, sugary foods/drinks. Personality traits,
physical features of, and the communication/language used by
characters in the comic were designed to be age-appropriate
and culturally acceptable to both Latino and black urban
children. Furthermore, scenarios in which the characters find
themselves (eg, eating snacks in a bodega, racing to catch a
subway for school) were intentionally incorporated into the

story to model typical daily experiences of our intended
population.

Health-related messaging was delivered through multiple
mechanisms within the comic. Although the comic was primarily
in black and white (the style typically observed in manga
comics), health-promoting images related to F/V and water were
featured in color for emphasis. In addition, characters modeled
both healthy and unhealthy food behaviors, and the resulting
benefits or consequences were depicted (in both image and text).
Interactive features were also embedded into the comic (see
Figure 3, bottom), such as orange-colored tap/click icons that
either opened pop-up windows (highlighting health facts,
food-related fun facts, or character information, which included
favorite healthy foods/beverages) or prompted audio/visual
effects to enhance engagement of the tool.

The comic was housed on a home page (see Figure 3, top),
which comprised other sections including character profiles
(highlighting demographic information for each character and
personal fun facts) and trivia questions (combination of
story-related and health-promoting questions, released as one
per chapter). If all 6 trivia questions were answered correctly,
the child received a prize of a downloadable screensaver image.

Goal Setting and Assessment

At the end of each comic chapter, one of the comic characters
was shown encouraging the child to select a goal to work on
for the week (see Figure 4, top left). Clicking on the link in the
message opened a new page where the child was able to choose
from 8 tailored goals related to either encouraging increased
F/V or water intake (see Figure 4, top center). Goals included
ones that were child-focused (eg, “I will eat fruits I like [such
as grapes or bananas] as a snack” or “I will drink a glass of
water when I wake up each morning”) and ones that
incorporated the parent (eg, “I will ask my parent to prepare
vegetables I like [such as zucchini and tomatoes] for dinner” or
“I will ask my parent to drink water with me during meals”).
Once selected, a tailored tip was provided to assist the child in
achieving that specific goal throughout the week (see Figure 4,
top right).

Figure 2. Conceptual framework of Intervention INC. BMI: body mass index; HBM: health belief model; NTT: narrative transportation theory; SCT:
social cognitive theory.
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Figure 3. Experimental group (child) website homepage (top left) and snapshot of the comic (bottom left) and comparison group (child) Web-based
newsletter example (right).

Before selecting a new goal (at the end of the following week’s
comic chapter), the child was prompted to self-assess how they
did on the goal they chose and focused on for the past week by
answering the following question: “How often did you do this
in the last week?” (Never, Sometimes, Most of the Time, All
the Time), and tailored feedback/encouragement was provided
depending on the response chosen (ie, “Congrats! Keep up the
good work!” or “Things take time - don’t give up!”). If the child
selected “Most of the Time” or “All of the Time” in response
to the goal assessment question, the child was rewarded with
bonus comic content (eg, the backstory for a specific character).
The child was then prompted to select another goal to work on
for the following week. A total of 5 goals could be selected (no
option to select goal at end of the last chapter) and worked on
during the intervention period.

Text/Email Messages

A total of 4 messages were delivered to experimental group
children each week (total of 23 messages throughout
intervention). Messages included announcing the release of a
new chapter by a comic character (see Figure 5, left), a reminder
to read the comic, and a reminder to select a goal for each week.
Messages were delivered via text and/or email based on
participant preference identified during the baseline visit.

Parent/Guardian Components

Newsletters

Parents/guardians in the experimental group received 6
Web-based newsletters with similar health messages as their

child (see Figure 6, left). Newsletter content comprised healthy
recipes, healthy feedings tips for the family, links to coupons
to support healthy eating, and links to fun community events
(eg, fall and winter festivals). In addition, they were given access
to the “Game On” comic and character profiles. Newsletters
were translated into Spanish and provided to those parents who
expressed a preference for Spanish-language materials.

Text/Email Messages

A total of 2 messages were delivered to experimental group
parents/guardians (total of 11 messages throughout intervention)
each week. Parents/guardians received messages announcing
the release of a new newsletter. In addition, they received
reminders to encourage their child to read the comic. Messages
were delivered via text and/or email based on participant
preference identified during baseline. Messages were translated
into Spanish and provided to those parents who expressed a
preference for Spanish-language materials.

Comparison Group Description
The comparison group had access to Web-based tools similarly
hosted on a password-protected website and optimized for use
on tablet devices and touch-screen computer/laptop devices.
All study participants received training on how to use the
website at baseline.
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Figure 4. Experimental group (child) goal-setting component (top) with link in the character message at the end of each comic chapter (top left), list
of goals (top center), and goal-specific tip (top right) and comparison group (child) goal-setting component (bottom) with link in the Web-based newsletter
(bottom left), list of goals (bottom center), and goal-specific tip (bottom right).

Child Components

Newsletters

Children randomized to the comparison group received 6
Web-based newsletters with F/V or water information (see
Figure 3, right). Similar to the comic, newsletter content was
tailored (to include more information related to either F/V or
water) based on responses to initial screening questions at
baseline related to child F/V and water intake, child self-efficacy
to increase F/V and water intake, and parent self-efficacy to
support the child in increasing F/V and water intake. Newsletters
were housed on a home page, and one was made available at
the beginning of each week for 6 weeks. Health-related content
for the comparison group was similar to that for the experimental
group but was presented in a newsletter (didactic) format. The
content comprised healthy eating tips, healthy recipes,
diet-related knowledge/facts, health-promoting online games,

and a link to selected weekly goals. Of note, comparison group
participants were provided access to the “Game On” comic on
completion of all data collection in April 2018.

Goal Setting and Assessment

Similar to children in the experimental group, children in the
comparison group also had a goal-setting component (see Figure
4, bottom), wherein each week, the child could click the weekly
goal link in the newsletter (see Figure 4, bottom left); select
from 8 tailored goals to work on, related to either encouraging
increased F/V or water intake (see Figure 4, bottom center);
receive a tailored tip to provide assistance in achieving that
specific goal throughout the week (see Figure 4, bottom right);
and self-assess at the end of the week on how they did on the
goal over the past week and receive feedback/encouragement.
Unlike the goal-setting component in the experimental group,
the format in which the goal setting was conducted in the
comparison group was non-narrative.
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Figure 5. Examples of text messages sent to children in the experimental group (left) and comparison group (right).

Text/Email Messages

A total of 3 messages were delivered to comparison group
children each week (total of 17 messages throughout
intervention). Messages included announcing the release of a
new newsletter, a reminder to read the newsletter, and a
reminder to select a goal for each week (see Figure 5, right).
Messages were delivered via text and/or email based on
participant preference identified during the baseline visit.

Parent/Guardian Components

Newsletters

Parents/guardians of the comparison group received the same
6 Web-based newsletters (in English or Spanish) as that of the
parents/guardians in the experimental group. However,
parents/guardians in the comparison group were not given access
to the “Game On” comic and character profiles (see Figure 6,
right).

Text/Email Messages

One message (in English or Spanish) was delivered to
comparison group parents/guardians (6 messages throughout
intervention) each week announcing the release of a new

newsletter. Messages were delivered via text and/or email based
on participant preference identified during baseline.

Measures
The measures collected are described in Table 2.

Feasibility/Acceptability Measures (Primary Measures)

Usage of Web-Based Tool

A custom-built platform was created to automatically log child
and parent user details (created at baseline) and usage details
(over 6 weeks of the intervention). User details included
username, user type (parent or child), study group (experimental
or comparison), type of tailored content (F/V or water), user
language (English or Spanish), user email address, user mobile
phone number, and start date/time (when username was created
at baseline). Usage details included week number of
intervention, link clicked, click time, platform used (eg, Mac
OS, iPhone OS, Windows 7), and browser used and version (eg,
Chrome 38.0, Safari 11.0). For child participants, additional
usage data related to goal setting included weekly goal selected,
date/time the goal was selected, evaluation at the end of the
week (ie, “How often did you do this in the last week?”—Never,
Sometimes, Most of the Time, All the Time), and date/time the
goal was evaluated.
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Figure 6. Examples of Web-based newsletters sent to parents in the experimental group (left) and comparison group (right).

Usability of Web-Based Tool

Questionnaires were administered to the child and parent at
several time points throughout the study. Usability was assessed
with an adapted version of the System Usability Scale (SUS)
[62]; Usefulness, Satisfaction, and Ease-of-use questionnaire
(USE) [63]; and a 26-item acceptability/usability measure by
Ben-Zeev et al [64] to assess 5 usability domains: usability,
usefulness, ease of use, ease of learning, and satisfaction. The
child’s questionnaire comprised 30 usability questions—10
questions from SUS, 15 from USE, and 5 from the
acceptability/usability measure. On the basis of pilot testing
with Latino and black children, modifications were made to
tailor the questionnaire according to the literacy levels of our
intended population. For example, the item “I found the system
very cumbersome to use” was replaced with “I found it awkward

to use” and “I would imagine most people would learn to use
this system very quickly” was changed to “I think most people
my age would learn to use it very quickly.” The parent
questionnaire comprised 9 usability questions—2 questions
from SUS, 3 questions from USE, and 4 questions from the
acceptability/usability measure. On the basis of pilot testing, 1
item was modified. Similar to the child questionnaire, the item
“I found the system very cumbersome to use” was replaced with
“I found it awkward to use.” As the content of the parent
component was presented in a more didactic format compared
with that of the child component, fewer usability questions were
relevant to include in the parent questionnaire. In addition,
usability data in the form of qualitative interviews with child
participants (at T2, T3, and T4) and parent participants (at T3
and T4) were collected to supplement quantitative usage and
usability questionnaire data.
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Table 2. Key measures, data source, and time of assessment. All questionnaire items were either taken from or directly informed by validated
questionnaires.

Time pointsData sourceMeasures

OeT4dT3cT2bT1a

Feasibility/acceptability measures (primary measures)

Cg/Ph————fTracking system (internally created)Usage of Web-based tool

—C/PC/PC—Interview, questionnaire items [62-64]Usability of Web-based tool

SiC/P———Process data (eg, recruitment, attrition) [65,66]Feasibility of study implementation

Outcome measures (secondary measures)

—CCCCQuestionnaire items [67,68]Dietary knowledge and attitudes

—CCCCQuestionnaire items [69,70]Dietary intake

—C——CDigital stadiometer, body composition monitorAnthropometric measures

—PP—PQuestionnaire items [71]Feeding practices

—PP—PQuestionnaire items [72]Home food environment

aT1: Time points indicated by baseline.
bT2: Time points indicated by midpoint (3 weeks postbaseline).
cT3: Time points indicated by endpoint (6 weeks postbaseline).
dT4: Time points indicated by follow-up (3 months postintervention).
eO: Ongoing throughout intervention period.
fIndicates measures that were not collected at specific timepoints.
gC: Data collected from child.
hP: Data collected from parent/guardian.
iS: Data collected from study staff (internal).

Feasibility of Study Implementation

Process data collected throughout the study assessed the
feasibility of implementing the study [65,66]. These data
included quantitative/qualitative measures of recruitment and
retention (ie, enrollment rate, restrictiveness of eligibility
criteria, attrition rate), assessment of resource capacity (ie, staff
hours needed for recruitment, participant communication
approaches), data collection (ie, length of time to complete
online questionnaires), and data reliability (ie, study staff
adherence to protocol). Satisfaction with study participation
was assessed through questionnaire items with child and parent
participants at T4 (ie, frequency and format of communication
and study visit scheduling with study staff) as well as qualitative
observations of child participants at T1 and T4 while completing
questionnaires (ie, verbal and nonverbal expressions indicating
frustration, boredom, and confusion).

Outcome Measures (Secondary Measures)

Child Dietary Knowledge and Attitudes

Child participants completed a questionnaire related to
knowledge, outcome expectations, self-efficacy, behavioral
intention, attitudes and preferences regarding behaviors
associated with F/V, water, junk food, and sugary drinks. A
total of 6 questions addressed knowledge (ie, I should eat 1 cup
of fruit each day for good health), 20 questions addressed
outcome expectancies (ie, Eating vegetables every day will keep
me from getting sick), 9 questions addressed self-efficacy (ie,
If I decide to not eat junk food every day, I can do it), 10

questions addressed intention (ie, If my parent offers me water,
I will drink it), 15 questions addressed attitudes (ie, I think
sugary drinks are cool), and 24 questions addressed preferences
(ie, Which of the following fruits do you like or dislike?). A
total of 84 questions were informed by and modified from the
validated ProChildren questionnaire [67] and the validated
Reynolds questionnaire [68]. Modifications to wording were
made to ensure questions were appropriate for this study and
to adjust for literacy levels of our intended population. A recent
study conducted among Latino children also adapted the
ProChildren questionnaire to measure children’s self-efficacy
for eating fruits and vegetables and for consuming water [73].

Child Dietary Intake

Child participants completed a questionnaire that assessed the
frequency of consumption of F/V, water, junk food, and sugary
drinks during the past 7 days. This 17-item questionnaire
comprised 8 questions (6 directly from and 2 informed by) from
the validated 2017 Youth Risk Behavior Surveillance System
(YRBSS) questionnaire [69], which was created to monitor
obesity prevalence and related behaviors, among other priority
adolescent health issues. Nationally representative samples of
students along with selected large urban school districts are
engaged in the data collection process. Other studies conducted
specifically with black and Latino children exploring dietary
and physical activity behaviors have also utilized items from
the YRBSS questionnaire [74,75]. Moreover, 6 items were
informed by the validated Beverage and Snack Questionnaire,
which was tested with a diverse group of children as
approximately 45% were from minority populations [70], and
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it was used in a more recent study that evaluated the efficacy
of a serious game on low-income urban public school children’s
dietary behaviors [76]. A total of 3 items were internally created
(related to assessing the intake of different types of water).

Child Anthropometric Measures

Height and weight of child participants were measured using
standardized methods [77]. Height was measured to the nearest
1/8 inch using a digital stadiometer (SECA 264), with the
participant fully erect, without shoes, feet together, head in the
Frankfort plane, and at the end of a deep inhalation. Weight and
body composition were measured using a body composition
monitor (Tanita MC-780U) wearing lightweight clothes and
without socks and shoes. Weight was measured to the nearest
0.2 lb. Height and weight were measured in duplicate and
recorded. A third measurement was taken if there was any
uncertainty on the accuracy of height or weight measurements
(eg, if height measurements differed more than 0.5 inch). An
average of the measurements was used for the BMI calculations.
The Centers for Disease Control and Prevention BMI percentile
calculator was used to determine BMI percentage [78]. If
needed, the average height was rounded down to the nearest
eighth of an inch, and the average weight was rounded down
to the nearest quarter pound, to accommodate the calculator’s
units of measurement.

Parent Feeding Practices

Parent participants completed a questionnaire that asked about
multiple parental feeding practices, specifically including 6
questions related to environment (ie, I offer a second helping
of vegetables to my child during meals at home), 4 related to
involvement in purchasing/preparing food (ie, I allow my child
to help prepare fruit and vegetable dishes for family meals), 7
related to encouragement (ie, I encourage my child to drink
water drinks [unsweetened] before sugary beverages), 8 related
to modeling (ie, I model drinking water for my child even if it
is not my favorite), and 2 related to teaching about healthy food
practices (ie, I discuss with my child why it’s important to eat
fruits and vegetables.). The 27-item questionnaire was informed
by the validated Comprehensive Feeding Practices Questionnaire
[71], which has been used in previous studies with low-income
Hispanic parents and African American fathers [79,80].

Home Food Environment

Parent participants completed a questionnaire related to the
availability of fruits, vegetables, and water in their home and
how often they store fruits, vegetables, and water in a place
easily seen by their child. The questionnaire comprised 6
questions and was informed by the validated Home Environment
survey [72].

Potential Confounders
Demographic factors such as age, gender, race/ethnicity, and
whether the United States was the country of birth for both the
child and parent were collected. Additional child measures
included grade, technology use, physical activity, sedentary
behavior, and perceived health. Parental measures also included
marital status, education level, household income, household
profile, Supplemental Nutrition Assistance Program
participation, child participation in school breakfast and lunch

program, and perceived health. These measures were collected
at T1.

Data Management
A manual of procedures, including protocols related to data
collection and storage, was developed at the outset of the study
and refined continuously with input from all study staff. Study
staff involved in collecting data were trained in implementing
all procedures. Data collection and management procedures
were reviewed at study staff meetings throughout the
intervention period to ensure that they were followed with
fidelity and to also address any issues or barriers to
implementation.

Data collected in this study includes both quantitative data
(auto-generated website usage data, online questionnaires, and
anthropometric measures) and qualitative data (interviews). To
ensure generated data are reliable, valid, and usable, the study
staff used validated questionnaire items (or questionnaire items
informed by validated questionnaires) and best practices for
questionnaire, interview, and anthropometric data collection.
Quantitative data were downloaded in spreadsheet format at
least twice weekly, and qualitative data were downloaded as
audio files weekly. All data were uploaded to
password-protected institutional servers. Data were checked
regularly to ensure the accuracy of data capture. A data
dictionary that includes original items, answer choices,
scoring/coding of answers, scoring of scales, and examples was
created to ensure that all project data are accurately and readily
usable and to aid in data analysis.

Data Analysis

Quantitative Data
Usage and usability of the Web-based tool, along with the
feasibility of study implementation, will be assessed using
descriptive analyses. As usage data are key to understanding
technology-based behavioral intervention dose and also how
participants engage with the Web-based tool itself [81], patterns
of usage by children and parents/guardians will be
described/calculated in multiple ways including as a binary
variable by week (eg, did child/parent visit the website in week
1), as an ordered variable based on usage over 6 weeks (eg, high
use, low use, and minimal use), or as a continuous variable
measured as number of times visited over 6 weeks. Previous
studies have similarly assessed patterns of usage when analyzing
user engagement with a website or app in an intervention
[82-85]. Both usage and usability data will also be used to
stratify analysis to determine if there are any significant
associations between individual demographic characteristics
and health-related outcomes. These data will have high relevance
for interpretation of outcome data and further inform refinement
and enhancement of the intervention.

The changes in study outcomes within and between groups will
be examined using mixed-models methodology with repeated
assessments (T1, T2, T3, and T4), condition (experimental /
comparison), and time by condition interaction. Both within-
and between-group effect sizes will be calculated for all study
measures to assess the magnitude of intervention effects overall
and by potential moderators and inform subsequent larger RCTs.
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To control for multiple comparisons, P values will be evaluated
based on the false discovery rate [86]. All analyses will be
conducted using an intent-to-treat approach.

Qualitative Data
Audio files of interviews conducted with children and
parents/guardians at T2, T3, and T4 will be transcribed.
Inductive and deductive processes will be used to analyze
qualitative data collected from interviews with child participants
(at T2, T3, and T4) and parent participants (at T3 and T4) as
well as qualitative observations (detailed notes) during in-person
study sessions at T1 and T4. Using a content analysis approach
[87], transcribed audio files and field notes will be coded by at
least 2 independent reviewers and reviewed to identify trends
and recurring themes, especially related to barriers and
facilitators to use and adoption of the Intervention INC
Web-based tool. A qualitative analysis software will be used to
assist with organizing, coding, and analyzing transcripts and
notes.

Results

A total of 89 child-parent dyads were enrolled into the study
on a rolling basis between August and November 2017. The
dyads were randomized to either the experimental (n=44) or
comparison (n=45) group. The pilot RCT was concluded as of
April 2018, and data analysis is currently underway.

Discussion

Implications and Strengths
The Intervention INC Web-based interactive tool was developed
to help engage low-income, minority children to change
individual dietary behaviors and provide parents information
and resources to improve feeding practices and promote a
supportive home food environment, with the ultimate goal of
reducing childhood obesity risk.

To the best of our knowledge, this is one of the first studies to
explore the potential impact of an interactive Web-based tool
specifically designed by and for at-risk, minority preadolescents.
There is a distinct lack of effective health promotion tools that
have been culturally tailored to meet the needs and preferences
of populations with disproportionate rates of chronic disease
[88], even fewer have been developed for children [18]. Our
tool aims to address this as it has been specifically designed for
black/African American and Latino children, who are at the
greatest risk of childhood obesity. Furthermore, our intervention
engages parents who play a significant role in shaping the home
food environment and influencing child dietary behaviors
[89,90]. It is well documented that sustained engagement of
both children and parents in long-term interventions is a major
challenge, particularly within at-risk populations [91,92].

Intervention INC is unique, given its innovative narrative and
interactive Web-based approach to enhance adoption of the tool
with hard-to-reach, at-risk populations. Embedded points of
interactivity such as the pop-up features and special effects
might further enhance engagement of the tool, thus potentially
increasing the exposure of the intervention through additional

opportunities to deliver meaningful health information.
Assignment to a tailored track was based on initial screening
at baseline to assess child F/V and water intake and child/parent
self-efficacy related to F/V and water intake. Results of the
screening process identified which at-risk behavior (F/V or
water intake) was targeted during the intervention.

Notably, user-centered approaches were used throughout
formative and development stages of this intervention, including
co-development of the storyline and other content with children
and parents and the use of multiple usability sessions to inform
refinement of the tool. Although several studies have
emphasized how usability testing can improve
technology-enhanced tools [93-95], few have conducted
usability testing methods for health promotion tools with youth
users [96-98]. Usability testing is a crucial step in the
development of online health tools to ensure that they are
accessible, understandable, and useful to end users and are
delivered in an efficient, effective, satisfying, and culturally
competent manner [99].

Our study has numerous strengths, which include objective
measures such as tool usage (process) and BMI (outcome).
Importantly, the collection and analysis of detailed usage data
allow for the potential to identify mechanisms of change, that
is, which components of the Intervention INC tool might be
contributing to any observed dietary-related changes. Our study
has also incorporated multiple strategies to minimize attrition,
which include partnering with community organizations, basing
the study site within our priority community, recruiting bilingual
research team members who come from similar communities
as our participants, providing incentives comprising gift cards
to local stores (dispersed in increasing amounts) throughout
participation period, and sending emails with recipes during the
3-month follow-up period.

Limitations
This pilot study has limitations, which need to be considered.
Initial recruitment challenges led to modifications in BMI
eligibility criteria. In addition to overweight/obese children,
healthy-weight children were also recruited. Not only could
changes in BMI criteria dilute any anthropometric changes, but
such recruitment challenges will also have implications for a
larger scale randomized trial. Participants were recruited on a
rolling basis over the course of 3 months; therefore, seasonality
might bias various health-related behaviors, and thus our
findings. The comparison group received similar health
information (in non-narrative form), which may result in
differences not being observed between groups. In addition, the
comparison group (both child and parent) received 1 less
text/email weekly reminder, which may influence tool usage,
though this is likely to be minimal. Self-reported data from both
the children and parents have been collected, which pose a
validity risk, due to intentional/unintentional misreporting.
However, our study design allows for children and parents to
complete surveys at home as opposed to the study site with
staff, which may contribute to decreased social desirability bias.
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Conclusions
This study aims to implement an innovative approach to deliver
healthy dietary messages and resources to at-risk minority
children and their parents. If found to be acceptable, engaging,

and feasible, a larger RCT with the Intervention INC Web-based
comic tool will be conducted to assess its efficacy related to
improving child dietary behaviors, child health outcomes, parent
feeding practices, and the home food environment.
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Abstract

Background: Poor adherence to cardiovascular medications is associated with worse clinical outcomes. Evidence for effective
education interventions that address medication adherence for the primary prevention of cardiovascular disease is lacking. The
Ready to Reduce Risk (3R) study aims to investigate whether a complex intervention, involving group education plus telephone
and text messaging follow-up support, can improve medication adherence and reduce cardiovascular risk.

Objective: This protocol paper details the design and rationale for the development of the 3R intervention and the study methods
used.

Methods: This is an open and pragmatic randomized controlled trial with 12 months of follow-up. We recruited participants
from primary care and randomly assigned them at a 1:1 frequency, stratified by sex and age, to either a control group (usual care
from a general practitioner) or an intervention group involving 2 facilitated group education sessions with telephone and text
messaging follow-up support, with a theoretical underpinning and using recognized behavioral change techniques. The primary
outcome was medication adherence to statins. The primary measure was an objective, novel, urine-based biochemical measure
of medication adherence. We also used the 8-item Morisky Medication Adherence Scale to assess medication adherence. Secondary
outcomes were changes in total cholesterol, blood pressure, high-density lipoprotein, total cholesterol to high-density lipoprotein
ratio, body mass index, waist to hip ratio, waist circumference, smoking behavior, physical activity, fruit and vegetable intake,
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patient activation level, quality of life, health status, health and medication beliefs, and overall cardiovascular disease risk score.
We also considered process outcomes relating to acceptability and feasibility of the 3R intervention.

Results: We recruited 212 participants between May 2015 and March 2017. The 12-month follow-up data collection clinics
were completed in April 2018, and data analysis will commence once all study data have been collected and verified.

Conclusions: This study will identify a potentially clinically useful and effective educational intervention for the primary
prevention of cardiovascular disease. Medication adherence to statins is being assessed using a novel urine assay as an objective
measure, in conjunction with other validated measures.

Trial Registration: International Standard Randomized Controlled Trial Number ISRCTN16863160;
http://www.isrctn.com/ISRCTN16863160 (Archived by WebCite at http://www.webcitation.org/734PqfdQw)

International Registered Report Identifier (IRRID): DERR1-10.2196/11289

(JMIR Res Protoc 2018;7(11):e11289)   doi:10.2196/11289

KEYWORDS

medication adherence; cardiovascular diseases; primary prevention; educational intervention; telephone support; text messaging
support

Introduction

Background
Globally, cardiovascular disease (CVD), including heart attacks
and stroke, is the leading cause of death. An estimated 17.7
million people died of CVD in 2015, representing 31% of all
global deaths [1]. This is a significant burden on society. The
overall CVD cost to the UK economy is approximately £19
billion [2]. However, it is estimated that 75% of all premature
deaths from CVD are avoidable through effective reduction of
modifiable risk factors [3].

International Guidance on Cardiovascular Disease
Risk Management for Primary Prevention
Major international guidelines for the primary prevention of
CVD provide the latest evidence-based guidance on lifestyle
factors (exercise, diet, smoking, weight, and alcohol) and
lipid-lowering medication to reduce CVD risk [4-7]. Despite
some differences in the detail of the recommendations, there is
a general consensus about the benefits of exercise, the cessation
of smoking, and the use of statins for people at high risk of CVD
[8].

The American Heart Association recommends the prescribing
of statins for the primary prevention of CVD for all patients
with a serum low-density lipoprotein cholesterol level above
4.9 mmol/L, regardless of their CVD risk profile [6]. In contrast,
the European Society of Cardiology is more cautious and states
that statins are more frequently required by individuals with
low-density lipoprotein cholesterol levels raised to above 4.9
mmol/L but may not be necessary for those with a low CVD
risk score (European Society of Cardiology systematic coronary
risk estimation <5%) [7]. The latest UK National Institute for
Health and Care Excellence guidelines no longer use specific
cholesterol targets as markers of CVD risk; instead, they advise
atorvastatin 20 mg to be offered as primary prevention in
patients younger than 85 years with a 10-year QRISK2 score
of more than 10% [4]. The QRISK2 is the updated version of
the QRISK CVD risk calculator, which was developed and
validated on a UK population and addresses risk issues such as
ethnicity and social deprivation [9].

In the United Kingdom, this guidance has been controversial;
as such, a low threshold for starting statins would mean that a
65-year-old man would obtain a risk of 10% despite optimal
body mass index, optimal cholesterol, and no comorbidities [8].
An article by Abramson et al [10] further fueled the debate over
the intolerable adverse effects that are reported by 5% to 10%
of patients. Consequently, in the United Kingdom, there has
been a lot of negative media coverage regarding the prescribing
of statins, which has resulted in many patients stopping their
medication [11]. Moreover, medication adherence to
CVD-preventive drugs remains a problem in both secondary
and primary CVD prevention.

Medication Adherence and Cardiovascular Disease
Risk
For patients with CVD, self-reported adherence to CVD
medications with a common combination of aspirin,
beta-blocker, and a statin was shown to be less than 40% in
both isolated and long-term follow-up surveys [12]. Moreover,
despite the demonstrated safety and effectiveness of statins for
CVD prevention, patient adherence to long-term statin treatment
is poor [13-15]. In a recent study of a large cohort of Finnish
patients (n=97,575), there was an approximately 30% increase
in the risk of any cardiovascular events or death among primary
prevention patients who adhered poorly to statins when they
were compared with good adherers [16]. However, the evidence
also suggests that the use of statins by patients is dynamic, and
many patients after long periods of nonadherence will restart
their treatment. This is strongly linked to clinical visits, implying
that reiteration by general practitioners (GPs) of the role statins
play in reducing risk may be beneficial [17].

With statin and antihypertensive treatments (the main
medications used in primary CVD prevention), there are often
multiple reasons for poor adherence to medication: forgetfulness,
a negative attitude toward medication, frustration with poor
therapeutic responses, preconceived beliefs regarding health
and medication, and a poor understanding of the pros and cons
of a prescribed drug. In particular, there is a lack of
understanding of the benefit of CVD prevention medication and
a fear of drug-related adverse events [18]. The number of
barriers to medication adherence stresses the importance of how
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health professionals communicate risk and treatment options
to patients to promote behavioral change and engage people in
self-management.

Poor medication adherence is one of the key reasons why overall
CVD risk remains high despite patients being prescribed statins
and provided with lifestyle advice by their GPs. Therefore, it
is important that patient education addresses this issue and the
many misconceptions to do with statins.

Structured Cardiovascular Disease Risk Education
Structured education has been widely advocated as a
cost-effective method of promoting self-management and
behavior change in individuals with chronic disease [19]. It is
an alternative to one-to-one counselling and refers to
group-based, patient-centered educational programs that have
a clear philosophy; a written curriculum that is underpinned by
appropriate learning and health behavior theories; an evidence
base; and trained, quality-assessed educators [20].

In the United Kingdom, the Diabetes Education and Self
Management for Ongoing and Newly Diagnosed (DESMOND)
program for individuals with type 2 diabetes has demonstrated
that a structured education program can be delivered within the
UK National Health Service (NHS) at a national level and
promote behavior change [21]. With the introduction of the
NHS Health Checks and new treatment guidelines, there is a
growing need for similar interventions to be developed, tested,
and implemented to provide a proper pathway for the
management of CVD risk.

Study Rationale
This paper details the design and rationale of the Ready to
Reduce Risk (3R) study, a randomized controlled trial to
evaluate the effectiveness of a complex intervention (the 3R
Education Program with follow-up short message service (SMS)
text messaging and telephone support) to improve medication
adherence and reduce risk in the primary prevention of CVD
in high-risk individuals. We describe the development of the
3R intervention and the study methods we used so as to allow
for a thorough and robust report of the methodology used to
deliver and evaluate this complex intervention prior to analysis
and the publication of a results paper.

Methods

Compliance With Standards
We used the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) checklist (Multimedia Appendix
1) [22], in conjunction with the Consolidated Standards of
Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth (CONSORT-EHEALTH) checklist
(Multimedia Appendix 2) [23], to describe the design of this
study to ensure that this trial protocol is well reported.

Study Design
The study was an open, individual, and pragmatic randomized
controlled trial recruiting participants from UK general practices

(attached to a single study center). We recruited patients
identified as being at high risk of CVD for primary prevention
(total cholesterol ≥5 mmol/L) and already prescribed statins to
reduce this risk. Participants were randomly assigned to either
the control group (usual GP care) or the intervention group (3R
Group Education Program plus follow-up telephone and SMS
text messaging support). For both the control and intervention
participants, the GP was informed of a patient’s participation
in the study but was not made aware of their group allocation.
Both groups attended clinic visits at baseline and 12 months so
that we could collect outcome data at these time points (Figure
1).

Participants and Recruitment

Eligibility Criteria for Participants
Eligibility criteria were as follow: (1) male or female and aged
40-74 years, inclusive, (2) prescribed a statin medication for
primary prevention of CVD that was still active, at least 12
months prior to enrollment, (3) total cholesterol level ≥5.0
mmol/L at enrollment, (4) able to speak and read English to
participate effectively in the group education program, (5)
willing and able to attend education sessions and clinic visits,
(6) access to a mobile phone, (7) willing and able to give
informed consent, (8) willing to allow their GP to be notified
of participation in the study, (9) no preexisting CVD, (10) no
inherited lipid disorder, (11) no established type 1 or type 2
diabetes, (12) no women who were pregnant (self-reported),
and (13) no participation in another clinical intervention study
in the 12 weeks prior to enrollment.

As we expected there to be participants who had repeat
prescriptions for statins but were not taking them as directed,
we considered a prescription to be active, for the purpose of the
study, if the prescription had been issued at least twice within
the previous 2 years. We recruited participants with a total
cholesterol level of 5 mmol/L or greater at baseline, based on
the assumption that these participants were more likely to be
nonadherent to statin medication if their cholesterol levels were
higher.

Method of Recruitment
We identified general practices from across Northamptonshire,
UK to take part in the study. We developed an automatic
Morbidity Query Information Export Syntax (MIQUEST) search
(based on the eligibility criteria described above) for the
practices to download, from a secure online site, to generate a
list of potential participants to be sent invitation packs.
MIQUEST is a method that is used to extract data from different
types of GP database systems, using a common query language
to ensure consistency. Each invitation pack contained an
invitation letter, a preliminary study information leaflet, and a
reply slip with prepaid envelope. Prior to mailing these packs,
a clinical member of the practice staff screened the list to ensure
the suitability of patients to take part.
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Figure 1. Study design. CVD: cardiovascular disease; GP: general practitioner.
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Reply slips (from both positive and negative responders) were
returned directly to the research team. We contacted all positive
responders to verbally screen and confirm their eligibility for
the study. Following this, eligible patients who were interested
in taking part were booked to attend an initial data collection
clinic. All participants were required to attend 2 data collection
clinics: at baseline and at 12 months. The clinics were held in
a suitable local venue, usually a community venue. Group clinics
(of up to 8 participants at a time) were run by 3 trained study
staff, including a qualified nurse. A full patient information
sheet was sent with the clinic appointment letter. At the baseline
clinic, written informed consent for all participants was taken
by a trained research nurse before the collection of any data.
All participants were made aware that they could withdraw from
the study at any time. For each participant, a blood sample and
clinical measurements were taken in accordance with local
standard operating procedures, and a urine sample was collected.
A hardcopy questionnaire booklet was completed at clinic by
each participant. In addition, a hardcopy clinical research form
was used to enter all other data collected at the baseline and
12-month time points, including demographic data, medical
and medication histories, clinical measurements, blood results,
and adverse events. Following clinics, all hardcopy study data
collected were treated as confidential and kept securely in locked
cabinets. Study data were anonymized and participants were
identified by an allocated study number. These hardcopy data
were then manually entered onto a validated, secure, and
password-protected electronic database to be checked and
verified prior to analysis.

Randomization
Following confirmation of an eligible blood result for
cholesterol, participants were randomly assigned at a 1:1
frequency by a trained member of the 3R team not involved
with data collection, using an online randomization tool (Sealed
Envelope Ltd, London, UK). Participants were stratified by age
(40-53 years and 54-74 years) and sex before been randomly
allocated to either the control or intervention group. If 2 people
were taking part from the same household, they were
automatically assigned to the same arm to prevent any
contamination between groups taking place. We considered
contamination between intervention and control participants
from the same GP practice to be minimal based on evidence
from a systematic review of contamination in trials of education
interventions [24]. Although the intervention involved some
fact giving, the main objective was motivation for behavior
change and knowledge empowerment, which must be directly
experienced to be effective and is therefore unlikely to result
in contamination.

Following enrollment, blinding of participants was not possible
due to the open and pragmatic design of the study. However,
we took some steps to reduce bias: data were collected by
research nurses not involved in any analysis; GPs were not
informed of a participant’s group allocation; urine samples were
analyzed by laboratory staff blinded to the randomized groups;
and, prior to study completion, detailed protocol information
was not made available online, which participants could have
accessed.

Control Group
The control group continued with their usual GP care with
regard to lifestyle and medication advice for the primary
prevention of CVD. To ensure that all participants had access
to at least some basic knowledge about managing CVD risks,
we sent both groups a British Heart Foundation booklet (Keep
Your Heart Healthy), which contained general information about
CVD risk prevention.

Intervention Group

Development of the 3R Education Program and
Follow-Up Support
We developed the 3R Education Program in line with UK
Medical Research Council recommendations for the
development of complex interventions [25,26]. We specifically
focused on helping participants develop an increased sense of
the role of their behaviors in their long-term health and risk by
addressing their perceptions and beliefs surrounding CVD risk
and medication adherence. In the absence of one unified model
or construct, we used the concept of patient activation [27] and
the capability, opportunity, and motivation model, as it
encapsulates many theoretical components of behavior change
theory [28]. We used the behavior change taxonomy [29] to
ensure accurate reporting and to help identify the key active
components of behavior change interventions.

An experienced working group of health professionals, led by
a psychologist, developed the intervention based on the
DESMOND philosophy of empowerment, whereby participants
are supported, rather than taught, to discover and work out
knowledge to achieve their own health goals [30]. We used
several stages (including a literature search and focus groups
with potential users) to explore and expand the original idea
within the framework of the capability, opportunity, and
motivation model [28]. This process informed the content,
format, and theoretical basis of the program and was used to
draft a curriculum to provide a written structure for the 3R
Education Program and to identify the key component behavior
change techniques to be used. We evaluated this using an
iterative process of testing with potential users, feedback, and
modification until we considered the program ready for
implementation. We also developed educational, mixed-media
resources to support the delivery of the curriculum and to engage
participants in the learning activities. In conjunction with the
development of the education program, a 2-day training program
led by an experienced psychologist was delivered to a group of
6 facilitators to ensure consistent delivery of the curriculum.
The newly trained facilitators were given the opportunity to
practice delivery of the program before the start of the study.

In addition to the main education program, we developed
follow-up support to help sustain any potential positive effects
of the education with regard to improvements in medication
adherence and other individual CVD risk factors. Continued
support to maintain and promote positive health behavioral
change has been shown to be effective when provided as brief
telephone calls [31], and with SMS text messaging for
medication adherence [32,33] and CVD risk factors [34,35].
After reviewing this literature, we considered the best format
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for the delivery of the 3R follow-up support to be a combination
approach of using both text messages and phone calls to try to
sustain the effect of the education.

For the text messages, this process involved using content that
had already been robustly developed and validated in the
Tobacco, Exercise and Diet Messages (TEXTME) study [36].
These text messages were originally developed for secondary
CVD prevention but matched our requirements for primary
CVD prevention: (1) general heart health information messages
that included facts about CVD and information about
medications and risk factors, (2) nutrition messages, (3) physical
activity messages, and (4) smoking cessation messages. The
message content had been specifically designed using behavioral
change techniques, and a whole process of refining and piloting
the messages had been applied. We had been impressed by the
rigorous methods used to develop these messages and the
success that they had achieved with the improvement of
low-density lipoprotein cholesterol at 6 months, as well as
improvement in other secondary end points (blood pressure,
body mass index, smoking, and physical activity) [35]. Prior to
use, the TEXTME messages were reviewed and adapted to make
the content culturally appropriate for our UK patient cohort by
3 health professionals (a dietician, a nurse research fellow, and
a GP). Furthermore, we created some additional medication
reminder texts to be delivered in conjunction with the TEXTME
texts that were specifically focused on improving medication
adherence by prompting people to take their statin medication
at a set time.

For the phone calls, we developed a semistructured script and
a 1-day training session (involving practice role-play scenarios)
using the same framework that we had used for the follow-up
calls in the successful Pre‐diabetes Risk Education and
Physical Activity Recommendation and Encouragement
(PREPARE) study, which sustained the effect of a an
educational intervention on glucose regulation at 2 years [31].

Delivery of the 3R Education Program and Follow-Up
Support
We invited the intervention group to attend the 3R Education
Program and receive the follow-up support (text messages and
phone calls). They continued with their usual GP care and were
sent a copy of the British Heart Foundation booklet. Textbox
1, Textbox 2, and Textbox 3 detail the different components
involved in the delivery of each of the 3 major elements of the
intervention and identify the behavioral control techniques [29]
or active components involved in each.

Outcomes and Measures

Primary Outcome
The primary outcome was medication adherence to statins at
12 months (Table 1) [37-44]. The primary measure was a
urine-based biochemical measure involving a novel assay to
test for statin and antihypertensive levels in urine samples. This
method has already been used successfully to show poor
adherence to antihypertensive medication [45]. Participants
were informed that urine samples would be collected to assess
the levels of statins and were asked to provide a first morning
urine sample (in a standard urine collection tube) prior to clinic.
This test uses a high-performance liquid
chromatography–tandem mass spectrometry analysis of spot
urine samples (2-5 mL) to detect 60 commonly prescribed
cardiovascular medications, including statins. The results are
reported as binary outcomes (yes or no) and hence are based on
the limit of detection of a medication. The limit of detection is
in the low nanomolar per liter range for all medications
(in-house data). The method has been set up using established
laboratory criteria for qualitative assays [46]. The method is
robust and reliable and has been developed from techniques
used in forensic medicine [47] and in testing for drug abuse in
elite sports [48]. We use the test routinely in various
cardiovascular clinics, and have set up the first National Centre
for Drug Adherence Testing and receive samples from 25 centers
across the United Kingdom [49].
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Textbox 1. Ready to Reduce Risk (3R) Education Program.

• Setting: local venue (eg, community hall).

• Format: group education (approximately 8 per group; participants were allowed to take a partner or friend) facilitated by a written structured
curriculum and mixed-media educational resources (including a free pedometer).

• Frequency: 2 sessions.

• Duration: approximately 2 hours each.

• Facilitators: 2 trained facilitators (at least one was a health care professional).

• Training: 2-day course, self-study, and practice run.

• Monitoring: ad hoc filmed sessions.

• Outline

• Session 1: explored understanding and beliefs to do with cardiovascular disease risk and how to manage it; showed how to calculate their
own risk score using the Joint British Societies calculator; raised awareness of factors that influence risk, how these affect the body, and
the role of medication; and explored beliefs about medication adherence.

• Session 2: increased knowledge and awareness about how to have a healthier lifestyle to reduce cardiovascular disease risk and introduced
behavioral control techniques to support activated participants.

• Theories and models: capability, opportunity, and motivation model; patient empowerment; working alliance; patient activation; self-regulation;
self-determination; cognitive dissonance; self-efficacy.

• Behavioral control techniques: goal setting (outcome); problem solving; action planning; self-monitoring of outcome(s) of behavior; social
support (emotional); social support (practical); information about health consequences; salience of consequences; demonstration of behavior;
pros and cons; adding objects to the environment; incompatible beliefs; valued self-identity.

Textbox 2. Follow-up support phone calls after the Ready to Reduce Risk (3R) Education Program.

• Setting: participants were called at home by a member of the 3R study team from a private office and designated study mobile.

• Format: participants received individual calls facilitated by a semistructured script and delivered using a patient-centered approach.

• Frequency: 2 calls at approximately 2 weeks and 6 months.

• Duration: approximately 10-20 minutes each.

• Facilitator: a trained member of the 3R team who was experienced in calling research participants.

• Monitoring: written records of the calls were documented by the facilitator, using a structured template.

• Outline: participants were called at a convenient time and asked some questions about how they were getting on following the 3R Education
Program. The facilitator used open questions to elicit information about what had been going well and not so well, and participants were given
the opportunity to discuss any pitfalls and ways to overcome these.

• Theories and models: the theoretical basis was the same as that for the 3R Education Program.

• Behavioral control techniques: goal setting (outcome); problem solving; action planning; self-monitoring of outcome(s) of behavior; social
support (emotional); social support (practical); information about health consequences; pros and cons; valued self-identity.
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Textbox 3. Text messaging follow-up support after the Ready to Reduce Risk (3R) Education Program.

• Setting: 1 week posteducation, participants received text messages to their own mobiles via an independent text messaging service, which is set
up to work from the secure study contacts database.

• Format: a series of automated, unidirectional text messages were sent, consisting of medication reminders (eg, “Have you taken your tablets
today?”), and motivational and support Tobacco, Exercise and Diet Messages (TEXTME) messages (eg, “Walking up and down a flight of stairs
several times is a great strengthening activity.”).

• Duration: 44 weeks.

• Frequency:

• Medication reminders: weeks 1 and 2 (7 texts); weeks 3 and 4 (4 texts); weeks 5-26 (1 text); weeks 27 and 28 (7 texts); weeks 29 and 30 (4
texts); weeks 31-44 (1 texts). (Sent at the same time each evening.)

• TEXTME messages: 4 texts per week. (Sent on random weekdays at random times.)

• Facilitator: texts were initiated and stopped manually by the 3R team.

• Training: participants received a 3R Follow-On Support booklet and facilitators received training from their clinical research service (who
developed the study database) on how to manage the text messaging support via the database interface.

• Monitoring: all texts sent were logged and monitored to identify any problems.

• Outline: participants could choose between a smokers’ and nonsmokers’ pathway for the type of texts that they received. A series of texts relating
to healthy eating, physical activity, medication, general heart health, and smoking (if chosen) were then delivered as per the 44-week schedule
detailed above. Texts could be stopped at any time by the participant, by sending a text to a specified number.

• Theories and models: the theoretical basis of the TEXTME messages is detailed in the protocol paper by Redfern et al [36].

• Behavioral control techniques: reduce prompts and cues (for medication reminders); other behavioral control techniques associated with the
TEXTME messages are detailed in Redfern et al [36].
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Table 1. Data collection schedule.

12 monthsBaselineMeasureDemographic data

N/Aa✓Self-reportSex and age

✓✓Self-reportMedical history

✓✓Self-report/GPb databaseMedication history

Primary outcome

✓✓Urine testMedication adherence to statins

Secondary outcomes

✓✓QRISK2 calculatorCardiovascular disease risk
score (%)

✓✓Blood sampleTCc, HDLd, TC:HDL (mmol/L)

✓✓Omron monitorBlood pressure (mm Hg)

✓ (weight only)✓ (height and weight)Height (cm) and weight (kg)Body mass index (kg/m2)

✓✓Self-report using QRISK2 formatSmoking history

✓✓Self-report: 5-a-day Community Evaluation Tool (FACET)
[38]

Fruit and vegetable intake

✓✓Self-report: 15D (a generic, comprehensive, 15-dimension-
al, standardized measure of health-related quality of life)
[39]

Quality of life

✓✓Self-report: EuroQol 5 dimensions questionnaire (EQ-5D,
a standardized instrument for measuring generic health
status) [40]

Health status

✓✓Self-report: International Physical Activity Questionnaire
(IPAQ; short form) [41]

Physical activity

✓✓Self-report: Patient Activation Measure (PAM, a valid and
reliable scale that reflects a developmental model of an
individual’s readiness for health behavior change) [42]

Patient activation

✓✓Self-report: Beliefs about Medicines Questionnaire (BMQ)
[43] and the Brief Illness Perception Questionnaire (Brief
IPQ) [44]

Medication/Health Beliefs

✓✓Self-report: 8-item Morisky Medication Adherence Scale

(MMAS)f [37]

Medication adherence to statins

Other supporting outcomese

✓✓Record of repeat prescription issues for statins and antihy-
pertensives (if applicable) from the GP database

Prescription history

✓✓Self-report and observed from GP databaseAdverse events

aN/A: not applicable.
bGP: general practitioner.
cTC: total cholesterol.
dHDL: high-density lipoprotein.
eFor the duration of the study.
fUse of the MMAS is protected by US and International copyright laws. Permission for use is required. A license agreement is available from: Donald
E Morisky, MMAS Research (MORISKY), 294 Lindura Court, Las Vegas, NV 89138-4632; dmorisky@gmail.com.

In addition, the self-reported 8-item Morisky Medication
Adherence Scale (MMAS) was completed at baseline and 12
months. This is an established and validated scale that is
commonly used to measure adherence [37,50,51]. At the end
of the study, we asked GP practices to provide details for
individual participants regarding both statin and antihypertensive
(if applicable) prescription issued during the 12 months of the

study (Table 1). These data will provide useful supporting
information about the pattern of patient medication adherence
behavior over the 12-month study period.

Secondary Outcomes
Secondary outcomes were adherence to antihypertensive
medications and other anticipated potential effects of the
intervention, including a change in overall CVD risk score
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measured by the QRISK2 calculator [52], as well as potential
changes in the following individual CVD risk factors: total
cholesterol, high-density lipoprotein, total cholesterol to
high-density lipoprotein ratio, blood pressure, and body mass
index. We also observed changes in behavior and lifestyle using
validated questionnaire measures: smoking, physical activity,
fruit and vegetable intake, patient activation level, well-being,
health status, health and medication beliefs, and medication
adherence to antihypertensives (for participants prescribed this
treatment for high blood pressure). We collected all outcome
measures at the baseline and 12-month clinics in line with
standard operating procedures and good clinical practice
guidelines (Table 1). In addition, we checked for and recorded
adverse events at the final visit and whenever a participant was
contacted, for the purpose of the study, to monitor health status
during the course of the study. Table 1 details all outcome data
collected at the specified time points.

Process Outcomes
We also collected process outcomes relating to participant
acceptability and fidelity of the education intervention. We used
feedback data from the evaluation forms given out following
the end of the education sessions to assess participant
acceptability in conjunction with retention rates for the 2
sessions. We videotaped 3 sessions, with the participants’
permission, to assess the fidelity of the delivered education
sessions. Logs were kept to record the initiation, delivery, and
any terminations of text messages, and all attempted follow-up
support phone calls were recorded.

Sample Size
The primary outcome measure was medication adherence to
statins at 12 months. We based the sample size calculation on
the percentage of nonadherers by using data from the
Investigation of Text Message Reminders on Adherence to
Cardiac Treatment (INTERACT) trial [32]. To detect a
difference in the proportion of medication adherers (of 16
percentage points in the intervention group at 12 months
compared with the usual-care control group—ie, 91% compared
with 74%), we required 84 participants per group with 80%
power and 5% significance. After allowing for a 20% dropout,
we required 105 participants per group, making 210 participants
in total. This minimum difference was based on a similar 16
percentage–point increase in adherence to cardiovascular
preventive treatment observed in the INTERACT trial [32],
which used text messaging as the sole intervention. This was a
6-month follow-up study with a final control group adherence
of 75%. We envisaged similar adherence to medication at 12
months’ follow-up, following our complex intervention with
continued follow-up support via SMS text messaging and phone
calls to sustain any initial intervention effect.

The study design was pragmatic and reflected how it would be
delivered if it were implemented in practice. The study was
designed to mitigate the effects of unbalanced clustering in the
intervention group by using a standardized curriculum, a small
group of trained facilitators to deliver education and phone calls,
a small number of venues, standardized text messages, and
standardized phone calls. Moreover, we assessed process
outcomes relating to fidelity to allow for clear reporting of any

variation that occurred. This was in line with the Medical
Research Council guidance for complex interventions [26].

Statistical Methods
For evaluation, we will summarize baseline characteristics of
the 2 groups with means, standard deviations, and medians and
ranges for continuous variables; and counts and percentages for
categorical variables. Logistic regression will assess the
difference in medication adherence by group, adjusted for the
stratification factors (sex and age) at 12 months. We will assess
the primary outcome at the 5% level with 95% confidence
intervals. The primary analysis at 12 months will be based on
complete data. The analysis of the secondary outcomes will be
conducted in a similar manner using the appropriate model type:
logistic regression for binary outcomes, linear for continuous
outcomes, and ordinal for ordinal outcomes.

We will carry out sensitivity analyses on an intention-to-treat
basis and a per-protocol basis to examine robustness of
conclusions for missing data and attendance of the program. To
adhere to the intention-to-treat principle, we will impute missing
outcome data by multiple imputation using the command MI
in Stata (StataCorp LLC). We will also conduct analysis by
adding the MMAS adherence data where urine adherence data
are missing.

Ethics and Dissemination
We will disseminate the results of this study via the usual
scientific forums: peer-reviewed publications and presentations
at international conferences. At the local level, key stakeholders
will be informed of the findings. The study has been
administered by the Leicester Diabetes Centre and is overseen
by the UK National Institute for Health Research Collaboration
for Leadership in Applied Health Research and Care East
Midlands Scientific Committee.

Ethics approval was obtained from the NHS Health Research
Authority East Midlands-Leicester South Research Ethics
Committee (15/EM/0472) prior to the commencement of the
study. The trial is registered with the ISRCTN registry
(ISRCTN16863160).

Results

We recruited participants from May 2015 to March 2017, and
have enrolled and randomly assigned a total of 212 participants.
We finished follow-up clinic data collection in April 2018 and
will commence the analysis of the results once we have collected
and verified all data.

Discussion

Summary
This study aims to identify a potentially clinically useful and
effective educational intervention to improve medication
adherence to cardiovascular medications for the primary
prevention of CVD, to be delivered as an adjunct to primary
care.

This protocol paper offers a complete and thorough description
of the 3R intervention and study methodology used prior to
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analysis and evaluation. A recent systematic review, looking at
interventions to improve adherence to statin medication,
highlighted that multifaceted interventions had small, positive
effects on adherence, but that more methodologically rigorous
trials are needed [53]. The 3R study has followed SPIRIT and
CONSORT-EHEALTH guidance [22,23] to ensure rigorous
methods are used, and publication of a protocol paper, prior to
evaluation, allows this complex intervention to be described in
the robust manner that is now expected. Due to significant
amendments and potential biasing of outcome data from
participants accessing information about the intervention,
publishing a protocol paper prior to trial completion introduced
several potential pitfalls for the reporting of the study. This is
now a recognized problem for complex intervention trials that
can be avoided by publishing protocols after trial completion
[54].

We developed the 3R educational intervention in line with the
Medical Research Council guidelines for complex interventions
[25,26]. Moreover, we used a taxonomy of behavior change
techniques [29] to identify the key active components to ensure
more precise reporting of the intervention and to aid future
research in this field. Due to the complexity of the 3R
intervention, there will have been unavoidable variations in how
the intervention was delivered, such as the use of different
facilitators and venue settings; however, we monitored all
components of the intervention to ensure that, as far as possible,
the intervention was delivered as per protocol. We addressed
process outcomes relating to patient acceptability and feasibility

of the intervention and will carry out a cost-effectiveness
analysis if the study proves to be successful.

Conclusions
Medication adherence is a challenging primary outcome to
measure, as no “gold standard” measure exists. In the 3R study,
we have addressed this challenge by using a new and novel
biochemical urine test as the primary measure [45]. Although
this is an objective measure, it is essentially a spot-check of
medication adherence to statins. There is also a bias with this
measure because, ethically, participants have to be informed
that their urine is being tested for statins. Therefore, we have
also used a self-reported validated questionnaire (MMAS)
[37,50,51] and repeat prescription history as supporting outcome
measures. However, despite the challenges of this type of
research, if it is successful, we hope that the 3R Education
Program can be implemented within the primary care framework
to improve medication adherence to statins and other CVD
medications, and to provide better support for GPs and people
at risk of CVD.

Protocol Amendments
We have made the following significant changes to the original
protocol. First, we revised the original time windows for
conducting follow-up phone calls, as these were too restrictive
and not practical. Second, we changed the primary outcome
measure to the objective urine-based measure from the MMAS
self-reported questionnaire measure. We made this change
following additional validation data for the urine measure, which
was not available at the start of the study.
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Abstract

Background: Most people with spinal cord injury will develop secondary complications with potentially devastating consequences.
Self-management is a key prevention strategy for averting the development of secondary complications and their recurrence.
Several studies have shown that self-management programs improve self-management behaviors and health outcomes in individuals
living with chronic conditions such as asthma, diabetes, hypertension, and arthritis. Given the burgeoning health care costs related
to secondary complications, we developed an alternative electronic health–based implementation to facilitate the development
of self-management skills among people with spinal cord injury.

Objective: This study aims to evaluate the efficacy of a self-management app in spinal cord injury populations. The primary
outcome is attainment of self-selected, self-management goals. Secondary outcomes include increases in general and
self-management self-efficacy and reductions in self-reported health events, health care utilization, and secondary complications
related to spinal cord injury. This study also aims to explore how the intervention was implemented and how the app was
experienced by end users.

Methods: This study will employ a mix of qualitative and quantitative methods. The quantitative portion of our study will
involve a rater-blinded, randomized controlled trial with a stepped wedge design (ie, delayed intervention control group). The
primary outcome is successful goal attainment, and secondary outcomes include increases in self-efficacy and reductions in
self-reported health events, health care utilization, and secondary conditions related to spinal cord injury. The qualitative portion
will consist of semistructured interviews with a subsample of the participants.

Results: We expect that the mobile self-management app will help people with spinal cord injury to attain their self-management
goals, improve their self-efficacy, reduce secondary complications, and decrease health care utilization.

Conclusions: If the results are positive, this study will produce credible new knowledge describing multiple outcomes that
people with spinal cord injury realize from an app-based self-management intervention and support its implementation in clinical
practice.
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Introduction

Background
Damage to the spinal cord following injury can cause sensory,
motor, and autonomic impairments that lead to serious and
sometimes fatal secondary complications. The prevalence of
spinal cord injury in the United States is estimated at 906 per
million [1]. Most spinal cord injuries in young adults are
attributable to traffic accidents and sports injuries [2], whereas
the most common cause of spinal cord injury in older adults is
falls [3].

Most people with spinal cord injury will develop secondary
complications [4]. For example, during a yearly medical
check-up, more than 95% of people with spinal cord injury
reported experiencing at least 1 secondary complication
associated with their spinal cord injury and 58% reported
experiencing 3 or more complications [5]. Some of the most
common secondary complications in community-dwelling
individuals with spinal cord injury include autonomic
dysreflexia, depression, renal problems, and pressure ulcers
[6,7].

Secondary complications associated with spinal cord injury can
have devastating and costly consequences. For example,
individuals experiencing pressure ulcers are often prescribed
prolonged bed rest, which can prevent them from participating
in community activities [8]. This may result in a negative
feedback loop as social isolation can lead to depression, and
physical inactivity may lead to weight gain and deconditioning.
In extreme cases, pressure ulcers may be fatal if the wound
becomes infected with an antibacterial-resistant microorganism
[9]. It generally takes about 23 days to heal a pressure ulcer
with a direct cost of US $1971 for a stage I (shallow) ulcer and
US $19,554 for a stage IV (deep) ulcer [10,11]. It has been
estimated that, on average, pressure ulcer complications can
add US $43,180 to a hospital stay in the United States [12].

Self-management is a key prevention strategy for averting the
development and recurrence of secondary complications [13].
Self-management has been defined as “the individual’s ability
to manage the symptoms, treatment, physical and psychological
consequences and lifestyle changes inherent in living with a
chronic condition” [14]. Self-management programs are aimed
at increasing one’s problem-solving and decision-making skills
[15]. Interventions to improve self-management are typically
informed by social cognitive theory, which has 4 main tenets
[16]: self-observation, self-evaluation, self-reaction, and
self-efficacy (ie, belief in one’s ability to perform tasks and
obtain goals) [16]. According to this theory, self-efficacy can
be fostered via experiences of mastery, social modeling, social

persuasion, and positive interpretation of physiological reactions
[16]. This suggests that learning will be most effective when
individuals are given tasks that are appropriate to their
experience level, when they are relaxed and confident, and when
they are encouraged to achieve the desired outcome [16,17].

Self-management may be an important strategy to improve
health outcomes for individuals living with chronic conditions
such as spinal cord injury. Several studies have shown that
self-management programs improve self-management behaviors
and health outcomes in individuals living with chronic
conditions such as asthma, diabetes, hypertension, and arthritis
[14,18,19]. For example, Barlow et al found that
self-management interventions tailored for specific chronic
conditions increased self-management behaviors such as
monitoring blood glucose in diabetes, managing medication
and symptoms in asthma, and managing psychosocial
consequences and lifestyle changes in arthritis [11].

With rising health care costs and a shortage of qualified
personnel for in-person interventions, more economical ways
to teach self-management interventions are being explored, such
as the use of eHealth interventions [20]. eHealth interventions
may be advantageous over traditional approaches because they
(1) are accessible to more people including those who live
outside of large urban centers, (2) can be delivered
simultaneously to a larger number of individuals, and (3) may
be more cost-effective than the traditional face-to-face
self-management interventions [21,22]. Evidence from studies
involving individuals with diabetes and cigarette smokers show
that the most effective technology-based self-management
interventions are adaptable and specifically tailored to the end
users [23,24]. Azar et al demonstrated that periodic and
sustained engagement of the individual is crucial to support
lasting behavioral change when using a mobile phone app for
weight management [25]. A meta-analysis of the effectiveness
of Web-based interventions over non-Web-based interventions
for chronic disease management reported increases in knowledge
of the condition, participation in health care, maintenance of
behavioral changes, and slower health decline of older
participants [22]. More recent studies on technology-based
interventions corroborate these early findings. For example,
eHealth self-management interventions involving Web-based
self-monitoring of personal health have been found to improve
diabetes management [25-28].

Despite the potential benefits of self-management strategies
among people with spinal cord injury, we were able to identify
little experimental research that has been conducted in this area.
A study on a self-management program for people with
indwelling urinary catheters found that participants who used
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these strategies decreased the frequency of complications
associated with catheters [29]. A scoping review of technological
interventions that support self-management of pressure ulcer
(eg, computer-based educational technologies and telemedicine
programs) found that these technologies demonstrated
low-to-moderate effectiveness in reducing risk factors associated
with pressure ulcer [30].

We have developed a mobile app designed to facilitate
self-management behavior and skill development following
spinal cord injury in the inpatient rehabilitation and early
community reintegration. This broad-based, mobile
self-management app was developed with the input of key
stakeholders including people with spinal cord injury and their
formal and informal caregivers [31].

Study Objectives
The overarching objective of the study is to evaluate the efficacy
of a self-management intervention that features the use of a
self-management app among community-dwelling individuals
with spinal cord injury who were discharged at least 12 months
after inpatient rehabilitation. The primary outcome is attainment
of self-selected, self-management goals. Secondary outcomes
include increases in general and self-management self-efficacy
and reductions in self-reported health outcomes, health care
utilization, and secondary complications related to spinal cord
injury. We will also examine how the intervention was
implemented and how the app was experienced by end users.

We hypothesize that community-dwelling individuals with
spinal cord injury who receive our self-management
intervention, which features a self-management app, will have
significantly better attainment of self-selected, self-management
goals than those in the delayed control group.

Ethics Approval
Ethical approval was obtained from the University of British
Columbia’s Behavioral Research Ethics Board and the
Vancouver Coastal Health Research Institute. Furthermore, the
study has been prospectively registered before the first patient
was enrolled in the study.

Methods

Study Design
This study will employ a mixture of qualitative and quantitative
methods (Figure 1) [32]. The quantitative portion of the study
will comprise a rater-blinded, randomized controlled trial with
a stepped wedge design (ie, delayed intervention control group)
[33]. This study design has been chosen over other study designs
such as a randomized crossover controlled trial due to limitations
in preventing carryover effect once participants have been
exposed to the mobile app. The concern of potential carryover
effect does not exist with a delayed intervention randomized
controlled trial. A delayed intervention randomized controlled
trial consists of 2 phases. In the first phase (first 3 months),
participants are randomized to either have access to the app or
not have access to the app (at this time point, they will serve as
a control group that has received no intervention). This duration

will allow for the effects of the self-management apps on our
study outcomes (ie, self-management goals and improving
participant self-efficacy) to be fully observed. In the second
phase, all participants will have access to the mobile app for
the remainder of the study. With this group, we will be able to
see if the initial findings are replicated.

The qualitative portion will comprise semistructured interviews
with a subsample of 1 in every 4 study participants. Embedding
qualitative methods in randomized controlled trials has been
suggested as a form of process evaluation [34,35]. Multiple
methods will allow for data triangulation and increase the
credibility of our findings [36]. This study will be documented
according to the Consolidated Standards of Reporting Trials
guidelines [37].

Subject Recruitment
To be included in the study, participants need to (1) be living
in the community, (2) have internet access, (3) be living in the
community for at least 1 year after their injury, and (4) be able
to provide their own consent. From our previous feasibility
study, we know that most patients have either a tablet or access
to a computer; however, we will purchase some tablets (n=10)
for participants to borrow to be as inclusive as possible. We are
currently working on making the app accessible via voice
activation; however, we may need to exclude those who are
unable to use either a computer or mobile device because of
limited hand function. We anticipate including participants with
spinal cord injury who have experienced a variety of different
injury mechanisms and degrees of neurological impairment.
Participants will be excluded if they (1) have previously used
a self-management app focused on spinal cord injury, (2) are
unable to communicate in English, or (3) have cognitive
impairments that are likely to prevent them from reliably
completing the study questionnaires, as identified using the
6-item cognitive impairment test (6-CIT; see procedures).

We will recruit participants from across the United States and
Canada. We will connect and collaborate with other
rehabilitation centers in the United States and Canada to
facilitate recruitment through a variety of sources. Electronic
means will include a study website that we will develop, a local
rehabilitation institute’s website, e-blasts, and social media (eg,
Facebook, Twitter). Participants will also be recruited by a local,
spinal cord injury–focused, nonprofit organization’s peer
recruitment coordinator through spinal cord injury support
groups, via letters sent to former patients of a local rehabilitation
center who meet the inclusion criteria, and previous research
participants with spinal cord injuries who have given permission
to be contacted about future research studies, via newspaper
and newsletter advertisements. We will contact interested,
potential participants by email or phone to confirm their
eligibility. We will formally enroll eligible participants by
obtaining their informed consent to participate. The risk to the
safety of participants involved in the trial is minimal as the app
is an alternative way to facilitate the development of
self-management skills, an approach that has not been found to
be detrimental in other populations. No adverse effects have
been documented during pilot testing.
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Figure 1. Study design.

Intervention
This individually tailored intervention will involve the use of
a mobile app called “SCI Health Storylines” accompanied by
5 to 6 in-person, telephone, or Skype contacts that will occur
over a 3-month period. At the beginning of the intervention,
there will be 1 to 2 orientation sessions in which the principles
of self-management will be reviewed; app-specific,
self-management goals will be identified; features of the
self-management app will be explained; and any access issues
will be resolved. Over the first month, there will be 2 brief
follow-up contacts, via telephone or Skype, to review any
questions or issues participants are having with the app. During
the last 2 months of the intervention, there will be monthly
contacts to address the same issues.

