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Abstract

Background: Skin cancer, the most common cancer in the United States, is costly and potentially deadly. Its burden can be
reduced by early detection and prevention activities. The scope of skin cancer requires going beyond traditional health care
providers to promote risk reduction. Partnering with the nonbiomedical workforce, such as massage therapists (MTs), may reach
more individuals at risk. MTs see much of their clients’ skin and are amenable to performing skin cancer risk reduction activities
during massage appointments.

Objective: The objective of this study is to describe the Massage Therapists Skin Health Awareness, Referral, and Education
protocol, presenting an overview of our systematic approach to developing rigorous e-training for MTs to enable them to be
partners in skin cancer risk reduction. We also describe procedures for usability and feasibility testing of the training.

Methods: We developed an integrated electronic learning system that includes electronic training (e-training) technology,
simulated client interactions, online data collection instruments, and in-person assessment of MTs’ application of their training.

Results: A total of 20 participants nationally scored the e-training as high for usability and satisfaction. We have screened an
additional 77 MTs in Arizona for interest and eligibility, and currently have 37 enrolled participants, of whom 32 have completed
the Web-based training.

Conclusions: The structured and rigorous development approach for this skin cancer risk reduction and brief behavioral
intervention e-training for MTs begins to fill a gap in skin cancer risk reduction research. Iterative usability testing of our
asynchronous Web-based training resulted in positive participant response. Our e-training approach offers greater learner
accessibility, increased convenience, and greater scalability than the few existing programs and has the potential to reach many
MTs nationally.

International Registered Report Identifier (IRRID): DERR1-10.2196/13480

(JMIR Res Protoc 2019;8(5):e13480)   doi:10.2196/13480

KEYWORDS

skin cancer; primary prevention; secondary prevention; health education; e-learning; massage; web-based learning; massage
therapists
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Introduction

Background
Skin cancer, the most common cancer in the United States,
constitutes a serious public health burden [1-4]. Skin cancer
may be deadly or disfiguring. The most serious skin cancer,
melanoma, resulted in an estimated 9000 deaths in 2018 [4].
Skin cancer treatment costs approximated US $8.1 billion in
2011 [1-3]. Most skin cancers can be prevented by simple
behaviors to protect the skin from ultraviolet radiation (UVR),
such as staying in shade, wearing sun protective clothing,
applying sunscreen, and avoiding indoor tanning [4,5]. Early
detection of skin cancer greatly decreases its potential morbidity,
mortality, and cost [6-8]. The probability of early skin cancer
detection increases with full body visual skin assessment (VSA)
[9]. Despite these effective prevention and early detection
strategies, over 5 million skin cancer cases are diagnosed or
treated annually [10]. Thus, decreasing the burden of skin cancer
depends on concerted and innovative public health efforts that
extend beyond the conventional biomedical practitioners to
complementary and integrative health care practitioners. These
efforts also involve other community-wide sectors and could
incorporate electronic learning (e-learning) technology to allow
widespread and easy dissemination of knowledge.

In 2014, the Surgeon General issued a Call to Action to Prevent
Skin Cancer, endorsing comprehensive community-wide efforts
to prevent skin cancer by diverse partners and sectors, including
business, health care, and education [5]. Massage therapists
(MTs) are community members typically practicing outside of
conventional health care settings, yet are professionals involved
in promoting health and wellness. Despite their interface with
health and wellness, MTs have been overlooked as a
community-based resource to (1) help promote skin cancer risk
reduction and (2) reinforce consumer-targeted public heath skin
cancer awareness messages.

MTs are uniquely positioned to promote skin cancer risk
reduction through eyes on the skin observation and
client-centered communication. During a typical full body
massage, the client is unclothed under a drape. MTs
systematically undrape and view each anatomical area, allowing
the opportunity to visualize skin cancer risk factors such as
sunburn, tanning lines, high mole counts, or suspicious lesions.
Clients typically see their MTs more often and for longer
durations than their primary care provider and are more likely
to discuss health promotion [11-13], thereby providing greater
opportunities for successful client-centered communication and
encouragement of effective skin cancer risk reduction behaviors
such as reducing UVR exposure [14].

In our prior work with MTs, we conducted in-person and
Web-based tobacco cessation brief behavioral intervention (BBI)
training for nonbiomedical health care practitioners (including
MTs) in private practice contexts [15,16]. This electronic
training (e-training) significantly increased practitioners’ use
of client-centered communication, BBI, and referral skills in
the form of offering clients a helping conversation. The helping
conversation is a BBI that emphasizes active listening skills

and motivational communication strategies to encourage and
support clients’ healthy behavior change [15].

Skin cancer education and training for MTs has been
inconsistent and not rigorously evaluated. Although many MTs
receive some skin cancer education, the format, content,
duration, source, and depth of this education varies [17]. The
few skin cancer–focused in-person workshops and 1 Web-based
course available to MTs [18] have not been systematically
evaluated and, to our knowledge, do not include training for
VSA, client risk assessment, client-centered communication,
BBI, and referral skills [17].

Objective
There is a need to develop more comprehensive, accessible skin
cancer risk reduction training for MTs. Here, we describe the
development of the Massage Therapists Skin Health Awareness,
Referral, and Education (MTsSHARE) protocol, including the
development of e-training technology, simulated client
interactions, online data collection instruments, and in-person
assessment of MTs’ application of their training. We will
describe procedures for usability and feasibility testing of the
training.