SCI Health Storylines focuses on specific elements common to
the management of spinal cord injury and uses key concepts
such as goal setting and tracking of confidence in one’s ability
to self-manage their condition [16]. We created tools to address
the main self-management topics for individuals with spinal
cord injury including bowel and bladder management, skin
management, spasticity management, daily exercise, as well as
more acute topics including urinary tract infections and
autonomic dysreflexia. For each topic, the app prompts the user
to set specific targets or goals and then allows the individual to

journal their progress and self-management confidence. Generic
(non-spinal cord injury specific) tools address other areas
including medications and mood. The app is versatile and
provides various options in how one wishes to track their
self-management progress. For example, someone may select
to enter their urine volumes after each catheterization, whereas
others may opt to enter it at the end of the day.

Treatment fidelity will be promoted by providing in-depth
training to the study interventionist. Treatment fidelity will be
monitored by having the interventionists document elements of
the intervention that they complete during each contact and by
having the principal investigator or research coordinator monitor
5% of contact sessions throughout the research process. The
benefits of such a client-patient-centered approach to care have
been documented in similar settings and include increased
adherence [38], improved clinical outcomes [39], improved
communication between the client and provider, greater client
satisfaction [38,39], and potentially increased cost-effectiveness
[40].

Primary Outcome Measure: Goal Attainment Scaling
Our primary outcome measure, goal attainment scaling, is a
promising approach for evaluating psychosocial interventions
in community settings (Table 1) [41]. This patient-centered
measure will be used to identify self-management goals that
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participants want to achieve [42]. Goal attainment scaling has
successfully been used to evaluate self-management goals in
other clinical populations [43,44]. Goal attainment scaling is
known to be sensitive and responsive to treatment and is ideal
to use when no standardized measure accurately represents the
goals and ideals of all participants [45]. With goal attainment
scaling, objective outcomes are identified, which indicate
degrees of attainment of participant-selected goals on a 5-point
scale ranging from −2 to +2, where −2 is a much worse than
expected outcome, 0 represents attaining the goal (the
anticipated outcome), and 2 represents a much better than
expected outcome; the aggregate T scores are then calculated.
Test-retest reliability in nonclassroom educational study showed
near-perfect correlation of goal attainment scaling when taken
3 days apart for 5 student-selected goals (Goal 1, r=1.000; Goal
2, r=.957; Goal 3, r=.953; Goal 4, r=.969; Goal 5, r=.749;
P<.001) [46]. Goal attainment scaling has been found to be
more sensitive than both the functional independence measure
and the Barthel index [47] because standardized measures may
not detect a change even when a goal is accomplished [48]. The
minimal clinically important change for goal attainment scale
is 10, based on the linear T score [49], which represents a change
in score from the anticipated values.

To ensure that goals are measurable and outcomes are realistic,
study personnel will be trained by 1 of the coauthors with
experience using the measure to administer it in an objective
manner [50]. Before beginning the intervention, participants
will set approximately 6 self-management and app-related goals
(minimum of 3) with a one-on-one remote trainer who is skilled
in goal setting. The remote trainer will ensure that goals are
specific, measurable, attainable (over a 3-month timeline),
realistic, and defined in time (ie, SMART). Participants will
weigh the goals by their relative importance [45]. As the degree
of impairment of goals can depend on the degree of the spinal
cord injury, this measure will not investigate the type or
difficulty levels of self-selected goals. This measure will
evaluate whether participants found they were able to achieve
their individually tailored goals over the course of the
intervention.

In addition, the question “How confident are you that you can
achieve these goals?” has been added to the goal attainment
scale to examine the self-efficacy of the participants. We have
also added the question “How committed are you to achieving
this goal?” to the goal attainment scale to examine participants’

goal striving and self-regulation, as this is related to
self-efficacy.

Secondary Outcome Measures

Self-Efficacy for Managing Chronic Disease Scale
The self-efficacy for managing chronic disease scale is designed
to evaluate confidence in managing long-term disease [51,52].
It has been used extensively in many different populations
including people with spinal cord injury to evaluate
self-management interventions [53,54]. Each of the 6 items is
rated on a scale of 1-10 (with 1 indicating “not at all confident”
and 10 indicating “totally confident”), and an average score is
calculated [52]. Lorig et al found that the scale was sensitive to
their chronic disease self-management intervention [19].
Test-retest reliability was 0.72, and the minimal detectable
change was found to be 2.25 among individuals with Parkinson
disease [55].

Spinal Cord Injury Secondary Conditions Scale
The spinal cord injury secondary conditions scale targets
secondary conditions related to spinal cord injury that have both
direct and indirect impacts on health. The 16-item scale uses a
4-point ordinal scale (0-3) ranging from “no problem” to
“significant problem,” with the total score ranging from 0-49.
The test-retest reliability spinal cord injury secondary conditions
scale has been measured at 5 different time points (at baseline,
immediately post intervention, 4,8, and 12 months post
intervention) and compared across each combination of time
points. Findings from the study reveal that the spinal cord injury
secondary conditions scale has adequate test-retest reliability
between baseline and immediately post intervention (3 weeks
after baseline; r=.698) [56]. Furthermore, this scale correlates
highly with the 12-item Short-Form Health Survey (SF-12;
Spearman P values range from .32 to .64) [56].

Self-Reported Health Care Utilization
Health care utilization will be measured by having participants
record visits to see a physician, visits to hospital emergency
departments, number of hospitalizations, and the number of
nights spent in hospital [19]. Although there may be recall issues
within self-reported health care utilization, it has been found to
be highly correlated with days in hospital (r=.83) [13].
Participants will complete a weekly journal to help improve the
accuracy of the report.

Table 1. Example of goal-attainment scaling for a person with autonomic dysreflexia.

Behavioral statement of expected outcomes (over the course of 1 week)Achieved (−2 to +2)

Yes

Participant experiences 0 episodes of autonomic dysreflexiaMuch better (+2)

Participant experiences 1-3 episodes of autonomic dysreflexiaA little better (+1)

Participant experiences 4-5 episodes of autonomic dysreflexiaAs expected (0)

No

Participant experiences 6 episodes of autonomic dysreflexiaSame as baseline (−1)

Participant experiences more than 6 episodes of autonomic dysreflexiaWorse (−2)
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Self-Reported “Health Events” (Related to
Self-Management of Spinal Cord Injury)
Participants will be asked to complete a weekly journal to
document specific health events related to the key components
of the self-management app (eg, urinary tract infections,
episodes of autonomic dysreflexia, and pressure ulcers).

Health-Related Quality of Life
To measure general health status, health changes, and economic
impact, participants will be asked to complete the EuroQol 5
Dimension 5 Level (EQ-5D-5L) survey. The EQ-5D-5L consists
of 5 health-related dimensions including mobility, self-care,
usual activities, pain or discomfort, and anxiety or depression
[57]. Each of these dimensions contains 5 response items (no
issue, slight issue, moderate issue, severe issue, and extreme
issue). The response items (1-5) have no mathematical scoring
system and cannot be interpreted as values on a cardinal scale.
In addition, participants will also indicate their overall health
status on a scale from 0 to 100 [57]. For test-retest reliability,
minimal difference was found between administrations (0 and
14 days) of the measure in each of the 5 health dimensions with
interclass coefficient scores ranging between .61 and .77 [58].
Furthermore, the scale correlates highly with the physical and
mental component summary scores of the SF-12 (Spearman P
values range from .41 to .67) [58].

App Usage
To understand the uptake of the intervention, basic analytics
relating to the usage of the app will be evaluated, including the
time spent logged into the app, the number of times logged into
the app, and the specific features used within the app. This
information will enable us to describe the uptake of the
intervention and will complement the data obtained from the
semistructured interviews.

Descriptive Information
Descriptive data will be collected about the participant’s
sociodemographic characteristics such as age, sex, level of
education, ethnic origin, language, marital status, type of
dwelling, spinal cord injury etiology (traumatic or nontraumatic),
lesion level, American Spinal Injury Association Impairment
Scale, Spinal Cord Independence Measure 3 [59], and time since
injury. In addition, the amount of informal and formal caregiving
received (if any) will be recorded, and social support will be
identified with the Interpersonal Support Evaluation List short
form [60] and the Health Care Climate Questionnaire [61]. The
method by which a patient can use the app will also be recorded
(eg, manually, with a mouth stylus, and with the assistance of
a caregiver). To assess the app’s overall quality across 4
dimensions (engagement, functionality, aesthetics, and
information), participants will complete the Mobile Application
Rating Scale [62]. We will also collect information on the
amount of physical activity—at mild, moderate, and heavy
intensity—the participants have performed over the previous 7
days using the Leisure Time Physical Activity Questionnaire
for People with Spinal Cord Injury [63]. Finally, we will
determine participants’ readiness to adopt new technologies
using the technology readiness index [64].

Adherence
Adherence data will consist of the numbers of goal
attainment–focused orientation sessions participants complete
with the interventionist, the length of each session, and
participants’ app usage. Specific data participants enter into the
app will also be recorded to further describe app usage patterns.
This information will allow us to describe the uptake of the
experimental intervention and which aspects of self-management
participants specifically focus on. This information will
complement the data collected from semistructured interviews.

Treatment Fidelity
To ensure treatment fidelity, we will follow the strategies and
guidelines outlined by Lenker et al and Borrelli et al [65,66].
The experimental intervention will be conducted by
interventionists trained by the principal investigator to use the
same standardized approach and materials as described in a
treatment manual. Interventionists will follow and complete a
checklist to note the completion of each step in the study
protocol. Throughout the study, interventionists will also be
observed performing the intervention by the principal
investigator to ensure adherence with the study protocols.

Procedures
We will use a Web-based randomization program that will be
managed by the project manager. Participants will be
randomized to receive the intervention either immediately after
baseline data are collected or after a 3-month delay via a
randomization service (Figure 2). Participants in both groups
will be asked to refrain from using any other self-management
apps for the duration of the study. Three months into the
intervention (T1), we will compare the outcomes from the
immediate intervention group with those from the delayed
intervention group. Participant outcomes at 6 months (T2) and
9 months (T3) into the intervention will allow us to determine
how well outcomes are maintained in the immediate intervention
group, if the effects of the intervention are replicated in the
delayed intervention group, and to determine longer-term effects
of the intervention.

Potential participants will be screened using the 6-CIT [67]. If
participants score above the inverse cut-off score of 7, they will
be excluded from the study. After screening, informed consent
will be obtained, and sociodemographic data and baseline
measures will be collected from all participants. Data will be
collected for participants at baseline (T0), at 3 months (T1), at
6 months (T2), and at 9 months (T3). Participants will be given
the option of completing the questionnaires themselves through
a link supplied by the Qualtrics Survey Platform (Qualtrics,
Provo, Utah, United States of America) or over the phone,
through a rater (research assistant). To protect participant
privacy, we will use H.264 encryption on the mobile device and
on mobile app servers.

T1 will be considered the primary end point for the intervention,
but T3 will be considered the final end point for the study. As
it is not possible to blind the participants, the interventionist,
or the qualitative interviewer, a single blind study design will
be employed in which data collectors are blinded to participants’
group allocation. The delayed intervention group will complete
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the baseline measures at the same time but will delay the
intervention by 3 months. For the delayed intervention group,
T1 will occur before the intervention and T2 will occur
immediately following the intervention. Figure 2 provides a
detailed overview of the study procedures.

Data collection for all participants will take between 5.5 and
7.5 hours. Time spent doing the intervention will vary depending

on app usage, which should range from 10 hours (for those
using the app for only a few minutes per day) to more than 60
hours (for those in the immediate intervention group who use
the app for 30 min per day). Therefore, the total time
commitment will range from 15.5 to 67.5 hours, depending on
the desired app usage of the participant.

Figure 2. Detailed overview of the study procedures.

Qualitative Interviews
When attempting to interpret research findings, researchers
often report personal retrospective impressions about the
intervention. The quality of this research material is debatable,
as it typically is not methodically collected [68]. To better

understand how the self-management intervention was
experienced by participants and administered by clinicians, a
series of 2 qualitative semistructured interviews will be
conducted at baseline (T0) and following the intervention (T1
for the immediate intervention group and T2 for the delayed
intervention group) with a subsample of study participants.
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These qualitative methods will help facilitate a deeper
understanding of the quantitative findings, especially if they
are divergent between participants [69], and will not interfere
with the intervention or with the acquisition of quantitative data.
At baseline, participants will be asked questions about (1) their
current self-management strategies living with spinal cord
injury, (2) their experiences (including challenges) with
self-management, and (3) their expectations of the intervention.
After the intervention, we will explore how the intervention
was experienced by participants and will identify barriers and
facilitators to improve intervention implementation in the future.
This will include questions about (1) their overall impression
of the intervention they received, (2) things they liked and
disliked about the intervention, (3) how the intervention could
be improved, and (4) recommendations for implementation.
The preliminary interview guide is provided in Textbox 1.

The qualitative portion of the study will be conducted primarily
by a single research assistant to limit the potential effects of
change in characteristics and settings found with involving too
many interviewers. The research assistant will know each
participant’s group allocation (delayed or immediate). This will
allow for the qualitative interviews to be corroborated with the
quantitative results. If the interviewer is not available to perform
interviews, a replacement interviewer will be available to
conduct qualitative interviews. To help build consistency
between both interviewers, a semistructured interview guide
will help both interviewers focus on their discussion.
Furthermore, each interviewer will have undergone a practice
session with the principal investigator to ensure they have
received proper and equivalent training in conducting
one-on-one interviews. Each interviewer’s first 2 to 3 interview
sessions will be observed by the principal investigator to provide
constructive feedback and ensure consistency.

Qualitative interviews will be voice-recorded using a digital
recorder and transcribed verbatim by a research assistant. After
being transcribed, the transcripts will be reviewed while listening
to the recorded audio file to ensure accuracy. Interview field
notes that describe the nonverbal behavior and impressions of
participants, and the influence of the interviewer on data
collection [70], will also be recorded.

Sample Size
To calculate the sample size for the delayed intervention
randomized controlled trial portion of the study, we used the
formula described by Diggle et al with T1 as the primary end
point for the intervention [69]. The sample size was based on

an estimated effect size of 0.58 (Cohen d) from a previous
intervention study that used goal attainment scaling as an
outcome measure [50]. With an assumed correlation of .7
between T0 and T1, the required sample size is 46 participants
per group (92 in total). Given a possible dropout and premature
withdrawal rate of 20%, a sample of 110 participants will be
recruited [71]. Our goal is to reach the target sample size in
approximately 2 years. If our target sample size cannot be
reached within this time frame, we will continue to recruit
individuals until our target sample size can be reached.

For our qualitative analysis, we will use sequential sampling
and interview every fourth participant in the study in each group
(immediate intervention and delayed intervention). This will
enable us to get a robust representative sample of participants
that should be large enough to achieve data saturation [72,73].

Quantitative Data Analysis
A generalized linear mixed-effect model (GLMM) will be used
to assess the association between treatment (immediate
intervention vs delayed intervention) and primary and secondary
outcomes. GLMM has a number of advantages over other
approaches to analyzing longitudinal data, as cases with missing
data are not excluded, and so, no imputation is required; it can
also handle unbalanced time points while incorporating all data
[74,75]. Secondary outcome analyses will be considered
exploratory, given the likelihood for increased type 1 errors that
result from multiple statistical comparisons. All statistical
analysis will be completed with IBM SPSS Statistics Version
22 [76].

Treatment Fidelity Analysis
The percentage of intervention protocol items completed for
each subject will be calculated for each participant to determine
the treatment fidelity. These quantitative data will be
supplemented with data from the qualitative portion of the study.

Qualitative Data Analysis
A thematic analysis will be conducted on the qualitative data
using the 5-step process outlined by Braun and Clark [77]. The
data analysis will be performed using NVivo 10 (QRS
International, Victoria, Australia). As an additional means to
monitor treatment fidelity, a content analysis will be performed.
Results from the treatment reflections and qualitative interviews
will be compared with the quantitative results to identify
divergent and complementary findings. Qualitative data will
also be compared with quantitative data for individual
participants.
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Textbox 1. Interview guide.

Baseline

• How would you describe your health currently?

• How do you currently manage your health (ie, living with a spinal cord injury)?

• How satisfied are you with the way you currently manage your health?

• What, if any, self-management challenges do you currently experience?

• What are your self-management goals?

• How do you feel about using a mobile self-management health app for your self-management?

• What, if any, worries or concerns do you have about using the self-management app?

• How do you imagine the self-management app will change your daily life?

• What are you hoping to learn from participating in this study?

After the intervention

• What did you think about the mobile self-management health app?

• How easy was the app for you to use?

• How, if at all, did the app help you attain your self-management goals? a. What were the challenges?

• How confident were you at achieving your goals?

• How, if at all, did the app help manage your secondary complications from your spinal cord injury?

• What was your favorite “tool” and why?

• What was your least favorite “tool” and why?

• What was your overall impression of the intervention you received?

• Which aspects of the intervention did you find most helpful?

• What did you think about how much time was required? a. For example, for learning to use the app, for recording your updates?

• What did you think about the timing of the intervention?

• How much impact, if any, on achieving your self-management goals do you attribute to the self-management app?

• How much impact, if any, on achieving your self-management goals do you attribute to other factors?

• What, if any, benefits did you experience from the intervention?

• Were there any problems that you encountered? a. If yes: Do you have any suggestions for solving the problems?

• How would you describe your health now?

• Do you have any additional comments you would like to add?

Soundness of the Research
A randomized controlled trial is the best way to evaluate the
efficacy of a clinical intervention [78]. Given our inability to
blind participants to the intervention they will receive, we will
implement single blinding, in which raters are blinded to
participants’ group allocation. For the qualitative data, we will
use reflexivity, triangulation, and member checking to help
ensure the trustworthiness of the analyses and findings [79].
We will make interview notes and memos to serve as reflexive
tools [77]. This will also help to detail the analytic processes.
Multiple data sources and methods of collection will be used
for data triangulation, thus increasing the credibility of the
findings [36]. Member checking will also be conducted to allow
participants the opportunity to review the preliminary study
findings and provide feedback about the conclusions made from
the data.

Limitations
Although we intend to recruit individuals with a variety of
different spinal cord injuries, including individuals with high
and low tetraplegia, we do not currently have the resources to
create an app with voice activation. In our pilot study, some
participants used a mouth stylus or relied on caregivers to enter
information into the app. Furthermore, individuals with high
tetraplegia will be able to use a large-sized tablet or mobile
phone for performing daily tasks on the self-management app
with little difficulty.

Another limitation of this study is our ability to determine the
active ingredients of the intervention. We can evaluate this to
some extent because we track app usage. We will be able to
perform a subanalysis to explore whether adherence is related
to primary or secondary outcomes. Furthermore, we will ask
participants to comment on how much they feel the app is
responsible for achieving their primary and secondary outcomes
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during qualitative interviews. However, we will not be able to
determine the relative contribution of different aspects of the
intervention on participants’ outcomes.

Results

Anticipated Results
By encouraging individuals with spinal cord injury to adopt
positive health behaviors and promoting their autonomy, we
intend to demonstrate that SCI Health Storylines can help people
with spinal cord injury attain their self-management goals,

improve their self-efficacy, reduce secondary complications,
and decrease health care utilization.

Study Timeline
A 3-year study timeline is presented in Table 2. In the first 6
months (Q4 2017 and Q1 2018), we obtained research ethics
and hired and trained research staff (health professionals who
will administer the intervention and research assistants who will
collect the data). We will now recruit and collect data over the
next 24 months. We will analyze the data and conduct
knowledge translation projects over the last 6 months of the
study.

Table 2. Project timeline.

2020201920182017Item

Q3Q2Q1Q4Q3Q2Q1Q4Q3Q2Q1Q4

✓Obtain research ethics

✓✓Hire and train staff

✓✓Hire and train health professionals

✓✓✓✓✓✓✓✓Recruit participants

✓✓✓✓✓✓✓✓Provision of interventions

✓✓✓✓✓✓✓✓✓Data collection

✓✓Quantitative data analysis

✓✓✓✓✓✓✓✓Qualitative data analysis

✓✓✓✓Knowledge translation

Discussion

Self-management apps have been shown to enhance
self-management of chronic conditions such as diabetes and
asthma [11,15,16]. As yet, no research has been conducted to
determine if this is true for people with spinal cord injury.
Having an effective self-management app that is generic (ie,
can be used to promote self-management in a variety of areas)
and not resource-intense (ie, it is self-directed and does not have
extensive formalized involvement of peer mentors and health
care professionals) would be extremely beneficial as it would

enable people with spinal cord injury to learn the fundamental
skills of self-management more independently (eg, goal setting,
problem solving, symptom tracking and management, skill
development, and self-efficacy) as a form of secondary
prevention [80].

If the results are positive, this study will produce credible new
knowledge describing multiple outcomes that people with spinal
cord injury realize from an app-based self-management
intervention. Ultimately, reducing secondary complications will
greatly improve the quality of life of people with spinal cord
injuries and will reduce health care costs.
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Abstract

Background: Patients with heart failure (HF) reduced ejection fraction (HFrEF) have symptoms that are more severe and
experience a higher rate of hospitalization compared with HF preserved ejection fraction (HFpEF) patients. However, symptom
recognition cannot be made by patients based on current approaches. This problem is a barrier to effective self-care that needs
to be improved by new self-monitoring instruments and strategies.

Objective: This study describes a protocol for the self-monitoring daily diaries of weight and shortness of breath (SOB) based
on the traffic light system (TLS). The primary objective is to compare the self-care between the intervention and control group.
Comparison of HF knowledge, HF quality of life (HFQOL), and all-cause hospitalization between the 2 groups are the secondary
objectives.

Methods: A single-blind randomized controlled trial is being conducted at the HF clinic at Tehran Heart Center (Tehran, Iran).
Sixty-eight adult patients of both genders will be enrolled during admission to HF clinic. Eligible subjects will be assigned to
either the intervention or control group by a block balanced randomization method. Baseline surveys will be conducted before
random allocation. Participants in the intervention group will receive an integrated package consisting of (1) HF self-care education
by an Australian Heart Foundation booklet on HF, (2) regular home self-monitoring of weight and SOB, and (3) scheduled call
follow-ups for 3 months. Patients in the control group will receive no intervention and they only complete monthly surveys.

Results: This study is ongoing and is expected to be completed by the end of 2018.

Conclusions: This is the first trial with new self-monitoring instruments in Iran as a low and middle-income country. If the
findings show a positive effect, the package will be applied in different regions with the same health care status.

Trial Registration: Iranian Registry of Clinical Trials IRCT2017021032476N1; https://en.irct.ir/trial/25296?revision=25296
(Archived by WebCite at http://www.webcitation.org/73DLICQL8)
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Introduction

Heart failure (HF) is a complex clinical syndrome that results
from any structural and functional impairment of ventricular
filling or ejection of blood. Based on left ventricle dysfunction
and the left ventricle ejection fraction (LVEF), HF can be
categorized as preserved ejection fraction (with LVEF≥50%,
known as HFpEF or diastolic HF) and reduced ejection fraction
(with LVEF ≤40%, known as HFrEF or systolic HF) [1].

As a global burden, HF affects more than 37.7 million
individuals worldwide [2] and is a common condition with
1%-2% total health resources allocated in high-income countries.
In low- and middle-income countries (LMICs) like Iran, HF
may displace infectious diseases as the major public health issue
[3]. In Iran and other Asian LMICs, HF is described as a
pandemic [4], the prevalence greatly increased with age and
range between 0.5% to 9.0% among different cities, regardless
of time distribution [5], thus supporting the need for better HF
surveillance and management strategies [3]. Patients with HF
can experience various clinical outcomes including mortality,
morbidity, and other patient-reported outcomes [6]. Although
mortality and morbidity rates are similar for HFpEF and HFrEF,
the hospital admission rates in patients with HFrEF are much
higher than HFpEF [7].

HF is a leading cause of hospitalizations [8], mortality [8,9],
rising health care costs (over US $39 billion annually in the
United States and US $53.1 billion by 2030) [2,8-10],
suboptimal self-care behavior [11], and reduced quality of life
(QOL) [12]. According to a recent European Society of
Cardiology Heart Failure Long-Term Registry prospective
observational study, the rate of all-cause mortality and
hospitalization at one-year follow-up was 8.1% and 28.2%,
respectively [13]. Compared to Western countries, patients with
HF in Asia and Iran are younger, have more severe signs and
symptoms, and receive lower levels of treatment compared to
the European Society of Cardiology and American College of
Cardiology Foundation/American Heart Association Guidelines
[14]. Moreover, Callender et al [3] reported that Iranian patients
with HF experience significantly lower rates of admission
(0.3%).

Poor self-care and low QOL among patients with HF are major
global health issues [11] that are also affecting Iran [15-17].
Adequate self-care is associated with an improved health status
[18], fewer symptoms, higher QOL [19], and reduced
hospitalizations [18]. A lack of knowledge of symptom
recognition and psychological problems have been identified
as 2 key barriers [20]. Therefore, effective educational methods
are essential for improved self-care [11,20]. Previous studies
have shown that self-care programs for patients with HF are
most effective when specialized education is combined with

symptom monitoring and response management [21,22].
Practical and user-friendly self-monitoring tools can help
patients recognize, monitor, report, and manage the symptoms
appropriately. Without these tools, HF decompensation may
not be detected in the early stages and could lead to preventable
hospitalizations [23].

Patients with HF experience weight gain and other serious
decompensation symptoms including shortness of breath (SOB)
due to pulmonary edema, fatigue, and leg swelling [24-26].
Weight gain resulting from fluid retention is a marker of HF
decompensation, and therefore, frequent weight monitoring can
identify high-risk periods in the early stages to prevent
hospitalization [24]. However, low compliance with weighing
has been reported among patients with HF [27].

Diaries in a textual/tabular format are acceptable and creative
self-monitoring tools because they reinforce patient education
and facilitate their disease management [28]. Improved HF
clinical and hospital outcomes have been reported by weight
and symptom self-monitoring diary users [29]. However, despite
the lower rate of HF-related hospitalizations [21,30], reduced
mortality rate [21], and improved self-care [22], the previously
reported studies used tabular format diaries and were conducted
in developed countries with a higher quality of health care. The
results may not apply to developing countries with significantly
different health care systems and levels of health care quality.

Graph format diaries have been reported to attract and hold a
person’s attention for more extended periods and are the
preferred format due to improved patient comprehension and
information extraction [31]. Recently, a traffic light system
(TLS) of diaries in graphical format have been developed [32].
The system consists of 3 different color codes: (1) red for
medical alert, (2) yellow for a situation that is worsening and
requires the patient to take quick-relief medications, and (3)
green to show that the patient is doing well and adequately
adhering to the treatment plan [33]. The TLS has been shown
to be more effective in transforming information on risk
assessment and disease management [32].

Wakefield et al [23] employed a pretest-posttest longitudinal
design study to assess weight, and SOB self-monitoring by
graphical instrumentation (other than TLS) in patients with HF.
The paper revealed that self-monitoring HF patients could not
complete the appropriate actions for each zone. Consequently,
new strategies and instruments to actively engage patients in
symptom recognition and monitoring require further research
[23].

This study will combine graphical and tabular formats with TLS
color coding to design weight and SOB self-monitoring diaries.
Each color zone has been designed for patients to perform
specified actions following symptom monitoring. The efficacy
of this intervention will be compared with the usual care for
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patients with HF. This is the first practical study with new
user-friendly self-monitoring tools that will be conducted in
Iran as an LMIC to compare the primary outcome of self-care
behavior and the secondary outcomes of HF-knowledge, QOL,
and all-cause hospitalization between intervention and control
groups.

Methods

Study Design
This study is a parallel, single-blind, randomized controlled
trial. The study protocol has been reviewed and approved (No.
9411449005) by the Institutional Review Board (IRB) at Tehran
University of Medical Sciences (TUMS, Tehran, Iran). The
study protocol is based on the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) 2013
guideline [34].

Study Setting
This study will be conducted at the Tehran Heart Center (THC)
HF clinic affiliated with TUMS. THC is one of the best equipped
diagnostic and therapeutic cardiology centers with full-time
specialists and well-trained nursing staff in the region and is a
referral center for cardiology in Iran with more than 1,300,000
outpatient visits, and 280,000 patient hospitalizations from 2001
to the end of 2017 [35].

Eligibility Criteria
The research nurse (author MN) will screen the medical records
of adult patients (≥18 years of age) of both genders for the

following inclusion criteria in the HF clinic. The eligibility of
each participant will be confirmed by the HF specialist (see
Textbox 1).

Intervention
In this study, the intervention is an integrated package consisting
of 3 components: (1) HF self-care education, (2) regular home
self-monitoring of weight and SOB, and (3) scheduled call
follow-ups.

The first component of the package includes HF self-care
education that will be delivered in the HF clinic of the THC
according to the Australian Heart Foundation educational
booklet entitled “living well with chronic HF” [38]. Individual
education will be provided by the research nurse (MN) according
to the participants understanding and literacy for a 40-minute
face-to-face session between 8 am to 1 pm. A Farsi version of
the booklet will be given to each participant. Also, during the
educational session, the instructor and the participant will review
the booklet content together, and the instructor will answer any
questions. The booklet contains information on disease
definition, diagnosis, symptoms, and ways to manage them,
lifestyle issues, medicines, and other treatments. In order to
obtain permission to translate the booklet to Farsi language for
local use in Iran, one of the authors (MN) contacted the
Australian Heart Foundation on April 5, 2016. After obtaining
permission, it was translated to the Farsi language by an
individual who was also proficient in the English language and
knowledge of cardiovascular terminologies. Two nursing faculty
members and 2 cardiology faculty members affiliated with
TUMS approved the Farsi version of the booklet.

Textbox 1. Participant eligibility criteria.

Inclusion criteria

• Definitive diagnosis of heart failure by an heart failure specialist documented on the clinical record

• Heart failure reduced ejection fraction where ejection fraction ≤40% [36,1] by any method (transthoracic, or transesophageal echocardiography,
and angiography)

• New York Heart Association function class II-IV

• Access to a telephone, telegram mobile application, and ability to answer phone calls

• Ability to read and write in the Farsi language

• Having a functional weighing scale (digital or analog) at home to weigh daily [23]

• The absence of diagnosed hearing loss and sight defects

• A stable hemodynamic status

• Non-smoking, no drinking alcohol, and no addiction to drugs

• Living at home and not in a homeless shelter [37]

Exclusion criteria

• Diagnosed psychiatric and cognitive conditions during the study

• Sudden death, migration, or unavailability of patients during the follow-up phase

• Recording weight and shortness of breath in the daily diary for less than 60% (<54 days) during the study

• Undergoing cardiac or other kinds of surgery with a lengthy hospital stay during the study

• Awaiting or receiving a transplanted heart or a left ventricular assistive device
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The second component of the package includes regular home
self-monitoring of weight and SOB and recording them in the
appropriate 3-color daily diaries for 3 months. Since the
graphical display of values help patients to recognize their
symptoms and contact their health care provider [23], we created
a paper-based weight and SOB self-monitoring daily diary
color-coded system that was analogous to TLS.

Based on previous studies, a graphical representation of
health-related information is the preferred method for patients
compared to numerical/tabular displays [39,40] for
communicating medical risk information [41]. This approach
results in better participant comprehension. The patient pays
attention and extracts more information with less effort [31].
Thus, both research diaries have been designed in 3 colors and
categorize the participants’ condition into 3 color-coded zones:
green (excellent), yellow (use caution), and red (warning). The
green, yellow, and red color-coded zones have been defined
based on a combination of American Heart Association
self-check plan for HF management [42] and the HF
self-monitoring toolkit [43]. The colored diary will display
recorded data in both graphical and tabular format. It is expected
that this will result in a better participant understanding of their
condition.

In the HF clinic, participants will be instructed by the research
nurse on the daily measurement of weight and SOB and
recording them in the daily diary during a 20-minute individual
session between 8 am and 1 pm. The weight diary is a 7-page
colored diary with instruction on the first page followed by 6
blank pages to record daily weight for 15 continuous days on
each page.

At the time of referral to the THC, the HF specialist will measure
the weight of eligible participants by analog weight scale (RASA
scale, model 230, Iran). Then, 2 upper control limits will be
determined for participants by the research nurse to identify 1
and 2.5 kg greater than the baseline weight that is considered
as yellow and red zones in the weight diary, respectively [23]
(see Figure 1). During instruction, the participants will be asked
to weigh themselves daily after going to the toilet, before
breakfast, with the same type of clothing, at the same time [38]
and record it regularly in the weight diary for 3 months. If
participants miss a weight measurement for any reason, they
will be asked to record the reason for the missed date. They also
will be instructed to contact the research nurse in case of sudden
weight gain of 1 kg in one day (yellow zone) and 2.5 kg in one
week (red zone) [44].

The SOB diary is a 4-page colored diary that includes
instructions on the first page and 3 blank pages to record the
difficulty of breathing for 30 continuous days on each page.
The participants will be instructed on how to use the SOB
colored diary, and how to rate the difficulty of breathing for the
entire day after taking evening medications and at the end of

each day for 3 months [23]. They will also be instructed to
record the reason for any missed measuring dates.

The SOB rating scale was designed based on 0 to 10 pain
assessment visual analog scale. In this scale, scores are
categorized as follows: none (0), mild (1-3), moderate (4-6),
and severe (7-10) [45] that have been marked by green, yellow,
and red colors, respectively. Green, yellow, and red color zones
will be explained to participants as no new or worsening
(none-mild SOB), worsening with activity or at night when
lying down (moderate SOB), and struggling to breath or at rest
or while sitting (severe SOB), respectively [42] (see Figure 2).
Participants will be instructed to contact the research nurse if
they reach the yellow color zone to increase the diuretic dosage
and contact with the emergency medical services in the red color
zone [38].

The third component of the package includes scheduled
follow-up phone calls (days 1, 3, and 7 after referral to the HF
clinic and every week after that) for 3 months [21]. The research
nurse will give participants a list of call dates and will call each
subject in the evenings between 6 pm and 9 pm. Each follow-up
phone call will last 5-15 minutes [21] and is designed to review
the content of the instructional session, encourage participants
to continue weight and SOB self-monitoring, and record them
in the daily diaries. Also, the research nurse will ask the
participants about the color zone during the previous week and
will recommend the appropriate action (see Figure 3). Also, we
predict that during the call follow-ups, participants in the
intervention group will report another symptom that may be
due to a side effect of the medications or the disease. The
research nurse will be able to provide the appropriate
recommendation for each symptom reported in the intervention
group during these (see Figure 4).

At the end of the one-hour instructional session in the HF clinic,
a plastic folder containing the instructional booklet, weight, and
SOB colored diaries, pen, pencil, eraser, and a pencil sharpener
will be delivered to each subject in the intervention group. They
will be asked to keep diaries clean and deliver them to the
research nurse at the end of the study.

Control
After randomization and allocating participants to 2 groups,
those in the control group will receive the usual care. In HF
clinic at THC, usual care for patients with HF is limited to a
brief instruction by HF specialists on limiting water and salt
intake, taking medications as prescribed, physical activity,
weight monitoring and increasing the diuretic dosage in the
condition of peripheral edema, weight gain, and SOB. They
will receive 1 monthly phone call for 3 months. Out of respect
for the ethical principles of human research, HF self-care
instruction will be provided to the participants in the control
group, and they will receive an educational booklet at the end
of the study.
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Figure 1. Colored weight daily diary. EMS: emergency medical services.
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Figure 2. Colored shortness of breath daily diary. EMS: emergency medical services.
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Figure 3. Flowchart of actions recommended by research nurse based on color zones of each subject's self-monitoring daily diary during call follow-ups.
ED: emergency department; EMS: emergency medical services; SOB: shortness of breath.

Figure 4. Flowchart of the research nurse recommendations for each symptom reported by subjects in the intervention group during the call follow-ups.

Study Measures

Primary Outcome

Self-Care Behavior

Effective self-care improvement is a priority of all clinicians
caring for patients with HF [46]. In a developing country like
Iran, there is a growing need to improve patient’s self-care [15].
However, there is a low rate of reported admissions for HF in
Iran [3]. Thus, in contrast to previous studies where
hospitalization was considered the primary outcome [21,22,30]

and self-care as the secondary outcome [21,22], self-care has
been identified as the primary outcome in this trial.

Self-care behavior will be measured by the Self-Care of Heart
Failure Index (SCHFI) version 6.2 [47] by self-reporting at
baseline and monthly intervals for 3 months. SCHFI was
translated into Persian and validated for Persian speaking people
by Siabani et al in 2014 [48]. It consists of 3 separate scales and
22 questions: 10 for self-care maintenance, 6 for self-care
management, and 6 for self-care confidence [49]. Cronbach
alpha was determined for self-care maintenance (.56),
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management (.64), and confidence scales (.79) [48]. Scale scores
can range between 0 to 100, and a score ≥70 will be considered
as adequate self-care [49]. We will ask participants to complete
SCHFI by themselves at baseline and then monthly for 3 months.

Secondary Outcomes

Heart Failure Knowledge

In order to assess the effect of education and counseling on
knowledge of participants with HF, the Dutch Heart Failure
Knowledge Scale (DHFKS), with Cronbach alpha=.62, will be
used. This scale consists of a 15 multiple-choice self-
administered questionnaire concerning: general knowledge on
HF (4 questions), knowledge on HF treatment (6 questions on
diet, fluid restriction, and activity), and symptoms and their
recognition (5 questions). The participants will be asked to
choose the correct option from the three choices. The minimum
score for this scale can range from 0 (no knowledge) to a
maximum score of 15 (excellent knowledge) [50].

While there is no Iranian version of this scale, it was translated
into the Persian language by forward-backward translation
methods after obtaining permission from the scale developer
[50]. The face and content validity were evaluated by an expert’s
opinion and discussion with patients with HF. The reliability
was assessed through a pilot study among 30 patients with HF
(Cronbach alpha=.62). This coefficient alpha was identical to
the original one, and the internal consistency could not be
improved by deleting any of the 15 items [50]. Thus, all items
have been retained. Participants will be asked to provide answers
to the DHFKS by themselves at baseline and the end of the
study.

Quality of Life

Heart failure quality of Life (HFQOL) will be assessed by the
Iranian version of the Minnesota Living with Heart Failure
Questionnaire (MLHFQ) with Cronbach alpha=.95 [51]. The
psychometric properties of the questionnaire were evaluated by
Middel et al in 2001 (Cronbach alpha≥.80 for the scales) [52].
The MLHFQ consists of 21 questions with a 6-point Likert scale
ranging from 0 (without limitation) to 5 (maximum limitation).
It consists of physical and emotional dimensions. The physical
dimension is the sum of the question scores (questions 1 to 7,
12, 13) while the emotional dimension is based on questions
17 to 21. Questions 8 to 11 and 14 to 16 are related to lifestyle,
financial situations, and side effects of medications. The total
is the sum of the 21-question score, and a lower score reflects
better quality of life [53]. Since this instrument assesses HFQOL
in the previous month [54], we will ask participants to complete
MLHFQ by themselves at baseline and then monthly for 3
months.

All-Cause Hospitalization

Data related to all-cause hospitalization during the previous
month (ie, cause, date of admission, discharge, and length of

stay) will be obtained from participants in both groups by an
outcome assessor blinded to study group assignment during
monthly call follow-ups. In the case of admission to other health
care settings except for THC, data will be collected according
to the participants’ self-reporting. If the participant is admitted
to THC, data will be confirmed by the hospital information
system following participant self-reporting.

Causes of hospital admissions will be classified according to 3
categories of cardiac admission for HF: SOB and edema relieved
by diuretics, other cardiac causes (ie, chest pain, arrhythmias,
or syncope), and non-cardiac causes [21]. All-cause hospital
admissions will be obtained by trained research assistants who
are blinded to the allocation.

Data Collection
Eligible patients will be asked to read and sign a written
informed consent form. The research nurse will then collect
demographic and clinical characteristics by participant
self-reporting and from a medical chart and then record these
in data collection forms (see Table 1). Also, participants will
be asked to complete baseline surveys (SCHFI, HF knowledge,
HFQOL, and health literacy) by themselves in the HF clinic
before randomization.

In order to assess participant health literacy, we will use the
Heart Failure-Specific Health Literacy Scale with Cronbach
alpha=.71. It consists of 12 items each with 4 possible scores
(1 to 4): inapplicable (1) to strongly applicable (4) where a
higher score indicates a higher level of health literacy except
items 1 to 4 [55]. The Iranian version of this scale was prepared
after getting the developer’s permission. Thus, it was first
translated into Persian by a forward-backward translation
method. Then, face and content validity were approved by an
expert’s opinion (nursing faculty, nurse practitioners, and
cardiologists) and discussion with patients with HF. A pilot
study was conducted to assess the reliability with 30 HF patients
and where a Cronbach alpha value of .77 was determined.
Deletion of items could not improve the value similar to the
original scale. Therefore, we decided to retain all items [55].
We will ask the participants to complete the health literacy scale
as a baseline survey.

In order to measure the HF knowledge at the end of the study,
monthly self-care behavior, and the HFQOL, the outcome
assessor will be blinded to study group assignments. The
assessor will send the DHFKS, SCHFI, and MLHFQ to the
participants in both groups by telegram mobile application in
the morning of each monthly call follow-up and ask them to
send answers before 6 pm of the same day.

Participant Timeline
The SPIRIT 2013 template was used to schedule enrolment,
interventions, and assessments (Table 1) [34]. A schematic
representation of the study design is shown in Figure 5.
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Table 1. Time schedule for enrolment, interventions, and assessments in this study.

Study periodStaff memberTime point

Close-out: tx
b

Post-allocationAllocation: 0Enrollment: -t1
a

f 3
df 2f 1t1

c

Enrollment

——————f✓Research nurse and

HFe specialist

Eligibility screen

——————✓Research nurse and
HF specialist

Informed consent

——————✓Research nurseBaseline characteristics and surveys

—————✓—Research nurseAllocation

Intervention

—✓✓✓✓——Research nurseIntegrated package plus usual care

Control

—✓✓✓✓———Usual care

Assessments (demographic/clinical)

——————✓Research nurseAge (years)

——————✓Research nurseGender (male/female)

——————✓Research nurseEthnicity

——————✓Research nurseMarital status (married/single)

——————✓Research nurseIncome

Level of education

——————✓Research nurseElementary

——————✓Research nurseHigh school

——————✓Research nurseAcademic

——————✓Research nurseHF-Specific Health Literacy Scale

——————✓Research nurseBody mass index (kg/m2)

——————✓Research nurseJob (yes/no)

——————✓Research nurseInsurance (yes/no)

——————✓Research nurseTime with HF

HF etiology (yes/no)

——————✓Research nurseIschemic heart disease

——————✓Research nurseCardiomyopathy

——————✓Research nurseHypertension

——————✓Research nurseHeart valve disease

——————✓Research nurseNYHAg functional class (II–IV)

——————✓Research nursePrevious hospitalization (yes/no)

——————✓Research nurseHospitalization last 3 months? (yes/no)

——————✓Research nurseCharlson comorbidity index

——————✓Research nurseEjection fraction (%)

——————✓Research nurseSystolic blood pressure (mm Hg)

——————✓Research nurseDiastolic blood pressure (mm Hg)

——————✓Research nurseHeart rate (bpm)
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Study periodStaff memberTime point

Close-out: tx
b

Post-allocationAllocation: 0Enrollment: -t1
a

f 3
df 2f 1t1

c

——————✓Research nurseDaily weight measure (yes/no)

Medications (yes/no)

——————✓Research nurseAngiotensin-converting enzyme in-
hibitor

——————✓Research nurseAngiotensin receptor blocker

——————✓Research nurseDiuretics

——————✓Research nurseAspirin

——————✓Research nurseStatins

——————✓Research nurseVitamin k antagonists

——————✓Research nurseAllopurinol

——————✓Research nurseBeta blocker

——————✓Research nurseDigitals

——————✓Research nurseImplantable cardiac devices (yes/no)

——————✓Research nursePrior cardiac surgery? (yes/no)

——————✓Research nurseArrhythmia in electrocardiography? (yes/no)

Laboratory parameters (serum)

——————✓Research nurseSodium

——————✓Research nursePotassium

——————✓Research nurseUrea

——————✓Research nurseCreatinine

——————✓Research nurseUric acid

——————✓Research nurseHemoglobin

——————✓Research nurseHematocrit

——————✓Research nurseFasting blood glucose levels

Baseline surveys

——————✓Research nurseSelf-Care of HF Index

——————✓Research nurseMinnesota Living with HF Questionnaire

——————✓Research nurseDutch HF Knowledge Scale

✓✓✓————Research assistantPrimary outcome: Self-Care of HF Index

Secondary outcomes

✓——————Research assistantHF knowledge

✓✓✓————Research assistantHF quality of life

✓✓✓————Research assistantAll-cause hospitalization (yes/no)

a-t1: Time at enrollment.
btx: Time at the end of study.
ct1: Time at allocation.
df1: Time at first month follow-up; f2: Time at second month follow-up; f3: Time at third month follow-up.
eHF: heart failure.
fNot applicable.
gNYHA: New York Heart Association.
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Figure 5. Schematic representation of the study design. HF: heart failure.

Sample Size
In this study, the sample size was calculated based on the
minimal clinically important difference (MCID) approach for
self-care as measured by SCHFI for the primary outcome. No
specific MCID for SCHFI was available to the best of our
knowledge and based on our search of the PubMed database.

The suggested MCID for assessing dyspnea with the visual
analog scale (0-100 score index) was the range 10-20 [56]. Thus,
improving self-care for ≥10 scores from the baseline at the end
of the study has been considered as MCID for the present study
in order to reach a large sample size. According to the Jurgens
et al [22] study in 2013, a mean of 70.8 for self-care in the
control group at the end of study (90-days) and a fixed standard
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deviation of 27.2 (the largest SD) have been considered. In order
to calculate sample size by G*Power free software (version
3.1.9.2), the input parameters are as following: effect size
(Cohen f) of 0.168, the alpha error probability of .05, a statistical
power of 80% to detect MCID≥10 scores between the 2 groups
at the end of the study, 3 times measurement of outcome with
monthly intervals, and a correlation coefficient of .5 among
repeated measurements. Thus, by considering the overall
attrition rates of 10%, the sample size was set at 68 participants
(34 participants in each group).

Participant Recruitment
During the run-in phase of the study, the research nurse at the
HF clinic will be present Sunday through Wednesday of each
week from 8 am to 1 pm. The nurse will screen the patients for
the eligibility criteria at the time of admission. Participant
screening will continue until the target population is achieved.
Simultaneously, an HF specialist will confirm the subject`s
eligibility and adjust the drug dosages of the eligible
participants. Also, the specialist will provide each patient with
additional details about the study. This is our main strategy for
achieving adequate participant enrollment.

Allocation: Method and Concealment Mechanism
The block balanced randomization method will be used for
allocation. Before initiation of the run- in phase of the study,
the statistician (AAK) will generate the randomization plan by
website Randomization.com [57]. Therefore, twenty blocks of
4 for both the intervention group (group A) and the control
group (group B) will be prepared. The statistician will fold the
paper containing 4-size blocks 2 times, put them in the standard
envelopes and write the serial numbers on them. All envelopes
will be kept at the recruitment center. Thus, for every eligible
patient, the research nurse randomly selects one of the envelopes
after shuffling and assign participants into intervention and
control groups.

Blinding
Due to the nature of the intervention, it is impossible to blind
the participants assigned to the study groups to the data collector.
However, the outcome assessor will be blinded and instructed
not to ask the participants whether or not they received the
intervention.

Data Management
Data will be collected in paper format. A file for each subject
will be stored in numerical order in a secure place and manner.
Files will be maintained at the recruitment center for 3 years
after completion of the study. The statistical expert will prepare
the data generated by the IBM/SPSS statistical software (version
16). This expert will train the data clerk to enter the data by
specific codes and labels. Also, after finishing the data entry,
all data will be double checked. All forms related to the study
will be kept in a locked cabinet with restricted access in the
recruitment center. All reports will be prepared in a manner in
which no individual participants can be identified.

Data Monitoring
Three researchers from TUMS not involved in the study and
chosen by the university will monitor data and supervise the
conduct of the study.

Statistical Methods
Statisticians will prepare the data sheets to collected data. Data
will be entered into the SPSS software (version 16). The
Kolmogorov-Smirnov test will be used to normality. A
transformation approach will be used to handle non-normal
distribution. For the between-group comparison of continuous
and categorical baseline characteristics, independent t test and
chi-square test will be used. For categorical variables between
the 2 groups, the two-tailed Fisher exact test will be used instead
of the chi-square test in the case of too small expected cell
frequencies. A P value <.05 will be considered statistically
significant.

Primary Analysis
Baseline scores for each scale of SCHFI including self-care
maintenance, management, and confidence will be compared
in both groups by an independent t test. Due to the measurement
of self-care behavior at baseline and at monthly time intervals,
we will calculate the mean of monthly self-care scores in order
to compare the mean of self-care behavior after the intervention
in both groups. Also, because of the frequent measurement of
self-care behavior, we will also use P value correction based
on the Bonferroni method [58]. A linear logistic regression
procedure will be applied to determine the factors affecting
self-care behavior. The odds ratio will be reported with 95%
CI.

Secondary Analysis
Independent t tests between 2 groups will compare the mean of
the HF knowledge score before and at the end of the study. The
HFQOL at baseline and at monthly time intervals will be
compared by the P value correction based on the multiple
comparisons.

In order to describe the surveillance, the median of admissions
to health care settings will be used. Also, the Kaplan-Meier
survival analysis will be applied for a descriptive comparison
of the surveillance and, a log-rank test will be used to detect
the significance difference between the 2 groups. A hazard ratio
will be reported with 95% CI.

Ethics Approval and Consent to Participate
The study protocol, data collection forms, educational booklet,
and the template of informed consent form was reviewed and
approved by the Research Ethics Committee (REC) at TUMS
on February 5, 2017 (No. IR.TUMS.FNM.REC.1395.1653).
Researchers are committed to updating the agreement with the
IRB and REC at TUMS for any administrative and
methodological changes of the study protocol which may affect
the study.

In order to obtain the informed consent, the research nurse and
HF specialist will introduce the trial to each eligible participant.
Every eligible participant will receive an information sheet and
a written informed consent. The research nurse will then obtain
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written informed consent from all participants willing to
participate in the trial.

The participant informed consent form will be prepared
according to the Declaration of Helsinki. It gives the subject
information on what the research is about and what happens
following participation in the study. It contains information on
“purpose of the trial, potential benefits and risks; subject`s right
to refuse participation or to withdraw consent at any time;
institutional affiliation and potential competing interests of the
researcher; and sources of trial funding” [59].

One critical issue that the researchers will be experiencing is
posttrial care. Due to the nature of the intervention, this trial
will not have any harm for participants that need to be treated
during or after the trial. However, the HF specialist is the
responsible physician and will assess and manage participants
in the event of worsening of the symptoms.

Availability of Data and Material
All study-related forms will be stored securely in the recruitment
center by code number. Informed consent containing names and
other personal identifiers will be stored separately from the
forms identified by code number.

Intellectual property of the data belongs to the TUMS research
and technology deputy. Thus, the final trial dataset/analysis will
be available from the corresponding author upon request and
by permission of the TUMS research and technology deputy.

Results

This paper is the first version of the protocol that has been
submitted. At the time of manuscript submission, the trial is
actively enrolling the participants, and the recruitment started
on June 11, 2017. The study is expected to be completed in
November 2017. Data will be analyzed and published by the
end of 2018.

Discussion

The major concerns among patients with HF are the lack of
information on the medications, worrying about both the
quantity and combination of prescribed drugs, having trouble
differentiating between the side effects of medications and
symptoms of HF, and the lack of knowledge required to interpret
symptoms or treat worsening symptoms [60]. The most critical
participant issues are poor accessibility to a health care provider,
receiving poor follow up, and having poor medication adherence
[61].

Due to the nature of the intervention and the application of an
integrated package including self-care educational booklet,
graphical self-monitoring diaries based on TLS, and scheduled
call follow-ups, we expect that this trial will address the patients’
concerns and issues.

We anticipate that the self-care educational booklet will improve
the patient`s knowledge of HF. Graphical colored self-
monitoring weight and SOB diaries will improve the patients’
ability to recognize their HF symptoms and help them determine
the appropriate action whenever symptoms worsen. Also,
scheduled call follow-ups will allow the patients to ask questions
related to the disease, treatment options, and adverse effects.
This will help them with referral to the proper health care setting
in the early stages of the disease decompensation.

Iran is an LMIC and its health care system provides for only a
brief verbal self-care instruction without any follow-up calls to
patients with HF. Thus, at the end of this trial, patients in the
intervention group and their caregivers may feel they are being
deprived of standard care and a lack of support.

Thus, if the research findings provide positive effects, this
practical intervention will be implemented for patients with HF
in Iran and other countries similar to Iran. Also, the results of
the research project plus the integrated package will be delivered
to the noncommunicable diseases center at the Iran Ministry of
Health, Education, and Treatment for consideration in the usual
care of patients with HF.
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Abstract

Background: Postpartum depression is highly prevalent in low-income women and has significant health and mental health
effects on mother and child. Home visiting (HV) programs provide services to large numbers of perinatal women in the United
States and are a logical setting for delivering mental health services. Although there are interventions that reduce the risk of
developing postpartum depression among low-income women, none have used nonhealth or nonmental health professionals as
interventionists.

Objective: This study aimed to outline the protocol of a cluster randomized trial funded by the Patient-Centered Outcomes
Research Institute that evaluates whether the Mothers and Babies (MB) group intervention, when led by paraprofessional home
visitors, is more efficacious than usual care. It will also examine if MB, when led by home visitors, is not inferior to MB delivered
by mental health professionals (MHPs). MB has previously demonstrated efficacy when delivered by MHPs, and pilot work
indicated promising results using home visitors to deliver the intervention.

Methods: A cluster randomized trial is being conducted with 38 HV programs. Sixteen HV programs will deliver MB using
MHPs, 16 will deliver MB using paraprofessional home visitors, and 6 will deliver usual HV services. The study employs a
modified covariate-constrained randomization design at the site level. We anticipate recruiting 933 women aged ≥16 years enrolled
in HV programs, who are 33 or more weeks’ gestation and speak either English or Spanish. Women in the 2 intervention arms
will receive the 6-session MB group intervention. Baseline, postintervention, 12-week postpartum, and 24-week postpartum
assessments will be conducted to assess client outcomes. The primary outcome will be the change in Quick Inventory of Depressive
Symptomatology Self-Report 16 scores from baseline to 24-week follow-up. Secondary outcomes associated with core MB
content will also be examined. Semistructured interviews will be conducted with home visitors and MHPs who are group facilitators
and 90 study participants to gain data on intervention successes and challenges. Analyses will proceed at the participant level.
Primary analyses for depressive symptoms score at 24 weeks postpartum will involve a linear mixed model, controlling for
baseline symptoms and other covariates, and random effects to account for clustering.

Results: We have recruited 838 women through the end of August 2018. Recruitment will be completed at the end of September
2018.

Conclusions: There is considerable potential to disseminate MB to HV programs throughout the United States. Should our
results demonstrate home visitor efficacy when compared with usual care and/ noninferiority between home visitors and MHPs
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in improving mental health outcomes, no additional financial resources would be required for the existing HV staff to implement
MB. Should this study determine that home visitors are less effective than MHPs, we will generate more wide-scale evidence on
MB effectiveness when led by MHPs.

Trial Registration: ClinicalTrials.gov NCT02979444; https://clinicaltrials.gov/ct2/show/NCT02979444 (Archived by Webcite
at http://www.webcitation.org/archive.php)

International Registered Report Identifier (IRRID): PRR1-10.2196/11624

(JMIR Res Protoc 2018;7(11):e11624)   doi:10.2196/11624

KEYWORDS

depression; postpartum; pregnancy; randomized controlled trial; community health

Introduction

Background
Postpartum depression is a serious mental health disorder that
poses significant health and mental health risks for mothers and
their infants [1]. Research suggests that prevalence rates of
postpartum depression are higher among low-income women
than among middle- or high-income women [2,3]. There is also
consistent evidence that low-income women are less likely to
receive mental health services in the perinatal (ie, pregnancy
until child’s first birthday) period than their more affluent
counterparts due to a variety of factors, including stigma related
to mental health service use and lack of access to
community-based mental health providers [4,5]. Postpartum
depression is a particularly serious problem for low-income
women. It is estimated that more than 10% of infants from
low-income households have a mother who has major depression
and more than 50% have a mother with some depressive
symptoms [6]. Postpartum depression also has negative
consequences for maternal parenting practices. Compared with
women not suffering from postpartum depression, depressed
women tend to be less positive, less spontaneous, and less
responsive with their infants [7]. Postpartum depression has
been linked to developmental delays among infants of depressed
mothers, including social interaction difficulties, attachment
insecurity, and cognitive impairments [8,9].

Systematic reviews have highlighted an array of efficacious
postpartum depression preventive interventions [10]. Among
those interventions that have demonstrated efficacy, the majority
use health (eg, nurses, midwives) or mental health (eg,
psychologists) professionals to deliver individualized or
group-based interventions [10]. One exception is the use of
peers to deliver peer support via phone [11], although this study
was conducted in Canada with predominately white, upper- and
middle-class women. As such, there are no interventions led by
nonhealth or nonmental health professionals that have
demonstrated efficacy in preventing the onset of postpartum
depression and reduction of depressive symptoms among
low-income women.

Home visiting (HV) programs that provide services to perinatal
women are one of the largest avenues through which perinatal
women come to the attention of service providers, making HV
a unique and viable setting for delivering mental health services.
Although professional HV models exist (eg, nurse-family
partnership), most HV programs in the United States use

paraprofessional home visitors, who lack formal training in the
helping professions [12]. Maternal depression is an enormous
challenge facing HV programs, with an estimated 10 to 15% of
HV clients exhibiting major depressive disorder (MDD) and
another 45 to 50% exhibiting subthreshold depressive symptoms
[13]. Furthermore, there is consistent evidence that low-income
women exhibiting depressive symptoms—including women
enrolled in HV programs—do not access mental health treatment
in the community [4]. Lack of available mental health
professionals (MHPs), stigma in seeking mental health services,
and logistical challenges (eg, childcare, transportation) are a
few of the barriers low-income women face when seeking
mental health services. For those clients who do access services,
most perinatal women are likely to receive pharmacological
treatments [14], despite the fact that the vast majority of
perinatal women prefer nonpharmacologic interventions [5].
HV programs are ideal settings for delivering mental health care
to perinatal women because their mission is not stigmatizing
and HV programs tend to be trusted entities in the communities
they serve [13,15]. Several interventions aimed at treating
postpartum depression among women in HV programs have
been developed and empirically tested to show efficacy,
including an in-home cognitive behavioral therapy (CBT)
intervention delivered by licensed masters-level social workers
[16,17], a culturally adapted version of interpersonal
psychotherapy delivered by masters-level psychiatric nurses
[18], and listening visits delivered by home visitors or
obstetrician clinic staff focused on empathic listening,
collaborative problem solving, and assessment of need for
additional mental health treatment [19]. This study was born
out of HV programs’need and desire for a low-cost intervention
focused on the prevention of postpartum depression, given the
large number of women with subthreshold symptoms at risk for
developing MDD.

Prior Work
Previously, study investigators established the efficacy of a
group-based intervention—Mothers and Babies (MB)—in
preventing the onset of postpartum depression and reducing
depressive symptoms when led by mental health professionals
in a group setting [20-22]. On the basis of these randomized
controlled trials (RCTs), MB is listed as an evidence-based
practice in the Health Research and Services Administration
registry and is also listed on the Substance Abuse and Mental
Health Services Administration Evidence-Based Program
Registry [23]. Subsequently, the principal investigator (PI) and
colleagues worked closely with HV clients, staff, and other key
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stakeholders to develop training and implementation protocols
to facilitate implementation of the MB group model by
paraprofessional home visitors. In particular, training protocols
and instructor manuals were modified to provide greater clarity
on key aspects of MB’s cognitive-behavioral underpinnings.
Results from a pilot study with 2 HV programs in Baltimore
indicated that women receiving the MB group intervention
delivered by paraprofessional home visitors showed
improvements in depressive symptoms, suggesting that the MB
intervention could be delivered by home visitors instead of
MHPs (unpublished data [24]). This project builds on this
preliminary work by evaluating the effectiveness of the MB
group model when delivered by paraprofessional home visitors.

MB is a 6-session group intervention with content based on 2
key theoretical frameworks—CBT and attachment theory. MB
contains 3 modules that align with key CBT elements: pleasant
activities, thoughts, and social support and contact with others.
Within each module, intervention recipients first are taught to
connect each CBT concept with their mood, with subsequent
content providing specific skills and techniques to help them
cope with stress and depressive symptoms. Attachment theory
is woven throughout the curriculum to help intervention
participants promote connection with their infants. For example,
one way attachment theory is integrated into the pleasant
activities module is to highlight that parents can engage in
pleasant activities with their child or children which
simultaneously can improve a parent’s mood and attachment
with their child or children.

Study Aims
This study is a cluster-randomized controlled trial (C-RCT) in
which HV clients receive either (1) MB group delivered by
MHPs, (2) MB group delivered by paraprofessional home
visitors, or (3) usual HV services. There are 4 specific aims for
this study; the first 2 reflect our primary study aims, with the
remaining 2 reflecting secondary aims:

Aim 1 (primary aim): Evaluate efficacy of MB
delivered by paraprofessional home visitors in
comparison with usual care (ie, HV without MB) on
patient-reported outcomes, including depressive
symptoms, quality of life, parenting practices,
engagement in pleasant activities, and relationship
with one’s partner.

Aim 2 (primary aim): Assuming efficacy in #1, assess
noninferiority (NI) of MB delivered by
paraprofessionals versus MHPs.

Aim 3 (secondary aim): Explore patient characteristics
as potential covariates and effect modifiers.

Aim 4 (secondary aim): Examine the feasibility and
acceptability of MB delivered by paraprofessional
home visitors and MHPs.

Methods

Study Design and Intervention Delivery
As noted above, this study is a C-RCT with 3 study arms: (1)
MB group delivered by MHPs, (2) MB group delivered by
paraprofessional home visitors, or (3) usual HV services. This

study was approved by the Northwestern University’s
institutional review board (IRB). The MB group curriculum has
6 sessions, with each session designed to last 90 to 120 min.
The curriculum consists of 3 modules that map onto key
components of CBT: pleasant activities, thoughts, and contact
with others. The first part of each module teaches participants
to understand how a given component influences their mood.
Subsequently, participants receive concrete skills related to each
module. These skills provide participants with a toolkit of skills
they can use to improve their mood. We refer to each 6-session
MB group as a cohort. Each cohort meets weekly for 6
consecutive weeks at the HV program site, with occasional
groups skipping a week due to inclement weather or holidays.
Light refreshments are provided at each session. Transportation
to the sessions and child care supports are also provided for
participants, if necessary. All MB sessions are audio-recorded
using a portable device for purposes of examining intervention
fidelity. The study design called for random selection of 20%
of these audio sessions to be assessed and coded for fidelity.
The group facilitator transfers the recordings to Northwestern
University’s research team within 24 hours of each individual
session using a secure Northwestern University box account.
At the end of August 2018, 115 cohorts were completed.
Implementation of all prenatal MB cohorts will be completed
by October 2018.

Interventionist Training and Supervision
We have trained 105 paraprofessional (bachelor’s degree or
less) home visitors and supervisors from 16 program sites that
are using home visitors to deliver the MB intervention. Of the
105 home visitors trained, to date, 33 have delivered the
intervention. We have also trained 32 MHPs from the 16
intervention sites using MHPs to deliver MB; 21 of these MHPs
have delivered the intervention. MHPs, for the purposes of this
study, are masters-level professionals in the areas of child and
family studies, psychology, psychiatry, social work, or a related
field with a minimum of 5 years’ experience working with
families and young children. These MHPs live and work in the
states in which they deliver the intervention, and either the
participating HV programs or a state professional association
(eg, The Illinois Association for Infant Mental Health) recruited
them.

The study PI led MB trainings, consisting of 8 to 12 contact
hours, for home visitors and MHPs. The PI conducted a total
of 19 trainings in the 7 participating states. All the trainings
maintained the same contact hours with trainees but were
delivered in 3 formats: in-person, webinar, and telephone. HV
supervisors from each of the HV programs (irrespective of study
arm) also attended the training. The MB training covers the
conceptual underpinnings of MB (eg, its cognitive-behavioral
framework), a brief history of previous implementation of the
MB program with diverse perinatal populations, instruction on
the format of the MB instructor manual, and instruction on how
to maximize the use of the group format when delivering MB.
Training includes discussion of each MB session from start to
finish. Training is interactive with opportunities for discussion
and modeling communication of material by the PI. Training
also involves group activities, where training attendees practice
delivering curriculum material and receive extensive feedback
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on strengths and areas needing improvement from the trainer
and other training participants.

Home visitors and MHPs receive phone supervision from the
PI the first time they deliver MB. During these supervision
sessions, the PI first debriefs the completed MB session and
then helps the facilitator plan for the subsequent group session.
For home visitors who continue to facilitate groups, the HV
program manager assumes the supervisory role—with support
from the research team. Along with support from the PI during
supervision, MHPs and paraprofessional home visitors can share
and receive feedback via the study ListServ, which includes
other HV staff, MHPs, HV supervisors, and the research team.

Recruitment and Informed Consent
Women meeting eligibility criteria for the C-RCT are
approached by HV staff who explain the MB intervention and
research study. Interested women complete a referral form with
the HV staff and are informed that a Northwestern University
research assistant (RA) will contact them with more information
about the research study. HV staff send the referral forms to the
Northwestern research team via email or fax. RAs share
responsibility for calling referred women to explain the study
in more detail and complete the informed consent process with
eligible participants who indicate interest in study participation.

The Northwestern University’s IRB granted a waiver of written
documentation of consent, allowing Web-based informed
consent via Research Electronic Data Capture (REDCap) [25]
or consent via telephone for potential participants without easy
access to Web-based resources. If the referred participant meets
eligibility criteria and is interested in participating in the study,
the RA indicates that a Web link with instruction on completing
the baseline assessment via REDCap will be emailed or texted
to them.

Participants are informed via informed consent and during all
assessments that they may choose to not answer any question
at any time for any reason and that not answering questions will
not affect their relationship with their HV programs or ability
to keep receiving the MB intervention (for those enrolled in the
2 intervention arms). Both the Web-based consent form and the
study surveys are available in English and Spanish. Each time
a study participant fills out a survey, the survey includes a
prompt to the participant asking if they wish to continue
participation by completing the next survey.

A waiver of parental permission was granted to waive the
signature of parents of children who are participants (pregnant
women ≥16 years and <18 years). This study involves minimal
risk to the participants by only requiring the administration of
Web-based surveys or telephone interviews to collect data.
Guidance from the US Department of Health and Human
Services Office of Research Protections indicates that
individuals aged less than 18 years can consent to study
participation without parental consent if the study procedures
for which they are consenting are such that they could provide
consent outside the research context.

Before beginning group facilitation, all facilitators receive a
Web-based informed consent form via REDCap that they must
complete before their first group session. In addition to the

consent, facilitators are asked to complete a brief demographics
questionnaire before facilitating groups and a survey inquiring
about supervision support they receive after facilitating each
cohort. All consented MHP and home visitors who facilitated
an MB cohort are eligible to participate in a semistructured
interview. The intervention coordinator approaches them after
they have completed facilitation of their last MB cohort.
Northwestern University’s IRB approved all recruitment and
consent procedures.

Study Participants
Our recruitment goal for the C-RCT is 933 pregnant women.
The 38 HV programs participating in this project enroll clients
via referrals from prenatal care clinics; Women, Infants, and
Children programs; and other settings working with pregnant
women. HV programs implementing MB groups will implement
an average of 5 MB cohorts, over the course of the project.
Women aged 16 years and older enrolled in HV programs who
are 33 or more weeks’ gestation and speak either English or
Spanish are eligible for enrollment. Exclusion criteria have been
minimized; however, women who have significant cognitive
limitations will be excluded as it is not likely they will be able
to fully engage in the group-based intervention activities and
discussion. Women with high-risk medical and pregnancy
conditions will also be excluded as this may preclude women
from regularly attending intervention sessions. Women are not
excluded based on race and ethnicity or based on demographic
characteristics other than the ability to speak English or Spanish.

Study Sites
HV programs in Illinois, Ohio, Minnesota, Missouri, Michigan,
Iowa, and West Virginia that indicated the ability to recruit
approximately 40 pregnant women over a 16- to 18-month
timeframe were recruited to participate in the study. All HV
programs recruit women at high risk for poor pregnancy and
parenting outcomes via referrals from prenatal care clinics,
community outreach, and current program participation.
Moreover, 45 HV programs agreed to participate in the study.
We staggered the start of implementation among the programs
so that only a subset of the program sites was beginning to
implement at one time.

Randomization
The study employed a modified covariate-constrained
randomization [26] design at the HV program level, using
unequal (1:3:3; control: MHP delivery of MB: paraprofessional
delivery of MB) allocation, with intention to achieve relative
balance in a set of prespecified program-level potential
covariates. There are 3 variables for which we chose to control
imbalance at the study site level at baseline through this
approach:

1. Percent non-white clients as reported by the site (treated as
a continuous variable).

2. Site yearly client volume (also reported by site and treated
as a continuous variable).

3. Population density of the site area (continuous variable).

The covariate-constrained method of randomization allows for
efficient balance of multiple covariates at once and is
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recommended over other methods (ie, simple randomization or
matching) for cluster-randomized trials [26]. The general
procedure involves:

1. Enumerating a large subset of possible allocation schemes.
2. Evaluating (im)balance for each variable of interest (in this

case we have 3) for each possible allocation.
3. If the (im)balance is acceptable according to some

prespecified criterion, then we save this scheme in a smaller
subset of potential allocations for implementation.

4. Of those that meet acceptable levels of imbalance, we
randomly select 1 allocation for use in this study.

We chose the P value corresponding to the Kruskal-Wallis test
as our criterion for “balance” in step #3 above. If the P value
for each of the 3 variables is larger than .30 for a given simulated
allocation scheme, that particular allocation is deemed
“acceptable.” This criterion is adapted from the “Minimal
Sufficient Balance” principle from Zhao et al [27] in the
individual sequential randomization literature.

Randomization occurred in 3 waves for logistical purposes. The
first wave included 14 sites (2 control, 6 mental health
professional, 6 HV), the second included 19 sites (4 control, 7
mental health professional, 8 HV), allocation ratio was slightly
off in this wave to account for dropout sites), and the third
included 12 sites (1 control, 6 mental health professional, 5
HV). Thus, we randomized a total of 45 sites in 3 waves.

After randomization, 7 programs dropped out, thereby yielding
a total of 38 active study sites; 6 of these sites removed
themselves before implementing the intervention and 1 after
beginning implementation and enrolling participants. Data
collected from all study participants will be used in the analysis.
Among the 38 active study sites, 16 HV programs are receiving
the MB intervention delivered by MHPs, 16 are receiving MB
intervention delivered by HV paraprofessionals, and 6 programs
serve as control sites and are not implementing the MB
intervention.

As the study aimed to assess both (1) efficacy of MB delivered
by HV in comparison with control and (2) NI of MB when
delivered by HV compared with MHPs, sample size
considerations and allocation ratio accounted for each. We chose
unequal allocation with fewer women in the control arm so that
we could first assess efficacy of the HV model versus control.
To show efficacy—a significant and meaningful difference
between the 2 arms—sample size requirements were not as large
as in the NI setting. The NI aim requires larger numbers of
women in the 2 active intervention arms; thus, we chose to
enroll threefold the number of women in the 2 active
intervention arms to ensure maximal efficiency for NI analyses.

Data Collection Procedures and Study Assessments
The study includes 4 data collection time points—baseline,
immediately post-intervention (or 8 weeks after the baseline
for control participants), 12 weeks postpartum, and 24 weeks
postpartum. Participants will receive US $20 remuneration after
completing the baseline, 12-week, and 24-week assessments
for a total of US $60. Baseline and follow-up data will be

collected and managed using REDCap. Baseline data will be
collected within 2 to 3 weeks of establishing client eligibility
and participation agreement. Women who do not complete the
Web-based baseline assessment in this timeframe will be
contacted by phone by the RA to complete the assessment by
phone, ensuring that baseline data are collected before the first
MB group.

Table 1 describes the study’s outcome indicators, measures,
and data collection time points. This study’s primary outcome
is reduction in depressive symptoms with several secondary
outcomes (eg, behavioral activation, mood regulation) that are
closely linked with MB content. For our primary outcome of
depressive symptoms, continuous higher scores on the Quick
Inventory of Depressive Symptomatology Self-Report 16
(QIDS-SR16) [28] indicate greater depressive symptomatology.
For our secondary outcome of major depressive episodes,
endorsing 5 or more items on the Maternal Mood Scale and
interference with current life activities indicates a possible major
depressive episode. For our secondary outcomes of behavioral
activation, pleasant activities, mood regulation, social support,
decentering, relationships with one’s partner, and subjective
well-being, increased scores over time indicate improvement.
For our secondary outcome of perceived stress, decreased scores
over time indicate improvement. For the secondary outcome of
responsive and reactive parenting, higher scores on the Parental
Cognitions and Conduct toward the Infant Scale [29] subscales
indicate greater self-efficacy, hostile-reactive parenting,
perceived parental impact, and parental overprotection over
time.

We are collecting data on MB acceptability via 3 data
modalities. First, we are conducting brief semistructured
interviews with 90 intervention participants—45 who received
MB led by MHPs and 45 who received MB led by
paraprofessional home visitors. Second, we are conducting brief
semistructured interviews with all home visitors and MHPs who
deliver MB. Third, all participants will complete brief
paper-and-pencil checklists immediately after receiving an MB
session. Group facilitators will collect these checklists. We ask
each intervention participant to rate each session using 3
questions used in previous MB studies: “how much did you
enjoy today’s group session?”, “how well did you understand
what we talked about during today’s group session?”, and “how
often do you think you will use the skills and information that
you were given during today’s group session?”

To assess feasibility of MB delivered by MHPs and home
visitors, we are collecting data on (1) number of completed
intervention sessions (dosage) and (2) fidelity of intervention
implementation. Completed intervention sessions and participant
attendance are documented by MHPs and home visitors
delivering MB on a form created for use in this study. Fidelity
of intervention implementation is being assessed by reviews of
audiotaped sessions. All MB sessions will be audiotaped, and
a random sample of 20% will be reviewed for protocol
adherence by 2 trained coders performing independent ratings
of fidelity.
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Table 1. Study outcome indicators, measures, scoring, and data collection time points.

24 weeks
postpartum

12 weeks
postpartum

Postinter-
vention

BaselineScoring interpretationScoring
range

MeasureOutcome indicator

Primary outcome

✓✓✓✓Higher score: greater depres-
sive symptomatology

0-27Quick Inventory of
Depressive Symp-
tomatology Self-Re-
port 16 (QIDS-
SR16) [28]

Depressive symptoms

Secondary outcomes

✓>10: possible depression0-30Edinburgh Postpar-
tum Depression
Scale [30]

Depressive symptoms

✓✓✓≥5 symptoms and interfer-
ence with current life activi-
ties: possible major depres-
sive episode

0-9Maternal Mood
Screener [31]

Major depressive episodes

✓✓✓Higher score: greater behav-
ioral activation

0-54Behavioral Activa-
tion Depression
Scale [32]

Behavioral activation

✓✓✓Higher score: greater fre-
quency and enjoyment of
activities

0-44Pleasant Activities
Schedule [33]

Pleasant activities

✓✓✓Higher score: greater ex-
pectancies for negative
mood regulation

30-150Negative Mood
Regulation Scale
[34]

Mood regulation

✓✓✓Higher mean score: greater
perceptions of social support

1-5Medical Outcomes
Study (MOS) Social
Support Survey [35]

Social support

✓✓✓Higher score: greater decen-
tering and rumination

11-55Experiences Ques-
tionnaire [36]

Decentering

✓✓✓Higher score: greater rela-
tionship satisfaction

7-43Dyadic Adjustment
Scale[37]

Relationship with partner

✓✓Higher mean scores: greater
self-efficacy, hostile-reac-
tive parenting, perceived
parental impact, parental
overprotection

0-10Parental Cognitions
and Conduct toward
the Infant Scale [29]

Responsive and reactive
parenting

✓✓✓Higher score: greater psycho-
logical resources and
strengths

8-56Flourishing Scale
[38]

Subjective well-being

✓✓✓Higher score: greater per-
ceived stress

0-164-item Perceived
Stress Scale [39]

Perceived stress

Retention Strategies
Recruitment procedures emphasize the importance of
participating in all MB sessions and remaining in the study
through the 24-week postpartum assessment. The research team
obtains ample tracking information at baseline, which includes
the participants’ name, email address, home and cell phone
numbers, mailing address, HV site, and secondary contacts
indicated by the participant. The research team updates contact
information and each participant’s preferred mode of
communication (eg, phone, text, Facebook) at each follow-up
assessment. We allow participants without easy access to the
internet and those less comfortable completing surveys
electronically to complete follow-up surveys by phone. We

conduct intensive follow-up with participants throughout the
study via monthly communication from the RAs using the
participant’s preferred modes of contact. We follow all study
participants through the 24-week postpartum assessment
regardless of their attendance at intervention sessions or
completion of previous assessments.

Data Monitoring Plan
The intervention coordinator refers any study participant who
endorses thoughts of self-harm on the QIDS-SR16, Edinburgh
Postnatal Depression Scale, or Maternal Mood Screener to the
HV program supervisor. The supervisor uses his or her agency’s
protocol to make a determination of the necessary action needed
to ensure the safety of the study participant. The research team
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notifies the PI and research project manager immediately of any
such referrals. In addition, should a participant indicate
experience of severe depressive symptoms upon completion of
a depression scale assessment, study staff notify the supervisor
at the HV program to provide appropriate referrals for their
client’s mental health treatment linkage. In addition to following
up with the HV supervisor, RAs also follow-up with study
participants to ensure they are not in immediate danger of
harming themselves and provide a list of resources to the
participant. The statistical team, in collaboration with the rest
of the study team, developed a series of data status and quality
reports via an automated task, which study staff review multiple
times per week. They include participant status, missing survey
and overall data, mood assessment summaries, and intervention
adherence reports.

Statistical Analysis

Data Management
Study data are collected and managed using REDCap, a secure
Web-based application designed to support data capture for
research studies, hosted and supported by Northwestern
University’s Clinical and Translational Science Institute.
Web-based survey data completed by participants are directly
linked to the REDCap project. Data are periodically exported
to an SAS database that is only accessible to study personnel
on a password-protected shared project drive. The research
study coordinator, the biostatistician, and the statistical analyst
conduct periodic audits of the data to ensure accuracy over the
course of the project.

All data records are identified using an identification number
only and do not contain other personally identifying information.
All forms containing personal identifying information, including
a master list linking names with identification numbers, consent
forms, and receipts for subject remuneration payments, are
maintained in a file cabinet that is locked at all times and on a
password-protected computer, with access only by the study
team. Identifying information (eg, personal and

contact information) is kept separate from the other data. All
subject information collected is kept in secure,
password-protected files on Northwestern University’s servers
with access restricted to authorized personnel only.
Audio-recordings of MB group sessions will be stored as
password-protected electronic files on a secure computer. Once
the study is completed, including data coding and qualitative
analysis, all audio-recordings will be erased. We will inform
participants that coded data will be deidentified.

Outcomes
Primary outcome of interest for Aims #1 to #3 will be the
QIDS-SR16 score as determined by participant self-report at
24 weeks postpartum. We will control for baseline QIDS-SR16
score and treat this measure as a continuous variable. It ranges
from 0 to 27 points, where higher scores signify increased
depressive symptoms. QIDS-SR16 translates into depressive
categories such that a score of less than 5 points indicates no
depression, a score ranging from 6 to 10 indicates mild
depression, 11 to 15 signifies moderate depression, 16 to 20
indicates severe depression, and anything above 20 would be

labeled as very severe [28]. As a result, we deem a 5-unit change
or difference in score to be meaningful (as a jump in 5 points
would result in an increase in depression severity tier for any
individual patient). Secondary outcomes will address key
components of the MB intervention. They include incidence of
major clinical depression, behavioral activation, engagement
in pleasant activities, mood regulation, social support,
decentering, perceived stress, responsive parenting, relationship
with partner, and subjective well-being.

Statistical Methods
Descriptive statistics will summarize baseline characteristics
(both site-level and participant-level) overall and by arm. As
appropriate, mean (SD) (or median [inner quartile range] will
be used in cases of skewed or nonnormal empirical distributions)
and frequency (proportions) will summarize continuous and
categorical data, respectively. Analyses will employ normal
theory methodology as appropriate, and in cases of violations
of assumptions, transformations and nonparametric analyses
may be utilized. We used SAS version 9.4 (SAS Institute Inc.;
Cary, NC; 2012) [40] to perform randomization, and we plan
to use both SAS (version 9.4) and R (version 3.4.1 or higher)
[41] for final analyses and reporting. We used the Power and
Sample Size (PASS) Software (NCSS, LLC; Kaysville, Utah;
2011 )[42] for all power and sample size calculations.

Analyses will proceed at the participant level. Primary analyses
for QIDS-SR16 score at 24 weeks postpartum will involve a
linear mixed model for continuous outcome with independent
variables of baseline QIDS-SR16, study arm (3-level factor),
and site-level baseline covariates used in randomization
algorithm. We plan to account for clustering effects via inclusion
of a random site effect, which will allow for distinction of
between- and within-site variance. Intracluster correlation
coefficients (ICCs) will be estimated via variance components
estimates. Intervention effect will first be evaluated via the
adjusted Wald type III test for significant study arm effect at
the 5% level of significance. If arm is significant at the 5% level,
analyses evaluating the superiority (Aim #1) of HV-led
intervention versus control will proceed with Tukey correction
for multiple pairwise hypothesis tests. Assuming the
Tukey-adjusted P value for this comparison falls below the 5%
level of significance in favor of the HV-led arm, we will further
assess the NI (Aim #2) via pairwise comparison (using Tukey
correction) of adjusted 24-month QIDS-SR16 in home
visitor–led versus MHP-led arms. Figure 1 depicts the margin
and zone of NI for this comparison.

The double-sided arrows represent 95% CI for the
model-estimated adjusted mean 24-week difference in
QIDS-SR16 score between arms. Note that higher score signifies
more depressive symptoms; thus, if the estimated difference
(HV minus MHP score) is larger than zero, the HV arm has on
average worse depressive symptoms. As the prespecified margin
of NI is 2 units on the QIDS-SR16 scale, we will claim NI if
the upper limit of the adjusted 95% CI for the paraprofessional
home visitor–led arm minus the MHP-led arm comparison
remains below 2. The red arrows indicate scenarios in which
we cannot claim NI, and the blue arrows indicate scenarios in
which the criterion for NI is met.

JMIR Res Protoc 2018 | vol. 7 | iss. 11 | e11624 | p.139http://www.researchprotocols.org/2018/11/e11624/
(page number not for citation purposes)

Jensen et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 1. Margin of noninferiority (NI). HV: home visiting; QIDS: Quick Inventory of Depressive Symptomatology.

Using the same analytic approach, we will add covariate-by-arm
interaction terms in the aforementioned model to explore
whether effectiveness of intervention varies by patient
characteristics (Aim #3). The covariates to be explored include
race and ethnicity, first-time mother, and geographic type of
HV program (urban, suburban, or rural). These analyses are
more exploratory in nature, and thus power and sample size
considerations do not focus on interaction effects. As a result,
we anticipate evaluating interaction effects at the 10% level of
significance without adjustment for multiple hypothesis tests.
Qualitative data analysis methods will evaluate feasibility and
acceptability of MB in each setting (Aim #4), and the details
of these analyses will be specified elsewhere.

Additional analyses surrounding Aims #1 to #3 will employ
longitudinal methods, utilizing all study data at all time points
(ie, inclusion of a fixed study time point effect). Secondary
outcomes will all be analyzed in this fashion with the exception
being binary response variables (eg, depression onset). In these
cases, models will involve appropriate link and distributional
assumptions (logit and binomial, respectively). For the
participants receiving active intervention (either paraprofessional
home visitor–led or MHP-led MB), we will examine a “dose”
variable in relation to outcomes. This dose variable will be
defined as the number of sessions (of 6 possible) attended for
an individual participant.

We plan to conduct analyses on the modified intent-to-treat
dataset whereby all participants randomized with data at the
24-week postpartum time point will be analyzed according to
the arm to which they were allocated. We will further perform

a sensitivity analysis on the “as treated” dataset. Those in either
active intervention arm will be considered “treated” if they
attend at least 4 of the 6 sessions required for the MB course.

Power and sample size considerations allowed for some missing
data and, as specified in our approved research plan, we have
allowed for entire clusters to drop out of each arm; however, in
the event of large amounts of missing data (ie, more than 15%),
we will explore multiple imputation analyses. We will examine
rates of missing data for all variables and determine whether
the rates vary by participant characteristics, HV program
location, or intervention arm. These summarizations will inform
potential biases resulting from missing data. The mixed effects
models planned for analyses are generally robust for unbalanced
data across study time points. If multiple imputation methods
are merited, we will impute at least five datasets to generate an
estimated average intervention effect. These analyses will again
serve as sensitivity analyses to the previously outlined analyses.

Power and Sample Size Considerations
As in any C-RCT, power and sample size considerations depend
heavily on ICC estimates. In general, it is recommended that
these calculations account for anticipated ICC, as failure to do
so in the design phase leads to an increase in type II error (ie,
result in underpowered studies) [43,44]. Without previous
knowledge of ICC(s) in this population with respect to our
primary outcome, we explored a range of ICCs (0.001 to 0.05).
Power calculations assume a SD in primary outcome of
approximately 6 points (on the QIDS-SR16), with a meaningful
difference corresponding to 5 points on average across arms.
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Table 2. Required sample size for 90% power in noninferiority aim.

Study participants recruited per site (allowing for 15% attrition), nStudy participants per site for analyses, nSites, nICCa

MHPcHVb

20171616.001

23201616.01

29251616.02

39331616.03

58491616.04

114971616.05

22191515.001

26221515.01

33281515.02

45381515.03

73621515.04

1981681515.05

aICC: intracluster correlation coefficient.
bHV: home visiting.
cMHP: mental health professional.

Thus, for the superiority aim, we calculated power based on the
average ability to detect at least a 5-point mean difference
between control sites and paraprofessional home visitor–led
sites. Power calculations assumed a 5%/3=1.7% level of
significance to account for 3 pairwise comparisons. This is an
approach that we deem conservative as it mirrors the Bonferroni
correction for multiple hypothesis tests.

We have 38 active sites: 6 controls, 16 paraprofessional home
visitor–led sites, and 16 MHP-led sites. We plan to recruit an
average of 27 participants per site, allowing for up to 15%
attrition (ie, 23 participants on average for analyses). These
assumptions allow for more than 95% power to detect a mean
difference of 5 points in QIDS-SR16 across arms for an ICC of
0.01. Even if 1 of the 6 sites drops out, and if ICC is as large as
0.05 (which we deem unlikely), we still anticipate over 85%
power for analyses addressing the efficacy aim (Aim #1).

Power for the NI aim will require ability to detect a smaller
(margin of NI of 2 points) mean difference across arms. We
anticipate over 90% power to detect a margin of NI of 2 points
on the QIDS-SR16 scale if we assume an ICC of 0.01 and 16
sites in each of the intervention arms with 23 participants for
analyses, on average, per site. This allows for up to 15% attrition
overall. We anticipate some sites to be over or underperforming,
and thus, unequal representation per site is inevitable. Our hope
is that the precautions taken with respect to the randomization
algorithm that attempts to control imbalance in yearly volume
and population density will offset biases created by
over/underrepresentation for participants at specific sites.
Although we do not anticipate ICC to be larger than 0.01 [43],
we present the required sample size per site in Table 2 to ensure
90% power under the same assumptions for all scenarios
explored. We also present sample size requirements in the event
that one of the active sites drops out in each of the intervention
arms (ie, 15 sites per arm). Notice that if ICC is larger than 0.02

(which we are not anticipating, although it remains possible),
our projected sample size does not allow for 90% power in this
case. As these assumptions are all rather conservative, we argue
adequate power for detection of both superiority and NI. Power
calculations for assessment of heterogeneity of intervention
effects depending on participant characteristics (Aim #3) require
even more assumptions for which we have little information.
Thus, we do not necessarily anticipate power to detect specific
effects within subgroups or power to detect interaction effects,
but we plan to use the analyses outlined here to explore these
effects.

Results

This study is in progress. Recruitment for this C-RCT
commenced in January 2017, and we anticipate enrollment will
continue through September 2018. Through the end of August
2018, we have enrolled 838 women into the study. We have
completed qualitative interviews with 5 home visitors and 6
MHPs who have delivered MB cohorts and who will not be
facilitating future cohorts, and 55 participants who have received
the intervention.

Discussion

Comparison With Prior Work and Future Possibilities
This study integrates a low-cost intervention into HV programs,
some of which are being infused with new federal funding
through the Affordable Care Act. These HV programs serve
large numbers of perinatal women at risk for major depression
who are often overlooked by the existing mental health services.
Should we find that women receiving MB from paraprofessional
home visitors exhibit (1) better mental health outcomes than
women receiving usual care and (2) similar improvements to
women receiving MB from MHPs, there is considerable
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potential to expand this intervention to HV programs across the
country. This is feasible as home visitors are already employed
at the setting in which the intervention occurs, thus minimizing
the need to procure additional, potentially costly, resources. No
previous studies have demonstrated efficacy in preventing the
onset of postpartum depression among low-income women
using interventions led by nonhealth professionals or non-MHPs.
As such, this study will also advance the field of postpartum
depression prevention.

This study also allows for the delivery of mental health services
outside the public mental health system. The difficulties of
paying for prevention and early intervention are well
documented, as most health plans require a diagnostic code for
billing and do not reimburse for prevention of mental illness
including depression. The novel integration of a depression
prevention intervention into HV programs provides a potential
avenue for delivering depression prevention to women at
increased risk for developing major depression in the postpartum
period.

Study Limitations
The study has some limitations that need to be recognized. We
are collaborating with HV programs in 7 states in the Midwest.
As these sites only represent a subset of HV programs across
the country, study results may not be generalizable to all HV
programs nationwide. Moreover, HV programs in this study
primarily used the Healthy Families America or Parents as

Teachers model, thereby potentially limiting generalizability
to HV programs using other HV models. Our study is also
limited in its ability to examine mediating effects on our primary
outcome of depressive symptoms. Although this study represents
one of the largest studies to date to examine the effects of a
postpartum depression preventive intervention, we did not power
the study to formally test for the mediating role of our secondary
outcomes—for example, behavioral activation, social
support—on depressive symptoms. As with any study, the
sample size considerations were based on multiple assumptions
(eg, ICC, SD), and if these assumptions are incorrect, the
required sample size may be over or underestimated. Finally,
multiple sites dropped out as previously indicated; however,
we accounted for this potential dropout (both at the site and
participant level) in our sample size considerations.

Conclusions
Despite these limitations, we feel that this study is likely to
increase patient engagement in HV programs. As such, study
participants will not only see improvements in their own mental
health, but are likely to experience greater benefit from the
services and supports provided by HV programs aimed at
improving positive parenting behaviors, increasing linkages
with prenatal and postpartum care, and increasing the use of
child preventive health care services (eg, timely well-child
visits). Thus, we believe that this study has important
implications for improving maternal and child health in multiple
domains during the perinatal period.

 

Acknowledgments
The research reported in this manuscript was partially funded through a Patient-Centered Outcomes Research Institute (PCORI)
Award (AD-1507-31473). The views, statements, and opinions in this manuscript are solely the responsibility of the authors and
do not necessarily represent the views of the PCORI, its Board of Governors, or Methodology Committee. REDCap (Research
Electronic Data Capture) is supported at the Feinberg School of Medicine by the Northwestern University Clinical and Translational
Science (NUCATS) Institute. Research reported in this publication was supported, in part, by the National Institutes of Health’s
National Center for Advancing Translational Sciences, Grant Number UL1TR001422. The content is solely the responsibility of
the authors and does not necessarily represent the official views of the National Institutes of Health.

Authors' Contributions
JKJ is the research project manager on the randomized controlled trial (RCT) and was a major contributor in writing the manuscript.
JDC is the biostatistician for the RCT and was a major contributor in writing the manuscript. ADi is the research coordinator on
the RCT and was a major contributor in writing the manuscript. MS is the implementation coordinator on the RCT and was a
contributor in writing the manuscript. ADe is the research assistant on the RCT and was a contributor in writing the manuscript.
JSM is the research assistant on the RCT and was a contributor in writing the manuscript. SDT is the principal investigator for
the RCT and was a major contributor in writing the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Peer-review report.

[PDF File (Adobe PDF File), 72KB - resprot_v7i11e11624_app1.pdf ]

References
1. Gaynes BN, Gavin N, Meltzer-Brody S, Lohr KN, Swinson T, Gartlehner G, et al. Perinatal depression: prevalence, screening

accuracy, and screening outcomes. Evid Rep Technol Assess (Summ) 2005 Feb(119):1-8. [Medline: 15760246]

JMIR Res Protoc 2018 | vol. 7 | iss. 11 | e11624 | p.142http://www.researchprotocols.org/2018/11/e11624/
(page number not for citation purposes)

Jensen et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

resprot_v7i11e11624_app1.pdf
resprot_v7i11e11624_app1.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15760246&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


2. O'hara MW, Swain AM. Rates and risk of postpartum depression—a meta-analysis. Int Rev Psychiatry 2009 Jul 11;8(1):37-54.
[doi: 10.3109/09540269609037816]

3. Rich-Edwards JW, Kleinman K, Abrams A, Harlow BL, McLaughlin TJ, Joffe H, et al. Sociodemographic predictors of
antenatal and postpartum depressive symptoms among women in a medical group practice. J Epidemiol Community Health
2006 Mar;60(3):221-227 [FREE Full text] [doi: 10.1136/jech.2005.039370] [Medline: 16476752]

4. Abrams LS, Dornig K, Curran L. Barriers to service use for postpartum depression symptoms among low-income ethnic
minority mothers in the United States. Qual Health Res 2009 Apr;19(4):535-551. [doi: 10.1177/1049732309332794]
[Medline: 19299758]

5. Leis JA, Mendelson T, Perry DF, Tandon SD. Perceptions of mental health services among low-income, perinatal
African-American women. Womens Health Issues 2011;21(4):314-319. [doi: 10.1016/j.whi.2011.03.005] [Medline:
21712144]

6. Vericker T, Macomber J, Golden O. The Urban Institute. Infants of depressed mothers living in poverty: opportunities to
identify and serve URL: https://www.urban.org/sites/default/files/publication/29086/
412199-Infants-of-Depressed-Mothers-Living-in-Poverty-Opportunities-to-Identify-and-Serve.PDF [WebCite Cache ID
7122GEJDm]

7. van Doesum KT, Hosman CM, Riksen-Walraven JM, Hoefnagels C. Correlates of depressed mothers' sensitivity toward
their infants: the role of maternal, child, and contextual characteristics. J Am Acad Child Adolesc Psychiatry 2007
Jun;46(6):747-756. [doi: 10.1097/CHI.0b013e318040b272] [Medline: 17513987]

8. Grace SL, Evindar A, Stewart DE. The effect of postpartum depression on child cognitive development and behavior: a
review and critical analysis of the literature. Arch Womens Ment Health 2003 Nov;6(4):263-274. [doi:
10.1007/s00737-003-0024-6] [Medline: 14628179]

9. Sohr-Preston SL, Scaramella LV. Implications of timing of maternal depressive symptoms for early cognitive and language
development. Clin Child Fam Psychol Rev 2006 Mar;9(1):65-83. [doi: 10.1007/s10567-006-0004-2] [Medline: 16817009]

10. Dennis C, Dowswell T. Psychosocial and psychological interventions for preventing postpartum depression. Cochrane
Database Syst Rev 2013 Feb 28(2):CD001134. [doi: 10.1002/14651858.CD001134.pub3] [Medline: 23450532]

11. Dennis CL, Hodnett E, Kenton L, Weston J, Zupancic J, Stewart DE, et al. Effect of peer support on prevention of postnatal
depression among high risk women: multisite randomised controlled trial. BMJ 2009;338:a3064 [FREE Full text] [Medline:
19147637]

12. Olds DL, Robinson J, O'Brien R, Luckey DW, Pettitt LM, Henderson CR, et al. Home visiting by paraprofessionals and
by nurses: a randomized, controlled trial. Pediatrics 2002 Sep;110(3):486-496. [Medline: 12205249]

13. Ammerman RT, Putnam FW, Bosse NR, Teeters AR, Van Ginkel JB. Maternal depression in home visitation: a systematic
review. Aggress Violent Behav 2010 May;15(3):191-200 [FREE Full text] [doi: 10.1016/j.avb.2009.12.002] [Medline:
20401324]

14. Huybrechts KF, Palmsten K, Mogun H, Kowal M, Avorn J, Setoguchi-Iwata S, et al. National trends in antidepressant
medication treatment among publicly insured pregnant women. Gen Hosp Psychiatry 2013;35(3):265-271 [FREE Full text]
[doi: 10.1016/j.genhosppsych.2012.12.010] [Medline: 23374897]

15. Paris R, Dubus N. Staying connected while nurturing an infant: a challenge of new motherhood. Fam Relat 2005 Jan
19;54(1):72-83 [FREE Full text] [doi: 10.1111/j.0197-6664.2005.00007.x]

16. Ammerman RT, Putnam FW, Stevens J, Bosse NR, Short JA, Bodley AL, et al. An open trial of in-home CBT for depressed
mothers in home visitation. Matern Child Health J 2011 Nov;15(8):1333-1341 [FREE Full text] [doi:
10.1007/s10995-010-0691-7] [Medline: 20936338]

17. Ammerman RT, Putnam FW, Altaye M, Stevens J, Teeters AR, Van Ginkel JB. A clinical trial of in-home CBT for depressed
mothers in home visitation. Behav Ther 2013 Sep;44(3):359-372 [FREE Full text] [doi: 10.1016/j.beth.2013.01.002]
[Medline: 23768664]

18. Beeber LS, Holditch-Davis D, Perreira K, Schwartz TA, Lewis V, Blanchard H, et al. Short-term in-home intervention
reduces depressive symptoms in early head start Latina mothers of infants and toddlers. Res Nurs Health 2010 Feb;33(1):60-76
[FREE Full text] [doi: 10.1002/nur.20363] [Medline: 20043296]

19. Segre LS, Brock RL, O'Hara MW. Depression treatment for impoverished mothers by point-of-care providers: a randomized
controlled trial. J Consult Clin Psychol 2015 Apr;83(2):314-324 [FREE Full text] [doi: 10.1037/a0038495] [Medline:
25486371]

20. Tandon SD, Leis JA, Mendelson T, Perry DF, Kemp K. Six-month outcomes from a randomized controlled trial to prevent
perinatal depression in low-income home visiting clients. Matern Child Health J 2014 May;18(4):873-881 [FREE Full text]
[doi: 10.1007/s10995-013-1313-y] [Medline: 23793487]

21. Tandon SD, Perry DF, Mendelson T, Kemp K, Leis JA. Preventing perinatal depression in low-income home visiting
clients: a randomized controlled trial. J Consult Clin Psychol 2011 Oct;79(5):707-712. [doi: 10.1037/a0024895] [Medline:
21806298]

22. McFarlane E, Burrell L, Duggan A, Tandon D. Outcomes of a randomized trial of a cognitive behavioral enhancement to
address maternal distress in home visited mothers. Matern Child Health J 2017 Mar;21(3):475-484 [FREE Full text] [doi:
10.1007/s10995-016-2125-7] [Medline: 27535131]

JMIR Res Protoc 2018 | vol. 7 | iss. 11 | e11624 | p.143http://www.researchprotocols.org/2018/11/e11624/
(page number not for citation purposes)

Jensen et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.3109/09540269609037816
http://europepmc.org/abstract/MED/16476752
http://dx.doi.org/10.1136/jech.2005.039370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16476752&dopt=Abstract
http://dx.doi.org/10.1177/1049732309332794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19299758&dopt=Abstract
http://dx.doi.org/10.1016/j.whi.2011.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21712144&dopt=Abstract
https://www.urban.org/sites/default/files/publication/29086/412199-Infants-of-Depressed-Mothers-Living-in-Poverty-Opportunities-to-Identify-and-Serve.PDF
https://www.urban.org/sites/default/files/publication/29086/412199-Infants-of-Depressed-Mothers-Living-in-Poverty-Opportunities-to-Identify-and-Serve.PDF
http://www.webcitation.org/7122GEJDm
http://www.webcitation.org/7122GEJDm
http://dx.doi.org/10.1097/CHI.0b013e318040b272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17513987&dopt=Abstract
http://dx.doi.org/10.1007/s00737-003-0024-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14628179&dopt=Abstract
http://dx.doi.org/10.1007/s10567-006-0004-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16817009&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD001134.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23450532&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=19147637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19147637&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12205249&dopt=Abstract
http://europepmc.org/abstract/MED/20401324
http://dx.doi.org/10.1016/j.avb.2009.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20401324&dopt=Abstract
http://europepmc.org/abstract/MED/23374897
http://dx.doi.org/10.1016/j.genhosppsych.2012.12.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23374897&dopt=Abstract
https://dx.doi.org/10.1111/j.2040-1124.2010.00046.x
http://dx.doi.org/10.1111/j.0197-6664.2005.00007.x
http://europepmc.org/abstract/MED/20936338
http://dx.doi.org/10.1007/s10995-010-0691-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20936338&dopt=Abstract
http://europepmc.org/abstract/MED/23768664
http://dx.doi.org/10.1016/j.beth.2013.01.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23768664&dopt=Abstract
http://europepmc.org/abstract/MED/20043296
http://dx.doi.org/10.1002/nur.20363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20043296&dopt=Abstract
http://europepmc.org/abstract/MED/25486371
http://dx.doi.org/10.1037/a0038495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25486371&dopt=Abstract
http://europepmc.org/abstract/MED/23793487
http://dx.doi.org/10.1007/s10995-013-1313-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23793487&dopt=Abstract
http://dx.doi.org/10.1037/a0024895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21806298&dopt=Abstract
http://europepmc.org/abstract/MED/27535131
http://dx.doi.org/10.1007/s10995-016-2125-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27535131&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. Substance Abuse and Mental Health Services Administration (SAMHSA). National registry of evidence-based programs
and practices. 2018. URL: https://www.samhsa.gov/nrepp [WebCite Cache ID 712Df8oZ3]

24. Tandon S, Perry D, Mendelson T, Kemp K. Results from a pilot study using paraprofessional home visitors to deliver a
postpartum depression preventive intervention. Unpublished data 2018.

25. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

26. Ivers NM, Halperin IJ, Barnsley J, Grimshaw JM, Shah BR, Tu K, et al. Allocation techniques for balance at baseline in
cluster randomized trials: a methodological review. Trials 2012 Aug 01;13:120 [FREE Full text] [doi:
10.1186/1745-6215-13-120] [Medline: 22853820]

27. Zhao W, Hill MD, Palesch Y. Minimal sufficient balance-a new strategy to balance baseline covariates and preserve
randomness of treatment allocation. Stat Methods Med Res 2015 Dec;24(6):989-1002 [FREE Full text] [doi:
10.1177/0962280212436447] [Medline: 22287602]

28. Rush AJ, Trivedi MH, Ibrahim HM, Carmody TJ, Arnow B, Klein DN, et al. The 16-Item Quick Inventory of Depressive
Symptomatology (QIDS), clinician rating (QIDS-C), and self-report (QIDS-SR): a psychometric evaluation in patients
with chronic major depression. Biol Psychiatry 2003 Sep 01;54(5):573-583. [Medline: 12946886]

29. Boivin M, Pérusse D, Dionne G, Saysset V, Zoccolillo M, Tarabulsy GM, et al. The genetic-environmental etiology of
parents' perceptions and self-assessed behaviours toward their 5-month-old infants in a large twin and singleton sample. J
Child Psychol Psychiatry 2005 Jun;46(6):612-630. [doi: 10.1111/j.1469-7610.2004.00375.x] [Medline: 15877767]

30. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 10-item Edinburgh Postnatal
Depression Scale. Br J Psychiatry 1987 Jun;150:782-786. [Medline: 3651732]

31. Vázquez FL, Muñoz RF, Blanco V, López M. Validation of Muñoz's Mood Screener in a nonclinical Spanish population.
Eur J Psychol Assess 2008 Jan;24(1):57-64. [doi: 10.1027/1015-5759.24.1.57]

32. Kanter JW, Mulick PS, Busch AM, Berlin KS, Martell CR. The Behavioral Activation for Depression Scale (BADS):
psychometric properties and factor structure. J Psychopathol Behav Assess 2006 Oct 25;29(3):191-202. [doi:
10.1007/s10862-006-9038-5]

33. MacPhillamy DJ, Lewinsohn PM. The pleasant events schedule: studies on reliability, validity, and scale intercorrelation.
J Consult Clin Psychol 1982;50(3):363-380. [doi: 10.1037/0022-006X.50.3.363]

34. Catanzaro SJ, Mearns J. Measuring generalized expectancies for negative mood regulation: initial scale development and
implications. J Pers Assess 1990;54(3-4):546-563. [doi: 10.1080/00223891.1990.9674019] [Medline: 2348341]

35. Sherbourne CD, Stewart AL. The MOS social support survey. Soc Sci Med 1991;32(6):705-714. [Medline: 2035047]
36. Teasdale JD, Moore RG, Hayhurst H, Pope M, Williams S, Segal ZV. Metacognitive awareness and prevention of relapse

in depression: empirical evidence. J Consult Clin Psychol 2002 Apr;70(2):275-287. [Medline: 11952186]
37. Crane DR, Middleton KC, Bean RA. Establishing criterion scores for the Kansas Marital Satisfaction Scale and the Revised

Dyadic Adjustment Scale. Am J Fam Ther 2000 Jan;28(1):53-60. [doi: 10.1080/019261800261815]
38. Diener E, Wirtz D, Tov W, Kim-Prieto C, Choi D, Oishi S, et al. New well-being measures: short scales to assess flourishing

and positive and negative feelings. Soc Indic Res 2009 May 28;97(2):143-156. [doi: 10.1007/s11205-009-9493-y]
39. Cohen S, Hoberman HM. Positive events and social supports as buffers of life change stress. J Appl Social Pyschol 1983

Apr;13(2):99-125. [doi: 10.1111/j.1559-1816.1983.tb02325.x]
40. SAS Institute Inc. 2012. SAS 9.4 URL: https://support.sas.com/documentation/94/ [accessed 2018-10-30] [WebCite Cache

ID 73ZJU8J4x]
41. R Core Team. 2011. R: A language and environment for statistical computing URL: http://www.r-project.org/ [accessed

2018-10-30] [WebCite Cache ID 73ZJXR1LH]
42. Hintze J. NCSS, LLC. 2011. PASS 11 URL: https://www.ncss.com/software/pass/ [accessed 2018-10-30] [WebCite Cache

ID 73ZJYiG6V]
43. Raab GM, Butcher I. Balance in cluster randomized trials. Stat Med 2001 Feb 15;20(3):351-365. [Medline: 11180306]
44. Turner EL, Li F, Gallis JA, Prague M, Murray DM. Review of recent methodological developments in group-randomized

trials: part 1-design. Am J Public Health 2017 Dec;107(6):907-915. [doi: 10.2105/AJPH.2017.303706] [Medline: 28426295]

Abbreviations
CBT: cognitive behavioral therapy
C-RCT: cluster-randomized controlled trial
HV: home visiting
ICC: intracluster correlation coefficient
IRB: institutional review board
MB: Mothers and Babies
MDD: major depressive disorder
MHP: mental health professional

JMIR Res Protoc 2018 | vol. 7 | iss. 11 | e11624 | p.144http://www.researchprotocols.org/2018/11/e11624/
(page number not for citation purposes)

Jensen et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.samhsa.gov/nrepp
http://www.webcitation.org/712Df8oZ3
http://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-13-120
http://dx.doi.org/10.1186/1745-6215-13-120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22853820&dopt=Abstract
http://europepmc.org/abstract/MED/22287602
http://dx.doi.org/10.1177/0962280212436447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22287602&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12946886&dopt=Abstract
http://dx.doi.org/10.1111/j.1469-7610.2004.00375.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15877767&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3651732&dopt=Abstract
http://dx.doi.org/10.1027/1015-5759.24.1.57
http://dx.doi.org/10.1007/s10862-006-9038-5
http://dx.doi.org/10.1037/0022-006X.50.3.363
http://dx.doi.org/10.1080/00223891.1990.9674019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2348341&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2035047&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11952186&dopt=Abstract
http://dx.doi.org/10.1080/019261800261815
http://dx.doi.org/10.1007/s11205-009-9493-y
http://dx.doi.org/10.1111/j.1559-1816.1983.tb02325.x
https://support.sas.com/documentation/94/
http://www.webcitation.org/73ZJU8J4x
http://www.webcitation.org/73ZJU8J4x
http://www.r-project.org/
http://www.webcitation.org/73ZJXR1LH
https://www.ncss.com/software/pass/
http://www.webcitation.org/73ZJYiG6V
http://www.webcitation.org/73ZJYiG6V
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11180306&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2017.303706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28426295&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


NI: noninferiority
PI: principal investigator
QIDS-SR16: Quick Inventory of Depressive Symptomatology Self-Report 16
RA: research assistant
RCT: randomized controlled trial
REDCap: Research Electronic Data Capture

Edited by N Kuter; submitted 20.07.18; peer-reviewed by M Nomali, L Segre; comments to author 29.08.18; revised version received
12.09.18; accepted 12.09.18; published 20.11.18.

Please cite as:
Jensen JK, Ciolino JD, Diebold A, Segovia M, Degillio A, Solano-Martinez J, Tandon SD
Comparing the Effectiveness of Clinicians and Paraprofessionals to Reduce Disparities in Perinatal Depression via the Mothers and
Babies Course: Protocol for a Cluster-Randomized Controlled Trial
JMIR Res Protoc 2018;7(11):e11624
URL: http://www.researchprotocols.org/2018/11/e11624/ 
doi:10.2196/11624
PMID:30459138

©Jessica K Jensen, Jody D Ciolino, Alicia Diebold, Melissa Segovia, Aria Degillio, Jesus Solano-Martinez, S Darius Tandon.
Originally published in JMIR Research Protocols (http://www.researchprotocols.org), 20.11.2018. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), 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 2018 | vol. 7 | iss. 11 | e11624 | p.145http://www.researchprotocols.org/2018/11/e11624/
(page number not for citation purposes)

Jensen et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.researchprotocols.org/2018/11/e11624/
http://dx.doi.org/10.2196/11624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30459138&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Effect of Increasing Levels of Web-Based Behavioral Support on
Changes in Physical Activity, Diet, and Symptoms in Men With
Prostate Cancer: Protocol for a Randomized Controlled Trial

Kerri M Winters-Stone1,2, BSc, MSc, PhD; Stacey A Kenfield3, ScD; Erin L Van Blarigan3,4, ScD; Esther L Moe5,

MPH, PhD; Justin W Ramsdill6, BS, MS; Kimi Daniel2, MS, ATC; Greta Macaire7, MA, RD; Kellie Paich8, MPH;

Elizabeth R Kessler9, MD; Omer Kucuk10, MD; Theresa W Gillespie10, PhD; Karen S Lyons11, PhD; Tomasz M Beer1,

MD, FACP; Jeanette M Broering3, MPH, RN, PhD; Peter R Carroll3, MD, MPH; June M Chan3,4, ScD
1Knight Cancer Institute, Oregon Health & Science University, Portland, OR, United States
2School of Nursing, Oregon Health & Science University, Portland, OR, United States
3Department of Urology, University of California, San Francisco, San Francisco, CA, United States
4Department of Epidemiology & Biostatistics, University of California, San Francisco, San Francisco, CA, United States
5Department of Medicine, Oregon Health & Science University, Portland, OR, United States
6Oregon Clinical Translational Research Institute, Oregon Health & Science University, Portland, OR, United States
7Helen Diller Comprehensive Cancer Center, University of California, San Francisco, San Francisco, CA, United States
8Movember Foundation, Culver City, CA, United States
9University of Colorado School of Medicine, University of Colorado Cancer Center, Aurora, CO, United States
10Winship Cancer Institute of Emory University, Atlanta, GA, United States
11William F Connell School of Nursing, Boston College, Boston, MA, United States

Corresponding Author:
Kerri M Winters-Stone, BSc, MSc, PhD
Oregon Health & Science University
Knight Cancer Institute
KCRB-CPC
2720 SW Moody Avenue
Portland, OR, 97201
United States
Phone: 1 5034940813
Email: wintersk@ohsu.edu

Abstract

Background: More than 3.1 million men in the United States are prostate cancer survivors. These men may improve their
physical function, quality of life, and potentially their prognosis by adopting healthier lifestyle habits. The internet provides a
scalable mechanism to deliver advice and support about improving physical activity and dietary habits, but the feasibility and
acceptability of a Web-based lifestyle intervention and the dose of support necessary to improve health behaviors are not yet
known.

Objectives: The Community of Wellness is a Web-based intervention focused on supporting exercise and healthy dietary
practices for men with prostate cancer. The objectives of this study were to determine the feasibility, acceptability, and preliminary
efficacy of the Community of Wellness Web portal among prostate cancer survivors by conducting a randomized controlled trial
(RCT) comparing 4 levels of additive Web-based content and interaction with participants: Level 1 (Teaching; Control), Level
2 (Teaching + Tailoring), Level 3 (Teaching + Tailoring + Technology), and Level 4 (Teaching + Tailoring + Technology +
Touch).

Methods: This is a single-blinded RCT comparing 3 levels of behavioral support within the Community of Wellness Web portal
intervention (Levels 2 to 4) with each other and with the control condition (Level 1). The control condition receives general static
Web-based educational information only on physical activity and dietary habits, self-efficacy for behavior change, motivation
for physical activity, and changes in anxiety and treatment-related side effects. We will enroll and randomize 200 men with
prostate cancer equally to 4 levels of the Community of Wellness Web-based intervention for 3 months (50 men per level).
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Surveys will be completed by self-report at baseline, 3 months (immediately postintervention), and 6 months (3 months
postintervention). Feasibility and acceptability will be assessed by enrollment statistics, Web-based usage metrics, and surveys
at the 3-month time point. We will also conduct focus groups after the postintervention follow-up assessment in a sample of
enrolled participants to evaluate elements of usability and acceptability that cannot be obtained via surveys.

Results: Enrollment is ongoing, with 124 enrolled. Study completion (6-month follow-up) is expected by July 2019.

Conclusions: The goal of the study is to identify the level of support that is feasible, acceptable, promotes behavior change,
and improves health in men with prostate cancer to inform future efforts to scale the program for broader reach.

Trial Registration: ClinicalTrials.gov NCT03406013; https://clinicaltrials.gov/ct2/show/NCT03406013 (Archived by WebCite
at http://www.webcitation.org/73YpDIoTX).

International Registered Report Identifier (IRRID): PRR1-10.2196/11257

(JMIR Res Protoc 2018;7(11):e11257)   doi:10.2196/11257

KEYWORDS

prostatic neoplasm; survivorship; diet; exercise; internet; behavior; text messaging; accelerometry

Introduction

Nearly 3 million men in the United States are living with
prostate cancer [1], and median survival time following
diagnosis for these older men is 16 years [1-3]. During this time,
men with prostate cancer might experience adverse effects of
aging and persistent side effects of cancer treatment that reduce
their physical function, quality of life (QoL), and potentially
their prognosis [4-8]. A cancer diagnosis is a teachable moment
when individuals are often motivated to change behavior to
reduce risk of adverse health outcomes and optimize QoL [9-16].
However, advice provided is often inconsistent, and the current
standard of care does not support resources for lifestyle behavior
change for men with prostate cancer in the United States [17].

For men with prostate cancer, regular physical activity is an
excellent strategy to offset age- and treatment-related declines
in physical functioning, mental health, and QoL [18]. We and
others have shown that when prescribed appropriate physical
activity in the form of either aerobic and/or resistance exercise
training, it might manage acute and chronic treatment-related
symptoms and side effects [10,19-22]. Furthermore, recent
observational evidence from our team and others suggests that
engaging in sufficient amounts of aerobic activities may reduce
prostate cancer progression [11] and prostate cancer–specific
death [23-27]. Despite the evidence for physical activity benefits
in men with prostate cancer, more than 75% of prostate cancer
survivors fail to achieve recommended amounts of aerobic
exercise and only 4% engage in any resistance exercise [28].
Prostate cancer survivors may fail to meet the physical activity
recommendations because they are not receiving information
about the effects of specific types of exercise on the health
outcomes that are most important for them. A recent study
reported that prostate cancer survivors on androgen deprivation
therapy regard a physician’s general recommendation to be
physically active as important; however, they are frustrated
when providers lack specific knowledge about the type of
exercise they should do and lack knowledge on how exercise
specifically affects their cancer and related health issues [29-33].

In addition, accumulating evidence from our team suggests that
several dietary factors may reduce the risk of prostate cancer
progression and death, including greater intakes of cruciferous

vegetables, vegetable fat, fish, and cooked tomatoes and lower
intake of whole milk and poultry with skin [11,34-43]. Many
of these dietary factors (eg, cruciferous vegetables, cooked
tomatoes, and whole milk) appear to have specific associations
with prostate cancer progression and are not included in general
nutrition guidelines for cancer survivors [10]. Furthermore,
excess supplementation of vitamins or minerals may increase
risk of prostate cancer progression, yet cancer survivors,
including men with prostate cancer, report high use of dietary
supplements [44,45].

Successful interventions that promote healthy lifestyles can be
challenging to scale to the broader population and may not
readily reach those persons who are most in need [46].
Center-based lifestyle programs specific to cancer survivors are
rare and, if available, tend to be offered only in major academic
medical centers in urban areas, whereas home-based
interventions have been tested in other cancers [47] including
prostate cancer [48]. They are rarely comprehensive enough to
address both physical activity and dietary change and raise
challenges for tailoring programs to individual needs,
maintaining safety and efficacy, and sustaining motivation,
especially when counseling is an integral part and would be
difficult to maintain indefinitely [49,50]. For optimal
engagement, there is a need to provide appropriate content,
accommodations, and reinforcement in a way that can
successfully promote behavior change [51]. The internet
provides a potentially scalable and economical way of delivering
lifestyle interventions to cancer survivors [52]. There is 1
Web-based trial (Prostate 8) focused on diet, exercise, and not
smoking that has been fully enrolled and will be published soon
(NCT02470936). No studies published to date are specific to
men with prostate cancer and none simultaneously address
physical activity and dietary change while elucidating the types
and levels of behavioral support that are effective [53]. For
example, men with prostate cancer cite lack of specific guidance
for exercise and lack of motivation as barriers to physical
activity [33]; thus, interventions that attempt to systematically
remove these barriers might be particularly effective but have
not yet been evaluated. Another important consideration for
future implementation and scalability is identifying the level of
intensity of an intervention that produces a meaningful benefit.
In their translational model of survivorship care, for example,
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Alfano et al call for trials that evaluate whether or not
developing and delivering a survivorship care plan alone for
survivors is enough to improve their outcomes or if a more
interactive process is necessary [54].

On the basis of the evidence indicating that diet and physical
activity habits might offer benefits for men living with prostate
cancer, we developed a multisite, national, pilot feasibility study
to build and test a Web-based interactive lifestyle management
program, the “Community of Wellness,” to provide tools and
support for men with prostate cancer to optimize their health
through physical activity and diet. It is unclear what types and
how much support men may need to make meaningful changes
using a Web-based tool; therefore, the objective of this project
is to identify optimal combinations of different types and levels
of support for diet and physical activity behavior change. To
address this objective, we will conduct a randomized controlled
trial (RCT) to establish the feasibility and acceptability of the
Web-based intervention and explore the preliminary efficacy
of levels of support to improve diet and physical activity
behaviors, motivational behaviors, and symptoms and side
effects associated with prostate cancer and its treatment.

Methods

Study Design and Setting
The “Community of Wellness” study is supported by the
Movember Foundation and is part of their broader
initiative—TrueNTH USA. The study is a single blinded, parallel
4-arm RCT comparing 3 levels of increasing behavioral support
with a usual care group that receives Web-based general
educational information only. Although participants will know
which study arm they are randomized to, outcomes are based
on self-reported surveys completed by men online; thus, analysts
can remain blinded to group assignment. We aim to enroll and
randomize 200 men with prostate cancer equally to 1 of the 4
study arms for 3 months. Men complete surveys online at
baseline, 3 months (postintervention), and 6 months (3 months
postintervention). We will also conduct focus groups after the
postintervention follow-up assessment in a subsample of
enrolled participants to evaluate elements of usability and
acceptability that cannot be obtained via standardized surveys.

Study Population
The study population is men with a history of prostate cancer.
Men are eligible to participate if they self-report receiving a
prostate cancer diagnosis, are aged 18 years or older, able to
read English on a computer screen, and have a personal device
that has internet access and text messaging and a personal email
address. Men are not eligible to participate if they report any
contraindications to exercise based on the American College of
Sports Medicine exercise preparticipation screening criteria
[47] and do not receive a physician clearance to participate in
moderate intensity physical activity. In addition, men who are

currently receiving chemotherapy or radiation therapy will be
required to receive a physician clearance before enrollment.
Eligibility is assessed via phone screening, and eligible men
provide consent online.

Consented participants are randomly assigned to 1 of the 4
Levels of intervention (n=50 per group). Recruitment is based
out of 4 academic medical centers (Oregon Health & Science
University [OHSU, primary study coordinating center],
University of California San Francisco [UCSF], University of
Colorado Denver [UC Denver], and Emory University). The
primary recruitment approach will use patient databases to
identify potential participants who will be mailed a letter and
study brochure that directs them to contact research staff at the
coordinating center to learn more about the study. In addition
to this approach, clinics will have study brochures in waiting
and exam rooms. Once deemed eligible, men are emailed a link
to provide consent and complete surveys online, and once these
are completed, they receive a separate link to access the Web
portal where they will access their randomized level of the
intervention. The study is approved by 3 institutional review
boards at OHSU, UCSF, and UC Denver and is under review
at Emory University.

Study Arms
Our overarching goal is to support healthy diet and physical
activity among men with prostate cancer; thus, we aim for a
program that has strong acceptability and feasibility and which
is also effective and can be broadly disseminated. The
intervention was informed by the social cognitive theory that
focuses on individual behavior change by including intervention
components that addressed key constructs of self-control,
expectations, and behavioral capability by including information
about exercise for cancer survivors and tailored
recommendations for diet and exercise, observational learning
by including exercise videos and diet recipes, reinforcement by
including technological components that provided feedback on
goals, and promotion of self-efficacy through the use of health
coaches [55]. We also incorporated techniques to promote user
engagement with digital interventions by including credible
information that was tailored to address the health needs of
prostate cancer survivors and their desire to have information
about health behaviors that are specific to their disease [33] as
well as the use of prompts to facilitate motivation [56]. The
intervention is structured around supporting 3 specific physical
activity recommendations (aerobic, strength, and
flexibility/balance exercise) that align with recommendations
from the American College of Sports Medicine and 8 dietary
recommendations (intake of cruciferous vegetables, cooked
tomatoes, fish, processed meat, poultry with skin, whole milk,
vegetable fat, and vitamin supplements) that are consistent with
the scientific literature on diet and prostate cancer at the time
of the study’s development (approximately 2016).
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Table 1. Intervention components available from the Community of Wellness Web portal by level.

ComponentbType of supportLevela

Exercise guidelines for prostate cancer survivorsb; diet guidelines for prostate

cancer survivorsb; exercising safely with various health issuesb; and resources

(exercises and recipes for recommended foods)b

Teaching; educational information about exercise and
diet, presented in a static website format

1

Personalized exercise prescription and diet recommendationb and videos of

recommended exercisesb

Tailoring; Level 1 plus personalized exercise and diet
advice

2

Text messaging to support and reinforce diet and physical activity behaviors;
Fitbit Alta plus physical activity progress reports based on physical activity

tracker datab; and self-report log of progress toward diet and exercise goalsb

Technology; Levels 1 to 2 plus technology support3

Phone consult with diet and exercise coaches (30 min each) and ongoing Web-
based (via email) support from diet and exercise coaches

Touch; Levels 1 to 3 plus live personal support from a
health coach

4

aEach progressive level receives the intervention components of the level before it; for example, a participant randomized to Level 3 technology receives
all the components of Levels 1 to 3 but not 4.
bItems available on the Web portal.

Each study arm provides additive levels of behavioral support
accessed via a Web portal that can be viewed on multiple
computing devices including a personal computer, tablet, or
smartphone. The 4 study arms are as follows: Teaching (Level
1; usual care control), Tailoring (Level 2), Technology (Level
3), and Touch (Level 4). Each level receives the tools and
resources of the prior level such that Level 4 participants receive
the most intervention components and is the only level to include
additional personal contact via phone and email between a
participant and a health coach. Table 1 summarizes the
intervention components that are accessible to men who are
randomized to each of the 4 arms.

The intervention components are described in more detail below.

Level 1: Teaching
This level contains Web-based static information about physical
activity and diet advice for men with prostate cancer.

Level 2: Teaching + Tailoring
This level contains the content in Level 1 plus personalized
exercise and diet advice. Men in this group answer a series of
questions about their exercise and diet habits and preferences
at baseline to generate a personalized exercise and diet program.
In addition, men in this group receive access to instructional
exercise videos. The exercise programs generated for men are
based on the evidence for exercise as a strategy to manage side
effects and symptoms for prostate cancer, slow prostate cancer
progression, reduce overall mortality risk, and/or improve
physical functioning [9,10,19-21,27,57-62]. Tailoring of each
program is based on a man’s response to a series of questions
that ask about his health status, current and past prostate cancer
treatments, health goals for exercise, current participation in
aerobic and strengthening types of physical activity based on
responses to the Rapid Assessment of Physical Activity
questionnaire [63], resources for exercise (ie, access to an
exercise facility, home exercise equipment, etc), and time
available for exercise. A man’s stated health goals dictate the
mode (aerobic and/or resistance training) of exercise training
in his prescription; his exercise resources further dictate the
type of training selected for his program (ie, machine weights

in a gym vs resistance bands at home); his health status, prostate
cancer treatments, and current exercise levels dictate the exercise
intensity of his prescribed program; and his available time
dictates the frequency and length of prescribed training sessions
(Figure 1).

Similarly, we assess men’s usual dietary habits using a validated
food frequency questionnaire (FFQ) [64], benchmark his usual
diet against 8 dietary recommendations we have developed
based on the literature, and provide tailored advice on how he
can improve his diet. Our recommendations are based on a
review of the literature on diet and prostate cancer progression
as of August 2016 [16] and also take into consideration
recommendations from the American Cancer Society and dietary
guidance provided for prevention of major chronic illnesses
(eg, American Heart Association and American Diabetes
Association recommendations). See Figure 2 for an example of
how information would be provided back to participants about
whether or not they are meeting dietary recommendations.

After receiving their personalized advice and access to
instructional videos, men do not receive any further feedback
to support behavior change.

Level 3: Teaching + Tailoring + Technology
This level contains the content provided in Levels 1 and 2 plus
technology support for changing physical activity and diet
habits. Men in this group are asked to log their diet and exercise
behavior through the website and can view their progress over
time. These men also receive a physical activity tracking device
(Fitbit Alta; mailed to the participant) that interfaces with the
Web portal and educational and motivational text messages
about healthy diet and physical activity habits. Men are
encouraged to use the Fitbit as a motivational tool and they can
be synched to the portal where men can see displays of their
time spent in physical activity, distance covered, and steps. Men
do not receive separate physical activity goals related to use of
their Fitbit. A total of 90 automated text messages are sent over
the entire intervention period, averaging 4 texts per week. About
25% (23/90) of text messages ask the participant to reply to the
message to promote an interactive experience.
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Figure 1. Algorithm to generate a tailored exercise prescription based on participant input. *Current physical activity determined by answers to the
Rapid Assessment of Physical Activity (PA) questionnaire that determines how regularly men participate in moderate or vigorous aerobic exercise and
resistance exercise. Men who are meeting current PA guidelines may be prescribed a vigorous intensity program, men who engage in aerobic or resistance
exercise, but not enough to meet guidelines may be prescribed a moderate intensity program, while men who are inactive or sedentary will be prescribed
a low intensity program.

Level 4: Teaching + Tailoring + Technology + Touch
This level contains the content provided in Levels 1 to 3 plus
interactive support via phone and online with research staff to
support diet and exercise behavior change. Men in this group
have the option to receive 2 30-min phone consultations, 1 with
an exercise coach (certified athletic trainer) and 1 with a diet
coach (registered cancer dietician). Participants also have the
ability to receive ongoing advice from coaches via email sent
through the Web portal. Men can email either coach as little or
as often as they would like for the 12-week intervention period.
Figure 3 provides a screenshot of a Level 4 dashboard.

Randomization Assignment
The randomization scheme was for 4 arms, stratified by site (up
to 5 sites were accommodated), with a block size of 4. The
randomization sequence generation and randomization
assignments were handled by study staff who were blinded to
participants’ identifiers or any screening information. The
randomization allocation sequence was generated by a staff
statistician at the UCSF and shared with coinvestigators and
team members at UCSF. Screening and enrollments were
handled centrally by study team members at Oregon Health &
Sciences University (OHSU). As patients enrolled, OHSU staff
would request randomization allocations by site from UCSF
staff by email; allocations were obtained by UCSF staff (who
were blinded to patient identifying information) from the

sequence following a consecutive order and communicated back
by email to OHSU, typically within 24 hours. OHSU study staff
then provided the appropriate Web intervention to each
participant, based on the assignment received from UCSF. The
randomization was done using proc plan in SAS v9.4.

Safety
An important consideration for any program that delivers an
exercise prescription or recommendation via the internet is
ensuring participant safety. Information about how to perform
the prescribed exercises and general tips for safe exercising are
available on the Web portal. In addition, we have attempted to
minimize the risk of adverse events during exercise by excluding
men who may be at risk because of their current health status
and/or prostate cancer treatment, unless they receive clearance
from their physician to participate in moderate intensity exercise.
In addition, the generated exercise prescription takes into
account a man’s current health status, including whether or not
he is currently receiving treatment for his prostate cancer with
surgery, radiation or chemotherapy, ADT, or immunotherapy.
For example, any man currently in active treatment is prescribed
a low-intensity exercise program, regardless of other health
indicators. If a man has no health indicators that dictate that he
receives a low-intensity exercise program, the intensity of
exercise is prescribed based on his self-reported baseline
exercise levels so that the program is safe and effectively
provides a sufficient stimulus for adaptation.
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Figure 2. Example of the assessment and feedback that will be provided to a participant about how well he meets the dietary recommendations in the
Community of Wellness.
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Figure 3. Example of a Level 4 “Dashboard” to help men navigate to different elements of the portal.

Outcome Measures
We will evaluate acceptability and feasibility of the Community
of Wellness intervention after 3 months via surveys, usage
analytics from the Web portal, and focus groups. We will also
assess study retention percentage of participants completing
surveys) at 3 and 6 months as a reflection of acceptability and
feasibility. Secondarily, we will explore the effectiveness of the
different levels of the intervention on self-reported changes in
diet or physical activity habits, QoL, and self-efficacy after 3
months and 6 months. To describe characteristics of our sample,
we also ask men to self-report sociodemographic information
(ie, age, race/ethnicity, marital, and employment status) and
their cancer and health histories using an in-house questionnaire
designed for this study.

Acceptability and Feasibility
To assess acceptability and feasibility of the Web-based
intervention levels, we will evaluate accrual, participant
retention, and adherence. We will measure accrual as the
percentage of the target sample enrolled within a 1-year
recruitment period. We expect to enroll the full sample (n=200)
within this time frame. We will also collect information to allow
us to determine the feasibility of recruitment, for example,
percentage of men eligible and percentage of men enrolled out
of the total contacted about the study. We will measure retention
as the percentage of participants who complete postintervention
and postfollow-up surveys out of the total sample. We expect
to retain 80% of the full sample postintervention (n=160) and
80% of the postintervention sample (n=128) at follow-up. We
will measure adherence as the number of times a man accesses
the Web portal during the intervention period (quantified as the
number of log-ins). We expect 100% of men to adhere to a
single log-in and that the number of log-ins will significantly
differ across levels, with Level 1 having the lowest and Level
4 having the highest adherence. We will measure the technical
usage statistics for the Web portal, including frequency of

log-ins, individual page views, and access of exercise videos.
Post intervention, participants in each level are also asked to
assess their use and the helpfulness of the Web portal, its
components, and other study tools through an online survey.

Adherence to Diet and Exercise Recommendations
To estimate the effect of the intervention on behavior change,
we will compare item-level data (eg, minutes per week of
moderate activity, minutes per week of vigorous activity, and
servings per week of cruciferous vegetables) at baseline and 3
months from the Community Healthy Activities Model Program
for Seniors (CHAMPS) physical activity survey [65,66] and a
validated FFQ [67]. We will examine behaviors overall as part
of a “behavior score” (see below) and with a focus on activities
and dietary components that correspond to our
recommendations.

The CHAMPS survey is administered at baseline, 3 months,
and 6 months. This validated survey estimates total weekly
energy expenditure (in kilocalories per week) from physical
activities for older adults. The 41-item questionnaire asks about
recent engagement in specific types of vigorous-, moderate-,
and light-intensity activities per week and the frequency and
duration of participation. Specific items can be categorized as
aerobic or resistance exercise, and responses to these items will
be evaluated to determine how closely a man complied with his
prescribed training program. In addition, we can calculate
weekly energy expenditure in moderate- and/or
vigorous-intensity activities separately for comparison with
other studies.

The validated Harvard TH Chan School of Public Health FFQ
for adults from 2007 is administered at baseline, 3 months, and
6 months [68]. This 132-item survey assesses dietary intake in
categories from “never or less than once per month” to “6 or
more times per day.” The original survey asks about intake over
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the past year; we modified the survey for this study to ask about
intake over the last month.

In addition to the responses to standard surveys, participants
who receive technology support (Levels 3 and 4) complete
weekly online surveys to report their progress toward meeting
their exercise and diet recommendations. Participants report the
number and type (eg, aerobic or resistance) of exercise sessions,
average session duration, and exercise intensity. Men also report
which of the recommended dietary habits they worked on, if
they met any of diet goals, and which goals were the most
challenging. This type of charting is used to provide another
form of behavioral support; we can also use the data to further
evaluate adherence to recommendations.

We will calculate a “behavior score” based on how well each
participants’ self-reported diet and exercise habits match the 8
dietary and 3 exercise recommendations. For each of the 11
targeted behaviors, participants will be assigned 0 points if they
do not meet that recommendation, 1 point if they almost meet
the recommendation, and 2 points if they meet the
recommendation. The overall score ranges from 0 to 22, with
higher values indicating closer adherence to the exercise and
diet recommendations. To calculate the score, a priori numeric
criteria were defined for not meeting, almost meeting, or meeting
each of the 11 recommendations. These criteria were used in
the design of the intervention to provide tailored feedback to
participants randomly assigned to Levels 2 or above. For
example, the recommendation for fish was to consume 2 or
more servings per week. Men consuming less than 1 serving
per week are considered “not meeting” the recommendation
and receive 0 points toward the composite score; men eating
more than 1 serving per week but less than 2 servings per week
are considered “almost meeting” and given 1 point; and those
eating more than 2 servings per week are “meeting the
recommendation” and given 2 points. We will examine mean
scores for each group at baseline and 3 months and changes in
scores from baseline to 3 months. The development and
application of a behavior score like this comes from literature
examining healthy lifestyles and risk of chronic disease. For
example, members of our team previously reported the
development and validation of a lifestyle score for the prevention
of lethal prostate cancer, which incorporated several of the diet
and exercise components recommended in this study [69].

Other “healthy lifestyle” scores, computed similarly, have been
developed and shown to be useful for summarizing
lifestyle-disease relationships in other disease areas, such as
hypertension or cardiac death [70,71].

To assess adherence to use of technology support via physical
activity tracking devices for men in Levels 3 or 4, we will assess
the number of days they wore their wearable device during the
study period. We will also consider data from the wearable
device to describe the average number of steps taken per day,
active minutes per week, and miles covered per week.

Fatigue and Sleep Quality
Fatigue and sleep quality are assessed using validated
instruments at baseline, 3 months, and 6 months. The Patient
Reported Outcome Measurement Information System 7-item

Short Form-Fatigue questionnaire [72] is used to assess changes
in cancer-related fatigue. The Pittsburgh Sleep Quality Index
is used to assess changes in sleep quality [73,74].

Self-Efficacy for Physical Activity and Diet
Self-efficacy for physical activity will be measured with a
standard 6-item questionnaire at baseline, 3 months, and 6
months [75]. Self-efficacy for diet will also be collected at 3
and 6 months using a similar approach by having participants
rate their confidence in performing each recommended task (eg,
consume 2 or more servings of cooked tomatoes per week) using
a Likert scale. We will evaluate whether baseline self-efficacy
predicts response to the intervention arms and whether the
interventions improve self-efficacy for physical activity and
diet compared with control.

Stage of Change for Physical Activity
The Physical Activity Stage Assessment is a 5-item measure of
a person’s readiness to engage in recommended levels of
physical activity and has been used in prior studies of cancer
survivors [47]. We will evaluate the influence of the behavioral
support on readiness to engage in physical activity.

Focus Groups
Focus groups will be conducted post intervention to evaluate
elements of usability and acceptability that will provide greater
depth of information beyond what can be obtained via surveys.
Focus group participants will be recruited from each of the
different levels of intervention, to gain insight into participant
experience at each of the levels. Focus groups will be conducted
by phone so that we do not exclude participants who cannot
travel to each study site. There is not an a priori selection of the
focus group subsample; rather, we will examine the demographic
data once each site is fully enrolled and contact a representative
sample from the study population based on age, race/ethnicity,
disease stage, time since diagnosis, and intervention arm.

Statistical Considerations

Statistical Power
The primary outcomes for this pilot are acceptability and
feasibility, as assessed by percent accrued in 1 year, percent
recruited out of total contacted, and retention at 3 months. We
anticipate enrolling 100% of the target 200 in 1 year, enrolling
3% of the total sample contacted via mass mailings, and
retaining 80% of participants at 3 months. With 200 participants,
we will be able to identify a retention proportion of 80% at 3
months (95% CI limits 74.5%-85.5%) and should be able to
identify the other more extreme proportions with higher
precision and tighter confidence limits. We will also assess the
proportion completing surveys at 6 months, secondarily. If we
assume 160 individuals complete the 3-month surveys, then we
will have 80% power to detect a retention proportion at 6 months
of 80% with a 95% confidence limit of 73.8% to 86.2%.

For the secondary outcome of behavior change, we will compute
a composite behavior score at baseline and 3 months based on
the self-reported survey data and as described above. With 50
participants per group, there is 80% of power to detect an effect
size of 0.57 at a 2-sided alpha of .05 when comparing the change
in score from baseline to 3 months for an intervention group
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(either Levels 2, 3, or 4) compared with the reference group
(Level 1). For example, assuming on average men in the
reference group (Level 1) experience a 2-point increase in scores
from baseline to 3 months, 50 participants in Level 1 and 50
participants in Level 2 would provide power of 80% or higher
if there is an average increase of 4.85 points or greater in Level
2, with an SD of 5. As a pilot study, multiple testing adjustments
were not accounted for.

Proposed Statistical Analyses
We will examine the distribution of baseline covariates selected
a priori (eg, age, race, clinical stage, body mass index, time
since diagnosis, treatments received, current stage, and education
level), overall and by group assignment. We will compute the
time to enroll and proportions retained in the study (defined as
completing at least one follow-up survey), overall and by arm,
at 3 and 6 months. We will compare the dropout rates overall
and across arms using chi-square or Fisher exact tests, as
appropriate. Secondarily, we will examine the exercise and diet
behavior data at baseline and 3 months for each study arm using
descriptive statistics, such as means, medians, and interquartile
range, and compare across arms using t tests and Wilcoxon rank
sum tests. We will undertake an intent-to-treat analysis. We
will also examine responses to the 6-month survey to explore
retention and possible maintenance of behavior changes in
longer term.

Our primary outcomes of this pilot RCT are accrual and
participant retention. We will summarize eligibility, accrual,
and retention using descriptive statistics and explore whether
these factors differ by sociodemographic (ie, age, race/ethnicity,
marital status, and employment) variables. In addition, we will
examine adherence using the metrics described above
(outcomes), overall and by randomization group.

We will explore changes in the secondary outcome metrics (eg,
physical activity, diet, fatigue, and sleep quality) by describing
data from baseline, 3 months, and 6 months for each study arm
using descriptive statistics such as means, medians, and
interquartile range. We will also examine whether change in
physical activity and diet behavior, self-efficacy, fatigue, or
sleep quality differs between the 4 levels of the intervention at
baseline versus 3 months using t test, chi-square, analysis of
variance, linear, and logistic regression methods, as appropriate.
We will examine each group versus the reference (Level 1) as
well as explore the hypothesis regarding whether increasing
level of intervention corresponded to increase in uptake of the
recommended behavior changes. We will consider primarily
continuous variables when describing behavior change in each
arm. For example, our first focus will be on whether individuals
met, almost met, or did not meet the recommendations, and we
will examine differences in the behavior score as described
above. Next, we will consider the actual intakes of specific food
groups of interest (eg, total servings of fish per week) and total
minutes spent in each category of exercise (aerobic, strength,
and flexibility) as continuous variables. We will also consider
categorical variables to capture more broad indicators of positive
behavior change using i cut points such as “increased in at least
one dietary component, yes/no” or “increased in at least one
exercise component, yes/no.” We will consider adjustment for

important baseline covariates that may be associated with our
outcomes, selected a priori [76]. We will also explore if exercise
and diet self-efficacy and physical activity stage of change at
baseline influence adherence to the intervention or the effect of
the intervention on the secondary behavior change outcomes.

Results

Development of the Community of Wellness website is
complete, has been beta-tested, and is currently being evaluated
in the RCT. This RCT is open for enrollment (ClinicalTrials.gov
NCT03406013) and anticipates completing enrollment by the
end of 2018. Recruitment is open at 3 of the 4 academic medical
centers (OHSU, UCSF, UC Denver, and Emory University
[pending]) with the target population of 50 men enrolled at each
site for a total of 200 subjects. OHSU achieved their recruitment
goal and enrolled 50 men. UCSF is actively recruiting, with 27
men currently enrolled, and UC Denver is just open. We expect
to fully accrue to the trial by January 2019, with final data
collection complete by July 2019.

Discussion

We have developed a tailored, self-directed, and scalable
Web-based intervention accessible via computer, tablet, or phone
to promote lifestyle behaviors associated with better QoL and
reduced risk of cancer recurrence/progression for men with
prostate cancer. Although there are many general informational
websites for cancer patients [77], the study Web portal provides
a variety of tools and resources to empower prostate cancer
survivors to improve their physical, emotional, and mental
health, including tailored exercise and diet recommendations,
contemporary technology-based support tools, and health
coaching. A recent meta-analysis identified 15 internet-based
programs that delivered a lifestyle-based (ie, physical activity
and/or diet) intervention in cancer survivors [53]. An overall
positive effect was found for increasing physical activity and
reducing body mass index, but findings were mixed or
inconclusive for cancer treatment–related symptoms, QoL,
self-efficacy, and dietary change. Only 3 programs included,
but were not specific to, men with prostate cancer. Thus, it is
not known whether a Web-based program that delivers both
exercise and diet advice and provides multiple levels of behavior
change support is feasible, acceptable, and shows preliminary
efficacy to improve diet and physical activity behaviors in
prostate cancer survivors.

Although the internet is an increasingly common approach to
building scalable programs for behavioral interventions, it
remains unclear how Web-based programs should be designed
to achieve the intended goal of behavior change. This pilot RCT
will address this gap in our knowledge. We will determine the
acceptability and feasibility, and estimate the effect on behavior,
of 4 additive levels of Web-based tools, from Web-based
information (Level 1) + personalized exercise and diet
recommendations and training plans (Level 2) + text messages,
a physical activity tracker (Level 3) + 1 phone counseling
session with an exercise trainer and 1 session with a dietician
(Level 4). A trade-off to adding tools is the resources required
to implement and sustain them in an ever-changing technology
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environment. A purely technology-based program may also
lack the interpersonal contact, which might be an important
component for behavior change in men with prostate cancer
[53]. Thus, in comparison with a control level of static
educational content on physical activity and diet, this study will
systematically evaluate layers of additional support for changing
physical activity and diet behavior. Depending on the outcomes

from our pilot, future research may include further optimizing
of the Web portal using the Multiphase Optimization Strategy
framework to identify which components of the intervention
are driving behavior change and SMART (Sequential, Multiple
Assignment, Randomized Trial) trial designs to determine how
to optimally tailor these to the varying needs of men with
prostate cancer [78].
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Abstract

Background: Type 2 diabetes mellitus (T2DM) is a growing global health burden and is expected to affect more than 590
million people by the year 2035. Evidence exists to demonstrate that dental settings have been used for risk assessment and
identification of individuals who may be at high risk for T2DM or who may already unknowingly have the condition.

Objective: This protocol aims to outline the methodology that will be undertaken to synthesize the literature relating to the use
of primary care (nonhospital-based) dental services for the identification of undiagnosed T2DM or prediabetes—often termed
nondiabetic hyperglycemia—in adult patients.

Methods: This paper outlines the protocol that will be followed to conduct a systematic review and meta-analysis of the available
literature. The protocol outlines the aims, objectives, search strategy, data extraction and data management methods, as well as
the statistical analysis plan. The Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols guidelines were
followed in developing the protocol as were elements of the Cochrane handbook.

Results: We expect the systematic review to be completed within 18 months of publication of this protocol and expect to see
a high degree of heterogeneity in the existing literature.

Conclusions: This review is of importance as it will synthesize the existing evidence base and inform future studies in the field.
Following the publication of the protocol, the review will be registered on Prospective Register of Systematic Reviews. Following
the completion of the review, results will be published in a suitable peer-reviewed journal.

International Registered Report Identifier (IRRID): PRR1-10.2196/11843

(JMIR Res Protoc 2018;7(11):e11843)   doi:10.2196/11843

KEYWORDS

adults; case-finding; dental; diabetes; nondiabetic hyperglycemia; risk assessment

Introduction

Type 2 diabetes mellitus (T2DM) is a growing public health
concern, accounting for 10% of the UK National Health Service
(NHS) budget, a proportion predicted to rise to 17% by 2035
[1]. In addition to the 3.8 million people currently diagnosed
with T2DM in the United Kingdom, it is estimated that almost
1 million UK residents have undiagnosed T2DM [2] and a

further 12 million are at high risk for developing the condition
[3]. Globally, the incidence of T2DM is expected to exceed 592
million by the year 2035 [4]. Individuals may remain
undiagnosed for many years due to the condition being
symptom-free in its early stages [5]. This has implications for
the secondary prevention and management of the condition.

The UK National Screening Committee states that there are
benefits to early identification of individuals at risk for
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developing diabetes and those with nondiabetic hyperglycemia
(NDH), also known as prediabetes, as well as those with
undiagnosed diabetes [3]. Advances in diabetes care mean that
earlier detection may reduce the risk of complications, such as
heart attacks, stroke, and blindness [6,7]. Evidence exists that
diabetes is preventable in those at high risk [8]. Hence, the NHS
has developed the Diabetes Prevention Programme. Novel
approaches to identify cases of previously undiagnosed diabetes
and high-risk individuals may result in improved health
outcomes, improved quality of life for patients, and reductions
in cost to the NHS.

In the United Kingdom, 60% of the adult population routinely
attends high-street dentists for regular check-ups, even when
they have no concerns [9]. Furthermore, patients’diabetes status
influences their dental management; therefore, it is useful for
dentists to be aware of this condition. Using dental visits for
early diabetes detection represents a unique opportunity to
access large proportions of the population for diabetes screening.

The National Institute for Care and Health Excellence pathways
exist for allied health care professionals, including dentists,
relating to risk assessment for diabetes [10] in community and
primary care settings. Some UK community pharmacists
perform risk assessment of patients for diabetes. However, using
primary dental practices has not been widely explored as an
option for identifying high-risk individuals and, therefore,
represents a potential missed opportunity.

Studies conducted in the United States have indicated that dental
practices can be effective in identifying those at high risk for
diabetes [11-13]. There have also been studies in Europe that
support these findings [14-16]. Dental practices in the United
Kingdom may also offer the opportunity for proactive, early
case detection of high-risk individuals and those who already
unknowingly have T2DM.

Despite the existing literature published in the field to date, no
published systematic reviews have synthesized the current
evidence base for the use of primary care dental settings for the
detection of T2DM and NDH. The aim of this protocol is to
outline the design of a systematic review investigating the
available literature for utilizing dental settings to case-find
previously undiagnosed T2DM and NDH. The primary aim of
the review will be to establish the identification rate of
previously undiagnosed diabetes and NDH and the opinions,
benefits, and barriers related to case-finding T2DM and NDH
in dental settings.

Methods

Protocol Guidelines Followed
The intention to conduct a systematic review is evidenced
through registration with the prospective register of systematic
reviews (PROSPERO), the Web-based international prospective
register of systematic reviews, at the time of protocol

conception. This protocol followed the Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols 2015
statement [17] alongside elements from the Cochrane handbook
for systematic reviews [18].

Review Question and Objective
This review aims to identify the literature relating to the use of
primary care (nonhospital-based) dental services for the
identification of undiagnosed T2DM and NDH—often termed
prediabetes—in adult patients. The review will have a particular
focus on the pick-up rate of new cases of NDH and T2DM with
the following additional questions, which this review will aim
to answer:

• What methodology was utilized within the dental practice
for case-finding?

• What were the recruitment rates within the studies?
• What are the opinions of patients and health care

professionals relating to such services?
• What are the reported barriers to uptake of any such

implemented services?
• What are the reported benefits of utilizing such services?

The Population Intervention Control Outcome format was
followed; this format involves clearly identifying participants,
intervention, comparator, and outcome within the research
question. For this review, these were patients (P) aged >18 years
attending primary care (nonspecialist practice) dental services.
The specific intervention (I) for this review is focused on the
risk assessment methods used for identification of T2DM or
NDH (prediabetes). It is recognized that a number of methods
for risk assessment of patients have been discussed in the
literature. This includes using questionnaires, finger-prick
point-of-care testing, gingival crevicular fluid samples, and both
one- and two-stage procedures utilizing a combination of these
methods; these differing methods will act as the comparators
(C). This review will attempt to capture and compare the full
range of assessments used.

Outcome Measure
The primary outcome measure for this systematic review is the
identification of patients with NDH or T2DM using risk
assessment methods in dental care settings. The secondary
outcomes include identification of methodologies utilized in
the dental practice for case-finding, establishing recruitment
rates in the studies, and gaining insight into the opinions of
patients and health care professionals relating to case-finding.
In addition, the review will aim to enhance the understanding
of reported barriers to uptake of any such implemented services
and any reported identified benefits to utilizing dental settings
to case-find NDH and T2DM.

Inclusion and Exclusion Criteria
The inclusion and exclusion criteria have been presented in
Textboxes 1 and 2, respectively.
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Textbox 1. Inclusion criteria.

• Adults aged >18 years

• English language literature

• Diabetes risk assessment conducted

• Risk assessment based in primary care dental settings

Textbox 2. Exclusion criteria.

• Non-English language

• Animal studies

• Nonprimary care dental settings

Table 1. Draft of search strategy to be used.

Items foundQuery

1466Search (((((((((screening) OR “risk assessment”) OR “case detection”) OR “case finding”) OR “identification”) OR “risk detection”)
OR “diagnosis”)) AND ((((((((((“diabetes mellitus”) OR “diabetes”) OR “type 2 diabetes”) OR “type two diabetes”) OR TTDM)
OR T2DM) OR prediabetes) OR Pre-diabetes) OR “non diabetic hyperglycaemia”) OR NDH)) AND (((((dental) OR dentistry)
OR “primary dental care”) OR “general dental practice”) OR dentist)

73,7631Search ((((dental) OR dentistry) OR “primary dental care”) OR “general dental practice”) OR dentist

600,088Search (((((((((“diabetes mellitus”) OR “diabetes”) OR “type 2 diabetes”) OR “type two diabetes”) OR TTDM) OR T2DM) OR
prediabetes) OR Pre-diabetes) OR “non diabetic hyperglycaemia”) OR NDH

3,232,401Search ((((((screening) OR “risk assessment”) OR “case detection”) OR “case finding”) OR “identification”) OR “risk detection”)
OR “diagnosis”

Search Strategy
To identify the eligible literature, the following electronic
bibliographic databases will be searched: Medical Literature
Analysis and Retrieval System Online, PubMed, The Cochrane
Library, and Web of Science. The reference lists of all eligible
full texts will be searched for additional papers for inclusion.
In addition to electronic databases, trial registries such as
Clinicaltrials.gov will be searched.

The search strategy will include terms relating to or describing
the identification of NDH and T2DM in dental settings. The
search terms will be adapted for use with other bibliographic
databases in combination with database-specific filters for
controlled trials, where these are available (Table 1). There will
be restrictions to English language only. Searches will be limited
to 1950—search date to allow for replication. Furthermore, the
searches will be rerun just before the final analyses and further
studies retrieved for inclusion.

Risk of Bias
This review will not be restricted to only randomized controlled
trials. A published and validated risk of bias assessment tool
appropriate to the study type will be utilized [19] independently
by two reviewers to determine the bias associated with included
papers. The tool will be specific to the study design, and all
papers included in the review will be appraised by the authors.
Disagreement will be resolved by discussion, and where
required, a third author will be consulted.

Data Extraction and Data Management
The search will be undertaken; all returned papers will have
title and abstract screened independently by two researchers to
establish studies that potentially meet the inclusion criteria.
Calibration exercises will be undertaken until authors are
consistent in their acceptance of suitable papers. Where there
is disagreement regarding a paper’s exclusion, consensus will
be reached by a third reviewer. For the papers included, full
text will be reviewed by the two authors, and any further
exclusions will be determined by consensus and agreement
among authors with reason for exclusions reported. Reason for
exclusion at full-text stage will be recorded.

Electronic data extraction forms will be developed and piloted.
The standardized prepiloted form will be used to extract data
from included studies to assess the study quality and evidence
synthesis. Extracted information will include the following:
study setting, population and participant demographics and
baseline characteristics; details of the intervention and control
conditions; study methodology; recruitment, completion, and
pick-up rates; outcomes and times of measurement; indicators
of acceptability to users; suggested mechanisms of intervention
action; and information about assessment of the risk of bias.
This information will be collected independently by the two
reviewers with discrepancies identified and resolved through
discussion and, if required, with the third author. Where data
are missing, attempts will be made to retrieve the data by
contacting study authors. The key data to be extracted are
presented in Textbox 3.
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Textbox 3. Key data to be extracted.

• Study ID:

• Reviewer ID and name:

• Date of completion of this form:

• Title of report:

• Source [journal year; volume: pages]:

• Authors:

• Type of report [eg, full paper or abstract or unpublished]:

• Country where the trial was conducted:

• Funders of the study:

• Dates study was conducted:

• Type of study design [eg, observational or clinical trial (randomized, parallel, or cluster, etc)]

• Was the study multicenter? If so, how many centers were there?

• Risk of bias criteria—[dependent on study type]

• Inclusion criteria

• Exclusion criteria

• Participant information

i. Age

ii. Gender

iii. Ethnicity

• Risk assessment method used

• Screening process

• Recruitment rates

• Prevalence of undiagnosed type 2 diabetes mellitus (T2DM) and nondiabetic hyperglycemia (NDH)

• Method for diagnosis of T2DM or NDH

• Stakeholder opinions [patients or dental team or health care professionals, etc]

• Barriers to risk assessment in dental settings

• Key findings

• Additional comments

Electronic data extraction form will be developed in Microsoft
Excel with care to ensure that updated versions do not overwrite
previous iterations of extracted data.

Strategy for Synthesis
If the included studies are sufficiently homogenous, a
quantitative synthesis will be undertaken. However, it is
anticipated that the included studies will demonstrate high levels
of heterogeneity, resulting in a descriptive synthesis approach.
The descriptive synthesis will be structured around the primary
and secondary outcomes of the review. It is anticipated that
there will be limited scope for meta-analysis because of the
range of different outcomes measured, although we expect the
percentage of cases of undiagnosed T2DM and NDH to be well
reported across the assumed small number of existing studies.
However, where studies have used the same risk assessment
strategy with the same outcome measure, results will be pooled

and meta-analysis undertaken. Any meta-analysis conducted
will use a random effects model to pool data given the expected
high levels of heterogeneity expected between studies.

Results

We expect the systematic review to be completed within 18
months of the publication of this protocol and expect to observe
a high degree of heterogeneity in the existing literature.

Discussion

This review is of importance as it will synthesize the existing
evidence base and inform future studies in the field. Following
the publication of the protocol, the review will be registered on
PROSPERO. Following the completion of the review, results
will be published in a suitable peer-reviewed journal.
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Abstract

Background: Given the rise of internet-based treatments as an effective therapeutic tool for psychological disorders, it is
necessary to carry out research that examines clients’ experiences with this type of intervention. The qualitative methodology
has been found to be useful for analyzing clients’ perceptions in terms of facilitators and barriers, acceptability, and negative
effects of internet-based treatments. However, a lack of integration of these primary studies has prevented their findings from
being applied to new research and in clinical practice.

Objective: The objective of this paper is to describe the protocol for a metasynthesis of qualitative studies exploring the
experiences of clients who underwent an internet-based treatment.

Methods: Elliot and Timulak’s metasynthesis approach will be used to review and synthesize qualitative studies related to client
experiences in terms of the barriers and facilitators they perceived when undergoing internet-based treatment. For each search
string, the features in the Sample, Phenomenon of Interest, Design, Evaluation, Research type (SPIDER) tool will be considered.
Electronic databases (PubMed, PsycINFO, and Web of Science) will be searched. Two independent reviewers will analyze the
material in order to determine whether the eligibility criteria are fulfilled. Findings will make it possible to create a hierarchy of
domains in terms of their relevance across all the primary studies. The data obtained from primary studies will be cross-analyzed
using descriptive and interpretative procedures.

Results: The search strategy is currently being conducted. First results are expected to be submitted for publication in 2019.

Conclusions: We will develop conceptual framework of the barriers and facilitators perceived by clients and propose their
implications and recommendations for clinical practice, research, and training.

Trial Registration: PROSPERO CRD42018079894; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=79894
(Archived by WebCite at http://www.webcitation.org/73C6OtlS7).

International Registered Report Identifier (IRRID): PRR1-10.2196/9722

(JMIR Res Protoc 2018;7(11):e183)   doi:10.2196/resprot.9722
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Introduction

Background
The high prevalence rates of psychological disorders are one
of the main public health concerns in contemporary society
[1,2]. Although well-established, effective psychological
methods exist for the treatment of numerous disorders [3], a
vast array of problems still persist, including relapse rates [4],
dropout rates [5], iatrogenic and inert treatments [6], and the
well-established gap between science and practice [7,8].

Specifically, the dissemination of evidence-based psychological
treatments has been the subject of heated debate over the past
decade [9]. The lack of economic resources, remote geographical
settings, or the enduring the social stigma of psychological
disorders is among the barriers preventing access to mental
health treatment [10].

In this scenario, internet-based treatments (IBTs) have emerged
as a useful alternative to cope with the challenge of
disseminating psychological treatments [11]. In recent years,
these types of treatments have shown ample evidence of their
efficacy and effectiveness for a wide range of psychological
disorders and medical conditions. The most important aspect
of IBTs is their potential to improve cost-effectiveness compared
with face-to-face traditional therapy [12].

Early IBTs were computer-based but not delivered over the
internet [13,14]. Current interventions are available over the
internet and often recognized as internet-based therapies. Among
the vast array of internet-based therapies or IBTs available,
important differences among them must be mentioned: Some
of these therapies are self-applied treatment protocols, which
serve to reduce therapist support as much as possible and are
sometimes even unguided. Other IBTs include some degree of
therapist support, which can be delivered through emails, short
message service text messages, phones calls, or
videoconferences. Also, there are blended treatments, which
are a combination of a self-applied IBTs and regular contact
with a therapist at different points in time during the therapeutic
process. Some studies also consider videoconferencing to be
another kind of internet-based therapy that can be delivered
through different devices, mainly computers [15,16]. Finally,
smartphone-based interventions are becoming useful tools for
improving access, and potentially the effectiveness, of treatments
[17,18].

Apart from the numerous studies focusing on the extent to which
IBTs are useful for providing psychological treatments, a
considerable amount of research has also examined client
experiences with these treatments. In particular, qualitative
studies have been useful for analyzing clients’ perceptions of a
wide range of domains, including facilitators and barriers [19],
acceptability [20], nonadherence [21], dropout [22], or negative
effects [23] of IBTs. Nevertheless, the lack of integration of
these primary studies has prevented their findings from being
easily applied to new research or clinical practice.

In recent years, several developments within qualitative research
have enhanced its quality standards. Moreover, the possibility
of having tools to synthesize these studies may constitute a great

leap forward. Metasynthesis makes it possible to draw
conclusions from a wide range of primary studies that may focus
on the same phenomenon from different perspectives using
diverse qualitative methodologies in different contexts. Hence,
metasynthesis can contribute to knowledge construction by
revealing new insights from a detailed analysis of a broad range
of findings [24]. Furthermore, these studies can identify research
gaps, develop new theoretical and conceptual models, and
provide evidence to further improve health interventions, in this
case, psychological interventions [25].

As Timulak [26] explained, there are two kinds of
metasyntheses: Those that aim to provide an assessment of the
influence of a certain method on the results reported in primary
studies and those that aim to increase knowledge about a
particular phenomenon. This study follows the latter approach.

In addition, by drawing on the subjective and interpretative
nature of qualitative research and not being merely aggregative,
this type of synthesis can contribute to a more plausible
understanding of reality and enhance its complexity (eg, by
highlighting differences and discrepancies) [27].

Study Aims
The goal of this metasynthesis is to review qualitative research
exploring the IBT experiences of clients with mental disorders.
Furthermore, this study aims to synthesize and report these
experiences to foster a deeper understanding of their experiences
and improve the design of the next generation of IBTs. Our
study takes into consideration client preferences that constitute
1 of the 3 legs incorporated by the American Psychological
Association Presidential Task Force on Evidence-Based Practice
[28]. Thus, new insights can emanate from such endeavor.

Methods

Study Registration
This metasynthesis was registered with the International
Prospective Register of Systematic Reviews, registration
number: CRD42018079894). The protocol was written
according to the Enhancing Transparency in Reporting the
Synthesis of Qualitative Research (ENTREQ statement) [27].
Instead, of using the Population, Intervention, Control and
Outcomes (PICO) criteria, we used the Sample, Phenomenon
of Interest, Design, Evaluation, Research type (SPIDER) tool,
which was developed specifically for the synthesis of qualitative
evidence [29].

Criteria for Study Inclusion
We will consider all primary qualitative studies examining the
clients’ experiences (eg, facilitators or barriers) of an IBT for
adults (18-65 years) with a mental disorder disorders. We will
consider “mental disorders” to be all those documented in the
principal manuals of diagnosis, such as the Diagnostic and

Statistical Manual of Mental Disorders 4th [30] or 5th edition
[31] or the International Classification of Diseases 10th edition
[32]. Medical conditions other than mental disorders will be
excluded. To be included, a study needs to present a qualitative
analysis following established methodological criteria (eg, a
descriptive and interpretative approach), and the data should be
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based on the reports (eg, interviews, focus groups) by
participants who have undergone an IBT. In the case of
mixed-methods studies, qualitative results will only be
considered if they can be clearly separated from the quantitative
data. Studies of completers and noncompleters will be
considered, including all periods of follow-up. Additionally,
eligible articles will be published in English and Spanish. There
will be no restriction on the search period. As previously
mentioned, all interventions delivered through web platforms
or smartphone-based interventions (eg, Ecological Momentary
Interventions) will be considered IBTs, regardless of the
theoretical framework underlying the IBT itself.

Regarding the exclusion criteria, studies that do not follow
qualitative data collection methods or do not use IBT as the
intervention tool will not be included. Following Timulak’s
recommendations [26] for enhancing quality control, only
published data will be considered. Hence, conference abstracts,
unpublished manuscripts, or thesis dissertations will not be
included. Moreover, studies not published in peer-reviewed
journals will also be excluded.

Search Strategy
All articles will be identified through the following databases:
PubMed, PsycINFO, and Web of Science. For each search
string, the different aspects included in the SPIDER tool will
be considered. In addition, back-tracking of references from
relevant articles will also be searched for additional studies. We
will also identify unpublished literature through Google searches
with the same keywords and by contacting experts identified
in the search of published literature.

Table 1 shows the SPIDER search strategy, and Multimedia
Appendix 1 shows the PUBMED search strategy.

Selection of Studies
Two reviewers will complete all database searches, and the
results obtained will be entered into Mendeley folders. All
duplicates will be removed. Later, one reviewer will screen all
the studies to discard irrelevant studies that may have been
subject to inclusion. Next, two independent reviewers will screen
all the remaining titles and abstracts to identify potentially
relevant articles and then review the full texts of the relevant
articles to determine eligibility. A third reviewer will resolve
any discrepancies.

Quality Assessment
Two independent reviewers will assess the included studies
following the Critical Appraisal Skills Programme checklist for
qualitative research. This checklist allows qualitative research
evidence to be appraised systematically, offering the reviewer
guidance on study results, their validity, and their transferability
[33]. Two independent reviewers will screen the final selection
of primary studies, and a third senior reviewer (the last author
of this study) will resolve any discrepancies.

Data Extraction
All reviewers on the research team will independently extract
data for each study using an Excel template to include
fundamental information such as author, year, aim of the study,
number of participants, gender, setting or qualitative technique
used. The whole study will be considered for the analysis,
although the results and discussion sections will be given priority
for the data extraction since they contain the core data in each
study.

Table 1. Sample, Phenomenon of Interest, Design, Evaluation, Research type search strategy.

Examples of search termsDescriptionContent

Sample •• “adult” OR “client’” OR “user’” OR “patient’.”Clients aged between18 and 65 years.
• •Clients with diagnosis of mental disorder by the Diag-

nostic and Statistical Manual of Mental Disorders or
International Classification of Diseases undergoing

IBTa.

“mental disorder” OR “psychological disorder.”

Phenomenon of interest •• “facilitators” OR “barriers” OR “acceptability” OR
“adherence” OR “dropout” OR “negative effects.”

Clients’ experiences or perceptions of a vast array of
domains undergoing an IBT.

• “Internet” OR “Internet based treatments” OR “online
treatments” OR “Internet interventions” OR “e-therapy”
OR “web based” OR “self-applied” OR “blended” OR
“computer-based” OR “smartphone based intervention.”

Design •• “Interviews” OR “focus groups” OR “questionnaire”
OR “survey” OR “e-mail.”

Studies that allow the extraction of qualitative data.

Evaluation •• “experience” OR “view” OR “opinion” OR “attitude”
OR “perception” OR “belie*” OR “belief” OR “feel-
ing.”

Experiences, perspectives, insights, motivations or
views of participants undergoing an IBT (outcome
measures).

Research type •• “qualitative” OR “mixed method.”Qualitative studies or mixed-methods studies.

aIBT: internet-based treatment.
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Data Analysis
Following the guidelines of Elliott and Timulak [34], we will
adopt a descriptive and interpretative approach. This method
makes it possible to include a more phenomenological
perspective by first describing the primary studies in detail, then
complementing this description with a hermeneutical perspective
that goes beyond the given information to reach new
conclusions. Specifically, this approach includes four stages in
which the data analysis process is carried out. First, the collected
data are ordered into domains, which represent high-order
conceptualizations of the phenomenon. Second, meaning units
are outlined that represent the smallest understandable piece of
information from the data. Domains provide a conceptual and
flexible framework for the data and can be modified by the
researcher until they fit the data. Third, the meaning units are
organized into categories and classified in the existing domains.
The creation of categories is an interpretative process in which
the researcher will strive to respect the data and use category
labels close to the original language provided by the participants
[35]. If there are similarities between the established categories,

second-order categories could be organized. Finally, the results
will be presented in different forms, such as figures or narratives,
to better grasp the phenomena. We will ensure methodological
integrity (in terms of fidelity and utility) by following the
recommendations of Levitt, Motulosky, Wertz, Morrow, and
Ponterotto [36]. Thus, the different considerations at both the
data collection and data analysis levels will be fulfilled. All the
researchers involved in the analytic process will have extensive
experience in the use of technologies to deliver psychological
treatments. Figure 1 shows the data analysis process that will
be conducted. In total, 5 researchers (authors 1 to 5) will be in
charge of the data analysis. Each researcher will develop a
domain structure that will finally be discussed in an iterative
process until a consensus among all the alternatives is met. To
delineate meaning units, the final number of primary studies
will be divided among the coders while still ensuring that every
study will be coded by two researchers in order to guarantee
methodological rigor. For this second step, an iterative process
will also be conducted to reach a consensus. Additionally,
through this iterative process, categories that capture the
fundamental sense of the meaning units will be elaborated [26].

Figure 1. Methodological stages of the metasynthesis. IBT: internet-based treatment.

Results

The project was initiated in 2017 and searches were completed
in 2018. Data analysis is currently under way and the first results
are expected to be submitted for publication in 2019.

Discussion

Principal Findings
Although an abundance of qualitative studies has been published
in recent years, few studies have attempted to synthesize the
results. This synthesis is an essential step toward outlining more
general conclusions about the experiences of clients undergoing
IBTs. As long as available, IBTs do not differ much (at least in
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their general features), the overall experiences can be
consistently integrated. In particular, qualitative studies have
focused on studying topics such as facilitators, barriers,
acceptability, adherence, dropouts, and negative effects. This
metasynthesis will more accurately weigh the extent to which
different topics related to client experiences have been
addressed, in addition to establishing taxonomy within each of
these topics in order to foster its use in new research studies
and in the clinical application of IBTs.

Our findings will make it possible to create a hierarchy of
domains based on their relevance across all the primary studies.
In this regard, a conceptual framework of the barriers and
facilitators perceived by the clients will be developed.
Implications and recommendations for clinical practice,
research, and training will be suggested.

Potential Sources of Limitations
First and foremost, as in any other kind of review, the findings
will depend on the quality of the primary studies included.
Although there will be a particular emphasis on assessing the
quality of the primary studies, it is a difficult task to accurately
assess these kinds of studies. Moreover, there may be relevant
studies in other languages that will not be included because only
English and Spanish articles will be considered.

Furthermore, metasynthesis is a powerful tool for drawing
overall conclusions from a certain topic. However, it may be
subject to the potential underrepresentation of the richness of
primary studies given that the material of analysis is not the raw
data of each included study.
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Abstract

Background: Despite a recent decline in the obesity prevalence among preschool-aged children, obesity remains disproportionately
high among children from low-income racial or ethnic minority families. Promoting healthy lifestyles (eg, obesity-preventative
behaviors) in primary care settings is particularly important for young children, given the frequency of preventative health visits
and parent-provider interactions. Higher adoption of specific health behaviors is correlated with increased patient activation (ie,
skill, confidence, and knowledge to manage their health care) among adults. However, no published study, to date, has examined
the relationship between parental activation and obesity-related health behaviors among young children.

Objective: The goal of this study is to measure parental activation in low-income parents of preschoolers in 2 large health
systems and to examine the association with diet, screen-time, and physical activity behaviors.

Methods: We will conduct a cross-sectional study of parents of preschool-aged patients (2-5 years) receiving primary care at
multiple clinic sites within 2 large health care systems. Study participants, low-income black, Hispanic, and white parents of
preschool-aged patients, are being recruited across both health systems to complete orally administered surveys.

Results: Recruitment began in December 2017 and is expected to end in May 2018. A total of 267 low-income parents of
preschool-aged children have been enrolled across both clinic sites. We are enrolling an additional 33 parents to reach our goal
sample size of 300 across both health systems. The data analysis will be completed in June 2018.

Conclusions: This protocol outlines the first study to fully examine parental activation and its relationship with parent-reported
diet, physical activity, and screen-time behaviors among low-income preschool-aged patients. It involves recruitment across 2
geographically distinct areas and resulting from a partnership between researchers at 2 different health systems with multiple
clinical sites. This study will provide new knowledge about how parental activation can potentially be incorporated as a strategy
to address childhood obesity disparities in primary care settings.

International Registered Report Identifier (IRRID): RR1-10.2196/9688

(JMIR Res Protoc 2018;7(11):e182)   doi:10.2196/resprot.9688
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Introduction

Racial and ethnic minority preschoolers (aged 2-5 years) are
disproportionately affected by obesity and are, consequently,
at higher risk for obesity-related health outcomes, including
adult obesity, diabetes, and cardiovascular disease [1,2].
Effective obesity prevention and treatment programs in clinical
settings are a key component of multisector efforts to halt and
reverse the childhood obesity epidemic [3]. The American
Academy of Pediatrics recommends that obesity screening and
healthy weight counseling be integrated into all pediatric
well-child visits beginning in infancy and that the counseling
include promotion of a healthful diet and developmentally
appropriate physical activity behaviors [4]. For young children,
this includes paying particular attention to assessing feeding,
screen-time, and physical activity-related behaviors and
providing anticipatory guidance and counseling [4].

A healthful diet and physical activity behaviors and the
adherence to physician recommendations have been linked to
patient activation among adults [5,6]. Patient activation refers
to skill, confidence, and knowledge in managing one’s health
[7]. Research suggests that racial or ethnic minorities have lower
activation than white individuals [8]. However, most research
in this field focuses on the activation in adults regarding their
own health.

In spite of the existing evidence base supporting a linkage
between the adult patient activation and positive health-related
behaviors, research exploring the relationship between parents’
activation on behalf of their children’s health and elucidating
the potential mechanisms underscoring these relationships is
lacking. Describing the relationship between parental activation
and child healthful diet and physical activity behaviors is
informative to the development of interventions utilizing
parental activation to address disparities in obesity among young
primary care patients.

The aims of this project are to examine differences in parental
activation by race or ethnicity and explore the relationship
between parental activation and parent-reported diet, physical
activity, and screen-time behaviors. We hypothesize that the
activation will be lower among black and Hispanic parents
versus white parents and that parental activation will be
positively associated with healthful diet, screen-time, and
physical activity behaviors among young primary care patients.

Methods

Study Population and Settings
Study participants are being recruited from 2 different health
systems, Johns Hopkins Medicine (JHM) and Kaiser Permanente
Southern California (KPSC). The JHM pediatric primary care
clinics are located in Baltimore, MD, and serve a predominant
low-income, black, and Hispanic patient population. Kaiser

Permanente, the largest integrated health care system in Southern
California, serves a predominantly Hispanic and
socioeconomically diverse pediatric population [9,10]. The
obesity prevalence and disparities among preschoolers receiving
care at KPSC pediatric primary care clinics mirror national
trends [11]. About 13.01% (18,315/140,733) of KPSC
preschoolers are obese. At this very young age, Hispanic and
black preschoolers are more likely to be obese than their
non-Hispanic white counterparts (12,703/78,703, 16.14%, and
1340/11,162, 12.01%, respectively, vs 2055/25,967, 7.91%)
[11]. At JHM, the pattern for obesity among preschoolers is
similar, specifically among young Hispanic patients; 23.3%
(211/904) of preschool-aged Hispanic patients are obese
compared with 14.1% (35/249) of white patients [12].

Recruitment Strategies
Eligible participants are being identified from the electronic
medical records (EMRs) at both sites (Figure 1). Parents whose
preferred health care language is English or Spanish are eligible
to participate if they are (1) aged ≥18 years; (2) of low
socioeconomic status (defined by the receipt of Medicaid
insurance); (3) a parent of a child aged 2-5 years with height
and weight measured in the past 3 months; and (4) black,
Hispanic, or white by self-report. From the eligible KPSC source
population, lists of potential participants were created in 2 waves
by randomly selecting a subset of eligible patients through the
EMR. Specifically, an initial random sample of 300 children
(200 white and 100 nonwhite) was selected, which consisted
of 50% (150/300) nonobese children and 50% (150/300) obese
children. The random selection was performed while applying
a normal distribution centered at the 50th percentile of body
mass index (BMI)-for-age for nonobese and the 97th percentile
for obese children. Given the high prevalence of overweight
and obesity in this population, the random selection of normally
distributed BMIs around the 50th and 97th percentile was chosen
to avoid 2 groups of children clustering around the obesity cutoff
of the 95th percentile. A second random draw of 175 (100 white,
50 black, and 25 Hispanic children) from the prior sample was
then conducted. Oversampling was conducted on the basis of
prior response rates to achieve the final intended sample size
of 150 children, as indicated in Figure 1. At KPSC, introduction
emails were sent to invite randomly selected parents to
participate, and follow-up phone calls were conducted to
complete surveys. At JHM sites, a convenience sample of low
socioeconomic status parents of preschoolers presenting for
care is identified based on the EMR review and recruited in
real-time during clinic visits to participate in a survey. We will
collect data from parents of nonobese (defined as normal weight
and overweight: BMI-for-age percentile of 5th-85th) and obese
(BMI-for-age percentile ≥95th) children. Because the majority
of preschool-aged children will be normal weight, we
oversampled parents of children who are overweight or obese.
Figure 1 presents the sampling strategy for both clinical sites.
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Figure 1. Study design and recruitment targets. JHM: Johns Hopkins Medicine; KPSC: Kaiser Permanente Southern California; SES: socioeconomic
status; BMI: body mass index.

Data Collection
Surveys are administered in the preferred language of
participants (English or Spanish). Surveys will be conducted
by telephone at KPSC sites and in-person at JHM sites. The
following clinical and sociodemographic data will be collected
from children’s EMR: most recent weight, height, BMI or BMI
percentile, age, gender, race, ethnicity, and insurance type. The
child EMR data are linked with the parental survey data at both
sites. Study data are being collected and managed across sites
using Research Electronic Data Capture (REDCap) electronic
data capture tools hosted at John’s Hopkins Medicine [13].
REDCap is a secure, Web-based app 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 [13]. Table 1 provides a summary of the survey and
EMR data currently being collected.

Measures and Statistical Analysis Plan
Parental activation concerning their child’s health is the primary
study outcome and is being assessed using the Parent-Patient
Activation Measure (Parent-PAM), a standardized 13-item
survey adapted from the well-validated adult Patient Activation

Measure (PAM) [7,14]. The Parent-PAM has high internal
consistency and reliability among low-income Spanish and
English-speaking patients and assesses parents’ knowledge,
confidence, and willingness to act concerning their child’s health
[14,15]. The Parent-PAM is scored on a Likert scale, and
responses are scored on a scale from 0 to 100, with higher scores
corresponding to higher activation [14].

Secondary study outcomes are as follows: parent-reported
feeding, screen-time, and physical activity behaviors. Parents’
child feeding behaviors will be measured using questionnaires
assessing the parental report of feeding sugar-sweetened
beverages, fruits and vegetables, and fast food. The survey
includes items adapted from the Timing and Frequency of Infant
Sugar-Sweetened Beverage Consumption Questionnaire and
the Preschool-aged Children’s Physical Activity Questionnaire,
which includes measures of screen time [16,17]. Because a prior
study found that the parent self-activation was associated with
parental activation concerning their child’s health [18], parent
self-activation is being measured using the PAM. Furthermore,
given the correlation between parent self-activation and
activation on behalf of their child’s health, study participants
will be randomly assigned to 1 of 2 groups with the alternating
ordering of the PAM and related Parent-PAM to minimize order
bias in the survey. Multimedia Appendix 1 shows a copy of the
survey.
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Table 1. Collection of electronic medical records and survey data by study site.

SiteMeasurement or collection method

Kaiser Permanente Southern CaliforniaJohns Hopkins Medicine

Surveys

✓✓Parental activation

✓✓Parent self-activation

✓✓Child sociodemographica

✓✓Parent sociodemographica

✓✓Parent feeding, screen-time and physical activity behaviors

✓✓Parent height and weight

✓✓Parent health literacy

✓✓Parent preferred language (medical care)

✓✓Parent English language proficiency

✓✓Parent nativity and immigrant generational status

Electronic medical records

✓✓Child height, weight, or body mass index or body mass index percentile

✓✓Child sociodemographicsa

✓✓Child medical insurance

✓✓Child health status

✓N/AcParent medical insuranceb

✓N/AParent body mass index or body mass index percentileb

✓N/AParent sociodemographicsa,b

aSociodemographic data collected from surveys and electronic medical records: race and ethnicity, gender, age, educational attainment, employment
status, marital status, household income level, neighborhood income, and neighborhood education (determined on the basis of geocoding of addresses
and census block information for Kaiser Permanente Southern California site only).
bData not collected from electronic medical records at Johns Hopkins Medicine site.
cN/A: not applicable.

Covariates for parents and preschoolers will be included in
analyses as follows: (1) parent self-activation (measured using
the PAM), parental health care language, health literacy, nativity
and immigrant generational status, English language proficiency,
race or ethnicity, age, gender, educational attainment,
employment status, self-reported height and weight, and study
site (JHM or KPSC) and (2) child race or ethnicity, gender, age,
health insurance, health status, and BMI.

Descriptive statistics for all variables, including the mean,
median, SDs, and frequencies, will be calculated prior to
conducting the primary analyses. The Pearson chi-square test
or Fisher exact test (in cases of sparse data) for categorical
variables and the analysis of variance or the Kruskall-Wallis
test for continuous variables will be calculated to assess
differences between parental activation scores.

Multivariable regression analyses will be used to test all
hypotheses, adjusted for key covariates, including study site.
We will consider all covariates as potential candidate variables
and will create the final models based on the best fit using the
Bayesian information criterion, the corrected Akaike information
criterion, and residual analysis. In addition, descriptive analyses

will be performed to explore if there are differences by all
variables by study site.

To guide our sample size and power estimates for aim 1, we
used available data from previously published data in the adult
patient activation literature. We estimate a 20% difference in
activation levels between racial or ethnic minority and white
parents [8]. Assuming a fixed sample size of 300 parents with
equal numbers of black, Hispanic, and white parents, we will
have 96% power respectively to detect a statistically significant
difference (P<.05) in parental activation for Hispanic versus
white parents.

Ethics and Consent
The study received approval from the Johns Hopkins’
Institutional Review Board, as well as KPSC’s Institutional
Review Board. Informed oral consent is being obtained from
all participants. Participants are free to withdraw from the study
at any time and can refuse to answer any question.
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Results

Recruitment for the study has commenced at both clinical sites
in December 2017. Study enrollment is expected to end by May
2018, and the data analysis is expected to commence in May
2018. Figure 1 provides details on enrollment and recruitment
targets.

Discussion

Expected Results and Future Directions
Upon completion of this study, we anticipate the following
results: parental activation scores for the overall study sample,
by clinical site (KPSC vs JHM), and by race or ethnicity (white,
Hispanic, and black), noting any detected differences between
racial or ethnic subgroups. Additionally, we will have results
of analyses testing the association between parental activation
and parent-reported healthful diet, physical activity, and
screen-time behaviors. Our findings will inform the planning
of a larger study. Specifically, if as anticipated, we find a
positive relationship between parental activation and
obesity-preventative behaviors, we will utilize these findings
to guide the development of a primary care-based intervention
targeting increasing parental activation to promote healthful
diet, screen-time, and physical activity behaviors among
low-income preschool-aged children.

Study Rigor and Reproducibility
To address rigor and reproducibility, a mixed study design is
being used—one that incorporates EMR-guided convenience
sampling (JHM) and a randomized approach to participant
selection (KPSC). The advanced integrated EMR system used
by KPSC allows for greater recruitment precision in this study.
In addition, we are using the randomization of survey activation
measure ordering as a key strategy to minimize survey bias,
given the correlation with parent self-activation and parental
activation. Such study design approaches improve the level of
rigor realistically possible in a study that mimics the real-world
clinical recruitment. To promote study reproducibility, we will
make every effort to give complete, detailed descriptions of
methods and analyses in future publications, given that wide
dissemination is a key goal of the project. Details of the
recruitment process, participant demographics, and factors for

potential response heterogeneity will be published and made
available for future replication in other settings.

Limitations
We acknowledge some limitations of this study. This study uses
convenience sampling to recruit participants from the JHM
study site. While this sampling strategy is the most practical
and feasible recruitment mechanism at this particular site, we
recognize that nonrandomized convenience sampling may
introduce selection bias; to explore this, we will conduct a
comparative analysis of study participants’characteristics (using
demographic and electronic health record data) across the 2
sites. In addition, we will compare study participants to the
general population of 2-5-year-old patients at each site to further
assess the extent to which study participants are representative
of the overall clinic population with respect to demographic
characteristics [12]. This comparative analysis will focus on
the characteristics that are most likely to be associated with the
exposures and outcomes of interests (eg, child BMI distribution,
number of clinic visits in a 12-month period).

Furthermore, we will explore if there are any between-site
differences in our results, as described in the Methods section.
Another limitation of this study is the inability to capture
information of other sample characteristics that may be
associated with parental activation and obesity-related health
behaviors. These factors include the parental perception of the
health care system, neighborhood access to healthful food items,
and residential proximity to outdoor play space. Future research
should explore the influence of additional parent- and
neighborhood-level factors on parental activation and its
relationship with obesity-related health behaviors.

Conclusions
This protocol represents the first description of parental
activation and its potential association with diet, screen-time,
and physical activity behaviors among low-income, racial or
ethnically diverse preschool-aged children in primary care
settings. Delineation of parental activation among this
population and understanding the relationship between parental
activation and children’s diet, screen-time, and physical activity
behaviors can guide the development of targeted approaches to
clinic-based obesity management programs.
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Abstract

Background: This study is born from a partnership between Web editors of Naître et grandir (N&G) and AboutKidsHealth
(AKH) and researchers who developed and validated the Information Assessment Method (IAM). N&G and AKH are popular
Canadian websites with high-quality comprehensive information about child development, education, health, and well-being.
IAM allows parents to assess online information and provide feedback to Web editors. High-quality online consumer health
information improves knowledge, self-efficacy, and health. However, low-socioeconomic status (SES) parents underuse N&G
and IAM, despite these parents being more likely to report decreased worries and increased confidence as outcomes from N&G
information.

Objective: The study is aimed to improve low-SES parents’ use of online child information and interaction with Web editors
and explore subsequent health outcomes for parents and children.

Methods: Multiphase mixed-methods design. Our general approach is centered on organizational participatory research. In
phase 1, we will conduct a qualitative interpretive study to identify barriers and facilitators to using N&G information and to
interacting with N&G editors via IAM; interview more than 10 low-SES parents about their experience with N&G and IAM and
more than 10 nonusers of N&G and IAM; and use thematic analysis to identify main barriers and facilitators. In phase 2, we will
integrate parents’ views (phase 1 findings) in N&G and IAM and implement a new version: IAM+N&G+. In phase 3, we will
conduct a quantitative prospective longitudinal study (pre-/postimplementation monitoring of knowledge use and outcomes). We
will compare the use of original (IAM and N&G) and new (IAM+ and N&G+) versions using Google Analytics variables, IAM
variables, a material and social deprivation index, and demographics. We anticipate increased use post implementation (linear
mixed modeling). In phase 4, we will conduct a qualitative descriptive study on outcomes of information use. We will interview
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more than 30 low-SES parents who receive and rate the N&G+ newsletter using IAM+ and analyze data in the form of life
histories to describe how parents and children experience perceived outcomes.

Results: The project was funded in 2017 by the Canadian Institutes of Health Research and received an ethics approval by the
McGill University’s institutional review board. Data collection for phase 1 was completed in 2018. Phases 2 to 4 will be conducted
until 2020. Findings from this study will also be used to develop a free toolkit, useful to all Web editors, with recommendations
for improving health information for low-SES persons and interactions with them using IAM.

Conclusions: The results of this study will provide a deep understanding of how low-SES parents use online child information
and interact with Web editors. Following the implementation of IAM+N&G+, results will also elucidate subsequent health
outcomes for low-SES parents and children after interaction with Web editors has been optimized.

International Registered Report Identifier (IRRID): PRR1-10.2196/9996

(JMIR Res Protoc 2018;7(11):e186)   doi:10.2196/resprot.9996

KEYWORDS

consumer health information; information technology; primary health care; knowledge translation; literacy; vulnerable populations

Introduction

Rationale
Early life experience is a determinant of social inequalities in
physical, mental, and social well-being [1-6]. Children living
in poverty are more likely to suffer from developmental and
health problems, and childhood interventions can decrease
incidence and prevalence of these problems [7-12]. The
proposed project is aimed to assess and improve a childhood
intervention: the Naître et grandir (N&G) website and
newsletter on child development, education, health, and
well-being, which includes the Information Assessment Method
(IAM) that allows N&G readers to continuously assess, and
subsequently the N&G editors to improve, the content shared
on the N&G website and newsletter.

Parents with low education and low income, hereafter referred
to as parents with low socioeconomic status (SES), typically
have a low literacy level (limited ability to acquire, understand,
evaluate, and use written information). Low parental literacy
level is particularly detrimental to child health: a low literacy
level is associated with worse health status, difficulties accessing
health care, and poorer preventive health behavior and
self-management of health problems [13-23].

Education and income are the most important SES indicators,
and together, they are strongly associated with child health
status [24,25]. According to research on information-seeking
behavior, parents with low SES have greater information needs
than parents with high SES [26]. The use of high-quality online
information can improve quality of life and have positive family,
economic, and social impacts on low-SES parents, including
refugee and homeless parents [27-31]. High-quality information
and literacy-related interventions can reduce unnecessary calls
and visits to health professionals, increase knowledge and
self-efficacy, and improve health [16-19,32-47].

N&G [48] is a website independent from industry funding that
provides high-quality information (based on research syntheses

and validated by experts) on child development, education,
health, and well-being. N&G users can access hundreds of
information pages (1 page per topic) that are organized in age
group categories, ranging from pregnancy to the age of 8 years.
N&G also produces a weekly newsletter to support parents,
including those with a low literacy level, having children under
the age of 8 years.

N&G partnered with investigators from McGill University to
validate and implement the IAM to continuously assess and
improve content shared on the N&G website and newsletter
[49-53]. In line with the Canadian Institutes of Health Research
(CIHR)’s definitions [54], the IAM is a knowledge translation
tool for monitoring N&G information use, and its impact on
parents is measured by expected health/well-being benefits. It
is also fostering parent engagement by enabling parents to
interact with N&G editors by providing feedback on the
information content. The IAM questionnaire includes 7
questions (with clickable answers and 2 comment boxes),
allowing users to rate on the situational relevance,
cognitive/affective impact, intention to use and expected benefits
of specific information content (N&G information page), and
write comments.

During our pilot phase (September 1, 2014, to August 31, 2016),
we collected 34,021 IAM ratings (completed IAM
questionnaires) from parents, relatives, and professionals
(education, health, and social services) who read N&G content.
In line with studies on social inequalities in Web information
use [55-61], the statistical analysis of these ratings revealed a
social gradient: low-SES parents underuse N&G and the IAM
(Figure 1). Results also indicated that low-SES parents are more
likely to report decreased worries and increased confidence as
a result of using N&G information [50]. There is a need to
understand this gradient to improve N&G content and reach
low-SES parents and a need to explore how the use of
knowledge translates into health and well-being outcomes for
low-SES parents and children.
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Figure 1. Social gradient in assessing Naître et grandir (N&G) information with Information Assessment Method (IAM). A dot represents the total
number of IAM ratings completed by all N&G newsletter subscribers living within the postal code areas of a Canadian centile of Material Deprivation.
There is a negative linear relationship as areas with higher deprivation have a lower proportion of newsletter ratings/subscribers. The correlation
coefficient is −.42 (P<.001).

Goal and Objectives
This study (research protocol) has been recently funded by
CIHR. As per CIHR’s definition of knowledge translation
(“making people aware of knowledge and facilitating knowledge
use to improve health”) [62], our goal is to improve how
low-SES parents engage with and use online information about
child development, education, health, and well-being; learn how
this format for knowledge sharing translates to improved health
and well-being outcomes for low-SES parents and their children;
and explore their interaction with Web editors to influence
content (responsible for websites’ content). On the basis of the
N&G team's (the director and 2 coordinators) questions and
using the Knowledge-to-Action framework [63], we determined
4 research objectives:

• Objective 1: Identify low-SES parents’ views on barriers
and facilitators to accessing, understanding, and using N&G
information content and to interacting with N&G editors
via the IAM.

• Objective 2: Adapt N&G content/functions and the IAM
tool (user-centered design) to reduce barriers and optimize
facilitators identified in phase 1 and implement new
versions labeled N&G+ and IAM+.

• Objective 3: Evaluate whether N&G+ and IAM+ result in
a higher proportion of low-SES parents engaging with the
N&G site and the content provided and interacting with
editors via the IAM.

• Objective 4: Describe how expected health and well-being
benefits of N&G+ information use (reported via IAM+) are
experienced by parents with low SES and their children.

Systematic Literature Review and Theoretical Model
The nominated principal investigator (NPI) led a CIHR-funded
systematic review and proposed a comprehensive harmonized
typology of (1) outcomes associated with the use of online
consumer health information and (2) conditions (network and
resources) leading to these outcomes [64-67]. A total of 68
studies were analyzed using framework synthesis [68,69]. This
synthesis was based on an initial framework derived from
information studies [49,70-78] and led to propose an innovative
theoretical model (Figure 2) [66,67]. This model includes
positive and negative health outcomes of online consumer health
information in a primary care context and is (information)
consumer oriented.

The model comprises 13 main concepts (42 factors and
outcomes) and will be used in this study to inform data
collection and analysis, for example, the phase 1 qualitative
interview guide and interpretive thematic analysis. The model
will contribute to establish a chain of evidence linking ultimate
outcomes of information (such as health outcomes), intermediary
outcomes (such as cognitive impact of information), and
conditions associated with outcomes (information needs and
seeking behaviors and contextual factors).
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Figure 2. Theoretical model.

Outcomes
The model includes an organizational level of information
outcome (eg, increased or decreased use of health services) and
4 individual levels of outcomes of information. The latter
outcomes reflect how information is valuable from the
consumer’s perspective: situational relevance, cognitive impact,
use of information (conceptual, legitimating, instrumental, and
symbolic use), and subsequent health and well-being outcomes.

Conditions
The model includes conditions associated with outcomes of
information in relation to a specific situation: a particular
information object is acquired or delivered (eg, a Web page or
a newsletter) in a particular situation (eg, before or during or
after an encounter with someone) directly or with help from a
relative or a professional. The main conditions are information
needs and seeking behaviors; individual characteristics (such
as electronic health literacy); social and technical factors (such
as social networks); relationships with professionals (such as
teachers, clinicians, and social workers); and access to education,
health, and social services. The first phase of this study will
specifically look into conditions experienced by low-SES
parents, such as media competence.

Direct acquisition of online information depends on an impetus
to search (motivation), momentary internet connection, internet
search skills, and one’s ability to understand the content that
may or may not be adapted to their individual literacy level
[79-81]. Approximately 95% of parents of preschool children
have direct individual access to the internet in Quebec [61], and
parents can also access it at office workplaces and public
libraries [79-81]. Literacy level is generally defined as the
degree to which a person has the ability to “acquire, understand,
evaluate, and use information” needed to obtain services and
make appropriate decisions [23]. Computer literacy, information
literacy, and health literacy are interdependent (eg, a person
with a low literacy level has a low level of health literacy).
Culture is central in literacy, and one’s literacy level depends
on one’s ability to understand systems of symbols from one’s

own culture or a dominant culture and language, for example,
immigrants and refugees may have a higher literacy level in
their country of origin compared with their adoptive country
[23]. As mentioned in our model, the literacy level is situational
and contextual, given that a social network can compensate for
an individual’s low literacy level.

Mediated (by someone else) acquisition of information is very
common. The absence of an individual connection 24/7 is no
longer the primary barrier to seeking health information [80];
for example, our pilot data show that 18.1% of IAM ratings
concerned N&G information seeking for someone else’s child
(eg, relative’s, friend’s, neighbor’s, or client’s child). Even
homeless parents or recent immigrants and refugees can acquire
online consumer health information directly or mediated by
their social network, including community organizations; public
libraries; and education, health, and social services [23,27-31].
Indeed, information studies show that consumers combine
mediated information with direct acquisition of online health
information, the latter allowing them to probe information
provided by professionals [64-67]. For analytical purpose, we
conceive these combinations as the interpenetration of social
systems centered on communicative action, for example, the
health system (mediated access) and a consumer parent system
(direct access and mediated access via their social network)
[82-85].

Significance
Our project focuses on all Canadian parents with low SES who
acquire (direct or mediated) online information about child
development, education, health, and well-being. In Canada,
42% of nonelderly adults [16,17] and 15% of children live in
low-income households [86]. In Quebec, 36% of parents report
living in poverty [87]. The demand for information is very high,
resulting in frequent internet searches; for example, parents
search the internet for child-related information on average 1.3
times per week in Quebec, and 73% of parents report that the
internet constitutes their first-line source of parenting
information [88].
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Table 1. Main features of Naître et grandir and AboutKidsHealth.

AboutKidsHealth [94]Naître et grandir [48]Main features

16.8 million worldwide visits24 million worldwide visitsWebsite annual traffic

Health information about children aged under 19 yearsDevelopmental, educational, health, and well-being information
about children aged under 8 years

Information

English, French, and 10 other languagesFrenchLanguage

Parents, relatives, and caregivers and health professionalsParents, relatives, and caregiversTargeted audience

Specifically, our project is important for about half the
population of parents of children under 19 years, namely, parents
with a low literacy level. Low literacy is a major concern in
Canada [16,17,19,20,23]. Results of the 2011 to 2012 survey
of a representative sample of 25,267 Canadian parents aged 16
to 65 years showed that 49% of parents have a low literacy
level: [89,90] they have difficulty finding, understanding, and
using information presented in a dense or lengthy text;
navigating complex digital texts; interpreting and evaluating
information (constructing meaning); and disregarding irrelevant
or inappropriate content when there is competing information
(including when correct content is more prominent).
Furthermore, our results may help any parent who faces a
transitory low literacy level because of a stressful situation. This
interdependence between information and emotion is well
established in the information literature [91,92].

Our project nevertheless does not focus on the few
information-poor parents without access (direct or mediated)
to online information. In the United States, only 1% of 18- to
29-year olds did not use the internet in 2015 [93]. The Quebec
2015 survey of a representative sample of 23,693 parents of
preschool children showed that only 1.5% of parents never know
where to find child information [61]. According to information
studies, the information-poor parents (1) perceive themselves
as persons who cannot be helped, (2) adopt self- or
group-protective behaviors, (3) are secretive and mistrust others,
and (4) consider exposure to information as a risk (harm
outweighing benefits) [30].

Our project engages a partnership between N&G and
AboutKidsHealth (AKH) [94], both popular comprehensive
Web-based resources (Table 1). Both resources contain text
with a readability level below high school (this level may be
higher for disease-related information), visual illustrations, and
complementary simple illustrative videos. For each Web page,
an audio help system highlights words as they are spoken. In
2016, our librarian did an environmental scan of Canadian
parental websites and found multiple specialized resources but
only 12 comprehensive resources (including N&G and AKH).

Although this study is a priority in a Canadian context, our
results can be important to and applied by all Web editors who
provide health information, thereby benefitting all adults with
a low literacy level (not only parents). For example, Health
Canada policies recommend funding projects that aim to
improve access to, and conduct research on, information for
Canadians with a low literacy level [23]. Information systems
are key components of health systems and crucial to meet human
rights and the democratic right to know and communicate
[31,95-100]. Among adults, the most frequent searches for

information are about health [101]. The demand for high-quality
low-literacy health information is, hence, very high.

Methods

Organizational Participatory Research Approach
Our project uses an organizational participatory research (OPR)
approach. OPR is a form of integrated knowledge translation
that blends action research and organizational learning to
undertake research with organizations and improve practice
[102-107]. N&G (organization) proposed the research questions
and will participate in all research steps. The NPI has OPR
experience and expertise. The NPI led a CIHR-funded
systematic review on OPR key processes and outcomes [107].
A steering committee composed of the NPI, the coprincipal
investigator, the partner (principal knowledge user), another
knowledge user (AKH), and 2 low-SES parents will meet before
and after each phase for planning and interpreting results,
respectively. All team members will be consulted and have the
opportunity to influence the steering committee’s decision
making.

Methodology and Methods
A mixed-methods multiphase design will be used [108,109].
Ethical approval has been recently obtained from the
institutional review board (IRB) of the Faculty of Medicine at
McGill University (IRB#A10-E69-17B). Phases 1, 3, and 4 will
be informed by our theoretical model (Figure 2).

Phase 1 (Objective 1): Identify Barriers and Facilitators
to Use Naître et Grandir and Interact With Editors Via
Information Assessment Method

Design

We will conduct an exploratory qualitative interpretive study
to have a better understanding of barriers and facilitators in
using N&G and interacting with editors via IAM [110].
Qualitative research is appropriate as it provides in-depth
descriptions from the stakeholders’ viewpoint and helps
researchers to understand their constitutive elements and variants
[111].

Setting and Participants

Participants will be 20 users and 20 nonusers of IAM and N&G
(additional participants will be recruited to achieve data
saturation). First, users will be recruited among low-SES parents
who indicate that they agree to be contacted when they complete
an IAM questionnaire on N&G and who have used N&G and
IAM at least once. N&G will send the group an invitation to
participate in a research project via an email containing the
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research team’s full identification and contact information. The
research team will only communicate with N&G users who
responded with an interest to participate in the research project
via email or phone. Eligible parents will have no high school
diploma and have an annual family income lower than Can
$40,000 (Quebec poverty line). Second, nonusers (10 who never
used the IAM and 10 who never used N&G) will be recruited
by a principal investigator (CL) and a collaborator (GD, N&G
Director) who work with community organizations for parents
with low SES.

Data Collection

A research assistant having experience in qualitative interviews
with low-SES persons will conduct individual 60-min
semistructured face-to-face interviews at the location of each
participant’s choice. In line with sociological and information
studies [112,113], interviews will explore how participants
experience, conceptualize, perceive, and understand aspects of
N&G information and the IAM. The interview guide will consist
of open-ended questions addressing the participants’ routines
in terms of internet use (both for their personal and children’s
development information needs), their experience in the use of
IAM and N&G’s information, the facilitating aspects of N&G
and IAM, perceived barriers in their experience, and suggestions
to improve the N&G website and IAM. On the basis of the
theoretical model, the interview guide will be developed in a
simplified language with input from team members and the
steering committee. We will conduct 2 pilot interviews to ensure
the questions are comprehensible for the participants. The
recruited respondents will receive Can $20 as compensation for
their time. In addition to the research assistant’s observation
notes, interviews will be audio recorded and transcribed
verbatim.

Data Analysis

Two principal investigators (PP and CL) have experience in
qualitative research and 1 (CL) has experience in qualitative
research with populations in situations of vulnerability. With
the research assistant and a research trainee, they will read notes
and interviews and meet regularly to build memos (meeting
minutes with arguments for and against each analytical decision,
as rigor is mainly based on researchers’ reflexivity in this design
[110]), case summaries, and themes (definitions and key
examples) using hybrid deductive-inductive thematic analysis
[114,115]. The research assistant will manage the analysis using
specialized software (NVivo11). Themes will be derived from
our theoretical model (Figure 2; deductive coding) and emerge
from the data (inductive coding). Major themes will be barriers
and facilitators. For each type of participant (user/nonuser),
additional parents will be recruited up to saturation (no new
parents’views of barrier or facilitator). Then, we will harmonize
themes [116]. For each theme and definition, we will identify
terms, confirm the usage of these terms in reference documents,
distinguish correct from incorrect usage, and retain terms that
facilitate unambiguous communication. This will lead us to
classify, group, and clarify barriers and facilitators in a coherent
taxonomy, which will be reviewed by team members and the

steering committee. Findings will provide recommendations
for improving IAM and N&G.

Phase 2 (Objective 2): Improve Naître et Grandir and
Information Assessment Method
Two team members (FL and GD) are head directors of the N&G
website and will lead this phase. Phase 1 findings will inform
the production and implementation of IAM+N&G+
(user-centered design). This version will integrate the
perspectives of low-SES parents, the steering committee,
research team members, and N&G staff on how to overcome
barriers and optimize facilitators. Production of this version
will be planned with 2 Web editors and 2 Web engineers from
the N&G team. According to Web engineers, 6 months is an
ample time frame for production and beta testing. All necessary
resources at N&G will be made available to implement
IAM+N&G+. Two half-day meetings with principal
investigators and N&G staff have been deemed sufficient to
plan changes with editors and engineers. The N&G Director
stated that she will implement what will be requested by the
phase 1 participants, as her mandate (N&G mission) is to
specifically address information needs of parents with low SES.
For their part, AKH will redesign their website, integrate phase
1 results in this study, and implement IAM+.

Phase 3 (Objective 3): Evaluate Use of Information
Assessment Method+ Naître et Grandir+, Information
Use, and Benefits

Design

We will conduct a quantitative prospective longitudinal study
to evaluate the impact of the intervention (IAM+N&G+).

Setting

Weekly numbers of N&G sessions and IAM ratings will be
monitored over 2 years. A session starts when someone opens
a Web page and ends when the person (or a relative with the
same IP address) does not use the website for more than 30 min.
For each quintile of SES, data will be collected for 9 months
preimplementation (IAM/N&G) and 9 months
postimplementation (IAM+N&G+). To avoid bias related to
the novelty effect, data collected in the 3 months immediately
following the implementation will be excluded from the analysis.
The chosen periods also ensure seasonal comparability of the
collected outcome data (before and after intervention).

Participants

All N&G readers and IAM raters across Canada will participate.

Measurement

N&G and McGill already use Google Analytics, an objective
and reliable automatic data collection of N&G readers’
demographic characteristics and website use behavior (based
on javascript codes in each Web page) [117-120]. IAM raters’
demographic data are collected with a questionnaire (linked to
an anonymized identifier). The validated IAM questionnaire
[53] collects self-reported information use and subsequent
expected health/well-being benefits for parents and their child.
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Table 2. Types of outcomes monitored weekly.

Description and data sourceOutcomeType

Weekly number of unique sessions (Google Analytics)N&Ga sessionsA1

Weekly proportion of sessions with at least 1 page entirely read (Google Analytics)N&G readA2

Weekly number of IAM questionnaires submittedIAMb ratingsA3

Weekly proportion of IAM ratings information used for the child of someone elseN&G mediatedB1

Weekly proportion of IAM ratings information used for oneself and one’s childN&G usedB2

Weekly proportion of IAM ratings expected health or well-being benefit for a parent and child, including at least 1 of
the following self-perceived benefits (IAM choices of response): improvement of the health or well-being of a child,
being less worried, prevention of a problem or the worsening of a problem, handling a problem, and being more confident
to decide something with someone else

Expected benefitsC

aN&G: Naître et grandir.
bIAM: Information Assessment Method.

Outcomes

In line with CIHR knowledge translation guidance [54], 3 types
of outcomes will be considered weekly (Table 2): (A) N&G
and IAM use, (B) self-reported N&G information use, and (C)
subsequent expected benefits.

Covariates

The main predictor will be participants’ SES as determined by
the Quebec Index of Material and Social Deprivation, a validated
ecological measure of the (education, income, and employment)
disadvantage of a given geographic area (postal code) [121,122].
For each session, an index will be automatically assigned using
(1) the reported postal code and the Canadian Deprivation Index
Assignment Program (CDIAP) of the Public Health Agency of
Canada when the data source is IAM and (2) the postal code
matched to the session geotag via the “Dissemination Area
Boundary File” of Statistics Canada and the CDIAP when the
data source is Google Analytics. This will allow for the
identification of low-SES participants (highest quintile of
material and social deprivation). Using Google Analytics,
participants’ demographic variables that will be considered in
all analyses are age, gender, rural/urban location, and province.
In addition, Web page–specific variables will be included to
assess potential confounding and effect modifications. For each
session, the type of device (Google Analytics: phone, tablet or
laptop, and desktop), the audio-guide use (Google Analytics:
yes or no), and the readability score of pages entirely read
(automatic extraction and measurement using a text classifier
validated for French) [123] will be collected.

Study Size

On the basis of our 2-year pilot data (2014/09-2016/08), we
anticipate about 5 million N&G sessions and 15,000 IAM ratings
from Canadian participants during each period (pre- and
postimplementation).

Anticipated Results

The IAM+N&G+ will result in an increase of all outcomes
(N&G and IAM use, self-reported N&G information use, and
subsequent expected health and well-being benefits for parents
and children such as decreased worries and health improvement,
respectively).

Statistical Analysis

Linear mixed modeling will integrate spatial analytics
(geomatics) and account for the clustered nature of the data.
The pre/post status, the SES quintile of deprivation, and
potentially confounding variables will be included as
fixed-effects covariates. The inference model will incorporate
random effect terms for individual variables and Web
page–specific variables. For each outcome, an interaction term
of the SES quintile of deprivation and the pre/post status will
be included to assess the pre/post change for each quintile.
Estimated regression coefficients and variance parameters will
be reported along with appropriate confidence intervals.

Phase 4 (Objective 4): Describe Parent and Child
Outcomes of Naître et Grandir+ Information Use

Design

We will conduct a qualitative interpretive study to generate an
in-depth description of parent and child outcomes from the
parents’perspective [124]. On the basis of our systematic review
[66,67], we anticipate 3 types of parent outcomes (decreased
worries, increased confidence, and self-management) and 2
types of child outcomes (prevented problem and improved
development, health, and well-being). Our pilot data (34,021
IAM ratings) also suggest parents rarely report potential negative
consequences of using information, for example, vaccine adverse
effect (n=183; 0.5%). In outcomes research, qualitative methods
are appropriate for exploring complex outcomes from the
stakeholders’ perspective, such as life experiences
[111,125-131]. In our study, information can influence parent
decision making, but the relationship between information and
decision is not simple. Our qualitative study will (1) identify
causal events, (2) map them in a complex causal network, and
(3) build a chronological chain of qualitative evidence between
N&G information and a parents’ decision that affects
knowledge, attitude, or behavior [131,132].

Participants

Participants who received the N&G+ newsletter, used IAM+ at
least once, have agreed to be contacted for research, and live in
a high deprivation area will be approached for recruitment. The
recruitment procedure will be the same as for phase 1. In 2015,
more than 24,000 families received, upon request, the weekly
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newsletter. We will begin by recruiting 30 parents (and continue
recruitment, as needed, to achieve data saturation) who report,
via IAM+, positive health and well-being outcomes and/or
potential negative consequences of information (prioritizing
those who live in the areas of highest deprivation). As we are
looking for individual stories for about 6 types of outcomes
(some less frequently reported than others), data saturation may
not be reached with fewer than 50 participants [111,133-135].

Data Collection

The research assistant having experience in qualitative
interviews with low-SES persons will conduct 60-min
face-to-face interviews to elicit participants’ IAM+ ratings. The
interview guide will be based on our theoretical model (Figure
2) and input from team members and the steering committee.
To stimulate recall (memory), the interviewee will be given the
list of recent texts they rated and their ratings. For each
newsletter, the research assistant will ask open questions
regarding what happened to them and/or their children that led
them to report an expected outcome (positive or negative).
Participants will be interviewed twice 3 months apart to increase
the number of described outcomes and avoid fatigue of long
interviews. Participants will receive Can $20 per interview as
compensation for their time. In addition to the research
assistant’s observation notes, interviews will be audio recorded
and transcribed verbatim.

Data Analysis

Two principal investigators (PP and CL) have experience in
qualitative research. With the research assistant, a collaborator
anthropologist having expertise in life histories (MB) and a
research trainee will read notes and interviews and meet
regularly. For each case (information used with at least 1
outcome experienced by a parent and a child), they will interpret
the data in the form of a small story [112,136-138]. This method
allows researchers to describe a person’s individual experience
(including all perceived influences) and helps the researcher
understand the individual’s attitude and behavior [33]. In
research meetings, 2 questions will be answered through
recorded discussion of arguments for and against each analytical
decision (rigor based on sharing reflexivity): is the case story
clear? and are the causal network and chain of evidence
trustworthy? Disagreements about clarity and trustworthiness
of case stories will be resolved with 3 other team members
having experience in qualitative research (Bouthillier, Thoër,
and Smythe). Case stories will be reviewed by all team members
and the steering committee. This may detect issues and result
in the principal investigators and research assistant revising
parts of their analysis.

Anticipated Results

This will generate up to 10 case stories per outcome type, being
the first in-depth qualitative description of low-SES parents’
perspective on outcomes of online child information use.

Results

The project was funded in 2017 by the CIHR and received an
ethics approval by the McGill University’s IRB. Data collection
for phase 1 was completed in 2018. Phases 2 to 4 will be
completed by 2020. Findings from this study will be used to
develop a free toolkit, useful to all Web editors, with
recommendations for improving health information for low-SES
persons and interactions with them using IAM. Results will be
published in peer-reviewed journals and presented at national
and international scientific conferences.

Discussion

Direct Impact on Naître et grandir and AboutKidsHealth

Any improvement of knowledge translation tools and websites
such as IAM, N&G, and AKH can have an important impact
as it affects a large population of individuals with a low literacy
level. In fact, the effectiveness of childhood education
interventions has been demonstrated repeatedly
[16-19,23,27-47]. In our 2-year pilot data, parents expected
health and well-being benefits (for themselves or their child)
from using N&G information in 65.4% of all IAM ratings
(n=34,021) [50]. In accordance with knowledge translation and
implementation research [62], we will not replicate effectiveness
studies and rather focus on improving interventions that work.

Our project can improve engagement (number of visits) with
websites providing high-quality low literacy information; in
turn, online parenting information improves parents’knowledge,
attitudes, and behaviors [139-145]. Given our integrated
knowledge translation (participatory research) approach, N&G
and AKH will adapt their content for low-SES users as we
generate results. In addition, IAM+ will better support low-SES
parents’ interactions with Web editors and empowerment. Thus,
our results can immediately benefit millions of information
users with a low literacy level (children’s parents and relatives),
for example, in Canada (Table 3).

IAM+N&G+ can be seen as an innovative intervention that
complements traditional literacy programs (eg, family literacy
classes). Indeed, interventions that somewhat compensate for
a low literacy level can greatly improve parents’ and children’s
health and well-being [23]. Thus, our results can have a positive
impact on 55% of the Canadian working age, those who have
a low level of health literacy and need compensatory help to
manage their health [23,89,90].

Specifically, IAM+N&G+ can help Canadians in francophone
minority communities, as 500,000 annual N&G website visits
originate from them. Research with these communities is very
underfunded, thus a CIHR priority [146]. As stated in the
October 2016 report of the Commissioner of Official Languages
[147], early childhood development in these communities is
hindered by a lack of resources, and the absence of specific
funding has left them vulnerable and often incapable of meeting
their needs.
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Table 3. Targeted population in Canada.

IAM AboutKidsHealth (new version)IAMaNaître et grandir (new version)Across Canada

5.8 million families (couples with children and single-
parent families with at least 1 child)—all languages

1.3 million families have French as mother tongue (cou-
ples with children and single-parent families with at least
1 child)

Familiesb

12 million adults aged 20 to 69 years have a low liter-
acy level

2.8 million adults aged 20 to 69 years have a low literacy
level (and French as mother tongue)

Children’s parents and relativesb

1.5 million visits in 2015 mainly on Web pages in
English (58%), French (16%), Spanish (14%), and
Arabic (5%)

8.3 millionc visits in 2015 mainly from Quebec (7.8 mil-
lion), Ontario (304,000), and New Brunswick (70,000)

Website visits from Canada

aIAM: Information Assessment Method.
bStatistics Canada 2015.
c76% of parents of children aged under 8 years consult Naître et grandir in Quebec (on average 1.3 times per week).

Potential Impact Beyond Naître et grandir and
AboutKidsHealth

Results will inform the development of an open access online
tool kit on how to adapt websites and IAM+ for a low literacy
audience (a growing consideration of many Web editors). The
tool kit will be designed to be generalizable to all types of online
consumer health information in Canada. It will include guidance
with 3 main messages: (1) how to produce simple information
in lay language with audio and visual content, (2) how to better
interact with low-SES persons using IAM+, and (3) how to use
consumers’IAM+ ratings and feedback to continuously optimize
information content. The tool kit will be freely available to any
Web editor via the Quebec SPOR-SUPPORT Unit and IAM
websites. The NPI has experience in developing tools and leads
the method development platform of the Quebec SPOR-
SUPPORT Unit.

Our primary knowledge translation goal for knowledge user
audiences will be to raise awareness about our main messages
and drive attention to the tool kit. A secondary knowledge
translation goal will be to support the implementation of the
toolkit by Web editors. Knowledge users will disseminate our
work in multiple Canadian organizations. As per reviews on
scaling up [148-150], we will update our 2016 environmental
scan and contact all Canadian websites targeting parents. A
specialized librarian (collaborator) will reach additional health
websites through librarian listservs and peer networks. Team
members will raise general awareness for the tool kit and deliver
our main messages to a variety of academic and nonacademic
knowledge user audiences via a range of knowledge translation
strategies (conference presentations, open access peer-reviewed
publications, plain language summaries and grey literature,
social media, and networks). Multiple knowledge translation
channels will be used including Twitter (@UniteSoutien) and
websites such as the Quebec SPOR-SUPPORT Unit and the
IAM websites [151,152].

Contribution to Scientific Knowledge
Our project will advance knowledge on the value of online
information for, and interaction with, low-SES persons to

strengthen health systems. On the one hand, this project is the
first to systematically explore health and well-being outcomes
for low-SES parents and children associated with parenting
information websites. Most studies focus on discussion forums
that can be intimidating to low-SES parents
[140,142,143,153,154]. On the other hand, many studies concern
relational marketing and website feedback buttons [52,155-158],
but we know of none that addresses interactions between
low-SES persons and Web editors (such as interaction through
IAM+).

Timeline and Potential Challenges
Overall, 3 years will be needed to complete this project (Figure
3). Our phases are simple and well defined, and our planning
is realistic. In phases 1 and 4, we anticipate no recruitment
difficulties. Many parents have already agreed to be contacted
for research, and N&G will facilitate the recruitment. Phase 2
is feasible, and the deliverables are realistic given that N&G
has already implemented IAM, McGill and N&G have a strong
OPR partnership, and N&G is committed to implementing
IAM+N&G+. In phase 3, the large number of N&G readers
guarantee a large sample. To control for potential seasonal
variation in the number of sessions pre- and postimplementation,
monitoring will be conducted during the same seasons. To
control for contextual changes, variables such as type of device,
age, gender, and location are covariates. We have opted for a
prospective longitudinal study as monitoring is embedded in
N&G routines. In addition, although randomization would
provide a higher level of evidence, it was considered unethical
to randomly assign low-SES parents to N&G+ or N&G
information and impractical for such a popular website
(contamination bias) [159]. Moreover, 3 typical potential sources
of biases in longitudinal designs may not affect our study: the
use of proportions will control for historical events, there will
be no respondent fatigue as our 2-year pilot data showed that
the monthly number of IAM raters is stable, and the social
desirability bias will affect pre- and postimplementation periods
in a similar manner.
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Figure 3. Study timeline. N&G: Naître et grandir; KT: knowledge translation; IAM: Information Assessment Method.

Considering the commitment, expertise, and networks of our
team, we expect no major challenges. This project is highly
facilitated by the participatory research approach (a form of
integrated knowledge translation). In addition, it is sustainable
as our results will be applied and sustained by 2 longstanding
organizations. N&G is fully funded since 1998 by the Lucie et
André Chagnon Foundation (one of the largest philanthropic
agencies in Canada) and is a priority of this foundation. AKH
is owned by the Hospital for Sick Children (Toronto) and is
fully funded since 2004 by multiple maternal and child health
agencies.

Conclusions
The results of this study will provide a deep understanding of
how low-SES parents use online child information and interact
with Web editors. Following the implementation of
IAM+N&G+, results will also elucidate subsequent health
outcomes for low-SES parents and children after interaction
with Web editors have been optimized. Thus, our results can
immediately benefit millions of information users, children’s
parents and relatives in particular, with a low literacy level.
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Abstract

Background: Smart home technologies are emerging as a useful component of support delivery for people with brain impairment.
To promote their successful uptake and sustained use, focus on technology support services, including training, is required.

Objective: The objective of this paper is to present a systematic smart home technology training approach for people with brain
impairment. In addition, the paper outlines a multiple-baseline, single-case experimental design methodology to evaluate training
effectiveness.

Methods: Adult participants experiencing acquired brain impairment who can provide consent to participate and who live in
housing where smart home technology is available will be recruited. Target behaviors will be identified in consultation with each
participant based on his or her personal goals for technology use. Target behaviors may include participant knowledge of the
number and type of technology functions available, frequency of smart home technology use, and number of function types used.
Usage data will be gathered via log-on smart home technology servers. A smart technology digital training package will also be
developed and left on a nominated device (smartphone, tablet) with each participant to use during the trial and posttrial, as desired.
Measures of the target behavior will be taken throughout the baseline, intervention, and postintervention phases to provide the
evidence of impact of the training on the target behaviors and ascertain whether utilization rates are sustained over time. In
addition, trial results will be analyzed using structured visual analysis, supplemented with statistical analysis appropriate to
single-case methodology.

Results: While ascertaining the effectiveness of this training protocol, study results will offer new insights into technology-related
training approaches for people with brain impairment. Preliminary data collection has been commenced at one supported housing
site, with further scoping work continuing to recruit participants from additional sites.

Conclusions: Evaluation evidence will assist in planning for the smart technology set-up as well as training and support services
necessary to accompany the provision of new devices and systems.
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Introduction

There is growing recognition that electronic assistive technology
(EAT) has the capacity to impact the way support is delivered
to people with disability. Recent policy and research highlight
that the end user should be empowered and supported to set
goals for, choose, and implement the use of EAT, and this
person-centered approach will benefit outcomes [1-4]. EAT
encompasses mobile computing technologies in use by the wider
population as well as specialized devices traditionally designed
for and marketed to people with disability [5,6]. Mainstream
devices such as smartphones and tablets are emerging as useful
tools in developing the independence and participation of people
with brain impairment-related disability in a range of life areas
[6-9]. Apps that enable home automation and environmental
control via these devices continue to emerge [10,11] and present
exciting opportunities for this group to exercise environmental
control and greater autonomy within the home.

In Australia, new models of supported housing for people with
disability are beginning to integrate smart home technologies,
including home automation and support staff communication
systems, into their base design [12,13]. The use of EAT in these
ways is of particular interest to funders of long-term care and
support for people with disability, with potential cost benefit
associated with reduced dependence on others within the home
to complete daily tasks [14]. In Australia, the National Disability
Insurance Agency has identified assistive technology, including
home automation, environmental control systems, and tablet or
smartphone apps, as offering the potential to reduce the lifetime
care costs of people with severe disability and reduce the
liability to the National Disability Insurance Scheme [2].

Recent research has demonstrated that the opportunities
presented by EATs to people with disability living in supported
housing have not yet been fully harnessed. A survey of 254
people with disability living in shared supported accommodation
(SSA) in Victoria, Australia, demonstrated that only 43.7% had
access to mainstream technology, and 10.6% had access to
specialized technology [15]. Of 173 multifunction devices in
use by surveyed SSA tenants, 42.8% were used for a single
purpose and 7.4% had been abandoned (ie, were no longer used
by a person) [16]. Qualitatively, interviews with people with
acquired brain injury (N=22) living in SSA also indicated that
many people were underutilizing the technologies they had
access to while others were simply no longer using the devices
they had previously purchased or had funded [5]. Participants
were consistently more satisfied with the devices they used than
they were with the support services they received in relation to
the device use [5]. These services included procedures for
obtaining the device, repairs or servicing, information and
attention when using the device, and continuing support services
[17].

Findings across these studies in SSA suggest that the
underutilization and abandonment of devices may be attributed
to gaps in “soft technology” support services. Soft technologies
are defined as the “human factors” that lead to successful device
or system uptake, such as any assessment, planning, training,
and review involved in locating a suitable assistive technology

[18]. Access to 24-hour shared support from disability support
workers in SSA was not sufficient to promote and sustain the
ongoing technology use for this group. Gaps were identified in
support for device selection and set-up in the first instance, as
well as ongoing support to modify, develop skills to use, or
grade the use of specific devices over time [5]. Similarly,
Sohlberg and Turkstra [19] pointed to limited systematic training
received as a barrier to the effective use of cognitive aids, which
can include EAT devices.

The findings of the above research, when coupled with other
investigations, emphasize the need to develop structured
approaches for the delivery of technology support services,
including a person-centered approach to EAT use and training,
for people with brain impairment. Powell et al [20] argued that
systematic training delivers better skill maintenance and
generalization than trial-and-error approaches. Following task
analysis that defines the multiple steps that need to be trained,
systematic training involves instructions on how to use the
device as well as planning for the support that will promote use
in the relevant environment [19]. Ponsford et al [21] similarly
emphasized the importance of task analysis prior to multistep
training and the importance of delivering interventions in
real-life environments, tailored to the needs of an individual.
Sohlberg and Turkstra [19] compared the training needs of two
people with brain impairment to highlight the differences in
training approach required between individuals. The comparison
is made between a person with significant memory impairment
that impacts his or her ability to learn new information and a
person with a brain injury-related executive function impairment
that impacts the initiation of device use. The authors suggested
that persons with memory impairment may require highly
structured, errorless learning approaches that incorporate
practice with spaced retrieval. Meanwhile, persons with
executive function impairment that impacts initiation may rather
require external cues or prompting to use a device in context
[19].

The new policy environment of a National Disability Insurance
Scheme in Australia has further driven a positive change in
consumer empowerment within a market-driven assistive
technology environment [2,22]. This further directs the
requirement for a person-centered, rather than
technology-driven, approach to the uptake and use of EAT.
With the need to deliver systematic approaches to technology
support for people with brain impairment identified, as well as
the opportunity for this group to now move into new models of
supported housing with integrated smart home technology, this
paper has two aims. First, it will document a systematic training
intervention for use with people with brain impairment who
have access to smart home technology in their housing.
Following this, the paper will outline a multiple-baseline,
single-case experimental design methodology that will be used
to rigorously evaluate the effectiveness of the training program.

The single-case experimental design offers an intensive research
method built on open systematic observation, repeated
assessment, and data analysis [23-25]. This study design enables
the evaluation of interventions tailored to suit an individual’s
needs and is, therefore, a valuable tool in collecting evidence
on interventions that can be readily applied to clinical practice
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[23]. Tate et al’s [26] Model for Assessing Treatment Effect
places single-case experimental design at the highest level (level
6) on a hierarchy for evaluating the viability of therapeutic
interventions. The following training approach and evaluation
protocol aims to positively influence the use of smart home
technology, including smart phone- or tablet-controlled home
automation or environmental control technology, by people
with brain impairment living in technology-enabled housing.
The training approach is designed to maximize technology
uptake and multifunction use and minimize underutilization or
abandonment risk for smart home technology devices and
systems.

Methods

Research Questions
This project was designed to answer the following research
questions:

1. Does smart home technology use increase over time with
exposure to this training program, where technology use is
defined as both frequency of use of smart home technology
and the number of smart home technology functions used?

2. Does awareness or recall of the number and type of features
of smart home technology available to an individual resident
increase over time with exposure to this training program?

To examine generalization effects, this research will also seek
to answer the following research questions:

1. Does exposure to the training program positively influence
the psychosocial impact of the smart home technology for
the person?

2. Does participants’ satisfaction with their smart home
technology increase with exposure to the training program?

3. If positive changes are noted following the training, are
these changes sustained beyond the intervention period (to
4 weeks postintervention) and can these changes be
attributed to specific phases of the intervention (eg, pre- or
postneeds assessment phase, pre- or postsupported practice
phase)?

4. Does participation in the training program lead participants
to develop further goals for EAT uptake or usage?

The study design and associated participant recruitment as well
as data collection procedures have been approved by Monash
University’s human research ethics committee.

Participants
Participants will be people aged >18 years with acquired brain
impairment and associated memory impairment who reside in
supported housing that offers integrated smart home technology
and 24/7 staffing support available on-call, either onsite or
remotely. Residents of these supported housing models who
use the integrated technology will be invited to participate in
this study. The key inclusion criteria of this study are that
participants have identified goal(s) to increase their technology
use. People identified through the initial “permission to contact”
stage of a third-party recruitment strategy (see below) who do
not wish to increase their technology use will not be recruited
into the study.

In this study, a third-party recruitment strategy will be used. An
invitation to participate (and contact details “permission to
contact” slip) will be provided by the research group to a
representative of the disability support provider at the housing
model. This provider will pass the invitation on to eligible
residents so they can consider whether they would like to release
their contact details to the research group. This study will only
include participants who can provide their own informed
consent. The service provider handing on the invitation will
know whether the person can provide his or her own consent
to participate, as part of their service agreement with the
resident. It is then the individual resident’s decision as to
whether he or she would like to fill out the permission slip and
post or email a copy of it back to the research team so that the
research group can contact him or her to provide more
information about the study. This recruitment design ensures
that the research group only accesses a person’s contact details
if the individual chooses to release them and that the service
provider need not know who has, or has not, responded.

Intervention Setting
This training intervention will be carried out in the homes of
consenting participants.

Target Behavior
The following are the target behaviors of this intervention:

1. Frequency of smart home technology use each day
2. Number of smart home technology function types used,

which may include the following functions: lights on or
off, blinds up or down, door open or close, heater or cooler
on or off

3. Participants’ knowledge of the number and type of smart
home technology functions they can access

Data on frequency and number of functions in use will be
gathered daily via actual logged data stored on the smart home
technology server at the chosen housing site. Measures will be
taken throughout the baseline, intervention, and postintervention
phases to provide evidence of the impact of the training on the
target behaviors and to ascertain whether utilization rates of the
integrated technology are sustained over time. In addition,
emphasis will be placed on developing an integrated digital
training package that can be left with the persons with disability
(or where appropriate, a family member or other carer) so that
they can be referred back to if required in future.

Baseline Measurement
The frequency of use and the type of smart home technology
function used is logged by the server controlling the smart home
system every time a function is used (including the time and
date it is used). Data can be extracted from the server with the
consent of the resident via a system-generated log report
provided by the technology company that installed the system.
In addition, baseline data on participants’ frequency and type
of technology use will be gathered daily over 7 days via review
of these system-generated logs, thus, providing 7 baseline data
points. In this way, the research team will be provided with a
thorough understanding of participants’ preintervention
frequency and type of technology use. Furthermore, a review
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of data logs will take place prior to each intervention session
to monitor participants’ progress.

A short questionnaire will be used to gather baseline data on
the participants’ knowledge of the number and type of smart
home technology functions they can access at their home. The
questionnaire will commence using a free recall format, asking
participants to name each function that can be controlled using
the installed smart home technology (eg, “Can you please tell
me all of the functions that you are able to control using your
smart home technology?”). Following this, participants will be
presented with a list of functions that may be controlled by the
smart home technology; this list will also contain distractor
items or functions that are not controlled by the smart home
technology installed in participants’ home. In addition,
participants will be asked to select the functions that their smart
home technology can control (eg, “What functions are available
on your device? Please tick all that apply”). Data on the number
of functions named correctly or incorrectly via free recall will
be collected along with data on the number of functions selected
correctly or incorrectly via the prepared list. Furthermore, the
questionnaire will be customized to the housing site within
which the research takes place to ensure that all smart home
technology functions available are captured and appropriate
distractor items are included.

Once these baseline data have been collected, participants will
be oriented to the range of functions that their smart home
technology can be used for via a prepared list that participants
will keep. Participants will be supported to post this list on a
prominent place (eg, a noticeboard or fridge) to refer to between
sessions. Use of this short questionnaire will continue throughout
the intervention to explore whether participants’ knowledge
and awareness of the number of functions available increases
from baseline.

In this study, we will use a concurrent multiple-baseline design
across 3 participants. According to Kazdin [25], typically ≥3
baselines are used in multiple-baseline design research to
demonstrate the impact of the intervention applied. As per this
method, baseline data will be collected continuously and
concurrently for 3 participants, and the intervention will be
introduced in a staggered or time-lagged fashion across
participants at different time-points. Specifically, the training
package will be implemented with the first participant while
baseline data gathering continues with the remaining
participants. The training package will be implemented with a
second participant once the first participant shows that the
intervention is impacting his or her technology use. This process
will be repeated before a third participant is added to the
intervention phase. As described by Kazdin [25], staggering the
start of an intervention is undertaken to ensure that it is the
intervention that is responsible for the change, rather than other
external factors. The design effectively minimizes threats to
internal validity, such as history and maturation.

Equipment

Smart Home Technology
Participants may access the smart home technology features
integrated within the design of their supported housing via a

number of smart technologies that include iOS smartphone,
Android smartphone, and iOS or Android tablet.

These devices may be used by participants for other reasons
beyond smart home technology functionality (eg, electronic
social networking). Each device is smart home
technology-enabled via a software app, and participants may
use multiple devices to access this functionality (eg, a
combination of smartphone and tablet). This app is loaded on
to the smartphone or tablet to be used and provides a
software-user interface for residents to access and control their
smart home technology. A brief software operating guide,
detailed operating guide, and step-by-step flowchart guide will
be developed by the research team, specific to the software app
in use at the housing site. Note that in the absence of smart
devices, the smart home technology features can be operated
by residents or support staff manually via wall-mounted switches
or standard remote controls (eg, air conditioner remote control).

Video Training Tool
A video training tool will be developed in consultation with
each research participant; it will target priorities for smart home
technology use identified by the individual participant. The
video training tool will consist of text, audio, and video
components, providing a step-by-step demonstration to
participants for using each prioritized technology function.
Furthermore, video footage will be captured by the research
team and edited using a Web-based video production tool to
include step-by-step audio and text. This training tool will be
saved to the smartphone or tablet that the person uses so that
he or she can refer to it between sessions, show it to informal
or paid support persons, or continue to view or share it with
others once the intervention is complete, if desired.

Intervention Phases
Figure 1 shows the 3 intervention phases of the study.

Phase One

Meeting One—Recruitment

We will follow project explanation and informed consent
process using human research ethics committee-approved forms.
Once consent is provided, the World Health Organization
Disability Assessment Schedule 2.0 [27] will be administered
to document the functional status of participants. Then, baseline
data recording will commence. Data logs will be downloaded
from the server via the technology provider for 7 days.

Phase Two

Meeting Two—Needs Assessment

Meeting two will be conducted with one participant at a time
and only once baseline usage data have been collected.

1. Two published measures examining the experience of
technology use will be used to collect preintervention data:
the Psychosocial Impact of Assistive Devices Scale
(Question 3) [28] and the Quebec User Evaluation of
Satisfaction with assistive Technology (Question 4) [17].

2. A short questionnaire to ascertain participants’
preintervention understanding of the functions available on
their assistive technology will be administered. Specifically,
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this questionnaire will ask participants to use free recall to
name all of the functions available and, then, ask
participants to select all of the functions available from a
prepared list that contains distractor items.

3. Participants will be oriented to the number of functions
available on their smart home technology, verbally and with
a numbered list, which will be left with the person on a
prominent place that they can view between sessions. Any
barriers to technology use will be identified and ameliorated
if possible.

If there is a major barrier to participants’ technology use, for
example, ineffective mounting of the device to participants’
motorized wheelchair, an occupational therapist will assess and
recommend a solution prior to the start of the intervention.

Meeting Three—Goal Setting

The events below will take place during meeting three. Goal
setting will be undertaken, which will involve the following:

1. Reviewing the number of functions available on the device
with participants—verbally and with a numbered list

2. Comparing the baseline data that show the frequency and
type of current smart home technology function use against
all the functions available on the smart home technology
system to determine whether there are any functions that
are not in use, or that are utilized infrequently, that
participants may be interested in using. Alternative control
methods in use (ie, wall-mounted switch or standard remote
controls) will be discussed with participants, and the
preferred method of control will be confirmed.

3. If more than one function is identified, the functions that
the person would like to increase their use of via their
participation in this intervention program will be prioritized
(to a maximum of 3 functions). A visual reminder of the

prioritized functions will be prepared and left with
participants on a prominent location for them to review
between sessions. This visual reminder of prioritized
functions will be incorporated within the list of all 12
functions previously prepared.

4. Preparation of video training tools to act as a step-by-step
guide to using the prioritized technology function(s)

5. Preparation of a low-technology (paper-based) flowchart
that will be used to prompt participants on the steps to
navigate to the function(s) if they are unsuccessful in
navigating the user interface to locate and activate the
nominated smart home technology function(s) after viewing
the video twice

Phase 3—Supported Practice
According to Sohlberg and Mateer [29], “consistent practice
and support for evaluating one’s performance can result in
improved error recognition and correction” [pg 255] following
acquired brain injury. Short, frequent sessions will, therefore,
be utilized within this phase to provide participants with multiple
opportunities to practice their technology use in the presence
of a disability support worker who can provide feedback. A
trained disability support worker having experience working
with people with brain injury and related cognitive impairment
will be employed to deliver these practice sessions. Sessions
length will range between 20 and 30 minutes every second day
(including one weekend day).

The duration of the training program will be guided by
participants’achievement of the mastery criterion, that is, when
a participant demonstrates an increased usage of the smart home
technology functions (target behaviors) he or she prioritized for
the intervention. The duration of the training program will not
extend past 10 weeks.

Figure 1. Intervention phases; gray cell denotes the active intervention phase.
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Treatment Adherence
Training sessions will be video- and audiotaped to allow an
assessor (an independent member of the project team) to rate
whether the disability support worker administered all
components of the training program as outlined in the
intervention protocol.

Session Guide

Session One
At the beginning of the first intervention session, participants
will be asked, in free recall format, to name all the functions
that can be controlled by the smart home technology installed
in their home. Participants will then be provided with a list
containing each of the smart home technology functions
available, as well as distractor items. Next, participants will be
asked to select the items that their smart home technology can
control. Responses will be recorded and counted to compare
against the number of functions available and the number of
functions identified by participants in Meeting Two at baseline.
In addition, participants will be provided with feedback on their
responses to this question and, if required, reoriented to the
number of functions their technology can be used for. These
data will be compared with data gathered during the intervention
period, providing evidence as to whether the intervention has
expanded participants’ awareness or recall of the number of
smart home technology functions available to them.
Furthermore, these data will be compared against actual
technology use to determine whether there are any differences
between the knowledge of what technology can be used for and
the actual use.

The disability support worker will then ask participants to
identify which function it was that they had prioritized to focus
on within the training intervention. The disability support worker
will prompt participants to check the visual reminder developed
in the previous session if they are unable to recall this. The
disability support worker will demonstrate how to access the
link to the video training tool, saved in a “memo” on the
person’s smart device. Participants will then be prompted by
the disability support worker to view the video of the first smart
home technology function they prioritized in the goal setting
interview. They will then practice using it once while the
disability support worker is present. The disability support
worker will make a record of the steps completed successfully
using a progress monitoring form (Multimedia Appendix 1),
providing immediate feedback to participants on their
performance once they have completed their first attempt. If a
participant makes an error in navigating through the user
interface, locating the desired function on the device or
activating the function, and does not initiate self-correction, the
disability support worker will immediately provide feedback
and prompt the participant to review the video for a second
time. If the participant is unable to navigate the user interface,
locate, and activate the desired smart home technology function
after viewing the video for a second time, the disability support
worker will provide the person with the paper-based step-by-step
guide for navigating, locating, and activating the desired
function and use this in conjunction with verbal prompting to

guide the participant through each step of using the nominated
smart home technology function.

Instances in which a participant requires subsequent review of
the video or the paper-based written and verbal prompting will
be noted on the progress monitoring form. This procedure of
prompting incorporates components of errorless learning,
modeling the skill before participants attempt it (via video tool),
and providing immediate feedback if participants make an error.
These strategies have been included in this study to ensure a
high rate of accuracy during the acquisition phase of learning.
Given the goal of the acquisition phase of learning is to improve
the accuracy of skill performance, this training program has
been developed to support participants to experience correct
use of the function and to avoid participants internalizing
memory of incorrect use [29]. The flowchart will be designed
so that it can be kept on the inside cover of the iPad, or at
another accessible place, depending on the needs of participants.

Subsequent Intervention Sessions
At the beginning of subsequent intervention sessions,
participants will be asked, in free recall format, to name the
functions that they can control using their smart home
technology. Then, participants will be provided with the list
used in intervention session one and asked to select the functions
that their smart home technology can control. Data will be
recorded and counted to compare against the number of
functions available and the number of functions identified by
participants at baseline. Participants will be provided with
feedback on their responses to this question and, if required,
reoriented to the number of functions the technology can operate
(using the existing list).

The reflection-prediction technique, a metacognitive strategy,
will be utilized within each remaining session to allow
participants to compare their predictions of performance with
actual performance. According to Sohlberg and Mateer [29],
“this process gives the client information about his or her
real-world functioning in such a way that the client can learn
more about what is working and not working” [pg 289]. Use of
the reflection-prediction technique in this study will involve the
review of performance since the previous session, at the start
of the next session that immediately follows. This process will
assist to identify behaviors that have been targeted successfully
and highlight areas that require further practice. The disability
support worker will utilize the following script to facilitate the
reflection-prediction technique:

• Do you think your technology use has changed since we
last met?

• I have some data here on your technology use since we last
met. It looks like the frequency of your technology use has
(increased or decreased or stayed the same), and it looks
like you are using (more or less or the same) types of
functions within your smart home technology. Since our
last session you are using X, Y, and Z. Why do you think
your technology use has changed or stayed the same or
decreased since the last session?

• Have you been using the video outside of the intervention?
The video has had (x) views. Were any or all of those views
by you?
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Cumulative review, defined as a regular review of previously
learned skills [30], will then be used to review the content
covered in the last session using probes including the following:

• What function did you focus on in the last session?
• Can you show me the steps to using [the function focused

on last session]?

The disability support worker will prompt participants to review
the part of the video training tool that demonstrates this function
if they are unable to demonstrate the correct use of the function
during this review phase of the session.

If participants have increased the frequency of use of their first
prioritized technology function and can successfully demonstrate
its use in the review phase, they will be prompted by the
disability support worker to address the second prioritized
function. As in session one, the disability support worker will
provide feedback within the session on participants’
performance, aligned with the principles of errorless learning.
If a participant makes an error, the disability support worker
will prompt the participant to review the video for a second
time. If the participant is unable to use the smart home
technology function after viewing the video for a second time,
the disability support worker will provide the resident with the
printed step-by-step flowchart to assist with navigating, locating,
and activating the desired function and use this in conjunction
with verbal prompting to guide the participant through each
step of using the smart home technology function. Steps
completed successfully and instances in which a participant
requires a second review of the video, or written and verbal
prompting, will be noted on the progress monitoring form.

The procedure explained above will be repeated session after
session until each of the participant’s technology use priorities
have been addressed.

Postintervention Follow-Up (4 Weeks Postintervention)
Four weeks following the cessation of the intervention,
system-generated data logs will be reviewed to check whether
the person has maintained the frequency and type of technology
use that was logged at the end of the intervention. A final
meeting will be arranged with participants to discuss the data
log and their perspective on the effectiveness of the training
intervention and any changes to their technology use over that
time since the end of the intervention, including whether
participants wish to further increase their use of the smart home
technology system or explore other EAT device uptake options.
Questions regarding whether the training tool has been used
since the intervention and, if so, by whom and how often will
also be asked. Furthermore, video “view” data will be recorded.
The Psychosocial Impact of Assistive Devices Scale and Quebec
User Evaluation of Satisfaction with assistive Technology will
be administered for the final time to detect any changes in
psychosocial impact and satisfaction since the cessation of the
intervention.

Results

This project has received funding from the Transport Accident
Commission, through the Institute for Safety, Compensation

and Recovery Research. The Institute for Safety, Compensation
and Recovery Research is a joint initiative of the Transport
Accident Commission, WorkSafe Victoria, and Monash
University. An initial 2 participants underwent written
explanatory and consent processes and provided signed consent
to participate in the study. These participants were from a single
apartment development that offers tenants access to home
automation and communication technologies. After the
collection of demographic data, initial testing of the home
automation technology server indicated that data were not being
reliably recorded. The technology supplier was contacted to
rectify this issue. The consenting participants were advised that
data collection would be placed on hold. Further participant
recruitment and data collection will be resumed when this server
issue is rectified at the specified site. In the meantime, scoping
work for recruitment of additional participants at alternate sites
offering the necessary server data collection is being undertaken.

Discussion

The availability of smart home technology, and recognition of
the utility of such technologies for people with disability,
continues to grow. There is a need to ensure that people with
access to such technology are able to maximize device usage,
as desired, so that the opportunities presented by these devices
and systems are not lost. The above training intervention was
designed to be implemented collaboratively with people with
brain impairment who wish to maximize the use of the smart
home technology made available to them in supported housing
and, thus, ensure that the underutilization and abandonment of
these technologies can be avoided. The design of this single-case
experiment protocol meets the requirements of level 6 on the
Model for Assessing Treatment Effect hierarchy [26]. Target
behavior measurements are to be taken frequently and repeatedly
in both the baseline and intervention phases, and treatment
delivery can be staggered using a multiple-baseline approach.
In this way, any cause-effect relationships between the
intervention and target behaviors can be demonstrated [31]. The
existing literature in the area of smart home technology includes
descriptions of the types of technology available [6,7] and
research that has evaluated residents’ experience of integrated
technology in housing [12]. However, the existing literature
does not report on specific interventions that may support smart
home technology uptake and use. To the best of the authors’
knowledge, this is the first systematic training program targeting
smart home technology uptake and use by people with brain
impairment to have been documented, which also presents a
single-case experimental design methodology for its evaluation.

The training activities proposed for use in this trial were
designed to be as clinically accessible as possible while still
grounded in learning theory derived from practice and research
on people with acquired brain impairment [19-21,29]. A
Web-based video production tool was selected as an easily
accessible and low-cost platform that would enable the
packaging of audio, video, and text into a single training
resource that can then be viewed and shared by the end
user—residents using smart home technology in housing.
Furthermore, the use of such a platform means that
individualized, video-based training resources can be developed
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to meet the unique needs of each participant in a cost-effective
manner. All other resources to be developed as part of the
intervention are low tech in nature (eg, paper-based flowchart)
and can be easily adapted to the needs and smart home
technology goals of each participant. The theoretical background
of this training approach, incorporating the use of
evidence-based metacognitive strategies and errorless learning
principles [19,29,30], supports its potential effectiveness. Data
will be collected on participants’ actual usage, their awareness
of functionality availability, their satisfaction with the smart
home technology, and psychosocial impact of use, providing a
wide-ranging examination of the impact of this training program.

This single-case experimental design protocol clearly defines
the behaviors to be targeted via the training intervention and
the ways in which these behaviors will be repeatedly measured.
According to Tate et al [32], the reliability of the target behavior
measures used is an important consideration. The opportunity
to use a computer server to objectively log or record data on
participants’smart home technology use may overcome potential
challenges presented by the use of human raters, who may not
be able to record actual use data as accurately. The analysis of
this “big data,” automatically recorded by many smart home
devices and systems [33], enables researchers to quantify actual
use and monitor any changes that occur as a result of the

intervention. While conducting ethical human research, it is
paramount that participant consent is obtained prior to the
collection and analysis of this private data. Furthermore, so that
the reliability of this data can be assured, data recorded via the
computer servers at housing sites will need to be reviewed for
accuracy, prior to participant recruitment and intervention
commencement in this study.

Findings garnered from the future trial of this training approach
will present important considerations for therapists who
prescribe EAT to people with brain impairment. The findings
of this research should guide therapists in planning for
technology support services that must accompany the provision
of any assistive device to clients, including smart home
technology. In doing so, therapists can contribute to the
longevity and utility of assistive technology solutions for their
clients. Furthermore, documenting this intensive training
approach offers the potential to provide the evidence of EAT
usage and capacity building to the funders of EAT, including
state-based insurers and the National Disability Insurance
Agency. This evidence includes the amount and type of support
services required to ensure the effective uptake and sustained
use of EATs beyond the investment that needs to be made in
the device or system itself.
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Abstract

Background: New methods are needed for collecting data of in- and outpatients and for improving outpatient compliance after
discharge. Mobile technologies, such as smartphone apps, have shown promising results, (eg, helping unwell people by offering
support and resources). Screening for the condition, including comorbidities, is a vital part of psychiatric care. Comorbid conditions,
especially in emergency evaluation, are often missed, leading to inaccurate diagnosis and treatment. One way of improving
diagnostic accuracy is to use a structured diagnostic process. Digitalized screening and follow-up have the advantage of making
administration and scoring easier and less time consuming, thereby increasing response rate. To address these problems, we
decided to create a smartphone app called The Blue App. The Blue App was developed through 6 steps, described in the manuscript.

Objective: The aim of this paper is to describe (1) the development of The Blue App and (2) 2 planned research studies to
evaluate the app.

Methods: Two studies will be performed. Study 1 has a descriptive design, mapping comorbidities before and after the introduction
of The Blue App. Study 2 has a randomized controlled design, measuring compliance with outpatient treatments as well as
depressive symptoms, rated as changes in Montgomery-Åsberg Depression Scale scores during a 1-year follow-up.

Results: We have described app development. Data collection for Study 1 started in autumn 2017. Study 2 will start in autumn
2018. We expect to have enrolled the 150 patients in Study 2 by December 2019. Final results will be published in a scientific
journal.

Conclusions: A technically advanced and easy-to-use Web-based mobile phone app corresponding to the unit’s needs was
developed, and 2 studies are planned to evaluate its usefulness.
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Introduction

Emergency units with 24/7 evaluation and admission facilities
are important services for stabilizing adolescents with mental
health crisis [1,2]. On admission to a unit, patients often need
extensive mental health resources [3]. Demand for health
production is high in emergency units when inpatient stays are
short [4].

The largest intervention effect is reached during the first week
of admission [5]. Short inpatient stays for acute stabilization
are a challenge when it comes to structured diagnostic screening.
Despite the availability of validated diagnostic screening
instruments, pen-and-paper versions lead to poor response rates
and consume resources, making their use less attractive [6]. The
current toolbox is outdated for use in our population of
adolescents, and new methods are needed for inpatient data
collection and for improving outpatient compliance. Mobile
technologies, such as smartphone apps, have shown promising
results in terms of data collection and as an intervention for
behavioral change, but little empirical evidence has been found
to date [7,8].

Literature in the field of child and adolescent psychiatric
inpatient emergency care is scarce, and studies are limited to
characteristics of admitted patients [3]. Therefore, little is known
about the course of illness after discharge. In Sweden, there has
been no comprehensive evaluation and follow-up of children
and adolescents admitted and discharged from psychiatric
emergency units.

Diagnosing the condition and screening for comorbidity using
validated instruments is a vital part of psychiatric care.
Moreover, a structured screening procedure is also perceived
as positive and valid by patients and their parents [9].

In psychiatric care, diagnostic interrater reliability among
clinicians is weak [10]. Comorbid conditions are commonly
missed during psychiatric evaluations, leading to inaccurate
diagnosis and treatment. One way of increasing diagnostic
accuracy is to use a structured diagnostic process, involving
diagnostic screening instruments [11].

Digitalized screening and follow-up make administration and
scoring easier and less time consuming for patients, parents,
and staff. This helps increase the frequency of completed
systematic psychiatric screenings. It also has the advantage of
availability, as questionnaires can be sent to and answered on
patients’ smartphones, increasing response rates [6]. This
structured data collection would enable studies of child and
adolescent psychiatric emergency inpatients in further research.

Apps have proved effective in helping unwell people, by
offering support, resources, and information [7]. In recent years,
several new smartphone-based solutions have been developed
for mental health in general and specifically for child and
adolescent psychiatry [12-16]. However, apps developed by
health care professionals for adolescents must be innovative,
useful, and fun to compete with apps not encouraging healthy
behaviors [7].

To address these problems, we decided to create a smartphone
app: The Blue App (referring to blue as the color of hope, as
well as expressing moodiness). The Blue App is a Web-based
tool made to resemble and function as a mobile app.

The aim of this paper is to describe the development of The
Blue App and to present 2 research protocols aimed at evaluating
the app.

Methods

Development of The Blue App
The process of developing The Blue App, from concept to
working product, was divided into 6 steps.

Step 1. Identifying the Need for Quick and Easy
Information Gathering
Since 2010, members of our group have introduced and
developed interactive voice response (IVR) into Swedish child
and adolescent psychiatry. This is a technology in which a server
is programmed to use scripts in interaction with the user on their
cell phone [9,14]. Johansson et al [17] have shown that
emergency patients had their own cell phones and that the
response rate among participating patients (N=60) was
promising as each individual responded on average 91%
(365/402) of their calls. An answering frequency of 100% was
shown by 71% (30/42).

Our work with IVR inspired us to further develop technology
to meet the unit’s needs regarding improved methods for the
diagnostic and follow-up processes. In 2013, we published our
first IVR paper [17]. Simultaneously, we were discussing the
shortcomings at the unit regarding the identification of
comorbidities. We were also discussing the development of a
more sophisticated follow-up tool that would provide feedback
using a visual presentation of changes in symptoms over time.
At the same time, smartphones were becoming more common
among adolescents. This enabled us to integrate our previous
work with our efforts to widen the use of screening
questionnaires in a better package than the older cell phones
could offer.

To address the issues related to short inpatient stays and need
for improved diagnostic screening, we decided to create a
smartphone app based on our previous work.

Step 2. Identifying Desired Information and Choosing
Adequate Screening Questionnaires
In addition to clinical evaluations, we wanted to screen for and
describe the psychiatric conditions that were most frequently
presented at emergency units. The most common reasons for
admission to the unit were suicidal ideation, severely depressed
mood, and acute crises. Our experience corresponds well with
literature on child and adolescent psychiatry with regard to
frequent comorbid states [2]. We also wanted to map changes
in symptom severity before and after admission.

The validated screening questionnaires were chosen in
collaboration with national key opinion leaders and with regard
to frequent comorbid states in child and adolescent psychiatry
[18-20].
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The following 10 questionnaires were chosen:

1. Montgomery-Åsberg Depression Scale (MADRS-S): a
9-item diagnostic self-rating questionnaire measuring
depressive symptoms during the previous 3 days [21]

2. Mini International Neuropsychiatric Interview for Children
and Adolescents (MINI-KID): a semi structured diagnostic
interview concerning the core psychiatric disorders among
children and adolescents [22]

3. Alcohol Use Disorders Identification Test-Consumption:
a 3-item screening questionnaire regarding alcohol use [23]

4. Drug Use Disorders Identification Test: an 11-item
screening questionnaire regarding drug use [24]

5. Hopkins Symptom Checklist-10: a symptom inventory that
measures signs of anxiety and depression [25]

6. Sheehan Disability Scale: a scale assessing functional
impairment in domains of work or school, social, and family
life [26]

7. Autism Spectrum Screening Questionnaire: a 27-item
checklist that assesses symptoms characteristics of
high-functioning autism spectrum disorder [27]

8. Swanson Nolan and Pelham Questionnaire: a 30-item
questionnaire assessing attention-deficit/hyperactivity
disorder symptoms and behavioral problems [28]

9. Deliberate Self-Harm Inventory-9: a scale showing the
frequency of different ways of self-harming [29]

10. Treatment Satisfaction Scale 2: a 6-item measure of
treatment effectiveness [30] (included to evaluate the
satisfaction of treatment but not a part of the research
protocols)

Step 3. Examining the Feasibility in an Emergency
Psychiatric Unit: Pilot Study
To evaluate the feasibility of the screening procedure, a pilot
study was performed with adolescents admitted to the
psychiatric emergency unit. The first aim was to assess the
feasibility of administration of 10 questionnaires in a small
consecutive population. The second aim was to learn more about
the clinical relevance of the systematic screening, that is, would
the results indicate more comorbidities than found in the medical
records? Patients admitted to the unit between February 11,
2014, and March 14, 2014, were invited to participate and
complete the 10 questionnaires regarding psychiatric morbidity
and comorbidity to be included in The Blue App. All screening
questionnaires involved using pen and paper.

We included 16 patients (12 girls and 4 boys; age: mean 15.6
(SD 1.31) years). Of these, 12 completed all the pen-and-paper
screening questionnaires, whereas 4 patients could not complete
their screening procedures due to early discharge. Of 10, 9
diagnoses at discharge were confirmed using MINI-KID.
MINI-KID also identified, on average, 5 diagnostic areas of
potential psychiatric interest, including the hazardous use of
alcohol or substance abuse, none of which had been clearly
addressed during the inpatient stay or mentioned in the
psychiatric records.

Step 4. Getting Organizational Acceptance: Feasibility
Study
The next step was to secure a way forward for The Blue App.
As our aim was to use the tool in daily clinical practice, we
decided to apply for funding from the funding body for all public
psychiatric health care in Scania, South Sweden. All potential
new procedures in Swedish public health care require a thorough
assessment procedure to clarify the cost-benefit ratio, safety,
and potential risks (feasibility study). The aim of this feasibility
study was to clarify the requirements of The Blue App and to
elucidate the cost-benefit and safety aspects so as to generate a
basis for decision making for the funding body. Another part
of the feasibility study was to collect knowledge about
alternative solutions allowing the same functionality by
investigating if comparable products were available on the
market.

The feasibility study included about 15 meetings with the IT
and finance departments. Clinicians’ needs were highlighted,
which resulted in a thorough description of the technical
requirements for 90 user cases, including mock-ups, flowcharts,
and wireframes. The study concluded that no existing solution
was available on the market. The final document was presented
to the funding board with the working title “The Blue App.”
The board approved funding in May 2015.

Step 5. App Construction
After approval, the next step was to call for public procurement
using the feasibility study documents. In total, 3 tenders were
considered, and representatives from each company were
interviewed. The clinicians working on The Blue App were
involved in decision making. Work with the company chosen,
Stretch Öresund, proceeded with workshop sessions, creating
a shared language and translating clinicians’ needs to the
mindset of app architects. The work continued with meetings
being held every 2nd week for a 6-month period, during which
mutual feedback on the progress of The Blue App was given.
The company’s CEO met with the unit staff to demonstrate the
app and collect feedback to increase the chance of successful
implementation.

The work resulted in an app corresponding with the unit’s needs.
The structure of the development process, with frequent and
regular meetings, was necessary to avoid misunderstandings.
The development process allowed the app architects to gain a
profound understanding of psychiatric care and to adapt
solutions to the unit’s requirements.

Step 6. Workshop With Adolescents: What Do the
Patients Think?
During the development of The Blue App, feedback was
obtained through a workshop with adolescent end users. The
main aim was to assess the user-friendliness of the app. We
arranged the workshop in spring 2016, during which 10
adolescents, 5 boys and 5 girls aged 14-17 years, participated.
Of these, 2 adolescents were undergoing psychiatric outpatient
treatment. The participating adolescents were introduced to the
app and then navigated through The Blue App follow-up user
interface. The participants found the app easy to navigate and
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suggested some minor improvements, such as the integration
of graphic design.

Planned Research Studies to Evaluate The Blue App:
Research Studies 1 and 2
The objective was to design several studies to evaluate The Blue
App. In the first study (Study 1), we aim to assess whether
additional comorbid conditions could be identified using The
Blue App. In the second study (Study 2), we want to evaluate
whether the use of The Blue App can improve outpatient
compliance and treatment outcome through feedback of
psychiatric symptoms.

Design

Study 1
In Study 1, we want to map the prevalence of psychiatric
comorbidity found in the medical records before and after the
introduction of The Blue App. The hypothesis is that more
diagnoses will be found in the records after the introduction of
The Blue App.

Study 2
At discharge, eligible patients will be offered participation in a
1-year follow-up study using a randomized controlled design
(Figure 1). After receiving informed consent, patients will be
randomized into 3 groups and asked to answer questions
regarding depressive symptoms (MADRS-S) at different time
intervals over a period of 1 year after discharge. The time
intervals were chosen to minimize dropout while being long
enough to detect effects in the patient. We undertook a power
calculation, as we found no comparable studies. Based on
estimated scores on the depression rating scale (MADRS-S) at
discharge, we expect scores at discharge to be around 30, with
SD 7.1.

The null hypothesis for Study 2 is that no significant difference
is found in the randomized controlled trial; that is, the feedback
given through The Blue App would not improve the outcome

or compliance. In the alternative hypothesis, we expect all
patients to reduce their MARS-S scores during the study period
and expect a difference of about 4 points on MADRS-S between
intervention and control groups. With a power of .8, we will
therefore need 3 groups of 50 patients each in order to detect
differences at a 5% level.

Setting and Participants: Studies 1 and 2
Scania in southern Sweden has a population of over 1 million,
of which 280,000 are children and adolescents. The university
hospital in Malmö, the major city in the area, provides the only
psychiatric emergency unit for children and adolescents, with
11 hospital beds. The hospital admits 350 unique patients
annually together with a parent for acute stabilization. The most
common reasons for admission are suicidal ideations, severely
depressed moods, and acute crises. A majority of the patients
are aged 13-17 years, with an even gender distribution.

A treatment plan is drawn up by the unit physician together
with patients and parents. Nearly 15% of the patients are treated
according to the Swedish Compulsory Mental Care Act. The
unit team consists of physicians, psychologists, social workers,
nurses, and treatment staff, often in collaboration with open-care
units, schools, and social authorities. Before discharge, a rescue
plan is drawn up together with patients and parents in the event
of a recurrent emergency situation. Nearly 95% of the patients
are discharged within a week of admission.

Procedure

Study 1
All eligible patients will be offered participation in Study 1 and
will be invited to complete the questionnaire (exclusion criteria:
language other than Swedish, admission for <24 hours, severely
ill, age <12 years old). We expect about 190 of the 350 patients
admitted per year to be eligible for inclusion. The feasibility
study indicated little attrition, but we anticipate that about 30%
might not want to participate, leaving us with about 130 per
year for possible inclusion.

Figure 1. Study design with 3 randomization groups for the follow-up study at the Child and Adolescent Psychiatric Emergency unit, Malmö, Sweden.
ICD-10: International Classification of Diseases, 10th revision; MADRS-S: Montgomery-Åsberg Depression Scale.
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Patients and parents will be asked to complete questionnaires
on psychiatric symptoms, treatment satisfaction, and quality of
life. Included patients will be registered on The Blue App,
allowing them to log in via their smartphone using a personal
identity number at the log-in page (Figure 2).

The patients will then receive a short message service text
message with a one-time password, enabling them to enter The
Blue App and answer the questionnaires. It is also possible to
generate one-time passwords and complete the questionnaires
via The Blue App staff administration view. Parents can use
their child’s log-in when answering the parental questionnaires.

The screening process at the unit will be divided into 3 stages
(Figure 3). The first stage is defined as the first 24 hours at the
unit. The second stage, during treatment, is defined as the time
between intake and discharge. The discharge stage is defined

as the last 24 hours at the unit. Patients and their parents will
be given access to the questionnaires at each stage, which they
will complete with the help of staff. At the unit, the
questionnaires will be administered mainly on tablets, but can
also be filled in via the patients’ own devices.

Study 2
At discharge, participation in study 2 will be offered to all
patients who complete the questionnaires for Study 1 (Figure
3).

All patients in the study will receive treatment as usual at their
outpatient units. Patients will use the same log-in procedure as
in Study 1. With app-assisted technology, a link to the
MADRS-S questionnaire (Figure 4) will be sent to all
participants at predefined intervals depending on randomization.

Figure 2. Screenshot of The Blue App login screen. Source: Region Skåne.

Figure 3. Questionnaires used at the different stages during the inpatient stay at the Child and Adolescent Psychiatric Emergency Unit, Malmö, Sweden.
ASSQ: Autism Spectrum Screening Questionnaire; AUDIT-C: Alcohol Use Disorders Identification Test-Consumption; DSHI-9: Deliberate Self-Harm
Inventory-9; DUDIT: Drug Use Disorders Identification Test; HSCL-10: Hopkins Symptom Checklist-10; MADRS-S: Montgomery-Åsberg Depression
Scale; MINI-KID: Mini International Neuropsychiatric Interview for Children and Adolescents; SDS: Sheehan Disability Scale; SNAP-IV: Swanson
Nolan and Pelham Questionnaire; TSS-2: Treatment Satisfaction Scale 2.
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Figure 4. Screenshot of the MADRS-S (Montgomery-Åsberg Depression Scale) questionnaire item 7. Source: Region Skåne.

After discharge, researchers and staff will not be able to trace
the group to which a patient is assigned. Patients readmitted to
the ward during follow-up will remain in the study.

In group 1, feedback on depressive symptoms will be presented
in a graph, together with a brief recommendation [31] on each

follow-up occasion (Figure 5). A text below the graph will
describe how patients can contact the emergency unit if they
experience very severe symptoms or danger, with a button to
make a direct call to the 24/7 emergency facilities.
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Figure 5. Screenshot of the MADRS-S (Montgomery-Åsberg Depression Scale) feedback screen for group 1. Source: Region Skåne.
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Dropout analysis will examine for any group differences in
terms of gender, age, and main International Classification of
Diseases, 10th revision diagnoses. Information regarding reasons
for missed appointments and dropouts will be taken from the
medical records. Outcome measures are changes in MADRS-S
scores and treatment compliance, as measured by attended
outpatient appointments during the study period.

Ethical Approval
No compensation will be offered. Subjects in the study will be
protected by the informed consent process. The Regional Ethical
Board in Lund has approved the study (2013-06-19; Nr
423/2013).

Statistical Analysis
The two studies will be analyzed separately, and baseline
variables will be analyzed with descriptive statistics. Pearson’s
chi-square tests will be used to determine differences between
the groups in terms of gender distribution and proportion of
participants scoring above cut-off in the questionnaires used.

In Study 1, we will use descriptive statistics (mean, SD, median,
interquartile range, continued variables, frequency and counts,
categorical variations, and exact CIs for proportions) to describe
the cohort and analyze differences in the number of psychiatric
diagnoses before and after the introduction (t test) of The Blue
App [32].

In Study 2, we will analyze differences between the 3 groups
in terms of changes in MADRS-S scores and treatment
compliance. Outcome measures (MADRS-S scores and dropout
from outpatient care) will be analyzed according to intention
to treat. Linear mixed model analyses will be used to identify
changes over time in depressive symptoms and to examine
compliance with outpatient treatments. In these analyses, group,
time, and the intercept between the groups and time will be used
as fixed effects and subjects as random intercepts.

Results

The app development is described. Data collection for Study 1
started in autumn 2017. Study 2 will be initiated in autumn
2018. We expect to have enrolled 150 patients for Study 2 by
December 2019. Funding for both Study 1 and Study 2 have
have been granted by Region Skåne, the regional council for
health care in south of Sweden. Final results will be published
in a scientific journal.

Discussion

Principal Findings
This study is a process description of a child and adolescent
emergency inpatient unit, where an app was developed with the
aim of identifying comorbidity and improving outpatient
compliance and treatment outcomes.

Strengths
The Blue App is a dynamic tool capable of adjustment to new
demands, with variable settings, and to other units with potential
to improve the transition between inpatient and outpatient care.
The Blue App will help us collect data to make it easier to
evaluate the work at the inpatient unit and will lay a foundation
for future research in the field.

One important factor behind the development process was the
support given to the project group from all levels in the
organization, from stakeholders to staff [33]. Other crucial
factors were related to the project group’s acceptance in the
organization and to the committed team members whose
perseverance has extended over several years. The organization
benefits from the shared visions and team learning [33]. Finally,
we want to highlight the importance of being offered enough
time to work on this project.

Limitations
The Blue App has been developed in a Swedish context, which
limits its generalizability. Questionnaires are in Swedish, thereby
excluding non-Swedish speaking patients. In the next version
of The Blue App, the questionnaires will be available in the 4
most common languages at the unit (English, Dhari, Arabic,
and French).

The design chosen for Study 2, in which selection is based on
participation in Study 1, might affect inclusion and, therefore,
could be regarded as a weakness. However, participation in
Study 1 gives a thorough assessment of comorbidities at
baseline, which is the strength of the design.

Conclusions
A technically advanced and easy-to-use Web-based mobile
phone app corresponding to the unit’s needs was developed,
and 2 studies to evaluate its usefulness are planned.
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Abstract

Background: Substance use disorders are highly prevalent globally. Relapse rates following conventional psychological
interventions for substance use disorders remain high. Recent reviews have highlighted attentional and approach or avoidance
biases to be responsible for multiple relapses. Other studies have reported the efficacy of interventions to modify biases. With
advances in technologies, there are now mobile versions of conventional bias modification interventions. However, to date, no
study has evaluated bias modification in a substance-using, non-Western sample. Existing evaluations of mobile technologies
for the delivery of bias interventions are also limited to alcohol or tobacco use disorders.

Objective: This study aims to examine the feasibility of mobile-based attention bias modification intervention among
treatment-seeking individuals with substance use and alcohol use disorders.

Methods: This is a feasibility study, in which inpatients who are in their rehabilitation phase of clinical management will be
recruited. On each day that they are in the study, they will be required to complete a craving visual analogue scale and undertake
both a visual probe-based assessment and and modification task in a smartphone app . Reaction time data will be collated for the
computation of baseline attentional biases and to determine whether there is a reduction of attentional bias across the interventions.
Feasibility will be determined by the number of participants recruited and participants’ adherence to the planned interventions
up until the completion of their rehabilitation program and by the ability of the app in detecting baseline biases and changes in
biases. Acceptability of the intervention will be assessed by a short questionnaire of users’ perceptions of the intervention.
Statistical analyses will be performed using SPSS version 22.0, while qualitative analysis of the perspectives will be performed
using NVivo version 10.0.

Results: This study was approved by the National Healthcare Group Domain Specific Research Board, with approval number
(2018/00316). Results will be disseminated by means of conferences and publications.Currently, we are in the process of recruitment
for this study.

Conclusions: To the best of our knowledge, this is the first study to evaluate the feasibility and acceptability of a mobile attention
bias modification intervention for individuals with substance use disorders. The data pertaining to the feasibility and acceptability
are undoubtedly crucial because they imply the potential use of mobile technologies in retraining attentional biases among
inpatients admitted for medical-assisted detoxification and rehabilitation. Participants’ feedback pertaining to the ease of use,
interactivity, and motivation to continue using the app is crucial because it will determine whether a codesign approach might be
warranted to design an app that is acceptable for participants and that participants themselves would be motivated to use.

International Registered Report Identifier (IRRID): PRR1-10.2196/11822
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Introduction

Background
Illicit drug and alcohol use are highly prevalent globally. The
United Nations Office on Drugs and Crime reported that in
2015, a quarter of a billion individuals experimented with
substances, and 29.5 million individuals were diagnosed with
substance disorders [1]. Cannabis, opioids, and stimulants such
as amphetamines are most commonly abused [1]. Substance
use is associated with other comorbidities like retroviral diseases
and hepatitis C infection. In addition, substance use is associated
with significant mortality, and in 2015, an estimated 190,000
deaths were attributed to drug use [1]. Globally, alcohol use is
a major problem too [2]. Reportedly, alcohol disorders tend to
be more prevalent in developed countries and higher-income
status countries [2]. In the most recent report released by the
World Health Organization, it was reported that the harmful
use of alcohol resulted in an overall mortality of 3 million
individuals in 2016 [3]. In Singapore, in a prior study conducted
by the World Health Organization in 2004, the prevalence of
alcohol use disorders among females and males was estimated
to be 0.19% and 1.40%, respectively, and the prevalence of drug
use disorders among females and males to be 0.07% and 0.28%,
respectively [4]. While there are no large-scale prevalence
studies in Singapore, the Central Narcotics Bureau has reported
that in 2017, 40% of those apprehended were new abusers, and
>64% of these new abusers were under the age of 30 years [5].
Of 3091 abusers arrested in 2017, 1991 were abusing
methamphetamine, and the remaining 848 and 204 were abusing
heroin and cannabis, respectively. Of importance, 2570 abusers
were polysubstance abusers. Thus, substance use disorders are
of growing concern as indicated by the increasing numbers of
offenders and their changing demographics. Taking into
consideration the prevalence, there is a growing need for
efficacious interventions.

The treatment options for substance use are both
pharmacological and nonpharmacological. Pharmacological
options are varied; for opioid use disorders, opiate substitution
therapy such as that with methadone or buprenorphine could
be considered. In Singapore, opiate substitution therapy is only
prescribed for elderly individuals and pregnant women [6] as
legislation restricts its administration for other patient groups.
The prescription of opiate substitution medications such as
buprenorphine is limited due to the risk of diversion [7] and
medical comorbidities like infective endocarditis and other
cutaneous complications [8,9]. For cannabis and amphetamine
disorders, pharmacological options are limited, and symptomatic
medications such as hypnotics or antipsychotics are considered
in the acute treatment phase. Given the limited pharmacological
therapeutic options, especially with the absence of medications
to help with abstinence, psychological options are integral.
Therapies like cognitive behavioral therapy are effective, with
an effect size of 0.45 (Cohen d) [10]. Nonetheless, despite this

effectiveness, 40%-50% of individuals relapse within a year of
successful treatment and another 70% relapse within 3 years
[11]. Such high relapse rates following a moderately effective
intervention demonstrate that conventional psychological
therapies may not be adequately addressing the factors leading
individuals to a lapse or relapse.

Recent advances in experimental psychology have reported how
automatic attentional biases could predispose individuals toward
a relapse. Field et al [12] and Cox et al [13] have highlighted
the presence of these automatic attentional processes in
individuals with substance use disorders and recommended the
use of interventions to modify these automatic processes.
Attentional biases refer to the preferential allocation of attention
toward substance-related stimuli [14,15], while approach biases
refer to automatic tendencies to reach out and approach
substance-related cues [16]. The underlying theoretical basis is
that of the dual-process model, which suggests that the repeated
use of a substance would lead to increased automatic processing
of the substance-related cue and, hence, increased automatic
tendencies to approach substance-specific cues and
corresponding inhibition of normal cognitive control processes.
Tasks such as the visual probe task have been used for bias
assessment and modification. In the conventional visual probe
task, a pair of images is presented, in which one is substance
related and the other is a neutral image. Following the
presentation of the images, a small probe (or stimulus such as
an arrow) would replace one of these images. Participants are
required to indicate the position of the stimulus or the direction
of the arrow as quickly as they could. When the visual probe
task is used for bias modification, the task is as described, but
the frequencies at which the probe or stimulus replace the drug
or neutral image is altered [14].

There has been an extensive evaluation of bias modification for
substance use disorders, and a recent meta-analysis study
synthesized the overall effectiveness of bias modification [14].
Cristea et al [14] were only able to identify trials relating to
alcohol or tobacco use disorders (25 trials). They reported that
bias modification for both attentional and approach biases was
moderately effective with an effect size of 0.60 (Hedge 0.60)
[14]. However, a prior review found no association between the
reduction in biases and other outcomes such as cravings, and
the authors posited that this might be because more time is
needed for a change in biases to be reflected regarding a change
in symptomatology [14]. Nevertheless, a prior review
demonstrated that bias modification could potentially reduce
biases. Since the publication of Cristea et al’s [14]
meta-analyses, there have been other publications [17]
highlighting the problems with the evidence synthesized, given
that the evidence synthesis included both experimental
laboratory studies and clinical studies. Wiers et al [17] reviewed
the evidence by the nature of studies and reported small and
robust effects of bias modification on treatment outcome when
biases were retrained in a clinical setting for individuals with
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alcohol use disorders. Since Cristea et al’s meta-analysis [14],
Zhang et al [18] conducted a systematic review and reported
that attentional biases were present in opioid use and stimulant
use disorders. Other studies have evaluated attention bias
modification among substance-using individuals. Ziaee et al
[19] recruited a sample of opioid users who were on methadone
maintenance and found that attentional bias modification led to
a reduction in attentional biases, as well as cravings to use,
dosing of medications, and relapses. Wolf et al [20] recruited
a sample of moderate and heavy cannabis-using students and
found an attentional bias only for heavy users of cannabis and
not moderate users; the authors did not find bias retraining to
be effective. Mayer et al [21] undertook the first study evaluating
the efficacy of bias modification for treatment-seeking
individuals with cocaine use disorders. Like Wolf et al [20],
Mayer et al [21] also reported that bias modification was not
effective. Not all studies have examined treatment-seeking
individuals in a clinical setting. Schoenmakers et al [22]
administered attentional bias modification to 43 individuals
with alcohol dependence and reported that bias modification
was effective in increasing individuals’ ability to disengage
from alcohol cues. Manning et al [23] stressed the importance
of evaluating a clinical sample that was in a detoxification and
rehabilitation program because intervening during this period
could capitalize on neural recovery. To date, Wiers et al [24],
Eberl et al [25], and Manning et al [23] have examined bias
modification among individuals admitted for medical-assisted
detoxification and rehabilitation. While these studies have
provided evidence for the effectiveness of bias modification
during this critical period, the biases targeted were approach or
avoidance biases and the evaluation was limited to individuals
with alcohol disorders. To date, no study has evaluated attention
bias modiifcation in a non-Western sample among a group of
substance-using individuals who are in treatment
(medical-assisted detoxification or rehabilitation).

Advances in technologies in the last decade have transformed
how bias modification interventions are delivered. An increase
in the number of remote Web-based therapies has been attributed
to the advances in electronic health (eHealth). eHealth
technologies facilitate the delivery of low-cost psychotherapy,
which is highly accessible and enables anonymity of use [26].
This has led to increasing research examining the effectiveness
of Web-based interventions. Further advances in technologies
coupled with increased ownership of mobile devices have
resulted in a growing number of interventions that tap on mobile
technologies. Mobile health (mHealth) technologies are
increasingly being harnessed for the delivery of bias
modification as mobile technologies allow for training to be
conducted in diverse locations, thus, helping in the
generalization of clinical benefits [27]. The use of mobile
technologies enables the frequency of training to be increased,
which may improve outcomes [27]. mHealth technologies have
an advantage over existing Web-based version as they do not
require individuals to be consistently connected to the internet
to undertake the bias modification task. Zhang et al [28] in their
review managed to identify 8 studies that have evaluated the
potential and effectiveness of mHealth bias modification. Seven
studies [29-35] reported that mHealth bias modification was
effective; these studies were conducted among participants with

insomnia, alcohol, tobacco use, or social anxiety disorders. Only
a single study reported mobile bias modification to be
ineffective. Despite the evidence for effectiveness being
inconclusive, Zhang et al’s [28] prior review reported bias
modification to be effective for addictive disorders such as
alcohol and tobacco use disorders.

Rationale for This Study
To date, no study has evaluated bias modification in a
substance-using, non-Western, treatment-seeking sample. In
addition, while technologies like eHealth and mHealth have
been widely utilized for the delivery of bias modification
interventions, our prior review [28] of the published literature
demonstrated that mobile technologies have only been evaluated
among individuals with alcohol or tobacco use disorders. Hence,
this proposed study aims to examine the feasibility of a
mobile-based attention bias modification intervention among
treatment-seeking individuals with alcohol or substance use
disorders. If deemed feasible, this will guide further evaluative
research investigating the efficacy of such a complex
intervention.

Objectives
The primary aim of this study is to determine the feasibility of
an attention bias modification mobile app for the reduction of
attention biases to substance-related cures among individuals
with addictive disorders. Feasibility is determined by the number
of participants recruited, participants’ adherence to the planned
interventions up until the day of discharge, and the ability of
the app to detect baseline biases and changes in biases. The
secondary aim is to determine the acceptability of the
intervention, which will be assessed through a questionnaire of
users’ perceptions.

Research Questions
1. Will the mobile attention bias modification intervention be

feasible and acceptable among individuals with addictive
disorders?

2. Is the developed mHealth app capable of detecting the
changes in biases?

Methods

Study Setting and Study Design
This study will be conducted among individuals who are
admitted for inpatient medication-assisted detoxification and
rehabilitation at the National Addictions Management Service
(NAMS), Institute of Mental Health Singapore. Notably, at
NAMS, all patients are admitted voluntarily for treatment, which
implies that patients are free to discharge should they be not
willing to complete the detoxification or rehabilitation phase
of the program. At any one time, a maximum of 30 patients
could be accommodated in the ward environment. Patients are
managed by an attending psychiatrist with a multidisciplinary
team comprising addiction-trained counselors, nurses, and social
workers. In the first week of the treatment program, patients
would undergo medication-assisted detoxification. In the second
week of their treatment program, patients would attend
community meetings and group-based counseling. Individual
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counseling will also be provided to patients. Only participants
who have completed their detoxification phase (first week of
their stay) will be recruited for this study as participants would
be free from withdrawal symptoms. This is a feasibility study,
where participants’ attention biases will be assessed following
the bias modification intervention. The study protocol has been
approved by the National Healthcare Group’s Domain Specific
Research Board (May 2, 2018; Ethics Approval Reference
Number: 2018/00316).

Recruitment
All participants will be recruited from the inpatient unit at the
NAMS, Institute of Mental Health, Singapore. Participants will
be informed of the study by their attending health care
professionals on admission and will be approached by the study
team on the first day of their rehabilitation phase. The study
team will provide participants with further information about
the study, and if participants agree to participate, they will
complete the informed consent form.

Sample Size
Power computation has not been undertaken for this study as
study design is that of a feasibility study. Considering the
diversity of the addictive disorders included, the proposed
sample size is 30 participants.

Eligibility Criteria

Inclusion and Exclusion Criteria
Participants will be eligible for the feasibility study if they meet
the inclusion criteria presented in Textbox 1.

Participants will not be eligible if they meet any of the exclusion
criteria presented in Textbox 2.

Participants with moderate to severe symptoms of comorbid
psychiatric disorders are excluded from this feasibility study as
there is a high likelihood that their comorbid psychiatric disorder
will affect their attentional bias scores. Moreover, patients with
other psychiatric disorders will usually be on other psychotropic
medications. Zhang et al have highlighted that several
pharmacological agents, such as those targeting dopaminergic,
noradrenaline, glutaminergic, and serotonergic
neurotransmissions, have an acute effect on attentional biases
[36].

Intervention
Patients will be invited to participate in this study only upon
the completion of their medical detoxification treatment. If they
consent to participate, they will complete a set of baseline
questionnaires including a demographic and clinical information
questionnaire, the Addiction Severity Index (ASI)-Lite
questionnaire, the Severity of Substance Dependence (SDS)
questionnaire, and the Short-Form 12 (SF-12) questionnaire. In
addition, participants are required to complete a visual analogue
scale for craving before and after the completion of each session.
Table 1 provides an overview of the outcome measures that
participants need to complete for each session. Participants will
receive a 15-minute briefing on the use of the mobile app (by
members of the study team who are familiar with the app) before
the commencement of the assessment and intervention.
Participants will be provided with tablets by the study team to
use the mobile attention bias modification intervention.

Textbox 1. Inclusion criteria.

• Participants aged 21-65 years

• Participants diagnosed with a primary psychiatric disorder of alcohol dependence, opioid dependence, cannabis dependence, stimulant dependence,
or polysubstance use disorder

• For participants diagnosed with polysubstance use disorder, the main substance of use must be alcohol, opioid, cannabis, or a stimulant

• Participants need to be able to read and write in English

• Participants need to be able to use a smartphone or a tablet device

Textbox 2.

Exclusion criteria

• Having a known history of cognitive impairment or dementia

• Having a history of seizures (apart from febrile seizures) or a prior history of withdrawal seizures

• Having a medical history of migraines (triggered by flashing lights)

• Having moderate to severe symptoms of comorbid psychiatric disorders (affective disorders, anxiety disorders, and psychotic disorders) based
on clinical assessment
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Table 1. An overview of the outcome measures that participants need to complete for each session.

Day of rehabilitationAimInstrument

5a4321

✓Baseline characteristic of participantsBaseline demographic and clinical information
questionnaire

✓Details about substance useAddiction Severity Index questionnaire

✓Assessment of severity of psychological depen-
dence

Severity of Substance Dependence questionnaire

✓Baseline health statusShort-Form 12

✓✓✓✓✓bMeasurement of attentional biasesAttention bias modification assessment task

✓✓✓✓✓Retraining of attentional biasesAttention bias modification intervention task

✓c✓c✓c✓c✓cAssessment of cravingsVisual analogue scale for craving

✓Acceptability of interventionPerspective questionnaire

aParticipants will undertake a maximum of 5 sessions considering that the study will not be conducted on weekends.
bThe attention bias modification assessment task will be completed twice on the first day: first assessment will provide information pertaining to the
baseline attentional biases; second assessment will assess for the change in attentional biases following the first intervention.
cStart and end of each session.

On the first day of their rehabilitation, participants will be
required to complete a baseline attention bias assessment task
and an attention bias modification task. They will be allowed
to rest for 15 minutes before they complete a reassessment of
their attention bias. Participants can rest for slightly longer on
the first day, given that they are required to complete two
tasks—an assessment and a modification task. On the subsequent
days of their rehabilitation, they will complete the attention bias
modification task and will be allowed 10 minutes of rest before
retaking an attention bias assessment task. Participants will be
required to complete the visual analogue scale for craving before
and after the completion of each of the bias modification task.
Participants who have completed 3 sessions will be asked to
complete the app perception questionnaire. Participants are
expected to undertake the intervention throughout their
rehabilitation stay on the ward, except for weekends and public
holidays. The intervention is not administered on these days
due to the possibility of image-triggered cravings and the
absence of a counselor to address the heightened cravings.

The mobile version of the visual probe task that participants
will use adheres to the protocol of the original visual probe task
[37]. In the attention bias assessment task, participants will be
required to complete a total of 200 trials (with 10 set of images

being repeated 20 times). In each trial, participants will be
presented with a fixation cross in the center of the screen for
500 ms. Subsequently, they will be presented with a set of two
images for another 500 ms. In each set of images, one of the
images will be a neutral image, which is closely related to that
of the alcohol or drug image (eg, an image of a man drinking
from a can of beer, which will be paired with tan image of a
man drinking from a soft drink can). Following the
disappearance of the images, an asterisk will replace the position
of one of the images (either on the right or on the left).
Participants will be required to indicate a response by selecting
the physical onscreen buttons as fast as they could. The next
set of images will be presented once participants have indicated
a response (by pressing the left or right button depending on
where the probe is) or if the time of 2000 ms has lapsed (Figure
1). In the assessment phase, 50% of the time, the asterisk will
replace the neutral image, and the rest 50% of the time, it will
replace the alcohol or substance image. For the intervention or
bias modification task, participants will be required to take the
same task as that described. However, the asterisk will replace
the position of the neutral image 100% of the time for the
attentional bias to be retrained. Figure 1 provides an overview
of the task that participants undertake on the smartphone or
tablet device.
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Figure 1. Overview of the task that participants undertake on the smartphone or tablet device.

Outcomes
The primary outcome feasibility is defined by the number of
participants recruited and participants’ adherence to the
intervention. In our protocol, we have proposed a total
recruitment sample size of 30 participants, and the study is
considered feasible if we manage to recruit 25% of the invited
number of participants (8 participants). We have proposed a
25% recruitment target for feasibility as we anticipate that there
will be challenges to recruitment as the inpatient treatment
program is a voluntary program (ie, patients could be discharged
voluntarily from the program at any time) and that some patients
would leave following the completion of their medical-assisted
detoxification. In addition, 25% has been proposed as the target,
due also, in part, to our strict inclusion and exclusion criteria.
We have specifically mentioned that we will exclude participants
with medical comorbidities such as seizures and migraines. To
a large extent, most individuals with alcohol disorders often
have a history of withdrawal seizures and, hence, they are not
eligible for the study, thus, potentially affecting the overall
recruitment. Furthermore, we have specifically mentioned that
individuals with moderate to severe psychiatric comorbidities
are not included. As other psychiatric conditions like depression
or anxiety disorders are often comorbidities of substance use
disorder, a large group of individuals cannot be recruited. The
other criterion for feasibility is patients’ adherence to the
planned interventions, and we will consider the study to be
feasible if all participants complete at least 60% of the planned
interventions.

Attention bias will be computed using the mean reaction time
that participants take to react to asterisks or probes that replace
the neutral and alcohol or substance images in the assessment
task. Attention bias is present if the mean reaction time taken
by participants to react to probes that replace the neutral image
is longer in comparison to that of alcohol or substance images.
The underlying rationale is that an alcohol or substance image
would preferentially draw one’s attention, and the reaction time
taken to react to asterisk or probes replacing the image is

naturally much faster. Attention bias, as measured by the
assessment tasks, will be compared to determine if the
interventions result in a reduction in overall biases (by
comparing the final attention bias score with the baseline score).
Cravings will be assessed using the single-item measure, the
visual analogue scale [38], with scores ranging from 0 (no
cravings) to 100 (extreme levels of cravings). The visual
analogue scale is often used for the assessment of current
cravings and urges mainly in terms of craving frequency and
intensity [30]. There are inherent advantages to the use of the
single-item visual analogue scale given that it is easy to
administer [30], and in our case, it would also help reduce
respondents’ burden and risk of refusal, given the need for
repeated measures. The scores on the visual analogue scales
will be compared before and after the sessions and between
sessions. If participants report increased cravings, they will be
referred for counseling.

The secondary outcome acceptability will be assessed through
a perception questionnaire, which consists of the following
questions:

1. Prior to using the app, how confident are you in managing
your addiction problems? (rated on a 5-point Likert scale)

2. How easy was it to use the app? (rated on a 5-point Likert
scale and participants are asked to provide verbatim
comments)

3. How interactive was the app? (rated on a 5-point Likert
scale and participants are asked to provide verbatim
comments)

4. Do you feel motivated to continue using the app? (rated on
a 5-point Likert scale and participants are asked to provide
verbatim comments)

5. Do the images in the app remind you of your substance
use? (rated on a 5-point Likert scale)

6. After using the app, how confident are you in managing
your addiction problem? (rated on a 5-point Likert scale).

The study is deemed acceptable if participants are willing to
use the app daily; if at least 30% of participants rate ease of use,
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interactivity, motivation, and reality (questions 2-5) positively
(either very or extremely on the 5-point Likert scale); and if at
least 30% of participants perceive a change in their confidence
level after having received 3 sessions of the intervention task
(questions 1 and 6). The app is also deemed acceptable by the
absence of any severe adverse events (such as intense cravings
leading to a premature discharge from the inpatient program).

Baseline demographic and clinical information will be collected
from participants. This includes information about nationality,
gender, martial status, race, religion, highest level of
employment, housing conditions, current substance use, method
of consumption of substance, quantity of substance consumed
each time, frequency of use, previous treatment history, chronic
diseases, (psychiatric or physical disorders), and current
psychiatric medications. Furthermore, participants are required
to complete a modified ASI-Lite, SDS, and SF-12
questionnaires.

The ASI-Lite collates information for the following domains:
drug and alcohol use, medical, employment or school, legal,
family, and social and psychiatric [39]. In our modified version,
we have retained the drug and alcohol use questions. Participants
will be asked about their alcohol and substance use in the last
30 days, last month, and their lifetime use. The SDS comprises
5 items, all of which are explicitly concerned with the
psychological components of dependence [40]. The scale has
been used to measure the degree of dependence among
individuals using different types of substances [40]. The
SF-12has been widely used in the assessment of self-reported
quality of life. It covers the 8 health domains as the original
SF-36 [41].

Data Management and Monitoring
All participants will be allocated a subject number upon
recruitment. No participant-related identifiers will be captured
on the hard copy forms. The completed hard copy forms and
questionnaires will be stored in secure, locked cabinets in a
restricted area. The electronic data from the smartphone app
will be automatically synchronized onto a secured,
password-protected cloud database. The main investigator will
back-up a copy of the electronic data records onto a local
secured computer. The principal investigator and the research
assistants will take the responsibility for coding the data from
the hard copy forms. An independent coinvestigator will
routinely check the data entry for reliability and quality. All
records will be kept securely for at least 6 years after the
completion of the study.

Planned Statistical Analyses
Data collated with be analyzed using SPSS version 22 (SPSS
Inc, IL, USA). Baseline demographic information of subjects
will be summarized using descriptive statistics, including means
and SDs. Chi-square tests or Fisher’s test will be considered to
examine any differences in the baseline demographic
characteristics among the different substance disorders. The
presence of attentional biases will be determined based on the

mean reaction times taken to respond to the position of the
probes that replace drug or neutral stimuli. In addition, statistical
tests (analysis of variance) will be performed to determine
whether there are statistically significant differences in the
attentional bias scores across the sessions for participants. P<.05
will be considered statistically significant. Participants’
perspectives and feedback will be analyzed qualitatively using
a thematic analysis approach using NVivo version 10.0.

Adverse Events
Any adverse events that occur during the conduct of the
feasibility study will be reported to the Domain Specific
Research Board in accordance with the local institutional policy.

Dissemination Policies
We will publish our research in peer-reviewed journals and will
also present the findings at regional and international
conferences.

Patient and Public Involvement
Patients and public were not involved in planning for this
protocol.

Results

This study was approved by the National Healthcare Group
Domain Specific Research Board, with approval number
(2018/00316). Results will be disseminated by means of
conferences and publications. Currently, we are in the process
of recruitment for this study.

Discussion

To the best of our knowledge, this is the first study to evaluate
the feasibility and acceptability of a mobile attention bias
modification intervention for individuals with substance use
disorders such as cannabis opioid, stimulant, and alcohol
disorders. The data pertaining to the feasibility and acceptability
are undoubtedly crucial because they imply the potential use of
mobile technologies in retraining attentional biases among
inpatients who are admitted for medical-assisted detoxification
and rehabilitation. Participants’ feedback pertaining to the ease
of use, interactivity, and motivation to continue using the app
is crucial because it will determine whether a codesign approach
might be warranted to design an app that is acceptable for
participants and that participants themselves would be motivated
to use. Apart from substance use disorders, increasing research
has demonstrated the presence of attentional biases in behavioral
disorders such as gambling and internet gaming disorders
[42,43]. If deemed feasible, attention bias modification could
potentially be applicable to behavioral disorders, and the use
of mobile technologies would be most appropriate for
low-resource settings [44]. Moreover, prior meta-analysis
research has demonstrated that behavioral forms of addiction,
such as internet addiction, are positively associated with alcohol
abuse [45]. Hence, attentional biases appear to be a common
therapeutic target in both these conditions.
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Abstract

Background: Advances in medicine rely to a great extent on people’s willingness to share their data with researchers. With
increasingly widespread use of digital technologies, several Web-based communities have emerged aiming to enable their users
to share large amounts of data, some of which can possibly be employed for research purposes by scientists, or to conduct
participant-led research (PLR). Scholarship has recently addressed the necessity of interrogating how existing ethical standards
can and should be applied and adapted in view of the specificities of such Web-based activities. So far, no study has explored
participants’ beliefs about and attitudes toward ethical oversight when it comes to platforms that involve medical data sharing.

Objective: This paper presents the protocol for a survey study aimed at understanding users’beliefs about Web-based data-sharing
platforms regarding how research ethics principles should be applied in such a setting. Furthermore, the study aims at quantitatively
assessing the relationship between participants’perspectives on ethical oversight and other variables such as previous participation
in research, beliefs about data sharing, and attitudes toward self-experimentation.

Methods: We are conducting a Web-based survey with users of a popular Web-based data-sharing platform, Open Humans.
The survey has been sent to approximately 4640 users registered for the Open Humans newsletter. To fill out the survey, participants
need to have an account on Open Humans. We expect a 5%-10% response rate (between 200 and 400 completed surveys out of
approximately 4000 survey invitations sent). Independent variables include past data-sharing behavior and intention, beliefs about
data sharing, past participation in research, attitudes toward self-experimentation, perceived knowledge of the platform’s guidelines
and terms, perceived importance of having transparent guidelines, and governance-related beliefs. The main dependent variable
is participants’ expectations regarding who should ensure that ethical requirements are met within research projects conducted
on open data-sharing platforms, based on Emanuel et al’s ethical framework. We will use chi-square tests to assess the relationship
between participants’ expectations regarding ethical oversight and their past behavior, future intentions, beliefs, attitudes, and
knowledge.

Results: Data collection started on June 13, 2018. A reminder to fill out the survey was sent to participants in mid-July. We
expect to gain insights on users’ perspectives on the ethical oversight of Web-based data-sharing platforms and on the associated
experiences, beliefs, and sociodemographic characteristics.

Conclusions: When digital tools allow people to engage in PLR including medical data, understanding how people interpret
and envision the ethical oversight of their data-sharing practices is crucial. This will be the first study to explore users’perspectives
on ethical oversight of Web-based data-sharing platforms. The results will help inform the development of a framework that can
be employed for platforms hosting various kinds of research projects to accommodate participants’ ethical oversight needs.
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Introduction

Toward Participatory Medicine
Medicine is undergoing a great revolution that is radically
transforming health care by not only improving diagnostics and
therapeutics but also providing new understandings of disease
prevention [1,2]. Contributing to such transformation are some
intimately intertwined factors such as the introduction of systems
medicine (application of systems biology approaches to disease);
big data (availability of large quantities of data); new
technologies (that allow study of new magnitudes of individuals’
data); and patients’ increasing participation, engagement, and
involvement in health care [1-6]. Large amounts of data are
necessary to make sense of systems medicine, and, in turn,
sophisticated technologies are crucial for big data to be
adequately analyzed and interpreted. Similarly, individuals’
participation, engagement, and involvement in health care are
crucial for a constant supply of big data because, by sharing
their data with research, individuals can contribute to the
accumulation of a vast amount of information [7]. The
convergence of these elements is typically referred to as “4P
medicine,” a term initially coined by systems biologist Leroy
Hood to indicate a type of medicine that is predictive,
preventive, personalized, and participatory at the same time
[2,4,8-11]. However, 4P faces both technical and societal
challenges [2]. While there appear to be rapid technical
developments in the capacity to process people’s data, the
transition from a reactive to a proactive, empowered approach
to medicine seems to pose greater difficulties [1-3]. The key
concept of 4P medicine that “the individual is at the center of
action-taking related to health and health care” [12] raises the
question of not only how to best educate patients, physicians,
and public about the opportunities offered by 4P medicine but
also how to acquire the amount and type of data necessary for
predictive and personalized medicine to be realized [2,12-14].
Reaching out to larger communities of individuals may require
looking beyond the traditional researcher-led enrollment system
conducted in university hospitals and research centers.
Patient-activated networks and patient-initiated research
activities may help address this challenge [2,3]. According to
many, it is exactly these patient-initiated phenomena that will
be the most powerful tools in the strive to push forward the 4P
agenda because they may increasingly provide data while
fostering individuals’ empowerment and boosting transparency
and accountability in science at the same time [3,12,15-18]. We
set out to analyze the opportunities and challenges these
activities offer and focus on the ethical oversight requirements
of such phenomenon.

Participant-Led Research
The major strategies adopted to promote a participatory
approach to medicine involve increasing individuals’

participation, engagement, and involvement in their health and
in health research [5,19]. According to Woolley, participation
in medical research encompasses activities that involve not only
an active, intentional role but also more passive forms of
inclusion [5]. The concept of public engagement in scientific
studies, on the other hand, does not depend on individuals’
participation in research, that is, individuals can feel engaged
even if they do not actively participate in the research.
Engagement can be higher or lower according to scientists’
effort to communicate their intentions and request public’s
collaboration in collecting data through so-called
participant-centric initiatives [5,20]. Finally, involvement
characterizes activities where members of public can play an
active role in initiating research, selecting the scientific questions
to address, and designing a study and implementing it [5,21].
This latter type of initiatives is commonly referred to as
participant-led research (PLR), participant-driven research, or
participatory research, and it includes a wide spectrum of
approaches such as self-experimentation, self-surveillance,
analyses of genetic information, and genome-wide associated
studies [22,23]. In this study, we decided to adopt the label
“PLR” over others because we believe it better emphasizes the
main characteristic of this activity, which is not only initiated
but also conducted by those who participate in it.

PLR has been facilitated by the integration of a wide range of
increasingly affordable technologies into everyday life like
computers, smartphones, tablets, and wearable gadgets and by
the emergence of social media platforms where people can
nowadays share (health-related) information about themselves
to be used for a variety of research purposes [23]. For example,
platforms like PatientsLikeMe and the Quantified Self offer
people the opportunity to design, conduct, and analyze their
own studies by uploading different types of data about
themselves [12,18,24]. An example of a successful PLR
initiative, the results of which were eventually published in an
international scientific journal, is the lithium study, in which a
group of patients suffering from amyotrophic lateral sclerosis
and belonging to the PatientsLikeMe community initiated and
conducted a study on the effects of lithium on their condition
[25]. The study findings were later confirmed by a standard
clinical trial [26]. While the lithium study involved testing a
substance on one’s own body, most PLR activities involve
uploading one’s data to Web-based platforms (often genetic
data derived from direct-to-consumer genetic testing) with the
scope of starting or contributing to a research project [15,27,28].
Users may want to publicly share their data on Web-based
platforms for a variety of reasons. For example, studies have
found that users may want to learn about themselves or
contribute to the advancement of medical research and, in the
case of genetic and genomic data, want to improve the
predictability of genetic testing because they find it fun to
explore genotypic and phenotypic data [29,30-34].
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PLR activities have some clear limitations, such as an evident
self-selection bias due to the fact that its participants usually
come from a selected, hyperactivated, and highly educated
subset of the general population, leading to little variance in the
sociodemographic characteristics of those who join it [35].
However, there is much consensus on the opportunities offered
by this novel approach to science [19,22]. First, PLR promotes
individuals’ empowerment, one of the pillars of the
patient-centered health care model, by allowing people to make
more informed and autonomous decisions on their own health
[22]. From a patient or participant perspective, taking part in
PLR could fulfill individuals’ need for involvement and
self-determination that can otherwise be lacking in
investigator-led research and that is currently urged in patient
care [36]. It can also create opportunities for social support
among individuals sharing the same condition or health concerns
[21]. PLR supports the democratization of research, a system
where anyone has a human right to contribute to science and
actively participate in the research process, and significantly
helps cut research-related recruitment and logistic costs
[18,37,38]. Furthermore, such activities can provide great
support to large-scale and longitudinal research studies,
accelerate the pace of their execution, and explore areas that
standard medical research often overlooks or cannot reach
[13,22,39]. Just as in other forms of crowdsourcing, the
underlying belief that fuels PLR activities is that the more people
are allowed to participate, the more accurate and complete the
generated information will be [40]. However, due to the general
lack of qualified supervision that distinguishes standard research
practice, these bottom-up initiatives challenge existing ethical
paradigms and raise questions that scholars have only recently
started to address [13,40].

Ethical Oversight of Participant-Led Research
Just like investigator-led research, PLR poses evident questions
related to its ethical, legal, and social implications, potentially
resulting in barriers to the optimal integration of its outcomes
into scientific evidence and, ultimately, into health care [3].
Beyond issues of accountability, the main concerns are whether
PLR can be conducted (1) in a scientifically thorough fashion
and (2) in an ethically appropriate manner [14,37]. The first
concern follows the consideration that being self-reported,
self-collected, and mostly generated without an experienced
researcher’s supervision, data produced by PLR may not meet
the highest scientific standards characterizing investigator-led
research and contain major biases that may lead to questioning
data’s reliability and validity [22,26]. In response to this worry,
recent scholarship has proposed that PLR can, at least in
principle, reach the same level of scientific accuracy of standard
research, provided that participants are adequately trained on
how to collect and report their data [16,41]. Furthermore, with
the widespread use of these approaches, PLR holds the promise
of introducing increasingly novel methods for validating its
results to secure their publication in international journals and
their integration into health care practice [19]. The second
concern builds on the assumption that PLR activities bear
potential risk of harm for those taking part in them [15,23]. For
example, testing off-label drugs without a researcher’s
supervision might lead to serious health consequences as much

as sharing one’s identifiable genetic data on Web-based
platforms may lead to privacy issues that can result in
discrimination by employers or insurance companies [7].

Following these considerations, some scholars have argued that
PLR should be ethically regulated, and a debate is currently
taking place regarding what forms of ethical oversight
mechanisms should be adopted in such contexts [16]. While
some scholars believe that we should try to capture such research
within existing regulatory frameworks (requiring, for example,
ethical review by an Institutional Review Board; IRB) [42],
Vayena et al have proposed that existing ethical standards should
be applied to the specificities of participant-led health research
with alternative mechanisms [16]. They have proposed a
distinction into 3 categories representing different levels of
similarity between a given PLR project and standard research,
the level of risk involved, and the type of agent conducting the
research; they suggest crowdsourcing review as an alternative
method of ethical oversight [12,16,21,23,42]. In particular, a
given PLR activity will fall into the first category (and, thus, it
will be subject to the standard form of ethics review) if it is
performed by state or for-profit institutions; if the activity does
not meet the “institution-plus” criterion, it will fall either into
the second category (if it involves more than minimal risk to
participants) or in the third category (if it involves no more than
minimal risk to participants) [16]. While the second category
will demand a form of ethics review equivalent to an expedited
review (eg, a faster review conducted by the IRB chair and one
or more experienced reviewers), no formal ethics review is
morally required for the third category [16].

The need to adapt ethical standards to PLR also finds
justification in the great amount of evidence showing that
participants are more willing to donate their data when an ethical
review body has approved the study protocol [43]. But
establishing the appropriate ethical oversight mechanism in
PLR is not without challenges. In fact, these activities represent
a revolutionary movement in contrast to mainstream research,
and, as such, they often position themselves as opposed to the
traditional elitism of standard research practice [38,44].
Furthermore, applying the same mechanisms of ethical oversight
that are also employed to review standard research is likely to
impose a burden on PLR in terms of finances, time, and
logistics, with the possible consequence of discouraging
participation [13,21]. Thus, we can expect some forms of
resistance by this novel approach to science against any
top-down attempts to regulate it.

Objective of the Study
The literature suggests a substantial lack of information on
individuals’ perspectives regarding ethical oversight in
participant-led health research [13,16,38,42]. Previous research
has explored the reasons why users decide to publicly share
their data on Web-based platforms for research purposes and
what prevents them from doing so [29], but no study has so far
investigated participants’perspectives on what ethical oversight
methods should be in place in such settings. Even scholarship
from other disciplines that has investigated users’ attitudes
toward Web-based platform policies has so far addressed issues
such as privacy [45] and copyright [46], but overlooked medical
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research ethics. Considering that most participant-led health
research activities take place on Web-based platforms and
involve publicly sharing individuals’data in anonymized, coded,
or identifiable forms, the goal of this study is to investigate
whether the users and visitors of a Web-based data-sharing
platform apply the same ethical principles of standard research
to Web-based data sharing and, in particular, to Web-based
participant-led health research projects. Furthermore, we aim
to investigate the mechanisms of ethical oversight that users
think should be adopted in such a context.

Methods

Study Design
We will adopt survey methodology in this study. We target the
users of the Web-based data-sharing platform Open Humans
who have subscribed to the Open Humans newsletter [47].
Initially, we developed a conceptual model that seeks to explain
individuals’ ethical oversight expectations of data-sharing
platforms with their past data-sharing behavior, their previous
participation in research, their perceived importance of having
transparent guidelines on Web-based data-sharing platforms
and perceived knowledge of them, their attitudes toward data
sharing and self-experimentation, and their future data-sharing
intention (see Multimedia Appendix 1). Subsequently, we
developed a Web-based questionnaire using the survey platform
SurveyMonkey [48] on the basis of the literature discussing the
main ethical principles applying to standard research and, in
particular, Emanuel et al’s ethical framework for clinical
research [49]. We developed items to measure the variables that
potentially have a relationship with users’ opinions on ethical
oversight, such as past data-sharing behavior [29], previous
participation in research [50], attitudes toward
self-experimentation [51,52] and data sharing [30-34], perceived
importance of having transparent guidelines, and knowledge
about the platform’s guidelines [30,31]. To content and face
validate the questionnaire, we conducted a pretest with a
convenience subsample of 6 participants. We contacted potential
pretest participants through the Open Humans platform and
asked them to fill out the Web-based survey by providing
specific feedback on the clarity and appropriateness of each
survey item. Data collection continued until data saturation was
achieved.

Once the pretest had been conducted and the survey questions
refined, we created a research project on a dedicated page of
the Open Humans platform where we described the scope of
the study and provided a link to the Web-based survey. Open
Humans research projects are meant to ask an engaged audience
of participants to join and contribute to research. Past and current
research projects include the Genevieve Genome Report
(matching participants’ genome against public variant data),
the Twitter Archive Analyzer (to explore social media usage),
and the Keeping Pace project (seeking to study data about how
participants move around and to understand how seasons and
local environments influence their movement patterns).
Altogether, Open Humans research projects have so far involved
more than 3000 users.

An invitation to visit the research project Web page and fill out
the Web-based survey was sent through the Open Humans
regular newsletter to all subscribers (approximately 4640 users)
on June 13, 2018. Those who do not have an account on Open
Humans are requested to create one to be able to fill out the
survey. We expect a response rate of 5%-10% (between 200
and 400 completed surveys out of approximately 4000 survey
invitations sent), in line with previous research [53]. To increase
the response rate, a second newsletter including a reminder
about our research project and the upcoming deadline was sent
to potential participants in mid-July 2018.

Survey Administration
By clicking on the link to the survey, participants are directed
to a dedicated page of the Open Humans platform describing
the project’s goal (“Data sharing and ethical oversight”) and its
academic and nonprofit nature, providing the name and contact
details of the principal investigator, and providing the informed
consent form as well as a downloadable version of it. Users can
only be redirected to the actual survey if they consent to
participate in the study by clicking on the corresponding button.
If they agree, the participants are directed to the survey on
surveymonkey.com, where a short introduction reminds them
about the study’s scope and guarantees that no data are extracted
from participants’ accounts. An anonymized unique identifier
is attributed to each Open Humans platform account to detect
multiple entries from the same individual. If such multiple
entries are found from the same individual, we will keep the
first entry for analysis. To start the survey, participants are asked
to confirm that they “have joined the project on openhumans.org,
read the description, and accepted the corresponding consent
form.” The survey displays 1-3 questions on each page
according to the questions’ length, and participants can review
and change their answers through a “back” button. We ensured
that survey questions are appropriately displayed on mobile
phones. Completion of the survey is estimated to take
approximately 15-18 minutes. To avoid missing data, answers
to the questions are mandatory, except for sociodemographic
variables. We offer no remuneration for participation in this
study. However, we ask participants whether they would like
to receive their responses to the survey and the aggregated
answers from all respondents for comparison.

Analysis
Once the survey has been closed, we will import the data into
SPSS (IBM Corp, version 24.0). We will compute frequencies
and correlations and use chi-square tests to assess the
relationships between participants’ethical oversight expectations
and their past behavior, future intentions, beliefs, attitudes, and
knowledge. A priori power analysis suggests that a sample size
of 142 respondents would be adequate to detect a moderate
effect with alpha=.05 and power=.8 [54]. Thus, our proposed
minimum sample size of N=200 will be more than adequate for
the main objective of this study. Data missing at random will
be handled using multiple imputation [55]. Depending on the
nature of the comments provided in the open-ended questions,
we might also be able to gather important qualitative insights.
In this case, two researchers will code the comments and label
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them. Similar labels will then be merged into broader themes
to provide a comprehensive description of the findings [56].

Institutional Review Board Approval
The study protocol, including survey questions, has been
approved by the Ethics Commission of the Federal Institute of
Technology, Zurich on May 7, 2018, with the title “Ethical
oversight in online data-sharing platforms” (Ref.: EK
2018-N-36). We expect there will be no risks to participants in
this study.

Measures
This is the first study to explore individuals’ ethical oversight
expectations regarding research projects on open data-sharing
platforms. For this reason, we developed our own conceptual
model in an effort to explain participants’ ethical oversight
expectations through their past data-sharing behavior, their
previous participation in research, their perceived importance
of having transparent guidelines on Web-based data-sharing
platforms and perceived knowledge of them, their attitudes
toward data sharing and self-experimentation, and their future
data-sharing intention (see Multimedia Appendix 1). To build
measures for our variables of interest, we relied on the literature
on the ethical principles of standard research [49,57-59], on
what characterizes PLR [12,16,19,37,60-62], and on barriers to
and facilitators of data sharing in varous contexts (eg,
biobanking) [30-32]. Below we have described how survey
questions were created on the basis of the literature across all
variables. The survey questions can be found in Multimedia
Appendix 2.

Independent Variables

Past Data-Sharing Behavior
The level of users’ engagement with data sharing represents a
key variable for comparison between the ethical oversight
expectations of more or less engaged users. We speculate that
the amount of data users have publicly shared in the past will
be significantly linked to the type of ethical oversight
mechanism preferred. We will measure past data-sharing
behavior with 4 questions. A filter question will ask participants
whether they have ever tracked, collected, or been in possession
of different types of data (such as vital signs, stress levels, and
mood). The next 2 questions will target specific types of data
selected by participants and will ask participants whether they
have ever shared that data on the Open Humans platform and
on any Web-based platforms other than Open Humans. We
extracted the list of types of data from the 2014 Report of the
Health Data Exploration Project and adapted it to the digital
context [63]. The fourth question will focus on genetic data and
will ask participants whether they have ever shared this type of
data in any of the most popular genetic data-sharing platforms
(eg, OpenSNP, SNPedia, and DNAland). A multiple answer
option will be provided for all questions (see Multimedia
Appendix 2).

Intention to Share Data in the Future
Intention is a well-known antecedent of actual behavior [64].
We will measure participants’ intention to share their data with
a matrix question asking to what extent participants would agree

to share their data for research purposes if they were asked to
do so in the future. The list of types of data will be the same
employed to measure past data-sharing behavior extracted from
the 2014 Report of the Health Data Exploration Project and
adapted to the digital context [63], and we will collect answers
on a 5-point Likert scale measuring agreement and anchoring
at “strongly disagree” and “strongly agree.”

Beliefs About Data Sharing
Data-sharing beliefs have been found to be linked to intention
to share and interest in sharing [30-33]. To measure participants’
beliefs regarding data sharing, we will employ 5 items adapted
from a previous survey study involving users publicly sharing
their data, for instance, “sharing my data makes me feel part of
scientific research,” “I want to contribute to the advancement
of medical research,” and “I want to compare my data to that
of other people” [29]. Answers will be collected on a 5-point
Likert scale measuring agreement and anchoring at “strongly
disagree” and “strongly agree.”

Past Participation in Research
Previous research has found that 15.57% of surveyed individuals
who had publicly shared their data were or had been research
participants [29]. To measure participants’previous participation
in research, we will ask them whether they have ever taken part
in a clinical trial, a survey or questionnaire study, a qualitative
study (eg, interview or focus group), a nonclinical trial, or
another type of research study they might want to specify.
Answer options will include (1) “no, never”; (2) “yes, in the
past week”; (3) “yes in the past month”; (4) “yes, in the past 6
months”; (5) “yes, in the past year”; and (6) “yes, more than 1
year ago.”

Attitude Toward Self-Experimentation
Self-experimentation is one of the forms that PLR activities can
take [52,65]. However, self-experimentation can, in turn, take
different shapes, according to the level of risk involved in the
experimental activity [51,52]. Due to the lack of studies on
people’s attitudes toward self-experimentation, we speculate
that individuals with a positive attitude toward the most extreme
forms will be significantly more likely to expect less institutional
ethical oversight mechanisms. To measure participants’attitudes
toward self-experimentation, we will provide 3 brief scenarios
describing different examples of self-experimentation, from
low-risk to high-risk behaviors [52,65]. Answers will be
collected on a 5-point Likert scale measuring approval and
anchoring at “strongly disapprove” and “strongly approve”;
Multimedia Appendix 2 provides a full description of the
scenarios.

Perceived Knowledge of the Guidelines and Terms of
Open Humans
Perceived knowledge about what is involved in an action or a
decision is a known predictor of individuals’ self-determination
in many behavioral and decisional contexts [66]. Individuals’
self-determination might, in turn, regulate the expectation of a
more or less rigorous institutional review for a given PLR
project. We speculate that participants with higher levels of
perceived knowledge regarding the platform’s guidelines will
be significantly more likely to indicate less institutional ethical

JMIR Res Protoc 2018 | vol. 7 | iss. 11 | e10939 | p.230http://www.researchprotocols.org/2018/11/e10939/
(page number not for citation purposes)

Fadda et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


oversight mechanisms for public data-sharing activities because
they feel more autonomous in their decision making. This
variable will measure the perceived knowledge of the main
guidelines and terms of use of the Open Humans platform, such
as privacy, projects, and community guidelines. Participants
will be asked to indicate how familiar they are with each
guideline. We purposely decided not to include objective
questions (such as a quiz) because we do not want our
participants to feel they are being tested. However, to detect
automatic replies and those conforming to social desirability,
we have added control questions about hypothetical guidelines
that do not actually exist, and we will, thus, be able to filter
answers of the individuals who state they are “(extremely)
familiar” with these. Answers will be measured on a 5-point
Likert scale anchoring at “not familiar at all” and “extremely
familiar.” This question is meant to measure, in general, the
extent to which participants perceive themselves knowledgeable
about the platform’s guidelines. We employed broad,
recognizable labels so that participants can more easily assess
whether they are in possession of that information regarding
the platform’s guidelines. Perhaps then, our labels do not exactly
reflect the names appearing on the website. We will calculate
a summative score for this set of questions, excluding the control
questions.

Perceived Importance of Having Transparent Guidelines
and Other Governance-Related Variables
Barazzetti et al have addressed the expectations of people in
regulatory governance of biobank research. Although their study
was not about a Web-based platform, their results underline the
need to inquire further into the alignment between perception,
regulation, and actual communication [67]. Additionally, Earp
et al looked closely at users’ expectations of information
regarding privacy and compared them with both actual
regulation and the existing policy statements, finding important
divergences [68]. Fiesler et al focused on users’ expectations
compared with actual legislation regarding copyright aspects,
but their article also gives a useful overview of previous work
related to the perception of Terms of Services more generally
[69]. In an effort to assess users’ governance-related
expectations, we decided to measure the extent to which
participants believe it important to have transparent guidelines
on both the Open Humans platform and other open data-sharing
platforms. Main guidelines will include areas such as privacy,
projects, and community. Answers will be measured on a 5-point
Likert scale measuring importance and anchoring at “not
important at all” and “extremely important.” The survey will
also include a variety of questions aimed at measuring
participants’ perceptions of other aspects of governance of the
Open Humans platform such as (1) the perceived influence of
the nonprofit status of Open Humans on the decision to sign up
or navigate the platform (measured on a 5-point Likert scale
anchoring at “not influential at all” and “extremely influential”);
(2) beliefs regarding who should make decisions about the Open
Humans platform (eg, users taking part in research projects, any
users of the platform, and independent nonqualified ethical
committee); (3) participants’ desire to be involved in decisions
about the governance of the Open Humans platform (measured
on a 5-point Likert scale anchoring at “strongly disagree” and

“strongly agree”); and (4) amount of time participants are willing
to invest into governing the Open Humans platform (measured
on a 5-point Likert scale anchoring at “none at all” and “a great
deal”).

Dependent Variable

Expectations Regarding Ethical Oversight

Participants’ expectations regarding ethical oversight
mechanisms on Web-based data-sharing platforms will be
measured with 11 question asking them who they think should
ensure that 6 ethical requirements for clinical research [49] are
met within the research projects conducted on Web-based
data-sharing platforms. The ethical framework that guided the
creation of these questions is Emanuel et al’s “7 ethical
requirements” framework [49]. Each ethical requirement will
be covered by one or more questions. We decided to not include
1 of the 7 ethical requirements, that is, “value,” because it has
to do with the dissemination of the research results and the
potential of the research to increase knowledge [49]. This
requirement dictates whether the study will receive funding and,
thus, represents a preliminary evaluation of the research project
that does not match the core characteristic of PLR activities,
the peculiarity of which is a noninstitutional, bottom-up
approach [16]. The ethical requirements selected by us are (1)
scientific validity (“Who should ensure that the research is
conducted in a methodologically rigorous manner?”); (2) fair
subject selection (“Who should ensure that recruitment is fair
and balanced and not restricted to certain populations on the
basis of convenience or efficiency or by exploiting vulnerable
individuals or communities?”); (3) favorable risk-benefit ratio
(eg, “Who should ensure that potential risks to individual
subjects are minimized?”); (4) independent review (eg, “Who
should ensure a research project’s compliance with ethical
requirements?”); (5) informed consent (eg, “Who should ensure
that individuals are accurately informed about the purpose,
methods, risks, benefits, and alternatives to the research?”); and
(6) respect for potential or enrolled subjects (“Who should
ensure that individuals’ privacy is respected by managing the
information in accordance with confidentiality rules?”).
Participants will be asked to choose among 9 answer options,
namely (1) “No one in particular, because it does not apply”;
(2) “No one in particular, for another reason (please specify)”;
(3) “Users participating in the project”; (4) “Any registered
users of the platform”; (5) “The creators or directors of the
project”; (6) “The creators or owners or directors of the
platform”; (7) “An independent, nonspecialized committee (eg,
a group of citizen volunteers)”; (8) “An independent ethics
committee (eg, a university IRB)”; and (9) “Other” (with the
possibility of entering text).

Sociodemographic Variables

We will also ask participants a number of questions pertaining
to their sociodemographic status, such as perceived health status,
presence of a chronic condition (both referring to the participant
and to the participant’s family members), gender, age, ethnicity,
country of residence, education, marital status, number of
children, employment status, health and life insurance coverage,
and past experience in the health field.
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Results

We initially conducted a pretest with a convenience sample of
6 users of the Open Humans platform; subsequently, we refined
the survey questions and started data collection on June 13,
2018. Results will provide information on not only which
mechanisms of ethical oversight participants expect to be
implemented within research projects conducted on the Open
Humans platform but also the behavioral and psychosocial
features of the Open Humans users participating in the study.
Although we expect mainly US participants to join the study
(as Open Humans is based in the United States), users from
other countries can also participate. In case we detect important
differences based on national contexts, we will take into account
the main US and European laws and regulations on privacy that
are important for ethical considerations for the analysis and
interpretation of responses.

We speculate that participants will envision stronger ethical
oversight mechanisms for principles like autonomy, while they
will perceive other principles such as privacy and confidentiality
as less applicable to this context. This is because open data
sharing is a voluntary activity that involves participants’
affirmation of their autonomy, conducted without any privacy
protection (data can be accessed by anyone) [16]. Furthermore,
we hypothesize that previous participation in research, past
data-sharing behavior, perceived importance and knowledge of
Open Humans guidelines and terms, attitudes toward
self-experimentation and data sharing, and future data-sharing
intention will have significant relationships with their
expectations regarding ethical oversight. In particular, we
formulated the following hypotheses:

H1: Participants will highly value certain principles
such as respect for autonomy, while they will deem
other principles such as privacy and confidentiality
less important in this setting. Due to the public nature
of open data sharing (no privacy protection is
offered), participants might assume that they have
relinquished their privacy, accepting that it cannot
be protected. On the other hand, those publicly
sharing their own data are likely to expect that their
self-determination is respected and enhanced.

H2: Participants with previous participation in
research will be significantly more likely to indicate
that an independent ethics committee should be in
charge of applying the main ethical principles on
Web-based data-sharing platforms compared with
those with no previous participation in research.
Because of their previous exposure to the
investigator-led research model, they might
overgeneralize and assume that standard ethical
review should also apply to PLR [43].

H3: Participants with more positive attitudes toward
self-experimentation will be significantly more likely
to indicate that users participating in the project
should themselves be in charge of applying the main
ethical principles on Web-based data-sharing
platforms. Self-experimentation represents an

expression of self-determination or autonomy that
can regulate the expectation regarding the type of
ethical oversight applying to PLR [51,52,65].

H4: Participants with lower perceived knowledge of
the platform’s guidelines will be more likely to
indicate that an external review board should be in
charge of applying the main ethical principles on
Web-based data-sharing platforms. Multiple studies
based on self-determination theory have found
perceived knowledge to be significantly and positively
correlated with self-determination [66], which might
regulate one’s ethical oversight expectation (more or
less institutional).

Discussion

Study Rationale
Research is likely to benefit from fostering more engaged
research participation [3]. The integration of digital tools into
everyday life is facilitating people’s active involvement in
research, and PLR activities are becoming an increasingly
popular phenomenon [70]. PLR initiatives hold great promise
for science, not only because they are a tangible expression of
a response to the push for a more participatory medicine but
also because they offer significant opportunities for advances
in a variety of fields by offering novel solutions to complicated
challenges [22]. Yet, if not duly overcome, some challenges are
likely to become burdensome bottlenecks to the successful
realization of these activities. In particular, ethical oversight
mechanisms need to be adapted to PLR to ensure that the same
ethical standards of investigator-led research are fulfilled while
PLR values are, at the same time, respected and promoted
[16,21,23]. Some alternative solutions to standard ethics review
(such as crowdsourcing ethics review) have been proposed [16],
but evidence is currently missing on the perspectives of
individuals who are directly involved in PLR activities. Our
study represents the first attempt to explore what ethical
oversight mechanisms users and visitors of a Web-based
platform hosting research projects think should be in place. The
results will also inform a broader debate on PLR and its potential
impact outside the medical realm. In fact, the potential
significance of PLR is much broader than medical research and
also invests health or wellness research and nonmedical human
research (this reflection was contributed by an anonymous
reviewer). On the basis of the type of data that our participants
report to be engaged with, we will be able to establish which
fields of application are suitable for the preferred PLR ethical
oversight mechanisms.

Limitations
A number of limitations to this study are worth mentioning.
First, we will recruit our participants from a relatively small,
US-based data-sharing platform; therefore, the results—while
representative of the Open Humans population—might not be
generalizable to other platforms. The decision to restrict our
inquiry to the Open Humans community has been dictated by
the availability of the platform to join this study. Furthermore,
because this is the first study of this kind, we aim to collect an
initial set of information from a single, circumscribed group of
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people. A second limitation is that while the users of Open
Humans can share their data for research purposes by
contributing to dedicated research projects, other platforms such
as PatientLikeMe represent more common venues to start
leading PLR activities. However, Open Humans represents a
fast-growing platform for initiating and conducting research
projects with a diverse and highly involved community. Third,
we will ask our participants what potential ethical oversight
mechanisms they think should be in place within research
projects on the Open Humans platform, thus, introducing a
hypothetical bias [71]. Soliciting their opinions solely on already
established oversight mechanisms might have provided a more
valid and reliable account, but in the current state, it remains
unclear what these would have entailed. Finally, we will
compare engaged and nonengaged users on the basis of their
answers to the past data-sharing behavior questions. Having
access to their account activity data would have represented a
more reliable and objective measure of engagement. However,
we purposely decided not to include this type of data to ensure
that participants feel comfortable in sharing their opinions and
experiences with the research team.

Future Research
This study is the first attempt to elicit individuals’ perspectives
on the ethical oversight of Web-based PLR activities and to

compare such views with their experiences, beliefs, knowledge,
and sociodemographic characteristics. Future research should
replicate our effort in novel methodological and contextual
ways. First, because our study will follow a quantitative
approach, qualitative research might be a valuable approach to
further investigate people’s expectations regarding which forms
of ethical oversight should be applied to PLR. Second, as we
restricted our enquiry to a single platform, exploring and
comparing different geographical settings will certainly provide
more insights on users’ expectations and allow for a better
refinement of any policy recommendations. Furthermore, it
would be interesting to study whether practitioners’ beliefs
about ethical oversight can differ on the basis of research type
(including medical research, wellness research, or scientific
research involving human data).

To maximize the extent to which it can benefit from research,
society has a legitimate priority and concern about protecting
research participants and ensuring that a high-quality research
is conducted in an ethical manner [23]. As PLR is capable of
producing generalizable scientific knowledge, just as standard
research, it is crucial to understand what criteria are important
to PLR participants to determine who should be in charge of
ensuring that standard ethical principles are satisfied [23].
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Abstract

Background: The sulfur-containing compound methylsulfonylmethane (MSM) has been used as a dietary supplement for a
variety of reported health benefits. Clinical observations and case studies have indicated that MSM may help alleviate allergic
rhinitis; however, this effect has not been evaluated under controlled conditions.

Objective: This study aimed to determine the effects of MSM consumption on allergic rhinitis symptoms after provocation
with a standardized allergen.

Methods: We recruited healthy participants with a history of allergic nasal congestion to participate in a randomized, double-blind,
adaptive-design study. Participants were administered a standardized allergen in clinic to determine the presence or absence of
an allergic response. Participant responses were recorded using a recognized measure of nasal patency, peak nasal inspiratory
flow (PNIF), and by a visual analog scale to score the severity of their allergy-related nasal symptoms. After we collected baseline
nasal responses to allergen, followed by a 1-week washout period, participants returned to the clinic and were exposed to allergen
after taking an acute high dose of 12 g of MSM. We then randomly assigned participants to a lower dose of MSM (1 g, 3 g, or 6
g), which they consumed once a day for 14 days. Participants returned to the clinic for repeat assessments while again taking
their assigned daily dose of MSM.

Results: All MSM treatment courses significantly reduced visual analog scale average nasal symptoms in a longitudinal
comparison across all participants, with low-dose treatments decreasing symptoms by 53.72% (P=.001), and an acute 12-g dose
decreasing symptoms by 22.49% (P=.03). Although the acute dose of MSM did not yield significant changes in nasal patency,
low “everyday” doses significantly relieved nasal obstruction as indicated by a 17.32% (P=.02) increase in PNIF across all
participants. The most effective dose across all measurements was daily consumption of 3 g of MSM, which significantly decreased
all nasal symptoms (nasal obstruction, rhinorrhea, watery or itchy eyes and nose, and sneezing) and further was found to significantly
(P=.01) increase PNIF.

Conclusions: The MSM study product provided significant relief of allergic rhinitis symptoms and objective nasal obstruction
measurements without the occurrence of adverse events. Oral consumption of the study product may reduce the symptoms and
onset of allergic rhinitis without the side effects associated with standard-care medication.

Trial Registration: ClinicalTrials.gov NCT02342483; https://clinicaltrials.gov/ct2/show/NCT02342483 (Archived by WebCite
at http://www.webcitation.org/73vLKNvAp)

(JMIR Res Protoc 2018;7(11):e11139)   doi:10.2196/11139
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Introduction

Background
Allergic rhinitis, or nasal allergy, is an extremely common
ailment that occurs when the nasal mucosa undergoes
inflammation in response to inhaled allergens [1]. The
prevalence of this condition ranges from 10% to 20% in the
United States [2]. It is characterized by several uncomfortable
symptoms: red itchy eyes; a blocked, itching, runny nose (a
group of symptoms referred to as rhinorrhea); and sneezing.
Other reported symptoms include throat clearing, headaches,
facial pain, ear pain, itchy throat and palate, snoring, and sleep
disturbances. Severe allergic rhinitis can significantly affect the
patient’s quality of life, sleep, and work performance [3]. Nasal
allergy commonly occurs when an individual’s immune system
overreacts to allergens such as grass, weed, or tree pollens;
house dust; mites; mold; and animal dander [4,5].

Allergic rhinitis was previously considered to be a disorder
localized in the nasal passages, but emerging research indicates
that the entire respiratory tract is involved. Close physiological,
functional, and immunological relationships exist between the
upper (nose, nasal cavity, paranasal sinuses, pharynx, and
larynx) and lower (trachea, bronchial tubes, bronchioles, and
lungs) respiratory tracts [6]. Although allergic rhinitis can be
considered a simple nuisance in the case of mild symptoms, it
has been classified as a chronic disease that should be addressed
by a physician [7]. Allergic rhinitis is also associated with
serious inflammatory disorders, including asthma. In fact, 80%
of asthmatic patients have allergic rhinitis and 40% of rhinitis
patients have asthma [8,9]. Allergic rhinitis is controlled by
various palliative therapies, most commonly antihistamine
medications, which often produce sedative side effects [10].

Methylsulfonylmethane (MSM), also known as dimethyl sulfone
and methyl sulfone, is an organic compound containing sulfur
that occurs naturally in the body, as well as in a variety of fruits,
vegetables, grains, and animals [5]. Orally and topically, it is
used to treat chronic and musculoskeletal pain, osteoarthritis,
joint inflammation, exercise-induced muscle damage,
hemorrhoids, and rosacea [11]. However, only a few studies
have reported the potential benefits of MSM in treating allergic
rhinitis and allergic sinusitis [12,13].

One multicenter human trial found that the consumption of 2.6
g of MSM effectively reduced symptoms of seasonal allergic
rhinitis (SAR). This dose of MSM improved the frequency of
upper respiratory signs and symptoms such as runny nose, nasal
obstruction, and paroxysmal sneezing after a week of oral intake
[13]. However, that study prompted criticism because it lacked
quantification of pollen count each participant was exposed to
[14]. In this study, we aimed to address the efficacy of MSM
treatment using controlled standardized conditions in healthy
participants with a history of SAR.

MSM is considered safe for consumption, as clinical studies
have reported few, if any, side effects in a human population

[13]. Moreover, in rats, MSM administered at 2 g/kg, a dose 5
to 7 times the maximum recommended dose for humans, was
well tolerated and elicited no adverse events or deaths. No gross
pathological lesions or changes in organ weights were observed,
and renal history appeared to be normal in treated rats [12].
Similarly, oral intake of MSM also led to no adverse events in
pregnant rats [15], suggesting it is safe for consumption even
at high doses.

Objective
This randomized, double-blind, adaptive-design study aimed
to assess the efficacy of the MSM study product in attenuating
nasal provocation after exposure to standardized allergens. End
points were percentage change in peak nasal inspiratory flow
(PNIF) and visual analog scale (VAS) nasal symptom score in
response to allergen exposure.

Methods

Investigational Product
The investigational product for this study was OptiMSM
(Bergstrom Nutrition, Vancouver, WA, USA, the sponsor of
this study). OptiMSM is designated “generally recognized as
safe” with a letter of no questions issued by US Food and Drug
Administration Center for Food Safety and Applied Nutrition
(USFDA-CFSAN). Doses for study evaluation were chosen by
the sponsor (1 g, 3 g, 6 g, and 12 g). The study products were
provided by the sponsor and were consumed once a day,
according to the randomization assignment.

Participants
We recruited study participants through online or database
recruitment and screened them by telephone prior to scheduling
a screening visit. We enrolled and randomly assigned healthy
volunteers into the study who were between the ages of 18 and
65 years who had a history of nasal congestion in response to
pollen, dust mites, cat dander, or dog dander and who scored
moderate or severe in the visual analog scale (VAS) for nasal
symptoms in response to an allergenic challenge at screening
(V1). Pregnant or lactating women and participants with
idiopathic rhinitis, atrophic rhinitis, or rhinitis medicamentosa
were excluded from the study. Those taking any antihistamine
or antiallergenic products underwent a 1-week washout period
of these medications.

Study Design
This study was a randomized, double-blind, adaptive-design
clinical trial with a duration of up to 14 days. Group allocation
was placed in individually numbered envelopes to maintain
blinding of all individuals. The participants, as well as the
clinical staff, data management staff, and statistical analysis
staff, were unaware of the study group. This study was
conducted by a contract research organization (Medicus
Research, Northridge, CA, USA). The study and the informed
consent were approved and monitored by the MaGil Institutional
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Review Board (Rockville, MD, USA) prior to the initiation of
any study-related activities.

The study duration was 14 days, with a total of 3 visits: V1
(screening visit), V2 (administration of the acute dose of MSM
of 12 g), and V3 (administration of varying doses of MSM of
1 g, 3 g, or 6 g; end of the study). After V2, participants were
randomly assigned to receive 1 of 3 doses of MSM (1 g, 3 g,
or 6 g) to consume daily for 14 days; they then returned to the
clinic at V3 for repeat assessments in response to the allergen
challenge.

For the initial screening visit, participants were acclimated in
the room for 1 hour to allow for a washout of environmental
allergens. All participants underwent the informed consent
process and were screened for the presence of all the inclusion
criteria and the absence of all the exclusion criteria. The
screening process also included a detailed medical history, prior
and concomitant medications, a physical examination, and
measurement of vital signs. Participants also had laboratory
assessments, including a urine pregnancy test. To determine the
presence or absence of response, participants were administered
an allergenic challenge consisting of the aerosolized allergens
listed in Textbox 1 (supplier: Jubilant HollisterStier, LLC,
Spokane, WA, USA).

In the study, the dose of allergen was set at 10,000 bioequivalent
allergy units/mL, an allergen dose that has been shown to result
in a substantial drop in average PNIF based on a study of
Scadding et al [16].

After exposure to an allergen, participants had their PNIF
measured and answered the VAS nasal symptom score
questionnaire at multiple time points over 1 hour: –30 minutes
(preexposure), 5 minutes (postexposure), 15 minutes

(postexposure), 30 minutes (postexposure), and 60 minutes
(postexposure). The allergen was administered at T0.
Participants were provided with a rescue dose of medication
(50 mg diphenhydramine [Benadryl]) if they continued to
experience severe symptoms at T60 minutes.

After a 1-week washout period, participants returned to the
clinic for V2, when they were interviewed by clinical staff to
determine changes in medical history or the start of any new
medications. After adverse event review and retaking of vital
signs, participants were randomly assigned to 1 of the 3 test
doses. Participants consumed an acute dose of the study product
(MSM 12 g) 30 minutes prior to allergen exposure. At T0, the
allergen was administered. Following exposure, participants’
PNIF and VAS nasal symptom score were recorded at multiple
time points over the following 2 hours: –30 minutes
(preexposure), 15 minutes (postexposure), 30 minutes
(postexposure), 60 minutes (postexposure), and 120 minutes
(postexposure). At the end of V2, participants were dispensed
with a 14-day supply of study product along with a daily dosing
diary and a rescue medication (diphenhydramine 50 mg) to be
used if they experienced severe symptoms.

Participants returned to the clinic for V3, when they were
interviewed by clinical staff to determine changes in medical
history and screened for adverse events. Participants were
assessed for compliance by review of completed paper diaries
and assessment of leftover and used study products. Participants
were again exposed to allergen and received their randomized
study product dose (MSM 1 g, 3 g, or 6 g). PNIF and VAS nasal
symptom scores were recorded on a similar schedule to that at
V2). Rescue medication was offered if they continued to
experience severe symptoms.

Textbox 1. Allergen exposure protocol: aerosolized allergens.

Pollen

• Tree pollen

• Oak mix

• Birch mix

• Mountain cedar

• Pecan

• Grass pollen

• Bermuda grass

• Kentucky bluegrass

• Fescue, meadow

• Johnson grass

• Ryegrass, perennial

Dust mites

Cat dander

Dog dander
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End Points
The objectives of this study were to assess the efficacy of MSM
in improving nasal breathing and promoting recovery of nasal
breathing, and improving “stuffy nose” symptoms after exposure
to environmental allergens. The end points for this objective
were percentage change from allergen exposure to each time
point in PNIF and VAS nasal symptom scores (including nasal
obstruction, rhinorrhea, watery eyes, itching eyes, itching nose,
and sneezing).

Statistics
Parallel dual data entries were done by data management
personnel across all end points. Data were validated and parallel
entries were reconciled after the dual data entry process. The
monitoring team compared the values on the original source
documents, correcting any discrepancies found. All data
elements were screened for reasonableness, and all missing,
suspicious, or impossible values were referred back to the
monitoring team for query generation and resolution. The
database was formally locked after all suspicious entries in the
database were resolved. The product assignments were then
distinguished from the randomization or blinding codes and
merged into the database and data tables.

We processed descriptive measures such as numbers, means,
standard deviations, and standard errors of means for each
numeric end point on all visits. Percentage changes were used
to quantify increase or decrease of end points from baseline for
each arm. On the other hand, categorical end points were
presented as frequency tables, with corresponding percentages.

We performed a modified per-protocol analysis to assess the
efficacy variables of the study. Participants who completed at
least one postdose visit were included in the analysis. All
efficacy end points were analyzed depending on the level of
measurement of the end point.

For each end point in the interval or ratio scale that followed a
normal distribution (or had semblance to normality), we
analyzed the data using a paired t test for comparison between
visit 1 and other time points. For nonnormally distributed data,
we performed a sign test to analyze changes from each MSM
product. Lastly, in longitudinal data, we measured the dependent
variable at several time points for each participant and analyzed
using a linear mixed model. In the analysis, the different doses
of the MSM product were the factor, and the value of the
efficacy variable at every visit was modeled as a function of
group (response variable of interest) and of the value of the
efficacy variable readings in every time point (covariate).

The linear mixed model procedure expands the general linear
model so that the error terms and random effects are permitted
to exhibit correlated and nonconstant variability. The linear
mixed model, therefore, provides the flexibility to model not
only the mean of a response variable, but its covariate structure
as well. We selected categorical predictors as factors in the
model. Each level of a factor can have a different linear effect
on the value of the dependent variable. We selected scale
predictors as covariates in the model. Within combinations of
factors levels, values of covariates are assumed to be linearly

correlated with values of the dependent variable.
Repeated-effects variables are variables whose values in the
dataset can be considered as markers of multiple observations
of a single participant. Participant variables define the individual
participants of the repeated measurement. In addition, the model
used in the 1-way analysis of variance procedure was equivalent
to fitting a linear mixed model with 1 fixed factor. All tests of
hypotheses were done at alpha=.05.

To obtain comparable documentation on adverse events, the
investigator asked each participant open, standardized questions
at each visit. The frequency and intensity of adverse events and
serious adverse events were recorded in detail, based on the
participant’s interviews during each visit. We grouped recorded
adverse events by general type of event (body system). We
assessed differences in adverse event patterns for each MSM
product dose by McNemar change test.

Results

Participant Allocation
Of the 41 participants screened for this study, 18 passed the
screen, and all 18 were retained through completion of the
clinical trial. The 18 participants attended an initial screening
visit (V1), when baseline responses to allergen exposure were
recorded. At V2, all 18 participants were exposed to allergen
after consumption of MSM 12 g, randomly assigned to 3 groups
of 6 participants each, and then given a 14-day supply of their
assigned randomized study product (MSM 1 g, 3 g, or 6 g) to
self-administer once daily. At V3, participants were again
assigned to consume differing amounts of MSM before and
after exposure to allergen (MSM 1 g, 3 g, or 6 g; Figure 1).

Longitudinal Comparisons
An acute dose of 12 g of MSM significantly decreased the VAS
average nasal symptom score by 5.95 U from screening to
baseline (22.49%; P=.03) in longitudinal comparison between
V1 and V2 (Figure 2). The specific subcategories that
significantly decreased from baseline at this dose were nasal
obstruction (8.02 U decrease, 17.88%; P=.04), rhinorrhea (10.08
U decrease, 34.99%; P=.004), watery eyes (11.27 U decrease,
53.18%; P=.001), and itching nose (18.89 U decrease, 67.23%;
P=.001). The symptom of itching eyes was not significantly
altered by the 12-g treatment, and sneezing was increased
significantly after administration of allergen (12.46 U increase,
72.02%; P=.002; Figure 2). We observed no significant effect
on PNIF after 12 g of MSM.

Longitudinal comparison between V1 and V3 across all
participants produced a significantly increased PNIF with low
daily MSM consumption (15.78 U increase, 17.32%; P=.02;
Table 1). Individual low doses of MSM (1 g, 3 g, and 6 g) had
variable effects on each SAR symptom when compared with
baseline analysis, although each dose resulted in statistically
significant decreases in at least 4 of the 8 VAS nasal symptom
end points. Interestingly, when analyzed individually, only the
3-g MSM dose resulted in a significant increase in PNIF of
42.22 L/min from V1 to V3 (45.35%; P=.01; Figure 3).
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Figure 1. Attrition chart for the study. MSM: methylsulfonylmethane; V1: visit 1, screening visit; V2: visit 2; V3: visit 3.

Figure 2. Methylsulfonylmethane (MSM) 12g percent change from screening. Peak nasal inspiratory flow (PNIF) and visual analog scale (VAS) nasal
scores show the effects of an acute high methylsulfonylmethane dose (12 g) on patient symptoms. Significance was tested using linear mixed model
analysis. *P ≤.05; **P ≤.01.
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Table 1. Longitudinal (V1-V3) comparison of peak nasal inspiratory flow (PNIF) and visual analog scale (VAS) average nasal symptoms across all
participants (n=18).

Visit (V)Measure

P valueaPercentage change (V1-V3)3 (day 14)1 (screening)

——112126Number of tests

.0217.32%106.89 (4.817)91.1 (4.315)PNIF (L/min), mean (SD)

.001–53.72%12.25 (12.00)26.47 (22.950)VAS score, mean (SD)

aSignificance was established using the linear mixed model; significant at P<.05.

Figure 3. Comparison between 3 subchronic doses of methylsulfonylmethane (MSM; 1 g, 3 g, and 6 g): percentage change in peak nasal inspiratory
flow from V1 (screening) to V3 (day 14). Significance was tested using linear mixed model analysis. *P ≤.05.

VAS average nasal symptoms decreased significantly at all
doses in the longitudinal comparison between visits. Across all
participants, the decrease was by 14.22 U (53.72%; P=.001;
Table 1). VAS scores decreased by 1152 U, 18.71 U, and 12.30
U for MSM 1 g (51.49%; P=.03), 3 g (61.65%; P=.009), and 6
g (46.11%; P=.03), respectively, from screening to V3 (Figure
4). Analysis by symptom revealed statistically significant
decreases in all dose conditions for nasal obstruction for MSM
1 g (18.38 U decrease, 41.96%; P=.04), 3 g (25.86 U decrease,
49.59%; P=.009), and 6 g (17.98 U decrease, 46.62%; P=.02)
from screening to day 14 (Figure 5). Rhinorrhea symptoms were
similarly decreased at all dose levels of MSM: 1 g (16.71 U
decrease, 66.86%; P=.03), 3 g (18.57 U decrease, 55.71%;
P=.04), and 6 g (12.95 U decrease, 46.10%; P=.04) from
screening to V3 (Figure 6).

The response of the remaining SAR symptoms varied between
doses. Although symptoms decreased in all dose categories,
watery eyes were significantly relieved only at low doses of
MSM: 1 g (13.67 U decrease, 72.66%; P=.02), 3 g (20.00 U
decrease, 79.25%; P=.01), and 6 g (8.67 U decrease, 44.39%;
P=.09) from screening to day 14 (Figure 7). Itching eyes were
significantly relieved by high doses but not the lowest dose: 3
g (13.10 U decrease, 65.48%; P=.03) and 6 g (12.48 U decrease,
50.38%; P=.03) from screening to day 14 (Figure 8). Itching
nose symptoms decreased only at high doses of MSM: 3 g
(20.00 U decrease, 70.59%; P=.02) and 6 g (18.84 U decrease,
52.05%; P=.02) from screening to day 14 (Figure 9). Sneezing
was affected only by the MSM 3-g dose, with a decrease of
14.76 U (63.92%; P=.04) from screening to day 14 (Figure 10).
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Figure 4. Comparison between 3 subchronic doses of methylsulfonylmethane (MSM; 1 g, 3 g, and 6 g): percentage change in visual analog scale
average nasal symptoms from V1 (screening) to V3 (day 14). Significance was tested using linear mixed model analysis. *P ≤.05; **P ≤.01.

Figure 5. Comparison between 3 subchronic doses of methylsulfonylmethane (MSM; 1 g, 3 g, and 6 g): percentage change in visual analog scale nasal
obstruction from V1 (screening) to V3 (day 14). Significance was tested using linear mixed model analysis. *P ≤.05; **P ≤.01.
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Figure 6. Comparison between 3 subchronic doses of methylsulfonylmethane (MSM; 1 g, 3 g, and 6 g): percentage change in visual analog scale
rhinorrhea from V1 (screening) to V3 (day 14). Significance was tested using linear mixed model analysis. *P ≤.05.

Figure 7. Comparison between 3 subchronic doses of methylsulfonylmethane (MSM; 1 g, 3 g, and 6 g): percentage change in visual analog scale
watery eyes from V1 (screening) to V3 (day 14). Significance was tested using linear mixed model analysis. *P ≤.05.
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Figure 8. Comparison between 3 subchronic doses of methylsulfonylmethane (MSM; 1 g, 3 g, and 6 g): percentage change in visual analog scale
itching eyes from V1 (screening) to V3 (day 14). Significance was tested using linear mixed model analysis. *P ≤.05.

Figure 9. Comparison between 3 subchronic doses of methylsulfonylmethane (MSM; 1 g, 3 g, and 6 g): percentage change in visual analog scale
itching nose from V1 (screening) to V3 (day 14). Significance was tested using linear mixed model analysis. *P ≤.05.
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Figure 10. Comparison between 3 subchronic doses of methylsulfonylmethane (MSM; 1 g, 3 g, and 6 g): percentage change in visual analog scale
sneezing from V1 (screening) to V3 (day 14). Significance was tested using linear mixed model analysis. *P ≤.05.

Discussion

Principal Findings
In this study, we assessed the efficacy of the MSM supplement
on attenuating nasal provocation by administering a standardized
allergen challenge to healthy participants to induce allergic
rhinitis symptoms. Although a limited human study has been
performed with MSM during exposure to allergy season [13],
to our knowledge, this is the first investigation into the effects
of MSM consumption on attenuating a standardized allergen
designed to mimic an acute allergy attack.

Normally, the nasal cavity warms, humidifies, and filters air,
which is vital for the proper functioning of the upper airway
tract. These physiological functions are severely diminished by
passageway obstruction due to allergen exposure [17].
Immunoglobulin E (IgE) plays a major role in mediating nasal
and upper respiratory allergic response following initial allergen
exposure [18]. In a typical person who has developed allergies,
mast cells are coated with IgE and become cross-linked on
binding of an allergen. On IgE cross-linking, mast cells in the
nasal mucosa degranulate and release chemical mediators known
to promote well-known symptoms, including nasal itch, nasal
obstruction, watery and itchy eyes, and sneezing [19,20]. The
release of preformed inflammatory mediators, such as histamine,
stimulates the histamine-1 receptor on sensory nerves.
Stimulation of these nerves causes vascular dilation and
increased plasma leakage, which results in nasal discharge and
congestion [21].

This study tested the protective effects of MSM on the allergy
attack following exposure to a highly concentrated nasal
allergen. The allergen challenge consisted of a standardized
mixture of the most common outdoor and indoor allergens that
are associated with nasal allergy. We tested several doses of
MSM and compared their effect with baseline symptoms, where
the allergenic challenge was presented with no MSM study
product present. We assessed efficacy by comparing symptoms

observed after standardized allergen exposure in the presence
of MSM versus symptoms observed at baseline.

An acute high dose of MSM (12 g) was administered at the
clinic 30 minutes prior to the allergenic challenge. Although
PNIF was not significantly altered, the acute dose of 12 g of
MSM resulted in statistically significant decreases in all nasal
symptoms of allergic rhinitis, except for itching eyes. This
suggests a potential improvement in quality of life via
improvement in symptoms experienced by the participants. This
result suggests that a 12-g dose of MSM administered just before
and during allergen exposure is effective in reducing patient’s
stuffy nose symptoms, but it did not directly improve nasal
breathing.

After the high-dose treatment visit, participants were randomly
assigned to a lower daily dose (1 g, 3 g, or 6 g). They took this
dose daily for 14 days, and then again 30 minutes prior to the
allergenic challenge. The dosage routine was designed to mimic
what might be at-home daily use of the MSM. This regimen
appeared to be effective at significantly reducing most symptoms
of allergic rhinitis. The MSM 3-g dose appeared most effective
(consistent), significantly reducing all VAS nasal symptoms
scales.

Nasal obstruction resulting from the presence of allergen or
infection decreases the maximum flow of air through the nose
[22]. Improvement in PNIF generally signifies improvement of
nasal airway patency and corresponds to a lesser extent of nasal
obstruction, which results in improved nasal breathing [23].
The results of the study suggest that, while an acute high dose
(12 g) of MSM significantly improved stuffy nose symptoms
of allergic rhinitis following allergen challenge, a long-term
daily dose of MSM can significantly improve nasal breathing
as measured by PNIF.

Our findings are consistent with those of previous MSM clinical
trials. A previous multicentered, open-label trial by Barrager et
al [13] assessed the safety and efficacy of orally administered
MSM 2.6 g for 30 days. That study assessed environmental
SAR by a seasonal allergy symptom questionnaire. Barrager
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and colleagues also further monitored immune and inflammatory
markers, including plasma histamine, IgE, and C-reactive
protein. Upper, lower, and total respiratory symptoms were
significantly reduced from baseline as early as day 7, and the
improvements were maintained throughout the 30-day study
duration. Interestingly, there were no significant changes in
levels of IgE or histamine [13], suggesting that MSM may have
an alternative mode of action besides direct alteration of IgE or
histamine levels. To our knowledge, our study is the first
randomized, double-blind clinical trial that presented the
efficacy of the MSM product for alleviation of allergic rhinitis
symptoms. Here, we showed that MSM of various doses reduced
the subjective and objective symptoms of allergic rhinitis in
healthy participants overexposed to standardized allergens.

MSM has been shown to have anti-inflammatory properties and
is reported to block the formation of inflammasomes [24]. This
is in contrast to antihistamine substances that inhibit histamine
production [25] and produce soporific side effects. The sulfur
component of MSM may also be used by the body to produce
antibodies that can combat foreign material, particularly
allergens. However, there is still no reliable information to
confirm the mechanism of action of MSM [26]. Animal studies
have demonstrated that the anti-inflammatory effects of MSM
mitigate the abnormal immune reactions that trigger

inflammation [27], suggesting that a similar mechanism may
be in play. Human studies have demonstrated a positive effect
of antioxidant capacity MSM, which may also play a role in the
mechanism of action of this ingredient under allergic rhinitis
conditions [28]. Most importantly, it has been shown that MSM
produces fewer side effects than prescription medications such
as antihistamines [13].

The results of this randomized, double-blind study provide
preliminary evidence that several dose levels of the MSM
product alleviate symptoms of nasal provocation in a population
of healthy participants. While the findings are promising and
have produced statistically and clinically significant positive
results, larger randomized, placebo-controlled trials are
warranted to confirm these findings.

Conclusion
MSM supplementation significantly alleviated participants’
symptoms in response to a standardized allergenic challenge.
An acute dose of MSM 12 g was highly effective at improving
the stuffy nose symptoms of allergy as measured by the VAS
nasal symptom scales. A dose of 3 g of MSM daily for 14 days
not only decreased all scores of the VAS nasal symptoms, but
also significantly improved nasal breathing as measured by
PNIF. We observed no safety concerns. More research is
warranted.
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is a global public health problem. It is the third-leading cause
of death in the world, the fourth leading cause of death in Kazakhstan, and is strongly associated with smoking. Smoking cessation
reduces the severity of respiratory symptoms and COPD exacerbations. Heated tobacco products, such as HeatSticks heated by
the iQOS device, a smoke-free electronic device, may serve as less risky alternatives to conventional combustible cigarettes.

Objective: The purpose of this study is to evaluate frequency of exacerbations, respiratory symptoms, physical exercise
intolerance, and abnormal lung functions, as well as other parameters and comorbidities among men and women aged 40-59
residing in Almaty, Kazakhstan, who use iQOS with HeatSticks compared to smokers of conventional cigarettes.

Methods: This is a 5-year single-center cohort observational study. It includes two cohorts of participants consisting of men
and women aged 40-59 residing in the city of Almaty, Kazakhstan: (1) smokers of combustible cigarettes (control group) and (2)
users of iQOS with HeatSticks (exposure group). The study has baseline and periodic (ie, annual) comprehensive clinical
assessments, as well as continuous COPD case-finding activities and registration of acute respiratory exacerbations over the
course of the 5-year observation period. Study measures include spirometry, chest computed tomography, electrocardiography,
physical exams, laboratory testing of serum for biomarkers of inflammation and metabolic syndrome, anthropometry, and the
6-minute walk test. Information about COPD symptoms will be collected using the COPD Assessment Test.

Results: Participant recruitment began December 2017, and enrollment is expected to last until late summer 2018.

Conclusions: This is the first cohort observational study in Kazakhstan to assess differences in lung function between users of
the heated tobacco product, iQOS with HeatSticks, and smokers of conventional combustible cigarettes. The study results will
add to knowledge on whether switching from combustible cigarettes to iQOS with HeatSticks affects respiratory symptoms and
diseases, including the development and progression of COPD.

Trial Registration: ClinicalTrials.gov NCT03383601; https://clinicaltrials.gov/ct2/show/NCT03383601 (Archived by WebCite
at http://www.webcitation.org/72BYoAKxa)

International Registered Report Identifier (IRRID): PRR1-10.2196/10006

(JMIR Res Protoc 2018;7(11):e10006)   doi:10.2196/10006
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Introduction

Chronic obstructive pulmonary disease (COPD), the fourth
leading cause of death in Kazakhstan, is a global public health
problem. It is the third leading cause of death globally,
accounting for 3.2 million deaths worldwide in 2015 [1]. In
Kazakhstan, an expected 1.4 million people may have COPD
based on estimations from neighboring countries [2]. COPD
negatively affects the quality of life and is a major health care
burden [3]. It is the third leading cause of hospital readmission
within 30 days [4]. Cigarette smoke is the most common risk
factor for COPD [5]. COPD is traditionally defined by airflow
obstruction and includes emphysema, gas trapping, and chronic
bronchitis [6]. Systemic effects (eg, on heart and muscles) and
associated comorbidities (eg, heart failure, metabolic disorders,
sleep apnea syndrome, and depression) may complicate the
course of disease, posing challenges in the management of
COPD [7-9].

Recently, we conducted a cross-sectional study of COPD among
men and women aged 40-59 who currently smoke cigarettes,
do not smoke, and stopped smoking 1-5 years ago [10]. We
demonstrated that based on the COPD Assessment Test (CAT),
respiratory symptoms are common in current smokers who have
spirometric values that are generally considered to be within
the normal range. We identified a relatively low percentage of
participants with obstructed respiratory functions on spirometry.
It was higher among current smokers (5.5%) compared to former
and nonsmokers (3% among both groups). We found that 42%
of current smokers had COPD symptoms based on a CAT score
of ≥10—a prevalence of symptoms that was far greater than
that among former smokers and controls who never smoked
(17% and 12.5%, respectively). In addition, smoking cessation
significantly reduced functional exercise incapacity, that is,
inability to walk 450 meters within 6 minutes in the 6-Minute
Walk Test (6MWT; 11% among ex-smokers compared to 16.7
% among current smokers).

Our findings agree with and extend previously published data,
including studies that document exacerbation-like events in
smokers without airway obstruction [11,12]. Many current or
former smokers, despite normal spirometry values, have clinical
symptoms and findings that are consistent with a chronic lower
respiratory disease similar to COPD. In addition, these
symptomatic current or former smokers with preserved
pulmonary function had a higher risk of respiratory
exacerbations or abnormalities on a chest computed tomography
(CT) scan or shorter 6-minute walk distances than asymptomatic
current or former smokers with preserved pulmonary function.
The CAT is a clinically useful tool that can identify smokers at
risk for exacerbations [11].

Smoking cessation reduces the severity of respiratory symptoms
and slows the mean rate of lung function decline but does not
eliminate the risk of progressive lung disease [13]. In our
cross-sectional study, we demonstrated negative association
between smoking cessation and activity limitations and positive
association between smoking of combustible cigarettes and
evidence of airway disease. As compared to never-smokers,
current and former smokers had elevations in all components

of the CAT score: cough, phlegm, chest tightness, breathlessness
going up hills/stairs, activity limitation at home, confidence
leaving home, sleep, and energy. At the same time, those
parameters were lower among those who stopped smoking 1-5
years ago compared to those who continued smoking.

Alternative tobacco products to conventional cigarettes have
come on the global market with claims of being “modified risk”
tobacco products. These electronic devices heat the tobacco
instead of burning it to supposedly deliver fewer toxins than
cigarette smoke. These heated tobacco products include
HeatSticks, a specially designed heated tobacco unit that
contains tobacco heated up to 350˚C by the iQOS device. The
product was developed by Philip Morris International, Inc,
which claims that the vapor from HeatSticks heated by the iQOS
device contains 90%-95% less harmful and potentially harmful
compounds and is 90%-95% less toxic than the smoke of a
reference combustible cigarette. Results of a 3-month
reduced-exposure study in Japan showed that a reduction in 15
biomarkers of exposure to 15 harmful and potentially harmful
compounds for the smokers who switched to a heated tobacco
product for the duration of the study approaches the reduction
in the same biomarkers for smokers who quit for the duration
of the study [14]. Polosa et al showed that electronic cigarettes
(ie, a battery-operated device that emits doses of vaporized
nicotine) might improve COPD outcomes, including subjective
respiratory outcomes as well as annual exacerbation rate [15].
We hypothesize that participants who use iQOS with HeatSticks
will have less prevalent presence of respiratory symptoms, have
better functional exercise capacity, and experience fewer
exacerbations compared to those who smoke combustible
cigarettes.

Methods

Study Design
The goal of this study is to evaluate whether the presence of
respiratory symptoms, functional exercise incapacity, and COPD
exacerbation rate across time are the same between the exposure
group (users of iQOS with HeatSticks) and the control group
(smokers of combustible cigarettes) through hypothesis testing.

In addition to this confirmatory goal, we would like to explore
trends in spirometry results, chest CT scan results, prevalence
of impaired quality of life, metabolic syndrome, abnormalities
found by electrocardiography (ECG), physical exams, and serum
lab tests among those who use iQOS with HeatSticks and those
who currently smoke combustible cigarettes.

Exacerbation history will be collected prospectively (every 3
months) with the use of the adapted version of our proprietary
SymptoMaster (Web, iOS, and Android) [16], and Medintel
(Web) apps [17]. Symptoms history will be analyzed by clinical
investigators. Should there be symptoms identified that are
relevant to COPD, clinical investigators will approach health
care organizations (serving participants in primary health care
catchment area) to obtain ambulatory records of the use of
antibiotics and/or systemic glucocorticoids or a health care
utilization event.
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Our primary confirmatory outcome variables are (1) presence
of respiratory symptoms defined by CAT≥10, (2) functional
exercise incapacity, and (3) exacerbation rate. The main
exposure variable is smoking status (users of combustible
cigarettes and users of iQOS with HeatSticks). The study groups
are defined as:

1. Individuals (men and women) aged 40-59 years (inclusive)
with a minimum of 10 pack-year smoking history who
switched to and predominantly use the heated tobacco
product iQOS with HeatSticks (exposure group).
Predominant use of iQOS with HeatSticks is defined as
>70% use.

2. Individuals (men and women) aged 40-59 years (inclusive)
who are currently smoking combustible cigarettes with a
minimum of 10 pack-year smoking history (control group)

Pack-years will be calculated by taking the average number of
cigarettes smoked per day divided by 20 and multiplied by the
number of years smoked.

The Global Initiative for Chronic Obstructive Lung Disease
(GOLD) definition describes COPD exacerbations as an acute
worsening of respiratory symptoms that results in additional
therapy [18]. They are classified as mild (ie, treated with
short-acting bronchodilators only), moderate (ie, treated with
short-acting bronchodilators and/or oral corticosteroids), or
severe (ie, patient requires hospitalization or emergency room
visit). Severe exacerbations may also be associated with acute
respiratory failure. Once signs of exacerbations are identified,
special efforts will be made by the Kazakhstan Academy оf
Preventive Medicine (KAPM) clinical investigators,
coordinators, and the principal investigator to establish their
significance (ie, mild, moderate, or severe), and relevance to
COPD.

Inclusion and Exclusion Criteria
The study’s inclusion criteria comprise the following: male or
female, aged 40-59 years, smoking history ≥10 pack-years (for
all groups), and ability to follow study procedures. The exclusion
criteria consist of the following:

• pregnant women
• legally incapable individuals
• patients with history of chronic infectious and noninfectious

lung disease except asthma (eg, pulmonary fibrosis,
bronchiectasis, cystic fibrosis, tuberculosis) diagnosed prior
to or during the first visit to the KAPM COPD Center

• previous surgical excision of at least one lung lobe (or
having undergone a lung volume reduction procedure)

• active cancer of any localization under treatment
• suspected cancer of any localization
• metallic objects in the chest
• recent eye surgery (within 6 months prior to the visit)
• episode(s) of myocardial infarction within 6 months prior

to the visit or another form of acute or chronic coronary
heart disease, history of heart rhythm abnormality with
episode of arrhythmia within 6 months prior to the visit or
long lasting that requires continuous drug therapy

• acute episode of cerebrovascular ischemic attack within 12
months prior to the visit

• chest or abdominal surgery performed within 6 months
prior to the visit

• contraindications to salbutamol or refusal to inhale
salbutamol

• chest radiation therapy within 12 months prior to the visit
• radiology diagnostic procedures of chest within 6 months

prior to the visit
• recent (6 weeks before visit) respiratory tract infection

(colds, flus), fever of any etiology with increasing

temperature >37°C at the time of the visit and 2 weeks prior
to the visit

• significant history of alcohol abuse or consumption of more
than recommended units of alcohol per week (28 units male
and 21 units female)

• positive screening test for HIV antibodies or positive
screening for TB, if available at the time of first visit

• elevated blood pressure (systolic) ≥160 mmHg at the time
of visit

• employees of Philip Morris International and first-degree
relatives who are employees of Philip Morris International

Sample Size Calculation
Based on the results of the cross-sectional study, we
demonstrated that smoking cessation alleviates activity
limitations and airway disease caused by smoking of
combustible cigarettes. This is evidenced by the prevalence of
a CAT score of ≥10 among those who stopped smoking during
the past 1-5 years at 17% compared to 42.8% among current
smokers, and reduced inability to walk 450 meters within 6
minutes on 6MWT (11% compared to 16.7% among current
smokers).

We hypothesize that switching from combustible cigarettes to
iQOS with HeatSticks may reduce the risk of respiratory
exacerbation and other COPD manifestations, somewhat similar
to the effects of smoking cessation observed in the
cross-sectional study.

In the cross-sectional study, duration of smoking abstinence in
the second (ex-smoker) study group varied from 1-5 years. This
is comparable with the length of the cohort study (5 years) that
we propose. Therefore, we can use estimates of the outcome
variables derived from the cross-sectional study to calculate
required sample sizes that can identify statistically significant
differences.

We suggest implementing a matched-pair cohort study design
where a pair contains one iQOS with HeatSticks user and two
conventional cigarette users matched by gender, age, education,
and baseline exposure level (number of pack-year). By selecting
this study design, we take into account the limited number of
iQOS users from which the first (exposure) cohort is planned
to be recruited.

To perform sample size calculation, we will assume that the
associations we observed in the cross-sectional study between
primary confirmatory outcomes and the smoking status
(ex-smokers vs current combustible cigarette smokers) will be
the same for iQOS users as compared to combustible cigarette
smokers at the final visit after 5 years:
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1. At the final visit, the odds ratio of association between the
exposure and CAT score of ≥10 will equal 0.27 and a CAT
≥10 prevalence will be 42.8% in the control group.

2. At the final visit, odds ratio of association between the
exposure and inability to walk 450 meters on the 6MWT
will equal 0.62 and a 6MWT <450 meters prevalence will
be 16.7% in the control group.

3. At the final visit, rate ratio of association between the
exposure and exacerbations will equal 0.5 and annual
exacerbation rate will be 0.1 in the control group based on
conservative estimations from Woodruff et al [10]. We also
assume that these associations will increase steadily from
1 to the above-indicated values. Sample size calculations
for three primary confirmatory outcomes have been
performed by simulations and the frequentist method based
on the power and level of significance of a test. For each
primary confirmatory outcome, we have generated data
from the distribution assumed for the combustible cigarette
smokers and the distribution for the iQOS with HeatSticks
smokers (based on our assumptions of how their changes
in respiratory symptoms prevalence, proportions of
participants who walk less than 450 meters, and annual
exacerbation rate might be different if switched from
combustible cigarettes to iQOS with HeatSticks). We have
used R [19] for simulations (1000 simulations per each
primary confirmatory outcome variable) and fitting a
generalized linear mixed-effects model (GLMM) on
simulated data (function “glmer” in the package “lme4”).
For sample size calculation, we have used a power value
of 80%, two-sided significance level (alpha) 1.7% that
accounts for multiple hypotheses testing, and 1:2 ratio for
sample sizes of the experimental and control cohorts.

Then, we have adjusted the sample size for anticipated
proportion of dropouts (taking into consideration a 10% annual
dropout rate and the fact that already collected data relating to
any participant who stops the study early will be analyzed).
Sample size calculations are presented in Table 1.

As a result, the sample size of 1041 respondents is enough to
detect significant differences in three primary confirmatory
outcomes with at least 80% power. However, in addition to
dropouts, we need to consider that participants may switch from
one tobacco product to another, quit smoking, use several
tobacco products at the same time, and the fact that a
nonrandomized observational study needs to be adjusted for
confounding factors. Even if most of these events do not cause
subjects’ withdrawal, they lead to a decreased number of

participants for further statistical analysis. Therefore, we need
more participants to solve this issue. We propose recruiting 400
participants in the exposure (iQOS) cohort and 800 participants
in the control (combustible cigarettes) cohort. The following
sample size should allow us to achieve the confirmatory goal
of the study: (1) iQOS with HeatSticks smokers (exposure
group, N=400) and (2) conventional cigarette smokers (control
group, N=800; total sample size=1200).

Study Procedures

Recruitment
We will select 800 current smokers and 400 users of iQOS with
HeatStick based on the inclusion criteria. The recruitment
strategy for smokers of combustible cigarettes and participants
who use iQOS with HeatStick includes word-of-mouth
communication to friends and spouses of individuals who
participated in the cross-sectional study, advertisements, social
media engagement (ie, Facebook, Instagram, WhatsApp chats),
and outreach to community groups. In addition, we will recruit
users of iQOS with HeatSticks at iQOS stores in Almaty,
Kazakhstan.

To achieve comparability of comparison groups at baseline, the
matched-pair cohort study design will be implemented, where
a pair contains one iQOS with HeatSticks user and two
conventional cigarette users. The following variables will be
utilized for matching: gender, age (±3 years), education (as a
proxy for socioeconomic status), and number of pack-year (±5
pack-years) as the baseline exposure level (number of
pack-year).

Once potential participants who meet inclusion criteria are
identified, they will undergo further medical assessment at the
KAPM COPD Center to test for exclusion criteria and to start
baseline comprehensive assessment.

The study will include (1) baseline comprehensive assessment
at outset of the study during the enrollment period, which is

expected to last for about 6 months (4thquarter of 2017 to

1st-3rdquarters of 2018); (2) annual comprehensive assessments

at 2nd-4thquarters of 2018-2022; (3) periodic prospective case
finding and exacerbation history assessment on quarterly basis
(every 3 months), semiannual, and annual basis; and (4)
continuous COPD case-finding activities based on patient
self-assessment and professional clinical assessment during
periodic visits to KAPM dedicated primary care unit.

Table 1. Sample size calculations.

Adjusting sample size for
anticipated dropouts

Sample size exposed/ nonex-
posed

Estimated value of outcome
variable in control group

Estimated value of outcome
variable in exposure group

Primary confirmatory variable

31/6223/4642.8%17%Symptomatic smokers defined
by CAT ≥10

347/694260/52016.7%11%6MWT <450 m

340/680255/5100.10.05Annual exacerbation rate
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Baseline comprehensive assessment at outset of the study

(4thquarter of 2017) and annual assessments (4thquarters of
2018-2020) will include the following:

• COPD assessment test
• 6MWT
• Short form-12 (SF-12) Quality of Life questionnaire
• spirometry (forced expiratory volume in 1 second [FEV1]/

forced vital capacity [FVC] bronchodilation test
• ECG
• body mass index
• CT scan of the chest
• COPD-related conditions and comorbidities identified by

using our proprietary mHealth technologies: SymptoMaster
and Medintel

• Stanford 25 comprehensive clinical assessment to identify
clinical signs of COPD and comorbidities [20,21]

• laboratory testing for complete blood count (CBC), blood
cholesterol level, high-density lipoproteins (HDL),
low-density lipoproteins (LDL), triglycerides, C-reactive
protein, fibrinogen, glucose

• biomarker testing for sRAGE, ICAM1, CCL20, and
probably other biomarkers (to be determined based on
validity and feasibility of each test)

One important feature for an efficient support tool is the ability
to detect any symptom that can lead to a potential new COPD
case finding and exacerbation. We will administer the CAT to
identify COPD symptoms and quantify them during a stable
phase of disease (>6 weeks after any exacerbation). The CAT
is a validated 8-question health-status instrument with scores
ranging from 0-40, with higher scores indicating greater severity
of symptoms. GOLD uses a CAT score ≥10 as a threshold for
more severe symptoms in consideration of treatment regimens
[7].

In the context of COPD, an exacerbation is defined as a
worsening of a patient’s symptoms from their usual stable state.
The symptoms can then be analyzed by physicians using
SmartHealth algorithms to detect the potential risk of an
exacerbation. We will obtain an exacerbation history
prospectively (ie, every 3 months) with the use of a structured
questionnaire. Exacerbations will be defined on the basis of the
use of antibiotic agents, systemic glucocorticoids, or a
combination of both or a health care utilization event (ie, office
visit, hospital admission, or emergency department visit for a
respiratory flare-up). Severe exacerbations will be defined as
interactions that lead to hospitalization or an emergency
department visit. Exacerbations will be managed by the
participants’ primary care physicians in close communication
with study participants, their families, and health care
organizations in their service areas of Almaty.

The inclusion of secondary endpoints (eg, lab tests, ECG, and
clinical assessment) allows for generating further hypotheses
for different effects of switching to iQOS. Schedule of
enrollment, data collection, and assessment are shown in Tables
2 and 3.

All study participants in both cohorts will receive smoking
cessation advice according to clinical standards endorsed by

Kazakhstan’s Health Ministry, offered throughout the study at
each visit. The participants will also be offered formal
professional assistance on smoking cessation. At the screening
visit, in conjunction with signing the informed consent form,
clinical investigators will give smoking cessation advice. It will
be free of charge (paid by the sponsor) and is set out in the
informed consent form. It will include psychological support
to eliminate nicotine dependency, and participants will be
referred to a specialist commercial medical organization in
Almaty. We anticipate that some smokers and iQOS users will
quit and that some smokers will switch to a reduced-risk product
during the study. Quitting and switching will not be considered
as reasons for early withdrawal and will be accounted for in
sample size calculations.

Spirometry
Spirometry data will be collected using the combined spirometry
system, BTL-08 SPIRO. All spirometry studies will be reviewed
centrally to ensure quality control. Bronchodilator
responsiveness will be considered positive if the subject had a
≥12% change in FEV1 or FVC above pre-bronchodilator
measurements [22].

Each spirometer to be used in this study will be tested and
continuously standardized with a 3.0-liter syringe. Each clinical
coordinator will be certified after spirometry training. Quality
assessments will be made on each study.

Smokers will be categorized for analysis using the GOLD
staging system according to the results on spirometry, which
will be performed before and after two inhalations of salbutamol,
0.1 μg per inhalation. Among the criteria needed to make a
diagnosis of COPD are deficits in the rate at which one can
forcefully exhale. Most experts consider a low ratio (<0.70) of
the FEV1 to the FVC after bronchodilator use to be a key
diagnostic criterion [7].

Once the diagnosis of COPD has been established, the GOLD
nomenclature grades severity according to the degree to which
the measured FEV1 is lower than the patient’s predicted value
[7]:

• GOLD stage 1 (mild disease): FEV1 ≥80% of the predicted
value

• GOLD stage 2 (moderate disease): FEV1 ≥50% and <80%
of the predicted value

• GOLD stage 3 (severe disease): FEV1 ≥30% and <50% of
the predicted value

• GOLD stage 4 (very severe disease): FEV1 <30% of the
predicted value

Assessment Test for Chronic Obstructive Pulmonary
Disease
The CAT is a validated, short (8-item) questionnaire to be
completed by study participants. Despite the fact that CAT is
designed for patients with COPD, it can be used to measure
respiratory symptoms among all participants including those
who have preserved pulmonary function [10]. The CAT has a
scoring range of 0-40, with the cut-off point equaling 10.
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Table 2. Schedule of participants enrollment and baseline assessment, 2017-2018.

Baseline visitbScreeningaTest

XInformed consent process

XReview inclusion/exclusion criteria to determine study eligibility, including smoking status and iQOS
use

XReview medical history

XProvide study requirements handout (explain study/visit requirements)

XXPregnancy test

XStanford 25 comprehensive clinical assessment

XSpirometry (FVCc, FEVd, FEV1e, FEV1/ FVC, FEFf 25-75, MEFg), bronchodilation test using
salbutamol

XCATh

X6MWTi

XShort form-12 Quality of Life questionnaire

XECGj

XBody mass index

XSmoking status and exposures

XComprehensive physical assessment Stanford 25

XPrevious COPDk exacerbations based on use of inhaled steroids, antibiotics, inhaled bronchodilators,
steroids

XPrevious COPD exacerbations based on health care visits (office visits, admissions to emergency
department or hospital)

XPrevious COPD severe exacerbations based on emergency department admission or hospitalizations

XLaboratory testing for blood cholesterol level, CBCl (25 parameters); HDLm, LDLn, triglycerides,
C-reactive protein, fibrinogen, glucose, glycosylated hemoglobin

XBiomarker testing for sRAGEo, ICAM1p, and CCL20q

XLung computer tomography

aMonths –3 to 3.
bMonths 0 to 3.
cFVC: forced vital capacity.
dFEV: forced expiratory volume.
eFEV1: forced expiratory volume in 1 second.
fFEF: forced expiratory flow.
gMEF: maximum expiratory flow.
hCAT: COPD Assessment Test.
i6MWT: 6-Minute Walk Test.
jECG: electrocardiogram.
kCOPD: chronic obstructive pulmonary disease.
lCBC: complete blood count.
mHDL: high-density lipoproteins.
nLDL: low-density lipoproteins.
osRAGE:advanced glycosylation end-product receptor.
pICAM1: intercellular adhesion molecule 1.
qCCL20: macrophage inhibitory protein 3a.
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Table 3. Schedule of participants visits for data collection and monitoring, years 1-5.

Year 5Year 4Year 3Year 2Year 1Test

Q4Q3Q2Q1Q4Q3Q2Q1Q4Q3Q2Q1Q4Q3Q2Q1Q4Q3Qa2

XXXXStanford 25 comprehensive clini-
cal assessment

XXXXSpirometry (FVCb, FEVc, FEV1d,

FEV1/ FVC, FEFe 25-75, MEFf),
bronchodilation test using salbuta-
mol

XXXXCATg

XXXX6MWTg

XXXXShort form-12 Quality of Life
questionnaire

XXXXECGg

XXXXBody mass index

XXXXSmoking status, exposures

XXXXLaboratory testing for blood

cholesterol level, CBCj (25 param-

eters); HDLk, LDLl, triglycerides,
C-reactive protein, fibrinogen,
glucose, glycosylated hemoglobin

XXXXBiomarker testing for sRAGEm,

ICAM1n, and CCL20o

XXXXLung computer tomography

XXXXXXXXXXXXXXXXXXXContinuous health status monitor-
ing, including home visits, phone,

email, telemedicine, and COPDp

Center visits as necessary

XXXXXXXXXXXXXXXXXXXMonitoring COPD exacerbations
based on use of inhaled steroids,
antibiotics, inhaled bronchodila-
tors, steroids, health care visits
(office visits, emergency depart-
ment, or hospital)

XXXXXXXXXXXXXXXXXXXMonitoring adverse events and se-
rious adverse events using Symp-
toMaster self-assessment that trig-
gers notification

aQ: quarter.
bFVC: forced vital capacity.
cFEV: forced expiratory volume.
dFEV1: forced expiratory volume in 1 second.
eFEF: forced expiratory flow.
fMEF: maximum expiratory flow.
gCAT: COPD Assessment Test.
h6MWT: 6-Minute Walk Test.
iECG: electrocardiogram.
jCBC: complete blood count.
kHDL: high-density lipoproteins.
lLDL: low-density lipoproteins.
msRAGE: advanced glycosylation end-product receptor.
nICAM1: intercellular adhesion molecule 1.
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oCCL20: macrophage inhibitory protein 3a.
pCOPD: chronic obstructive pulmonary disease.

Computed Tomography
All study subjects will undergo inspiratory 64-channel CT scans
of the chest with the following standard parameters: 0.8 mm
reconstructed slice thickness, 0.4 mm slice interval, matrix size
512 x 512, range -500 to 1500, 120 kV, 40 mAs.

A trained professional research assistant will evaluate the scan
for technical completeness, compliance with protocol, adequacy
of inspiration, and presence of motion artifact. The stability of
CT measurements for CT scanner used in the study will be
monitored by monthly scanning using a custom phantom
designed for this study.

While conducting this cross-sectional study, we identified an
optimal quantitative CT assessment protocol by using Airway
Inspector based on the Slicer computer program (Harvard
University) for lung densitometry [23]. In addition to qualitative
assessment of 3D lung reconstruction, Slicer software allows
for quantitative measurements of lung tissue density based
on Hounsfield units. Such a tool provides the opportunity for
automated measurement and quantitative comparisons between
study groups based on an objective emphysema scoring system.

Electrocardiography
A standard 12-lead ECG taken by Fukuda Denshi FX-8222
Cardimax will be performed for each study subject by employing
strictly standardized procedures. Research staff will be trained
to properly place electrodes. At least four cardiac cycles will
be taken from each of 12 leads. The machine runs at 50 mm/sec.
The following ECG parameters will be evaluated by a trained
clinical researcher: waves and complexes, presence and
description of ECG abnormalities including pathologic q-waves,
ST elevation, ST depression, T-wave inversion, hypertrophy,
QRS axis deviation, block, and arrhythmia. ECGs will be
visually inspected for technical errors and interpreted by a
qualified cardiologist. The prevalence of specific ECG
abnormalities as well as grouped abnormalities will be reported
for each study group. We will measure and analyze associations
between COPD and ECG abnormalities, crude and adjusted by
sex, age, and smoking status.

Physical Exam
Clinical investigators were trained to conduct the pulmonary
(ie, percussion and inspection) exam and technique for listening
to second heart sounds. Two Stanford Medicine 25 modules
[20,21] will be used as study materials in hands-on sessions.
The prevalence of individual pathological findings will be
presented for each study group.

Anthropometry
Anthropometric measurements will include height, weight, waist
circumference, heart rate, blood pressure, and pulse oximetry.

Six-Minute Walk Test
The 6MWT is a simple and effective test that measures the
distance that a patient can quickly walk on a flat, hard surface
in a period of 6 minutes. A 100-ft hallway is needed, and no

exercise equipment or advanced training for technicians is
required [24].

Laboratory Data
Blood donated by the study participants will be processed at
the KAPM COPD Center for shipment, analysis, and intermittent
(at -20°C) and long-term (deep freeze at -80°C) storage at
HealthCity Laboratory in accordance with biobanking standards.
The HealthCity Laboratory will perform the following assays:
CBC, blood cholesterol level, HDL, LDL, triglycerides; glucose,
hemoglobin A1C; C-reactive protein; and fibrinogen.

In addition, blood will be stored in order to perform testing for
sRAGE, ICAM1, CCL20, and other potential biomarkers at a
later stage. Biomarker testing will be done using enzyme-linked
immunosorbent assay (ELISA) and/or aptamers analysis. Testing
for other biomarkers, such as CDH1, CDH13, SERPINA7,
Interleukin 16 (plasma level), and genotyping will also be
considered depending on availability of the tests and their value
in COPD diagnosis. We are also exploring technical capabilities
for “-omics” studies, additional biomarkers, and tobacco-specific
nitrosamines assay in urine.

Previously reported findings, particularly when combined with
other studies of individual biomarkers, suggest a panel of blood
biomarkers including sRAGE (advanced glycosylation
end-product receptor), the biomarker of increased emphysema
percentage in the lungs independent of gender, age, airflow
limitation, body mass index, and current smoking status.
Decreased ICAM1 levels correlate with increased severity of
emphysema on CT scans, independent of smoking status, FEV1,
and other covariates CCL20 (macrophage inhibitory protein
3a), inversely and significantly associated with emphysema.
Interleukin 16 (IL-16; a multifunctional cytokine that has been
associated with autoimmune and allergic diseases) is positively
associated with age and body mass index and negatively
associated with current smoking and emphysema in the upper
lobes. An integrated “-omics” analysis in a very large cohort
identified an association between decreased IL-16 and
emphysema and discovered a novel IL-16 local expression
quantitative trait loci (cis-eQTL) [25]. Thus, IL-16 plasma levels
and IL-16 genotyping may be useful in a personalized medicine
approach for lung disease.

Collecting Data Using SmartHealth Technologies
KAPM’s SmartHealth technologies (SymptoMaster and
Medintel) will be used to capture early symptoms of COPD and
signs of COPD exacerbations and comorbidities. Our proprietary
expert technology called SymptoMaster [16] will help patients
establish the probable causes of the symptoms of diseases
without assistance from a health care professional. Using a
computer, mobile phone, or tablet, a patient inputs their
symptoms into the system, which produces the most likely
preliminary diagnosis. After receiving the diagnosis, a patient
can refer to Medintel [17], an online library that contains
information about 1000 common diseases, their causes,
symptoms, ways to prevent them, and treat them. These
technologies allow a patient to make an informed decision on
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whether they should seek immediate medical assistance by
calling an ambulance or consult a doctor on their next routine
visit. SmartHealth technologies facilitate monitoring patients’
conditions by clinical investigators.

Computer-Assisted Personal Interviewing
KAPM has developed an electronic data capture system in the
form of its proprietary computer-assisted personal interviewing
app. The app is available for tablet personal computers and will
be modified to be implemented in the cohort study to collect,
store, and transmit data related to a personal survey interview.
The questionnaire will be designed to collect data on possible
COPD risk factors including history of smoking, current
smoking, level of smoking exposure (in pack-year), passive
smoking, occupational and environmental hazards, including
dusts, chemicals, and indoor fuel pollution. The questionnaire
will contain covariates: age, gender, ethnicity, education,
occupation, and self-reported morbidity. It will also include
questions to address COPD exacerbations and to record the use
of combustible cigarettes, iQOS with HeatSticks, electronic
cigarettes, and other alternatives, as well as iQOS switch date.

Statistical Analysis and Data Management Plan
Appropriate descriptive statistics will be used to summarize
required study elements overall and by cohort (eg, proportion,
mean, standard error, median, and interquartile ranges).
Exploratory graphical analysis will be done preliminary to
numerical analysis. Histograms, two-dimensional scatterplots
of raw data, will provide information on the univariate and
bivariate distributions of the variables focusing on distribution
of variables, relation between the variables, whether it is linear
or nonlinear, etc. In addition, preliminary graphs will screen
raw data by highlighting obvious data errors. Spaghetti plots,
scatterplots of dependent variable scores versus the time variable
with a separate line for each person, will explore likely models,
especially whether effects are linear or not.

Generalized estimating equations (GEE) and GLMM will be
used to assess the effect of exposure on outcome variables. Both
GEE and GLMM are used to account for within-person
correlation of observations due to repeated measures. GEE
uncovers the population average effect of a covariate, whereas
GLMM estimates the individual specific effect. For binary
confirmatory outcomes, CAT score ≥10, and inability to walk
450 meters on the 6MWT, the logit transformation will be
utilized as the model link function. To model the annual
exacerbation rate (count data), we will use the logarithm
transformation and the Poisson or quasi-Poisson distribution
depending on mean-variance relationship.

Presence of the statistically significant “time by group”
interaction coefficient in GEE/GLMM will be our focus. It will
demonstrate that the primary outcomes in two cohorts will have
been changed significantly and provide statistical evidence for
the harm reduction hypotheses.

To adjust for confounders, we will examine distributions of all
covariates in the exposed and control group and will use Cohen
effect sizes [26] to identify whether participants’ characteristics
are different between groups at baseline. The impact of a
potential confounder will be confirmed on whether the

adjustment for the confounding variable changes the estimate
of association.

We will apply a three‐stage reporting framework [27]. Model
1 will report the crude analysis (without any adjustments for
confounders), Model 2 will report the semi‐adjusted analysis
(including the following a priori defined covariates of gender,
age, number of pack-year at base-line), and Model 3 will present
the fully adjusted model (including all the covariates as in Model
2 plus those covariates that have discrepancies across two
cohorts and change the estimate of association). The matching
variables can be ignored in the model if we have exactly two
controls for each participant in the iQOS cohort. Because of
dropouts and other reasons, that will be impossible to achieve.
There will be some confounder effect remaining, which means
we have to include matching variables in the analysis. Model
diagnostic plots will be generated to test model assumptions,
for example, normality of deviance residuals.

We will also use two methods of propensity score analysis
(PSA)—stratification on the propensity score and inverse
probability weighting using the propensity score [28]—to adjust
for confounders that may vary in study groups.

For missing data analysis, we will use missing at random
assumptions. Missing values will be handled by multiple
multivariate imputation in R. We will analyze five copies of
the data, each with missing values imputed, in the GEE/GLMM
multivariate analysis. The estimates of association will then be
averaged according to Rubin’s rule [29] to produce a single
mean estimate and adjusted standard errors.

To address dual usage, switching, and quitting, we will use
several methods. First, we will implement the
intention-to-treatment strategy, that is, we will adjust only for
baseline confounders and evaluate the exposure effect as if all
study participants remain under the exposures at the baseline
until end of follow‐up. Second, we will evaluate the exposure
effect censoring switchers and quitters from the analysis. Third,
particularly for dual usage, we will model two exposures, iQOS
and conventional cigarette usage, as weighted sums of doses
calculated in pack-years. Weights will depend on the importance
of the different periods, where the closest period will have the
highest weight.

Analysis will be done using R [19]. The Bonferroni correction
of the significance level will be applied to account for three
confirmatory hypotheses being tested in the study, so an alpha
<.017 (0.05/3) will be considered significant.

Sensitivity analysis will be performed to assess consistency of
the effect estimate by testing variations in underlying
assumptions. First, we will assess potential biases due to
unmeasured confounders or how strong should be an
unmeasured confounder to explain the magnitude of the effect
estimate. Second, we will consider the use of more than one
cohort definition to ensure that the effect estimate is robust to
the assumptions behind these definitions. For example, we will
use a different cut-off for predominant use of iQOS with
HeatSticks (>50%, >60%, >70%, >80%, >90%, 100%) based
on averaging iQOS percentage use over time beginning from
baseline. Third, there are several alternative statistical analysis
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approaches to evaluate the effect estimate. We will explore
whether the choice of statistical method (GEE/GLMM/PSA)
will influence the effect estimate. Finally, we will search how
redefining the threshold (ie, different cut-off points for binary
outcomes, CAT, and 6MWT) changes the effect estimate.

All study data will be stored at the Information Technology
Unit of КАPM. Data will be entered through a Web-accessible
system. The questionnaire will be designed as an HTML Web
form and will be placed on the server so that it can be loaded
and displayed through the client browser at the time of
connection. Data analysis will be done only in aggregate. All
data will be used for research purposes only, and no participant
will be identified when the data are analyzed, presented, or
published. No individually identifiable information will be
published. The Ethics Committee of KAPM approved this study
on December 5, 2017.

Results

Participant inclusion began December 2017 and recruitment is
expected to last until late summer 2018. When completed, the
study results will be published in peer-reviewed scientific
journals.

Discussion

Principal Considerations
To the best of our knowledge, this is the first longitudinal cohort
observational study to demonstrate whether trends in the
response variables across time differ between users of iQOS
with HeatSticks (exposure group) and smokers of combustible
cigarettes (control group).

We hypothesize that iQOS with HeatSticks may serve as a less
risky alternative to combustible cigarettes and to other traditional

tobacco products in a clinical setting. Specifically, we
hypothesize that participants using iQOS with HeatSticks will
have less prevalent presence of respiratory symptoms, have
better functional exercise capacity, and experience fewer
exacerbations compared to those who smoke combustible
cigarettes.

Assuming that smokers who switch to iQOS do reduce their
exposure to harmful and potentially harmful smoke compounds,
our study will determine whether switching to iQOS actually
reduces the development and progression of COPD, based on
CT scans and conventional spirometry tests.

Limitations
This study is observational. Despite the fact that we have
collected an extensive set of data on possible confounders,
unmeasured confounding variables may exist. The study cannot
produce definitive proof of a cause-effect relationship between
the exposures and health outcomes, as with any observational
medical research. Participants may leave the study for different
reasons, which can compromise the validity of the study,
particularly if the cohort dropout rates are different or the
participants who remain in the study are different from those
who drop out.

Conclusion
This is the first cohort study in Kazakhstan to evaluate
differences between smoking of combustible cigarettes
compared to using the heated tobacco product, iQOS with
HeatSticks, and the effect on respiratory symptoms, functional
exercise capacity, and exacerbation rate of COPD. The study
results will add to knowledge on whether switching from
combustible cigarettes to iQOS with HeatSticks affects
respiratory symptoms and diseases including the development
and progression of COPD.
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Abstract

Background: There has been limited longitudinal research that has comprehensively evaluated possible factors in the exacerbation
of inflammatory bowel disease (IBD) symptoms with or without associated inflammation. Evolving Web-based technologies
facilitate frequent monitoring of patients’ experiences and allow a fine-grained assessment of disease course.

Objective: We aimed to prospectively identify factors associated with symptom exacerbation and inflammation in IBD including
psychological functioning, diet, health behaviors, and medication adherence.

Methods: Between June 2015 and May 2017, we enrolled adults with IBD, recruited from multiple sources, who had been
symptomatically active at least once within the prior 2 years. They completed a Web-based survey every 2 weeks for 1 year and
submitted a stool sample at baseline, 26 weeks, and 52 weeks. Any participant reporting a symptom exacerbation was matched
to a control within the cohort, based on disease type, sex, age, and time of enrollment; both were sent a supplemental survey and
stool collection kit. Biweekly surveys included validated measures of the disease course, psychological functioning, health
comorbidities, and medication use. Intestinal inflammation was identified through fecal calprotectin (positive level >250 μg/g
stool).

Results: There were 155 participants enrolled with confirmed IBD, 66.5% (103/155) with Crohn disease and 33.5% (52/155)
with ulcerative colitis, of whom 98.7% (153/155) completed the study. Over the 1-year period, 47.7% (74/155) participants
experienced a symptom exacerbation. The results of analyses on risk factors for symptom exacerbations are pending.

Conclusions: We recruited and retained a longitudinal IBD cohort that will allow the determination of risk factors for symptom
exacerbation with and without inflammation. This will increase understanding of symptom exacerbations among persons with
IBD.

International Registered Report Identifier (IRRID): RR1-10.2196/11317

(JMIR Res Protoc 2018;7(11):e11317)   doi:10.2196/11317
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Introduction

Inflammatory bowel disease (IBD), manifesting as Crohn
disease (CD) or ulcerative colitis (UC), is complex. Individuals
experience gastrointestinal symptoms such as abdominal pain,
diarrhea, and rectal bleeding, but they may also have fatigue or
extraintestinal manifestations such as arthritis [1]. As with many
chronic illnesses, the clinical impact of IBD cannot be fully
accounted for with objective tests, such as endoscopy or
biological markers [2]. Psychological factors and diet have been
identified as contributing to symptoms and patient outcomes
[3-6]. To better understand the role of biological, psychological,
and lifestyle factors in the expression and course of IBD, there
is a need to prospectively study these multiple domains.

People living with IBD often face episodes of increased
symptom activity separated by periods of relative or absolute
quiescence. We have shown that 30% of individuals with IBD
who report no symptoms will become symptomatic at some
time over the following year [4]. People often report a lower
health-related quality of life [7] during these periods, and many
may seek medical care for the management of these symptoms
[8]. Importantly, not all symptoms in patients with IBD are
related to active inflammation, although most IBD therapies
are directed at reducing inflammation [4,9].

There has been little research exploring the causes of the
development or worsening of IBD-related symptoms and what
exactly it means when a patient reports a “flare.” Persons with
IBD often attribute symptom exacerbation to changes in diet
and stress, although there is currently little understanding of
which dietary or psychological factors play a role. Symptomatic
activity in IBD is generally reported in clinical studies using
tools such as the Harvey-Bradshaw Index that have poor
biopsychometric properties [10]. Further, current Web-based
technologies allow fine-grained assessment of individuals’
disease experience in a cost-effective and efficient manner [11].

This study aims (1) to assess patients’ experiences of
symptomatic activity every 2 weeks over a 1-year period; (2)
to describe which specific symptoms are correlated with
patient-defined IBD flares, which are correlated with
inflammation measured by fecal calprotectin (FCAL), and what
patients believe causes their symptom exacerbations; (3) to
identify predictors of patient-reported symptom exacerbations
and, separately, inflammation, including psychological
characteristics (perceived stress, self-efficacy, distress,
optimism, intolerance of uncertainty, and health anxiety), diet,
menstrual cycle, medication, comorbidity, and substance use;
and (4) to describe diet in IBD, including stability over 1 year,
and whether diet changes before or after symptom exacerbation.

In this report, we describe the protocol, participant enrollment,
and participant retention for the study. Having recently
completed the data collection, we are ready to undertake our
varied analyses, which will be the subject of future reports.

Methods

Recruitment
Participants with established IBD were recruited from a previous
longitudinal cohort study [12], our provincial population-based
research registry [13], regional gastroenterology clinics, posters
in the hospitals and gastroenterologists’offices, and information
posted on our center’s website (ibdmanitoba.org). Diagnoses
of IBD were confirmed by medical records review and by
querying treating physicians directly as needed. All recruitment
was undertaken using a standardized script either in person or
via email.

Inclusion criteria were (1) being aged 18-75 years old; (2) being
able to provide informed consent; (3) being able to complete
Web-based surveys in English; (4) willing to participate in the
study for 1 year; and (5) having experienced symptoms related
to IBD within the past 2 years.

Exclusion criteria were (1) total colectomy, ileostomy, or
colostomy; (2) inadequately characterized disease history
(disease phenotype and duration); (3) taking immune-modulating
medication for any condition not related to IBD; (4) cancer
treatment in the last 2 years (breast cancer patients on long-term
tamoxifen who were well were included); and (5) specific
serious chronic diseases other than IBD (ie, insulin-dependent
diabetes, cirrhosis unless currently well, dialysis-dependent
renal failure, organ transplantation, HIV, dementia, lupus, and
scleroderma).

Participant Retention
Reminder emails were sent at 24, 48, and 72 hours if the
biweekly survey had not been completed. Telephone contact
was made with participants at 72 hours if the survey was not
completed. Participants received an honorarium of Can $10 for
each completed survey and an additional Can $50 for
successfully completing at least 80% of all surveys and 100%
of requested stool specimens, to a maximum honorarium of Can
$320.

Data Collection
Long surveys were administered at baseline, midpoint (week
26), and study completion (week 52), while short surveys were
completed every 2 weeks. At weeks 2 and 50, the short surveys
were supplemented with a food frequency questionnaire.
Quarterly, supplemental surveys added detailed medication and
IBD clinical investigation questions. Stool specimens were
collected for FCAL measurement at baseline, midpoint, and
study completion.

Participants were sent an additional survey when they reported
at least moderate worsening in symptom activity, as assessed
by the IBD Symptom Change Indicator (SCI). Each of these
cases was then matched with a control who had not previously
experienced a symptom exacerbation and was not currently
experiencing an exacerbation. Controls were matched on age
(within 5 years), disease type, sex, and study entry date (to
control for the season). Controls answered a similar additional
survey. Cases and controls were also asked to return a stool
collection kit. A maximum of 5 stool samples was collected
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from each participant over the year of the study (weeks 0, 26,
and 52; up to 1 control; and up to 2 symptom exacerbations).
Survey data were collected and managed using REDCap
electronic data capture tools, hosted at the University of
Manitoba [14].

Measures
The measures against which data were collected include
background characteristics, health behaviors, psychological
qualities, IBD symptom activity and health-related outcomes,
medication, and possible triggers of symptom exacerbation. If
not otherwise stated, these were measured every 2 weeks. See
Multimedia Appendix 1 for a tabular representation of when
each measure was administered.

Background Characteristics

Demographics
At baseline, participants reported their (1) sex; (2) date of birth;
(3) marital status: single or never married, married or living as
married, separated, divorced, widow(er); (4) employment status:
working full time, working part-time, homemaking, attending
school, both working and attending school, retired, disabled, or
other; (5) ethnic background: Canadian, indigenous or
Aboriginal, European, Jewish, Latina or Latino or Hispanic,
Asian, African or black, other, or do not know or prefer not to
answer (participants could choose all ethnicities that were
applicable); (6) education: grades 1-13, apprenticeship,
nonuniversity program (college, technical, business, vocational,
and nursing), university program; and (7) annual household
income (in Canadian dollars): <$25,000, $25,001-$50,000,
$50,001-$75,000, $75,001-$100,000, $100,001-$150,000,
>$150,000, or do not know or prefer not to say.

Inflammatory Bowel Disease Characteristics
At baseline, participants reported (1) IBD disease type as CD,
UC, unclassified or indeterminate colitis, or do not know or not
sure; (2) the year they were diagnosed with IBD; (3) their
IBD-related surgeries (number, type, and year); and (4) whether
they had been hospitalized for IBD over the previous 12 months.

Medical History
Participants reported at baseline whether a doctor had ever
diagnosed them with any chronic condition and whether they
had undergone any non-IBD surgery. Biweekly, they reported
if any chronic illness (other than IBD) had worsened in the last
2 weeks or if a physician had diagnosed or treated them for any
new condition, including minor illnesses or injuries (eg, sprained
ankle). Menstruating women (according to the baseline report)
were asked if their period had started in the last 2 weeks. At the
end of the study, female participants who had not experienced
menopause reported if they had become pregnant in the last
year. If they had, they were asked to specify the start and end
dates of the pregnancy.

Smoking Cigarettes and Drinking Alcohol
At baseline, participants reported smoking status as daily or
almost daily, occasionally, former, or never. Alcohol
consumption was reported as the average number of drinks per
week.

Diet
Diet was assessed using the 2007 Harvard Food Frequency
Questionnaire [15]. Food frequency questionnaires (FFQs) are
a validated dietary assessment tool for epidemiological research
[15]. The FFQ is a checklist of foods with a section for reporting
how often each food item was consumed. The Harvard FFQ,
with results generally stable over a year, was administered at
weeks 2 and 50. Food categories included dairy, fruits,
vegetables, eggs and meats, sweets and baked goods, dietary
supplements, beverages, and breads, cereals, and starches.

Psychological Qualities

Kessler Screening Scale for Psychological Distress
The Kessler Screening Scale for Psychological Distress (K6)
[16] consists of 6 questions about an individual’s feelings over
the past 2 weeks, including nervousness and hopelessness.
Responses range from 1 (“none of the time”) to 5 (“all of the
time”); summed scores from 19 to 30 are indicative of high
distress [17]. Although the K6 is sensitive to all forms of
psychological distress, it does not distinguish between
depression and anxiety [16].

Perceived Stress Scale
The Cohen Perceived Stress Scale (PSS) measures the
perception that demands exceed personal resources to cope. The
10-item version (PSS-10) has high internal consistency and
test-retest reliability as well as good construct and predictive
validity [18]. The PSS-10 was collected at weeks 0, 26, and 52.
The 4-item PSS-4 was collected at all other time points [18].

General Self-Efficacy Scale
This validated tool assesses self-efficacy, the belief that one can
function under adversity [19]. The 10-item General Self-Efficacy
Scale-10 was used at weeks 0, 26, and 52. The shorter General
Self-Efficacy Scale-6 collected data at all other time points.

Health Anxiety Inventory
This 14-item measure of concerns about health was administered
at weeks 0, 26, and 52 [20]. Individuals with hypochondriasis
score higher than physically ill patients, individuals with anxiety
disorders, and healthy controls [20].

Intolerance of Uncertainty Scale
This 12-item survey assesses a tendency toward negativity when
faced with uncertain situations. Items are evaluated on a 5-point
scale with endpoints of “not at all characteristic of me” and
“entirely characteristic of me” [21]. Good convergent and
discriminant validity as well as internal consistency have been
demonstrated [22,23].

Optimism
The Life Orientation Test-Revised is the 10-item optimism
survey most commonly used in health research [24]. Each item
is scored on a 5-point scale from “strongly disagree” to “strongly
agree” [25].

JMIR Res Protoc 2018 | vol. 7 | iss. 11 | e11317 | p.265https://www.researchprotocols.org/2018/11/e11317/
(page number not for citation purposes)

Witges et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Inflammatory Bowel Disease Symptom Activity and
Health-Related Outcomes

Inflammatory Bowel Disease Symptom Inventory
The newly-developed IBD Symptom Inventory (IBDSI) is a
35-item self-report measure assessing 5 symptom clusters: bowel
symptoms, abdominal discomfort, fatigue, bowel complications,
and systemic complications [26]. It embeds the
Harvey-Bradshaw Index for CD [10] and the Powell-Tuck Index
for UC [27], so these scores can be calculated from the IBDSI.
The complete IBDSI was collected at weeks 0, 26, and 52. A
short form of the IBDSI, with 25 items, was collected at all
other measurement points.

Manitoba Inflammatory Bowel Disease Index
The Manitoba Inflammatory Bowel Disease Index, developed
and validated as part of the Manitoba IBD Cohort Study [28],
uses a single item to describe symptom persistence. At weeks
0, 26, and 52, participants answered, “In the past 6 months my
disease has been (1) constantly active, giving me symptoms
every day; (2) often active, giving me symptoms most days; (3)
sometimes active, giving me symptoms on some days (for
instance 1-2 days per week); (4) occasionally active, giving me
symptoms 1-2 days per month; (5) rarely active, giving me
symptoms on a few days in the past 6 months; or (6) I was well
in the past 6 months, what I consider a remission or absence of
symptoms.” Active disease can be defined as experiencing
symptoms constantly to occasionally (responses 1-4).

Inflammatory Bowel Disease Symptom Change Indicator
This 7-point indicator of symptom change was developed by
our group based on the Clinical Global Impression measure
[29]. The IBD SCI asks, “Compared to 2 weeks ago, my IBD
symptoms are: (1) much improved, (2) moderately improved,
(3) minimally improved, (4) no change, (5) minimally worse,
(6) moderately worse, or (7) much worse.” A response of
“moderately worse” or “much worse” defined symptom
exacerbation in this study.

Flare Certainty Indicator
At every measurement occasion except week 0, individuals
were asked: “Do you consider yourself to be in an IBD disease
flare?” Response options included: “I am not in an IBD flare,
I am possibly in an IBD flare, I am probably in an IBD flare,”
and “I am definitely in an IBD flare.” This scale was created
by our research group for this study.

Short Inflammatory Bowel Disease Questionnaire
Disease-specific quality of life was measured using the Short
Inflammatory Bowel Disease Questionnaire (SIBDQ) [30]. Use
of the Inflammatory Bowel Disease Questionnaire (IBDQ),
authored by Jan Irvine, MD (1994), was made under license
from McMaster University, Hamilton, Canada [31]. The SIBDQ
[30,32], based on the original 32-item Inflammatory Bowel
Disease Questionnaire, is a 10-item scale measuring bowel,
systemic, social, and emotional aspects of living with IBD. It
is responsive to changes in disease activity [32].

Disability
Questions were adapted from the Canadian Community Health
Survey [33] and the Sheehan Disability Scale [34]. Examples
are, “How many days in the last 2 weeks did your IBD
symptoms cause you to miss work?” and “How many days in
the last 2 weeks did you feel so impaired by your IBD symptoms
that, even though you went to work, your productivity was
reduced?”

Health Care Utilization and Clinical Investigations
Participants were asked to report any hospital admissions,
emergency department visits, or physician visits (clinic or office)
for their IBD in the prior 2 weeks. Every 3 months they reported
any clinical investigations, including colonoscopy, capsule
endoscopy, flexible sigmoidoscopy, abdominal magnetic
resonance imaging or computerized tomography scan, and
barium x-ray.

Administrative Health Data
At enrollment, consent was given to link the data from this study
with the individuals’administrative health data. Manitoba Health
is the single provincial health insurance provider. All physician
visits and hospitalizations since 1984 and all prescription
medication dispensed since 1995 can be tracked. Administrative
data will confirm the dose and quantity of dispensed IBD
medications, including 5-aminosalicylates, corticosteroids,
thiopurines, methotrexate, and antitumor necrosis factor agents.
The Manitoba administrative prescription drug database contains
records of all dispensations for the entire population and captures
the date of dispensation, information about the prescriber, drug
name, and the dose or quantity dispensed [35]. Hospitalizations
and outpatient physician and gastroenterologist visits will be
confirmed using hospital discharge abstracts and physician
billing claims. As well, we will collect utilization and medication
information for 1 year prior to study entry.

Intestinal Inflammation
At weeks 0, 26, and 52 and at the report of symptom
exacerbation, stool specimens were collected to measure FCAL,
a marker of intestinal inflammation. Recently, it has been shown
that the level of FCAL in a stool sample correlates with the
presence and severity of gut inflammation [36-38]. Stool
collection kits were delivered and returned by courier to the
IBD Clinical and Research Centre, Manitoba, Canada. FCAL
levels remain stable for 7 days at room temperature. Once the
kit was received at the study center, it was kept at −80℃ until
analyzed with a calprotectin enzyme-linked immunosorbent
assay (ALPCO, Salem, NH, USA). We obtained 2 measurements
from each sample, and the average FCAL level was used for
analysis. The upper limit of measurement for FCAL is 1,888
μg/g stool. Participants were considered to have active intestinal
inflammation if FCAL exceeded 250 μg/g stool [39,40].

Inflammatory Bowel Disease Medications
Participants were asked to select from a list the IBD medications
they currently used. They were asked about amounts (eg, mg
or mL), the number of pills taken at a time, and timing (eg, 2
times per day). For each medication, participants were asked to
report 1 of the following 3 options: (1) number of times the
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medication was taken in the last 2 weeks, if medication was
taken on an as needed basis; (2) percent of scheduled medication
taken in the last 2 weeks (eg, 80%); or (3) not scheduled to take
medication in the last 2 weeks. Participants were asked to report
if they had stopped their IBD medication(s) in the last 2 weeks,
or they could report not using any IBD medications.

Non-IBD Medications
Every 2 weeks, participants reported if they had started, stopped,
or changed the dosage of any medication taken for any reason
other than IBD. A full list of all prescribed and nonprescribed
medications they used was collected at weeks 0, 14, 26, 40, and
52 as well as when a medication start, stop, or change was
reported. Additional multiple-choice questions collected
information on amounts of acetaminophen, narcotics, aspirin,
and other nonsteroidal anti-inflammatory drugs taken over the
2-week period (0 pills, 1-5 pills; 6-13 pills; 14-28 pills; >28
pills).

Medication Adherence Report Scale
The tendency to take medication as prescribed was assessed
with the 5-item Medication Adherence Report Scale [41,42],
which asks about the propensity to avoid, forget, or stop taking
medication and the tendency to alter the dose. Items were scored
on a 5-point scale, with response options of “always, often,
sometimes, rarely, or never,” and summed, with a total score
of 25 indicating complete adherence. The scale can be analyzed
either continuously or categorically, with a score of ≥20
categorized as high medication adherence [43].

Triggers of Symptom Exacerbation
At baseline and study completion, participants were asked
open-ended questions, followed by specific questions, about
their experiences with triggers of symptom exacerbations.
Specified triggers included stomach or bowel infection, other
infections, overwork, sleep problems, conflict, stress, medication
changes, more alcohol consumption than usual, overeating,
eating certain foods, and not eating certain foods. Participants
were asked, “How much has [specified trigger] been related to
your IBD symptoms going from inactive to active in the past?”
Response options were, “not at all, a little, moderately, quite a
lot, and a great deal.” A supplemental survey was sent to
participants when they reported at least moderate worsening of
symptoms. It asked first, “Do you believe that there was
something that triggered your increase in IBD symptoms?” If
yes, they were asked to specify. Cases and controls were asked
about changes in diet and whether they had been overworked,
stressed, down, or anxious.

Statistical Analysis
We describe the demographic and clinical characteristics of the
sample at enrollment using frequencies, percentages, means,
and SDs (Table 1). The frequency of individuals who reported
at least moderate symptom worsening with the IBD SCI is
stated.

Patient attributes, such as age, sex, baseline disease activity,
and baseline level of inflammation as measured by FCAL level,
will be tested for their association with adherence to the

protocol. This analysis will help to inform future studies, to
maximize subject participation in IBD studies that use
longitudinal methods.

We will track the relationship between symptom exacerbation
without active inflammation as measured by FCAL, symptom
exacerbation with active inflammation, active inflammation
without symptom exacerbation, and how these different
combinations of symptoms and inflammation change over time.
We will compare self-reported symptom exacerbation on the
IBD SCI with symptom scores on the IBDSI as well as with the
SIBDQ and individual items from the SIBDQ, such as fatigue
and quality of sleep.

Multilevel Poisson regression will model the total number of
symptom exacerbations, with and without inflammation. Model
covariates will include age, sex, disease type, disease duration,
baseline measures of stress, and disease activity. The model fit
will be assessed using likelihood ratio statistics and penalized
measures of the likelihood function, such as the Aikake
information criterion [44]. Potential collinearity among the
explanatory variables will be assessed using descriptive
correlational analyses and variance inflation factors, where
appropriate.

The trajectory of symptom exacerbations (ie, exacerbation
present vs absent) over the 12-month observation period will
be modeled using a mixed-effects multiple logistic regression
model. The model will include both marginal (ie, average) and
subject-specific (ie, random) effects, to account for the clustering
of repeated observations within participants. Mixed-effects
models are widely recommended for longitudinal analyses
because of the opportunity to describe both within-subject and
between-subject variations across multiple measurement
occasions [45,46]. A random intercept for time will be included
in the model, and we will explore improvements in model fit
when random slopes for time and other covariates are included.
Both time-varying and time-invariant covariates will be
considered for model inclusion, and time-lagged covariates (eg,
perceived stress in the prior 2-week period, perceived stress for
all previous 2-week periods, and change in perceived stress
between the baseline and prior 2-week period) will be
considered. Other covariates will include K6 scores; adherence
to maintenance medications; use of nonsteroidal
anti-inflammatory drugs, antibiotics, and other non-IBD
medications; smoking status; and most recent FCAL value. The
model fit will be evaluated using the methods noted above. The
intraclass correlation will be used to describe the proportion of
model variation due to subject-specific effects.

We will assess diet stability in persons with IBD by comparing
their responses to the FFQ at week 2 with the FFQ at week 50.
More importantly, the stability in diet between those persons
who reported a symptom exacerbation will be compared to those
who did not report an exacerbation. Furthermore, we will
determine if the frequency of foodstuff consumption differs
between persons who had a symptom exacerbation but normal
FCAL compared to persons who had an exacerbation with active
inflammation as identified by FCAL.
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Table 1. Demographic and disease characteristics of participants at baseline (N=155).

ValueCharacteristics

108 (69.7)Female, n (%)

42.6 (12.6)Age, mean (SD)

149 (96.1)European or Canadian ethnicity, n (%)

132 (85.2)Urban residence, n (%)

Marital status, n (%)

97 (62.6)Married or living as married

22 (14.2)Separated, divorced, or widowed

36 (23.2)Single or never married

15.6 (3.5)Education (years), mean (SD)

102 (65.8)Crohn disease, n (%)

28Age at diagnosis (years), median

28.6 (11.5)Age at diagnosis (years), mean (SD)

Age (years), n (%)

23 (14.8)<17 years

107 (69.0)17-39 years

25 (16.1)≥40 years

14.8 (10.3)Disease duration (years), mean (SD)

91 (58.7)Comorbid chronic condition, n (%)

55 (35.5)Previous IBDa-related surgery, n (%)

19 (12.3)IBD-related hospitalization in the past year, n (%)

28 (18.1)Current smoker, n (%)

3 (1.9)Alcohol consumption >14 drinks per week, n (%)

Active disease at baseline, n (%)

74 (47.7)IBDSIb at baseline: >24 in Crohn disease, >17 in ulcerative colitis

71 (45.8)Fecal calprotectin at baseline, >250 μg/g

74 (47.7)Symptom exacerbation during the study, n (%)

aIBD: inflammatory bowel disease.
bIBDSI: Inflammatory Bowel Disease Symptom Index.

Among those persons who reported a symptom exacerbation,
we will assess whether a change in diet occurred in the 2 weeks
prior. This will be done using a supplemental food survey that
asks about specific food items that were consumed “more than
usual in the last 2 weeks” (eg, types of milk products, grains,
fruits, and vegetables) as well as whether the change was made
prior to the flare or as a response to the symptoms. This
supplemental survey was administered when a participant
reported a symptom exacerbation on the SCI.

With our sample size of 155 and 15 predictor variables in a
regression model, with alpha=.05 and power of 80%, we can
detect an effect that accounts for at least 12% of the variation
in a continuous outcome measure. With a model that includes
5 predictor variables, with alpha=.05 and power of 80%, we

can detect an effect that accounts for at least 8% of the variation
in a continuous outcome measure.

Results

Between June 2015 and May 2017, 158 individuals were
enrolled. Of this number, 3 were later withdrawn: 1 did not meet
medical exclusion criteria (diabetes requiring insulin), and 2
returned their initial stool sample but did not complete a baseline
survey and were lost to follow-up. Therefore, the final study
population included 155 participants with IBD: 66.5% (103/155)
with CD and 33.5% (52/155) with UC. Of these, 89.7%
(139/155) completed the study to 52 weeks and completed at
least 80% of all surveys.
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Table 2. Recruitment sources for study participants.

n (%)Recruitment source

119 (76.8)Gastroenterology clinic

22 (14.2)Manitoba IBDa Cohort Study or previous research program

9 (5.8)Manitoba IBD Research Registry

5 (3.2)Poster or Crohn's and Colitis Canada article

aIBD: inflammatory bowel disease.

Table 3. Comparison of the Living with IBD Study and the University of Manitoba IBD Epidemiology Database (UMIBDED).

UMIBDED (N=10,636)Study participants (N=155)Measure

5684 (53.44)108 (69.68)Female, n (%)

5241 (49.28)102 (65.81)Crohn disease, n (%)

6518 (61.28)132 (85.16)Urban residence, n (%)

3628Median age at diagnosis (years)

Over the course of the 1-year study period, 47.7% (74/155)
participants experienced a symptom exacerbation and were
matched to a control who had not previously reported a symptom
exacerbation. There were 32 participants who had >1
exacerbation (see Table 1 for participant demographics and
clinical descriptions).

Participants were recruited from multiple sources (Table 2),
most from gastroenterology clinics, reflecting the requirement
of symptoms related to IBD within the last 2 years. Recruitment
averaged 6.4 persons per month over 24 months. When
compared to the provincial population of Manitobans with IBD,
according to the University of Manitoba IBD Epidemiology
Database, this study enrolled a higher proportion of females,
persons with CD, and persons living in an urban center (Table
3).

Discussion

By surveying persons with IBD every 2 weeks over the course
of 1 year and analyzing exacerbation cases compared with
matched controls, we aim to gain insight into factors associated
with exacerbation and the extent to which symptoms are
associated with active inflammation. Ultimately, we hope our
findings can improve the care of persons with IBD by better
understanding the trajectory of the disease and the factors that
affect its course.

Difficulties in the past in investigating the relationship between
symptom exacerbations and potential triggers have been
primarily methodological. Multiple factors across biological
and psychological domains have rarely been assessed
concurrently or assessed frequently enough to establish a
contributory role. Hence, we anticipate that our study will
substantially advance clinical knowledge. Much of the research
to date has relied on the retrospective survey of patients with
IBD, where they are asked about the presence and the severity
of symptoms along with their history of exposure to potential
triggers. We have also used this method previously [4,47]. While
we reported that, of all factors monitored over a 3-month period,
only perceived stress was associated with an exacerbation of

symptoms, the retrospective rating of symptoms and potential
triggers over 3-month periods may be subject to recall bias.
Recall biases may also influence how participants assessed the
temporality and directionality of the relationship between
triggers and symptoms. Assessments carried out at more frequent
intervals allow for a more accurate assessment of the presence
of triggers, the severity of symptoms, and the temporal
relationship between them.

The relationship between patient symptoms and inflammation
is central to disease management as most of the medication
options for the treatment of IBD symptom exacerbations involve
either the intensification or modification of anti-inflammatory
therapies [48]. Conversely, it has been shown that persons with
quiescent IBD symptoms who have evidence of ongoing
inflammation may be at higher risk of developing a symptom
exacerbation over the next 2 years. The measurement of FCAL
may play a significant role in noninvasively studying the
association between inflammation and symptom exacerbation.
Determining the relationship between intestinal inflammation
and symptoms could better define pathophysiologic mechanisms.
Understanding the symptom-inflammation relationship would
also better inform the management of symptom flares, given
options of initiation or intensification of anti-inflammatory
therapy or, alternatively, use of supportive symptom-directed
care. Feedback to patients about the relationship between
symptom presentation and measurable inflammation may also
increase their confidence in using self-management approaches
and knowing when to contact their physician for medical
intervention.

The high retention rate of 98.7% (153/155) is a strength of our
study. Staggered financial incentives [49], frequent appreciative
written communication with participants as well as prompt and
repeated electronic and phone call reminders may have
contributed to the high retention. The use of electronic methods
in this study was a strength in maintaining high participation
for the entire 52 weeks as well as for having data entered into
a secure, analyzable database directly by the participants as they
completed their surveys.
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There were some limitations to our study. Women were
overrepresented, similarly to other IBD cohort studies [4,47].
FCAL is a sensitive measure of intestinal inflammation in
persons with colitis but may be less sensitive in persons with
small bowel CD [50].

In conclusion, we have reported the protocol and enrollment
for a longitudinal study of persons with IBD reporting on their

lived experiences biweekly for 1 year as well as intermittently
providing stool samples to study intestinal inflammation. We
believe our study will provide a unique assessment of the course
of IBD. We hope to define factors that are associated with
triggering a symptom exacerbation. This will help both clinicians
and patients better understand how to manage IBD.
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Abstract

Background: Uterine fibroids are the most common benign tumor in women. Among those with fibroids, approximately 30%
become symptomatic, with abnormal uterine bleeding, pelvic pain, and bulk symptoms. Despite the high prevalence of fibroids,
little information is available regarding symptoms, treatment choices, and outcomes for patients.

Objective: A Canada-wide patient registry was established to understand the real-world practice. This registry included patient
presentation and treatment preferences, health care provider attitudes, and clinical outcomes in the management of symptomatic
uterine fibroids.

Methods: This study is a prospective, noninterventional, observational patient registry. It will include women diagnosed with
uterine fibroids and being managed for symptoms. Participant inclusion criteria were (1) at least 18 years of age, (2) premenopausal
with a confirmed diagnosis of uterine fibroids, and associated symptoms, and (3) initiating treatment (drug intervention, procedure
intervention, or a combination of both) or watchful waiting. Patients (or legal representative) must understand the nature of the
project and provide written informed consent before enrollment. Participant exclusion criteria were (1) they have known or
suspected clinically significant pelvic pathology not associated with uterine fibroids, and (2) they are undergoing an emergency
hysterectomy at the initial visit. Outcomes will be evaluated in the context of routine clinical practice.

Results: Participant recruitment of this registry began in July 2015. This study currently has a total sample of 1500 patients.

Conclusions: This registry, a first in Canada, will accumulate evidence on the risks and benefits of watchful waiting, and medical
and procedural interventions. It will contribute to enhancing access to treatment options for patients.

Trial Registration: ClinicalTrials.gov NCT02580578; https://clinicaltrials.gov/ct2/show/NCT02580578 (Archived by WebCite
at http://www.webcitation.org/6yax4Hpvr)

International Registered Report Identifier (IRRID): RR1-10.2196/10926

(JMIR Res Protoc 2018;7(11):e10926)   doi:10.2196/10926
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Introduction

Uterine fibroids (UF) are benign, monoclonal,
hormone-sensitive, smooth muscle tumors that represent the
most common solid pelvic tumor in women [1-3]. They affect
20% to 40% of women during their reproductive years [4].
Despite their prevalence, very little is known about the etiology
of the disease, burden of illness, and quality of life associated
with the condition. Although most patients with UF are
asymptomatic, UF can cause heavy and prolonged menstrual
bleeding, pelvic pressure or pain, bulk symptoms, and
reproductive dysfunction. Patients with UF show increased use
of analgesics, sanitary products, and health care resources. There
are more physician visits, increased absenteeism, and a decline
in energy, and overall activities, including sexual activity [5].
Apart from epidemiologic data, the natural history of UF is
poorly understood.

In addition to the palpation of an enlarged irregular uterine
contour on pelvic examination, ultrasonography is used to
confirm the diagnosis of UF [6]. Recently magnetic resonance
imaging (MRI) has gained popularity, but the cost and access
to this technology prohibit routine screening. In a uterus with
fewer than 5 lesions, ultrasonography appears to be equally
effective as detection by MRI and virtually identical for
assessing their size and location [7]. However, when the number
of lesions is higher, MRI exceeds the technical limitations of
ultrasound in precise fibroid mapping and characterization.

A significant issue in the field of fibroid identification is the
necessity for differentiating fibroids from other pathologies
such as adenomyomas and uterine neoplasms. Although
uncommon in women less than 40 years old [8], these conditions
require the differential diagnosis with fibroids because the
treatment options and prognosis may differ [9]. Patterns of use
and accuracy of diagnostic imaging of UF have not been studied
systematically in the publicly funded Canadian health care
system.

Treatment options for UF patients should ideally address 3
goals: (1) relief of signs and symptoms, (2) sustained reduction
in fibroid size, and (3) retention or enhancement of fertility if
desired. At the same time, treatment should also aim to improve
quality of life, minimize side effects, be convenient for patients,
and target UF directly [10]. Medical, procedural, or combined
treatment options are available for patients with symptomatic
UF. However, there were no medications to treat these women
in Canada until 2013 when ulipristal acetate (UPA) was
approved.

UPA has shown to be more effective than placebo [11] and as
effective as the injectable gonadotropin-releasing hormone
agonist leuprolide acetate [12] for treating UF symptoms.
Leuprolide acetate received Health Canada indication for
preoperative improvement of anemia in symptomatic UF women
in 2017 [13]. The uptake, long-term clinical and patient-reported
outcomes, efficacy, safety, as well as the pharmacoeconomics
of indicated and off-label treatment options for these patients
in Canada, have yet to be determined.

In the past 15 years, there has been only 1 completed registry
for patients with UF who have undergone uterine artery
embolization [14]. In the United States, the COMPARE-UF
trial is underway [15]. A Canadian prospective patient registry
provides the opportunity to address many unanswered questions,
particularly the management patterns and outcomes associated
with different treatments for UF and patients’ preferences for,
and satisfaction with, managing UF symptoms.

With this background in mind, the objectives of this study are
to (1) enhance the understanding of the natural history of
symptomatic UF, (2) understand Canadian provider and patient
preferences for managing symptomatic UF, (3) examine factors
that have an impact on the uptake of UF treatment options and
compliance with therapy, (4) examine the effectiveness and
efficiency of UF treatment options across ethnicities in
real-world practice in Canada, and (5) provide real-world data
characterizing long-term clinical and patient-reported outcomes,
including effectiveness and safety, associated with different UF
management options.

Methods

Overall Study Design and Plan
The CAnadian women wiTh Uterine fibroids REgistry
(CAPTURE) is a prospective, observational cohort study
(NCT02580578) that will include women who have been
diagnosed with symptomatic UF. Outcomes will be evaluated
as part of routine clinical practice. The target study population
will include patients with a diagnosis of UF from 20 study sites
across Canada. Participating physicians will not be required to
perform any medical procedure that is outside their normal
clinical practice. Serious and nonserious adverse drug reactions
(ADRs) will be followed up as per local standard of care and
as expected in an observational research study. Similarly, both
serious and nonserious adverse events (AEs) during and
following procedural intervention will be reported. Each study
site was responsible for local ethics review board approval as
per their institutional policy.

Participants
Approximately 1000 patients will be enrolled from 20 Canadian
investigational sites, including both academic and community
practices. Inclusion criteria for the study are premenopausal
women at least 18 years of age with confirmed diagnosis and
symptoms associated with UF that are being observed (watchful
waiting), currently being treated, or initiating treatment (drug
intervention, procedure intervention, or a combination of both).
All patients (and the patient’s authorized legal representative)
should understand the nature of the project and provide written
informed consent before or at the initial study visit. Exclusion
criteria for the study are known or suspected significant pelvic
pathology not associated with UF and patients undergoing an
emergency hysterectomy at the initial visit.

Withdrawal of Participants
Participation in this registry is voluntary, and patients may
withdraw at any time and for any reason. Once the patient
informs the site staff that she wishes to withdraw her
participation, a “Withdrawal from registry” form will be
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completed with the date and reason. The patient will be informed
that all data collected up to that point will be used in the
analysis. From that point on, the patient will no longer be
contacted for the registry, and no further data on that participant
will be collected.

Participants Lost to Follow Up
Efforts will be made to keep patients in the registry for at least
24 months. A patient will be considered to have missed a study
visit after all efforts have been made by site personnel to contact
the patient to reschedule within 1 month of the missed
appointment. If a patient has missed a follow-up visit, all efforts
should be made to reach the patient to ensure that subsequent
follow-up visits are completed.

Study Visits
The visit schedule is comprised of 4 study visits (baseline, 3-
to 6-month, 12-month, and 24-month; Table 1) and pre-, intra-,
and postoperative visits for patients undergoing procedural
interventions (Table 2).

Baseline Visit
The baseline visit will involve (1) obtaining informed consent,
(2) checking for inclusion/exclusion criteria, (3) collecting

demographic information, (4) obtaining a medical history, and
(5) assessing patient current health status. This will be followed
by patient assessments that involve questions on UFs using the
EuroQol 5-Dimensions 5-Levels (EQ-5D-5L) survey, the
Uterine Fibroid Symptom and Quality of Life (UFS-QOL)
questionnaire, the Aberdeen Menorrhagia Severity Scale
(AMSS) questionnaire, and evaluation for concomitant
medications and history of previous procedural interventions.

The EQ-5D-5L [16] is a validated 5-question survey with a
visual analog scale used to measure health outcomes that
provides a simple descriptive profile and a single index value
for health status. The UFS-QOL [17] is a validated 37-question
disease-specific symptom and health-related quality of life
questionnaire for UF. It has been used extensively in studies to
assess the impact of the disease in patients and treatment options
in randomized clinical trials. The AMSS questionnaire is a
validated 15-question survey that evaluates the severity and
effect of bleeding that occurs during and between menses. There
are 7 baseline questions for UF patients asking about the purpose
of their visit and what outcome they are hoping to achieve.

If deemed eligible for registry participation, the patient will
return for a visit in 3 to 6 months. When available, imaging and
other test results (biopsies, blood work) will also be documented.

Table 1. Schedule of events of the CAPTURE study at baseline and scheduled visits.

Scheduled follow-up visitsExaminations

24-montha12-montha3- to 6-monthaBaseline

———✓Signed informed consent formb

———✓Inclusion/exclusion criteria

———✓Demographics

———✓Medical history

✓✓✓✓Fertility wishes

✓✓✓✓Blood work (hemoglobin)c

✓✓✓✓Gynecologic symptoms

✓✓✓✓Ultrasound of fibroids

———✓Type and location of fibroids

———✓Endometrial biopsyc

✓✓✓✓Planned/updated management plan

✓✓✓✓UFS-QOLd

✓✓✓✓Bleeding assessmente

✓✓✓✓EQ-5D-5Lf

✓✓✓✓Concomitant medications

✓✓✓—Adverse events

aVisits can be performed by telephone or in clinic; however, an in-person visit is preferred.
bMust be obtained from patient prior to study enrollment.
cTo be captured if available.
dUFS-QOL: Uterine Fibroid Symptom and Quality of Life questionnaire.
eTool for assessment is the Aberdeen Menorrhagia Severity Scale questionnaire.
fEQ-5D-5L: EuroQol 5-dimensions 5-levels survey used to measure health status.
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Table 2. Schedule of events of the CAPTURE study at procedural intervention and hysterectomy.

HysterectomyProcedural interventionaExaminations

1-year follow upPostoperativeIntraoperativePreoperative

————Signed informed consent form

————Inclusion/exclusion criteria

————Demographics

————Medical history

————Fertility wishes

———✓Blood work (hemoglobin)b

✓———Gynecologic symptoms

———✓Ultrasound of fibroids

————Type and location of fibroids

—✓——Endometrial biopsy

———✓Planned/updated management plan

✓✓—✓UFS-QOLc

—✓—✓Bleeding assessmentd

✓✓—✓EQ-5D-5Le

———✓Concomitant medications

—✓✓✓Adverse event

aProcedural intervention is not mandatory in the registry, and data will be collected if physician and patient decide on a procedural intervention to
address symptoms associated with uterine fibroids.
bTo be captured if available.
cUFS-QOL: Uterine Fibroid Symptom and Quality of Life questionnaire.
dNot required if patient undergoes hysterectomy procedure. Otherwise the tool for assessment is the Aberdeen Menorrhagia Severity Scale questionnaire.
eEQ-5D-5L: EuroQol 5-dimensions 5-levels survey used to measure health status.

Visits at Three to Six Months, Twelve Months, and
Twenty-Four Months
These visits can be performed in the clinic or via telephone;
however, an in-person visit is preferred. Participants will be
evaluated for updates and an assessment of the management
plan, and for ADRs (if medication was prescribed at the previous
visit). Also, patient questionnaires (EQ-5D-5L, UFS-QOL, and
AMSS) will be administered. Follow up will occur after the
baseline meeting at 3 to 6 months, 12 months, and 24 months.

Preoperative Visit
This visit will only occur if the patient and physician agree on
a procedural intervention. During this visit, participants will be
evaluated for updates and an assessment of the management
plan, and for ADRs (if medication was prescribed at the previous
visit). Also, patient questionnaires (EQ-5D-5L, UFS-QOL, and
AMSS) will be administered.

Intraoperative Visit
This visit will only occur if the patient and physician agree on
a procedural intervention. During this visit, information on the
procedure performed and the AEs will be obtained. Specific
details on the type of procedure, route, and surgical times will
be recorded. Intraoperative description of outcomes, including
morcellation (if performed), will be documented. In the case of

myomectomy, fibroid cleavage planes and density (subjective)
of the fibroids will be obtained as well.

Postoperative Visit
This visit will only occur if the patient and physician agree on
a procedural intervention. During this visit, information on AEs
following the procedure, pathology, and patient questionnaires
(EQ-5D-5L, UFS-QOL, and AMSS) will be recorded.

Hysterectomy Postoperative Follow Up
If a patient undergoes a hysterectomy, a follow-up visit will
occur 1 year after the hysterectomy (in addition to the
postoperative visit). This follow up will replace all remaining
scheduled follow-up study visits. Information on postoperative
symptoms, overall satisfaction, UFS-QOL-Hysterectomy, and
EQ-5D-5L will be obtained. Once this follow up is completed,
the patient will be deemed to have completed all study visits.

Unscheduled Visits
Unscheduled visits (other than the prescribed appointments)
are any unexpected visits, including emergency assessments or
changes to care plans. Participants will be assessed for the reason
of the visit, update and evaluation of the management plan, and
ADRs (if medication was previously prescribed).
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Pregnancy Follow Up
If an unplanned pregnancy occurs with hormonal medical
therapy during this study, a serious AE will be recorded. Also,
the “Pregnancy follow up” form will be completed to capture
baseline pregnancy information. If the patient consents to be
followed up on the outcome of the pregnancy, then postdelivery
follow-up information will be collected once available. No study
visits will be completed during the pregnancy. Following
delivery, the patient will resume the study visit schedule until
completion.

Assessment of Clinical Efficacy and Safety
This is a patient registry that tracks the routine practice and
management of patients with UF in Canada. The physician will
collect data at the initial and follow-up visits between 3 to 6
months, 12 months, and 24 months. Also, if a procedural
intervention is performed, pre-, intra-, and postoperative data
will be captured. Patients will be asked to complete the
EQ-5D-5L, UFS-QOL, and the brief bleeding questionnaires
as per the visit schedule outlined in Tables 1 and 2.

Duration of Study
The duration of the study will be 2 years from the recruitment
of the final patient, which occurred in February 2018. It is
expected that the last visit of the final patient will occur in
February 2020.

Statistical Methods
The analysis will include all patients enrolled in the study who
have been entered into the database.

Statistical Analysis
The goal of this study is to establish a registry of Canadian
patients with symptomatic UF. We have recruited a sample of
1500 patients to help describe the management of UF in this
population.

Initially, exploratory data analysis will summarize all variables
of interest by reporting means and standard deviations for
continuous variables, and frequencies (percentages) for
categorical variables. Analysis of variance will be used to
compare continuous variables between treatment groups of
interest. Chi-square tests will be used to compare categorical
variables between the 2 groups. A linear mixed model will be
employed to examine the association between treatment groups
while adjusting for other covariates of clinical interest. These
variables include demographics, UF history, comorbidities,
medications, and medical tests (both current and previous).

The model will include a time-by-treatment-interaction term to
determine whether treatments have improved quality of life
relative to other treatment groups. Furthermore, a random effect
will be included at the patient level to incorporate correlation
arising from the repeated measures design of the study.

Since this is an observational registry, missing data and
drop-outs (ie, early study termination) are expected. Statistical
techniques will be used to examine the missing data (including
logistic regression) and, if feasible, multiple imputations will
be used to make any adjustments.

Additionally, where imputation techniques are not adequate,
sensitivity analysis will be employed. All parameter estimates,
confidence intervals, and P values will be reported from the
model, and a 2-sided significance level of .05 will be used.

The original terms used by participating physicians to identify
ADRs will be coded using the Medical Dictionary for
Regulatory Activities (MedDRA). The MedDRA system organ
class and preferred term will be used to present the number and
percentage of patients with ADRs, the drug relationship,
seriousness, and intensity of ADRs. Chi-square tests will be
employed to compare the number of ADRs between groups of
interest.

Data Management Process
Overall coordination of the registry will be led by a steering
committee that includes 6 academic gynecologists and 1
community gynecologist. Committee responsibilities include
establishing the registry database and protocol, appointing a
scientific committee for data analysis and interpretation, and
governing the dissemination of the registry findings through a
publication plan. All members of the steering committee have
a vote on decision making, with the Chair providing a deciding
vote in the event of a tie. The study sponsor, Allergan Canada,
does not have a vote or seat on the steering committee but will
facilitate meetings.

All study data will be captured on HealthDiary, which is a
Web-based electronic data-capture system. Data will be
managed by the Applied Health Research Center (AHRC), a
service unit within the HUB Health Research Solutions and
fully integrated with the Li Ka Shing Knowledge Institute of
St. Michael’s Hospital, Toronto, Ontario, Canada. The AHRC
is a full-service clinical research coordinating center staffed
with highly trained individuals including statisticians,
methodologists, research coordinators, contract and finance
managers, and research informatics specialists. The facility will
serve as the data management center. It has managed large
randomized trials, cohort studies, and patient registries across
provincial and international borders, ensuring privacy
regulations using state-of-the-art, Web-based, data management
software. The center will be responsible for developing the
electronic case report form (eCRF), conducting data
management, and issuing and clarifying queries with the
participating sites. The research database includes automated
edit and logic checks to assist with the data management
activities. Data entry screens and edit checks will be tested with
mock patient data and removed from the database before
beginning the study. In addition to programmed edit and logic
checks, manual data verification, and consistency checks will
be performed to ensure valid, relevant, and complete data for
analysis.

Medical history and concomitant medical conditions/diseases
will be coded according to MedDRA. Data handling procedures,
including edit check specifications, data entry guide, authorized
corrections, coding instructions, and locking procedure, will be
detailed in the study data management plan.
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Data Quality Assurance
The database will be secured and enable quality control to be
performed at the time of data entry. Quality control will focus
on value ranges and missing data. Any discrepancies that occur
during eCRF data entry will be flagged in real time by the
system and will be saved until addressed by the data entry
personnel.

In compliance with Good Clinical Practice and regulatory
requirements, the sponsor, a third party on behalf of the sponsor,
health regulatory agencies, or research ethics boards may
conduct quality assurance audits at any time during or following
the study. The participating investigator must agree to allow
auditors direct access to all project-related documents, including
source documents, and must agree to allocate their time and the
time of their project staff to the auditors to discuss findings and
issues.

Results

Participant recruitment for this registry began in July 2015. The
registry has recruited 1500 patients, with the first patient
enrolled in the second half of 2015. Patient follow up will occur
for up to 2 years, with the last patient visit occurring in 2020.
It is anticipated that national/industrial funding will be available
to continue this initiative beyond 2020 based on the information
generated from this registry.

Discussion

Importance of the CAPTURE Registry
Despite the prominence of UF and their detrimental effects on
patient health, little is known about many aspects of the
condition, including the etiology of the disease, the natural
history of UF, the impact of UF on fertility and pregnancy
outcomes, and the effectiveness of UF treatments in real-world
clinical practice. There are virtually no well-designed, long-term,
epidemiologic studies published in this disease area. The
evidence on the comparative long-term effectiveness of
treatment options is also of poor quality. The Agency for
Healthcare Research and Quality (AHRQ) has published reviews
on the state of the evidence for the management of UF in 2001
and 2007. A more recent review was published by Singh and

Belland [10] outlining clinical data on the medical and surgical
management of UF along with a treatment algorithm to assist
health care professionals.

Our literature search for established UF registries revealed only
1 in the past 15 years called the FIBROID Registry. This was
a multicenter, prospective, longitudinal study of the short- and
long-term outcomes of uterine artery embolization [14]. Despite
the lack of data on the management of UF, the future of
obtaining real-world data in this area appears promising. In
addition to this registry in Canada, registries in both the United
States and Europe have been announced or are currently
underway. In the second half of 2014, the Patient-Centered
Outcomes Research Institute and AHRQ announced that the
Duke University School of Medicine’s Department of Obstetrics
and Gynecology and the Duke Clinical Research Institute will
lead a 5-year patient registry to evaluate the effectiveness of
different treatment strategies for UF patients.

In Canada, there is a lack of documented data characterizing
the UF patient population, treatment options, and outcomes
associated with women who have UF. Also, no data exist
regarding patient preference and satisfaction related to their
management. Moreover, with the introduction of UPA—the
first Health Canada-approved medication for the treatment of
UF—an evaluation of effectiveness and safety is desirable. It
should be noted that UPA is undergoing a clinical investigation
in the United States and is currently not approved. In Europe,
a prospective, observational, noninterventional study is ongoing
to document real-world data related to current treatment patterns
and outcomes associated with UPA in patients with symptoms
associated with UF. This registry is collecting valuable
real-world data in Canada on the medical and procedural
management of UF to address these issues.

Potential Limitations
This registry has some limitations. The instruments used at
different visits are self-reported, which may result in reporting
bias. The noninterventional design can lead to selection bias as
well as confounding. Finally, failure to follow up and the
expected attrition of the participants at subsequent visits
following recruitment could impact on the sample size, thus
limiting the external validity.
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UFS-QOL: Uterine Fibroid Symptom and Quality of Life questionnaire
UPA: ulipristal acetate
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Abstract

Background: Mental health service managers must take into account multiple factors when making decisions about the best
way to deliver care to clients across increasingly larger service areas. This task is made more difficult by the lack of evidence
and tools historically available to inform these decisions. In recent decades, the increasing availability of epidemiological and
service use data for mental illness has solved the problem of evidence, but there still exists a challenge to make these data easily
accessible and understandable for managers.

Objective: This study aims to develop a simulation modeling tool to allow managers to explore various service configurations
in virtual reality, enabling predictions to be made about the cost and quality of care.

Methods: This is a longitudinal, mixed-methods case study, comprising overlapping intervention and evaluation phases. In
partnership with senior managers of a mental health program, the researchers will develop a series of simulation models in Arena
to address key strategic issues facing the service. Thematic and content analyses of semistructured interviews, meeting observations,
and document analysis will be used to evaluate the process of model implementation and the outcomes for both researchers and
managers. The study is being conducted in Australia.

Results: Data collection has been ongoing since late 2013. To date, 3 prototype simulation models have been developed and
presented to senior managers, and 18 evaluation interviews have been conducted. The project is expected to conclude in late
2018.

Conclusions: Findings of this study have the potential to shape decision making in mental health service delivery, by providing
key examples of how to integrate patient data using simulation modeling. In addition, the results will provide key insights into
how researchers and consultants can effectively implement simulation modeling in real-world health care organizations.

International Registered Report Identifier (IRRID): RR1-10.2196/11119

(JMIR Res Protoc 2018;7(11):e11119)   doi:10.2196/11119
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Introduction

The health care sector is characterized by complexity, where
balancing the demands of multiple stakeholders in
geographically disparate areas makes the task of service-wide
strategy planning extraordinarily difficult [1,2]. In mental health,
this is exacerbated by the heterogeneity of illness severity,
persistence, treatment response, and treatment need, as well as
the multitude of entry points and patient pathways through the
mental health system [3].

In the clinical space, this complex environment is managed
through the use of evidence-based practice [4] and clinical
simulations to provide staff with decision-making experience
in a low-risk environment [5]. In health care management,
mechanisms for evidence-based decision making are much less
ubiquitous. Instead, managers have traditionally relied on
personal knowledge and experience to make small incremental
service changes within a quality improvement framework [6].
Unfortunately, the inherent risks of the “try it and see” approach
make it unsuitable for the large-scale service reforms currently
being called for in the Australian mental health sector [7].
Thankfully, ongoing improvements in technology and electronic
patient records have created a fertile environment for the
translation of decision support tools from other sectors, including
that of simulation modeling.

Simulation models are simplified abstractions of real systems,
often created on a computer. They allow users to predict future
states by tracking changes in the system over time, with these
changes determined by attributes assigned to individuals or
entities (agent-based modeling), time-specific state transitions
(Markov models), events (discrete event simulation), or system
flows (system dynamics) [8]. Simulation modeling is claimed
to improve the rationality of decision makers and therefore
improve decision quality [9], by allowing problem boundaries
and alternatives to be explored safely and inexpensively [10,11].

However, little direct evidence is provided to support these
claims of improved decision making outcomes. This is due to
a general lack of reporting on the implementation of simulation
models, with multiple reviews of health care simulation
highlighting this as a key problem facing the literature [12-18].
Indeed, a recent review of mental health care simulation found
only 10 papers reporting basic details of model implementation
[8]. While this lack of reporting may reflect publication bias, it
more likely reflects the difficulty in implementation, including
the time and financial costs associated with increasing model
complexity to match the clinical complexity of the health care
environment. However, it is this very complexity that calls for
the use of simulation and the transparent reporting of
implementation.

Hence, this paper aims to describe the protocol for the
development and implementation evaluation of a simulation
model depicting the real-world activities of an Australian public
mental health service (MHS).

The primary aims of this study are (1) to develop a sophisticated
health care management decision support tool and bring it into
practical use by managers of MHS as they go about service
reform and redevelopment and (2) to evaluate the effectiveness
of this decision support tool in improving the process and
outcome of strategic decision making by MHS managers.

Methods

Study Design
The intervention and evaluation follow an iterative,
mixed-method design. The intervention and evaluation timelines
are staggered, but intentionally overlap, to allow evaluation
results to inform refinements to the intervention in the latter
stages of the study. The intervention was designed and overseen
by GNM, and the evaluation was designed and conducted by
KML.

Intervention Design
The intervention has 4 major phases: (1) development of a
conceptual framework for the simulation model; (2) integration
with simulation software; (3) validation of the model; and (4)
implementation of the model within the MHS (Figure 1). In the
first phase, we will analyze the components and functionalities
of a mental health system and develop the architecture of a
generic framework for the simulation model so that it can be
embedded into any commercially available simulation modeling
tool. In the second phase, we will embed the framework into
Arena simulation software (a widely used modeling tool). The
third phase will involve extensive validation of the model using
data from the MHS. In the final phase, the model will be
implemented as a decision-making tool within the MHS. The
tasks in the phases will occur in parallel with some overlap
between phases to provide a mechanism for each component to
benefit from the outcomes of the progressive development and
evaluation.

Evaluation Design
The evaluation design is a longitudinal, mixed-method case
study that parallels the intervention. The analysis focuses on 2
levels: outcome and process.

Outcome will be measured by changes in mental models,
reflecting increased decision process agreement and increased
similarity to the rational decision-making model [19]. In
addition, the outcome will be measured by researcher and
participant perceptions of the intervention success, behavioral
change, and cognitive change, as extracted by the thematic
analysis from exit interviews.

The process will be assessed by group changes in behavioral
and linguistic patterns during the intervention workshops,
reflecting increased similarity to the features of good group
decision-making processes [20]. These observations will be
triangulated against participants’self-report of workshop success
extracted by an evaluation questionnaire.
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Figure 1. Intervention design.

Study Setting
The research was conducted with the cooperation of the senior
leadership group (SLG) of a major public MHS in Australia.
The MHS provides government-funded inpatient and community
mental health services across the age spectrum, with different,
but overlapping, catchment areas for Early in Life Mental Health
Services (<25 years), adult, and aged (<65 years) services. There
are 3 operational service groups, Early in Life Mental Health
Services, community services, and bed-based services, and 3
primary hospital sites, which were added to the organizational
chart in 2016. The MHS employs approximately 800 staff
members who provide approximately 250,000 client contacts
per year, at a total cost of Aus $125 million, 8.0% of the health
provider’s operating expenditure.

Strategic decision making for the MHS lies with the SLG.
Members of the group attend monthly meetings as
representatives of their clinical specialty (psychiatrists,
psychologists, allied health, and nurses), operational units,
administrative units (finance and human resources), and allied
research/university groups. The membership of the SLG includes
the Chief Investigator (CI) and an Associate Investigator of the
intervention project, who brokered access to the group.

Recruitment
At the start of the evaluation project, off-the-record interviews
were conducted by KML with organizational gatekeepers (ie,
MHS managers who were also investigators on the project) to
gain a basic understanding of strategic decision making in the
MHS. In addition, the Executive Director invited the evaluator
(KML) to brief participants on the project (October 2013) and
informally observe a senior leadership meeting (November
2013).

The SLG emailing list was then used to invite participants to
workshops and interviews; this ensured that data were collected
only from active decision makers and members of the SLG. All
participants were contacted at least 3 times for each data

collection point, unless they had previously withdrawn from
the study. All communication regarding meeting scheduling
was logged, including cancellations and rescheduling. Signed
consent was obtained from all participants during their first
in-person contact with the study. The project was approved by
the Human Research Ethics Committee of the partner MHS,
with approval being valid from December 5, 2013 to January
9, 2019.

Adaptations to Recruitment
Owing to instability in the membership and meeting schedule
of the SLG during 2014-15, participant access for interventions
and their evaluation became limited. There was also marked
organizational staff turnover, with 9 managerial departures, 8
internal promotions, and 4 external hires. Only 6 of the recruited
participants remained in the senior management group for the
duration of the project.

For the intervention, engagement became reliant on the interests
of individual participants, with ad-hoc one-on-one and small
group discussions replacing workshops and presentations with
the entire SLG. These interactions were facilitated by the dual
membership of the CI as both a researcher and participant.

For evaluation, the scope of the project was expanded to include
the experiences of the researchers in responding to this
environment. Hence, all researchers who were actively involved
in the project between 2014 and 2016, defined by attendance
at a minimum one project meeting, were invited to participate
in interviews in 2017. Furthermore, research team meeting
minutes and notes were retrospectively added to the data
analysis, with the consent of the research team and the
appropriate ethics amendments.

Intervention

Phase 1: Development of a Conceptual Framework
In the first phase, we will analyze the components of a mental
health system and develop a generic framework for the
simulation model. Subphases will be (1) scenario generation;
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(2) entity modeling; (3) parameter modeling; (4) temporal
changes modeling; and (5) output.

Scenario Generation

Participants will be consulted to determine the scenarios to be
modeled. However, 3 general model scenarios are planned: (1)
policy change affecting the structure of services; (2) population
distribution changes; and (3) organizational innovation in the
delivery of care models.

Entity Modeling

The main entities of this model are patients, staff, services, and
resources (eg, budget allocation), with their interactions
representing the activities of an actual health care system. A
priority-based queuing model [21,22] will be adopted to allocate
services based on patient severity and need. A patient will be
allocated for a set of services within a selected service
component where a particular service is provided by a set of
staff members who use a set of resources.

Parameter Modeling

Parameter modeling consists of 2 components, namely,
calculation and prediction. During the model building phase,
this module will calculate arrival and transition rates and the
length of stay using the observational data for a given scenario.
During the validation and predictive assessment phases, the
values of the above parameters will be predicted taking into
consideration the expected changes and the data for validation.

Temporal Changes Modeling

The temporal changes that mainly influence the mental health
system are demographics and technological changes.
Demographic changes largely result from changes in birth and
migration rates and will be projected from data available through
the Australian Bureau of Statistics.

Output

For assessing the impact of a service component or policy option
in terms of health gain, we plan to use 2 quantitative measures:
quality-adjusted life year (QALY) and disability-adjusted life
year (DALY).

QALY is an outcome measure for evaluating the burden of
disease. It takes into account both the quantity and the quality
of the extra life provided by a health care intervention or policy
option and is calculated as the product of the life expectancy
and the quality of the remaining years. While QALY is useful
for cost-effectiveness analysis, weights used in calculation are
not linked to a particular disease, condition, or disability, but
are rather based on an individual’s health state.

DALY is a measure of disease burden that captures both
morbidity and mortality effects for a wide range of disorders
and interventions and the baseline information for the health
status in Australia is readily available [23]. The DALY
incorporates disability weight that assigns different weights at
different ages; and disability weight values for particular mental
health disorders and different categories (eg, mild and severe)
are available in the literature.

The model will allow end users to choose either of the measures
through a graphical user interface. Apart from QALY and

DALY, impacts on blocking rate and resource utilization will
be investigated, and specific illness outcomes could be
considered, depending on the focus of the scenario chosen.

Phase 2: Integration With Arena
A specialist in modeling will build a simulation model in Arena
[24], a widely used discrete-event simulation tool. It will include
different modules that represent process, entity, queue, and
others elements. The output of the simulation model will be
used to create custom statistics, a built-in feature in Arena. Once
developed, it will require minimal effort by MHS managers to
upload instances of a particular entity or update them as
required, offering flexibility and the capacity for managers to
use the system autonomously.

Phase 3: Validation of the Model
The data collected from the MHS will be divided into 2 sets.
One will be used for model building, while the other will be
used for validation, the 2 sets being mutually exclusive. To test
quantitatively how adequately the model represents the actual
system, within the service components of a particular scenario,
we will compare the model output with actual historical (ground
truth) values. For this, the values of model output parameters
(eg, changes in QALYs, waiting time, and resource utilization)
will be compared with their respective ground truth values
through a statistical goodness-of-fit test (eg, chi-square test).
Similarly, to test the model for predictive performance, the
output of the model in response to the validation data will be
quantitatively compared with their corresponding ground truth
values (known because the validation set is also part of the
available historical data). Strong agreement between the model
output and the corresponding actual values will assure the
model’s accuracy in emulating the actual system.

Phase 4: Implementation of the Model
The project will also involve the provision of training to MHS
managers in the use of the simulation modeling tool to guide
decision making regarding the configuration and resourcing of
MHS. Such training and the availability of the simulation model
will enable MHS managers to adopt new approaches to service
management, with their decision making being underpinned by
much stronger evidence than is currently available.

Adaptations to the Intervention
To capitalize on participant interest stimulated by the October
2013 project briefing, a program logic modeling (PLM)
workshop was scheduled during the SLG meeting in December
2013, with a follow-up workshop scheduled for July 2014. The
aim was to generate inputs for the creation of the simulation
models (phase 1 of the project) and to continue participant
engagement in the project. The PLM workshops were facilitated
by an experienced external contractor. In the first workshop,
participants were prompted to identify strategic issues
challenging the MHS and their consequences for the
organization, staff, and consumer. The second workshop aimed
to validate the outputs of the previous workshop and confirm
the organizational structure of the MHS prior to integration with
the modeling software.
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Evaluation

Process Change
Research on problem structuring methods and group model
building claim that the process is often more influential than
the final model in the decision making of users [25,26]. The
development of PLM as a significant element of the project
allowed this claim to be tested.

Immediate changes in decision-making process will be evaluated
through the observation of participants’ interactions during
simulation workshops and a pilot self-report survey on workshop
effectiveness. Survey questionnaire items were derived from a
frequency analysis of the claimed benefits of PLM in journal
papers [27-31], focusing on the PLM methodology and
evaluation. The literature search yielded a list of 39 nonunique
descriptors. The content analysis of these descriptors revealed
4 overarching categories—clarity, communication, action, and
buy-in. Items were selected for face validity and based on the
prevalence of categories in the literature. Hence, clarity (6 items)
and communication (4 items) were more heavily represented
than action and buy-in (2 items each). This yielded 14 items
rated on a Likert scale (5=strongly agree and 1=strongly
disagree; Multimedia Appendix 1).

Mental Model Change
The primary outcome of interest is a change in the strategic
decision making of the SLG to incorporate greater amounts of
evidence. This will be captured by comparing the
decision-making mental models of SLG members pre- and
postintervention, within the group (similarity), and to an ideal
standard (ie, rational decision making and accuracy). Mental
model similarity and accuracy are both predictive of increased
group performance [32,33].

To extract mental models of current decision-making,
participants were asked, “If a new staff member arrived today,

what would you tell them about how decisions get made by the
management team?” They will then be prompted with statements
such as “and before that?” or “after that?” Concept maps of
current decision-making processes were created during the
interview and validated against interview transcripts. To assess
the test-retest reliability of the elicitation method, during the
exit interview, participants were again asked, “If a new staff
member arrived today, what would you tell them about how
decisions get made by the management team?.”

Adaptations to Evaluation
Adaptations to the intervention necessitated an adaptation to
the evaluation. Of most impact was the lack of group meetings
or workshops, meaning that group processes were no longer
able to be directly studied through observation or questionnaire.
The ad-hoc nature of meetings with participants exacerbates
the lack of structured data collection, necessitating a greater
reliance on the document analysis and interview content in the
analysis stages.

The document analysis includes business plans, strategic
documents, meeting minutes, and other documentation relevant
to the decisions addressed by the study. Documents were
released by the MHS Office of the Executive Director and the
CI. These documents were used to establish a decision-making
context and track the development of decisions prior to the
initiation of this project. Furthermore, public document sources
that provide participant demographics information,
organizational information, and government policy information
were accessed when required.

Interview content was also expanded to include more
open-ended reflections from participants and researchers on the
project, discussing topics of expectations, learning, and possible
external factors affecting the implementation (Tables 1 and 2).

Table 1. Semistructured interview questions for researchers.

Example questionsTopic

Firstly, can you share any reflections on the project in general?Background

What were your original plans and expectations for the project? How well do you think the reality met
your expectations?

Project evaluation

How do you think the organisational change at the MHSa affected the project?

What has this project achieved?

Do you believe that we have affected change at the MHS? How? Why?

Finally, if you could describe the project in one word, what would it be?

What were the strengths and weaknesses of our approach? What would you change for next time?Lessons learned

What have you, personally, learnt/gained from this project?

Has this project changed the way you understand: … mental health? …modelling? …strategic decision
making? …research projects?

If you could provide one piece of advice for another group doing similar work, what would it be?

aMHS: mental health service.
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Table 2. Semistructured interview questions for managers.

Example questionsTopic

So, we last talked about this time in 2014, two years ago [remind them of the timeline]. So I just wanted
to get your thoughts and feelings on the last two years in the mental health service (MHS)?

Background

You predicted [insert prediction] about the period of change in the MHS. To what extent has your expec-
tation been met?

Organizational change

What are your predictions for the future of the SLGa?

And how about now? Do you have a sense of a decision-making process for the MHS? What is that?
Were there any intermediate models?

Mental models

Who makes strategic decisions for the MHS at the moment?

If you could describe your feelings about the SLG in one word, what would it be?Evaluation of current SLG performance

I also wanted to get a sense of how the modelling project sat within all of this organisational change.
How relevant was the modelling project to you as a member of the SLG?

Simulation project evaluation

What were your expectations for the project [refer to 2014 interview transcripts]? Were they met?

Has your personal decision-making practice changed? How? Why?

If you could describe your feelings about the simulation project in one word, what would it be?

aSLG: senior leadership group.

Data Collection and Management
All evaluation data collection was conducted by KML to
maintain the separation between the researchers conducting the
intervention and the evaluation of the intervention.

A total of 18 interviews were audiorecorded and transcribed
verbatim, with 1 participant refusing a recording of the exit
interview, instead of allowing note-taking. All audiorecordings,
notes, and documentation were imported into the qualitative
data analysis software NVivo 10 for analysis [34].

Field notes were kept by KML documenting the time, date,
general content, and personal emotions and thoughts associated
with contact with participants.

To maintain a close relationship to the data and participants,
study data are stored in an identifiable format in
password-protected files and folders on password-protected
computers located at the core administration site. These can
only be accessed by the research staff. The study data will be
stored for a minimum of 7 years, after which these may be
confidentially destroyed.

Analyses
All evaluation analyses will be conducted by KML, with an
external senior qualitative researcher providing guidance and
analysis checks where required.

Mental Models
The content analysis of the interview transcript was used to
review and refine the interview diagram into a concept map.
Each individual’s content map was transcribed into a matrix
formation with an arbitrary distance of 1, and input into the
network analysis software JPathfinder [33,35] for quantitative
analysis. Participants’ individual models were compared with
each other in a pairwise fashion, generating a matrix of similarity
values (Pathfinder r). This range was used to represent the
overall group model similarity.

Group-level concept maps will be created manually by
combining all current concept maps, noting agreement by the
count of participants who mentioned each concept or a similar
construct. This procedure will be repeated for the second
time-point. Group-level mental models at each time-point will
then be compared against each other to assess any changes over
the intervention period.

Linguistic Coding Framework
Linguistic coding will be used to assess the process effects of
the PLM workshops. Initial codes were derived from the
literature on the benefits of problem structuring methods and
group model building [36-38] and then matched to concept
descriptions and behavioral examples (Table 3). Transcripts of
the group discussions will be assessed for similarity to ideal
behavior as defined by the literature, for example, equal
participation among participants [38].
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Table 3. Behavioral coding examples for PLM workshops.

Behavioral or linguistic cueCoding variable

“But we don’t know…”

“We need to know…”

Problem exploration

“What about…”

“Or we could…”

Discussion of alternatives

Pattern of speaking duration by gender, role, and over the course of the workshopParticipation

Interjections

Speaker participation relative to seniority

Voice

“In our service…”

“From my point of view…”

Information sharing

“What do you mean?”

“I mean that…”

“Do you agree?”

Clarification of meaning

“I agree”

“Yes”

Agreement

“No”

“I don’t agree”

Disagreement

Thematic Analysis
Participant and researcher interviews will be analyzed using
thematic analysis. Open coding will be used to explore the data
prior to an iterative process of thematic refinement involving
member checks and the exploration of alternative interpretations.
These interpretations will be presented to participants, providing
them with the opportunity to provide further comment.
Furthermore, the researcher-participants will be involved in the
written publication of the analysis, ensuring shared ownership
of the project evaluation and recommendations.

Results

The project was funded in 2012 and recruitment was completed
in October 2016. Sixteen managers participated in at least one
data collection (see Table 4 for a summary of participation
patterns). Three researchers participated in interviews with the
evaluator (KML), with another 2 providing written responses
to question prompts.

Table 4. Sample participation patterns across data collection points to date.

Interview 2 (N=9)Workshop 2 (N=8)Interview 1 (N=9)Workshop 1 (N=8)Participant

✓✓✓✓1

✓✓✓✓2

✓✓✓✓3

✓✓✓4

✓✓✓5

✓✓6

✓✓7

✓✓8

✓✓9

✓✓10

✓11

✓12

✓13

✓14

✓15

✓16
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Primary data collection has been completed. Data analysis is
currently under way, with parallel member checking ongoing.
The first results are expected to be submitted for publication in
late 2018.

Discussion

This research protocol outlines the implementation and
evaluation of simulation modeling in the planning of MHS in
Australia. As a case study, this research design has both
advantages and limitations. The iterative design of the
intervention allows easy adaptation to the changing
organizational context; however, this comes at the cost of clear
data points for quantitative evaluation. This is addressed by
favoring a qualitative case study approach for evaluation, at the
cost of generalizable findings. However, given the lack of
reporting on simulation implementation in the past, such deep
access and analysis provide a unique opportunity to understand
the realities of translational research in this area.

While the methods used allow for feedback from senior staff,
which includes direct-care staff and a consumer representative,
the organizational level of the modeling intervention does not
readily allow for the incorporation of other direct feedback from
consumers, family members, or nonmanagerial staff. However,
following the completion of the project, we expect that the
modeling system will be a valuable decision support tool to be
used by MHS managers, which will be integrated into the
process of decision making around service configuration and
allocation of resources within the MHS. This provides the
potential for future follow-up studies measuring the intervention
impact for patients, families, and nonmanagerial staff.

The challenges faced by the project thus far, especially the
instability of the health care context, are not unusual. Hence,
lessons from this research have the potential to improve the
implementation of future research projects, providing greater
evidence-based service planning for the mental health sector in
Australia.
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