Methods

Phase 1 (Complete): Adapting Existing Programs and
Development of Training and Assessment Technology

Conceptual Framework
Social cognitive theory (SCT) guided the overall study.
Individuals learn and maintain new behaviors in a social context
through reciprocal interaction of person, environment, and
behavior. In total, 4 SCT constructs guided the overall training:
(1) reciprocal determinism, or the dynamic and reciprocal
interaction of MTs, their external social context, and behavioral
responses to the training; (2) behavioral capability to have a
helping conversation; (3) observational learning from e-training
vignettes; and (4) self-efficacy, affecting behavior choices,
efforts to overcome barriers to behaviors, and mastery of the
behaviors [19]. According to SCT, observations of a behavior,
in this case conversing with massage clients about skin health,
influence observers’ perceived ability to perform the behavior
(self-efficacy) and their perceived expected outcomes of the
behavior, including strategies for effective performance.

To frame the BBI, we used the 4 steps of a helping conversation
(awareness, understanding, helping, and relating), client-centered
communication skills, client education and referral skills, and
strategies for practice system involvement developed in our
prior work [15]. The helping conversation framework
emphasizes a brief motivational, client-centered approach that
allows a range of MT behaviors in response to the situational
context (eg, new, returning, or long-term client; massage routine;
practice workflow) and the client’s readiness to change
behavior—an approach more acceptable to MTs than
proscriptive approaches to BBI used often in conventional health
care contexts [15]. This framework is also easily adaptable for
e-learning dissemination.
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Formative Data Collection
To initiate training development, we conducted 5 key informant
telephone interviews with subject matter experts (SMEs) who
were licensed MTs in Arizona and had current or previous
experience in MT education or online training. The interview
responses illuminated strategies to engage MTs, assets to include
in the training, and approaches for discussing health issues
within MT practice. Specifically, the informants stressed the
importance of considering the scope of practice throughout the
training development (don’t diagnose) and the role MTs play
in the health of their clients. They also helped establish the
desired level of information throughout the training, for
example, suggesting the inclusion of more detailed information
regarding skin anatomy and the effects of UVR on the skin.

We then conducted 1 focus group with 5 additional locally
practicing licensed MTs. The focus groups reviewed the themes
that emerged during key informant interviews and generated
data to further support the training. The key results highlighted
the importance of the following:

• discussion of skin cancer risk reduction during appointments
and why this activity is within the scope of practice;

• myriad ways to begin a conversation about skin cancer risk
reduction with clients, including personal experience and
nonjudgmental comments and questions;

• major barriers to conversing with clients about skin cancer
risk reduction, such as lack of confidence and knowledge
about skin cancer, and how to address these barriers;

• recommendations for how to teach MTs to have
conversations with their clients about skin cancer risk
reduction.

The informants focused on MTs’ ethical responsibility to share
important health-related information with their clients, ask
permission to chart any new or changing lesions noticed, and
provide a list of local dermatologists for referral purposes.

E-Learning Module Development
Guided by our conceptual framework and formative data
collection, we adapted content from 2 existing Web-based
training programs: (1) a multimedia skin cancer risk reduction
academic course, currently tailored for university students in
the health sciences [20] and (2) MT client-centered
communication and referral skills modules used in a BBI
training for tobacco cessation [16].

We adapted skin cancer risk reduction content from the
university’s academic course and the Surgeon General’s Call
to Action to Prevent Skin Cancer [5] to include skin cancer risk
factors, sun safety, VSA, and skin lesion assessment. We
endeavored to provide MTs with a refresher of the information
some may have received during their professional training,
while focusing on content for the expected MT-client interaction
and helping conversation. We adapted client-centered
communication and referral skills content from previous studies
that trained MTs to offer their clients helping conversations and
referrals addressing tobacco cessation [15,16]. The 4 steps of a
helping conversation as applied to skin cancer, awareness,
understanding, helping, and relating, are described in Table 1.

Module development included (1) creating overall competencies
and module-specific learning objectives, (2) reviewing existing
curricula for structure, (3) adapting existing curricula resources
or creating new multimedia content for e-learning, and (4)
reviewing draft modules by SME, revising as needed. The
e-training was asynchronous, interactive, and less than 2 hours
in length, including accessing the modules via a Web-based
learning management system, viewing and completing the
modules, and completing study assessments. We chose
Articulate Storyline for our e-learning course authoring software.
Articulate Storyline provides the ability to create responsive
modules that integrate audio, video, quiz, and activity
components, allowing for a streamlined development and user
interface experience.

The final training is based on 22 core competencies (see Table
1, column 2), adapted from the learning objectives of previous
helping conversation-oriented Web-based training modules
[15], which integrate the skin cancer content across the 4 steps
of a helping conversation (see Table 1, column 1). The training
comprises 6 modules (1) introduction, (2) awareness, (3)
understanding, (4) helping, (5) relating, and (6) closing; each
module contains photo and video media produced specifically
for this project, as well as interactive activities that serve as
knowledge checks focusing on specific content and skills.

SMEs in MT education, skin cancer, BBI training, online
learning, public health, and information technology critiqued
the content using an iterative process of review and
structured/open-ended feedback proven successful in prior
training projects [15]. The massage therapy SMEs were local
and national opinion leaders, respected practitioners, and
educators. Multimedia Appendix 1 contains screenshots from
the Understanding module of the e-training.
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Table 1. Massage Therapists Skin Health Awareness, Referral, and Education electronic training modules and competencies.

Content examplesCompetenciesHelping conversation step and module name

Multimedia Appendix 1: Opportunity to
help

Describe benefit of MTs as partners in skin cancer risk re-
duction; begin a helping conversation in a nonconfronta-
tional and supportive way

Awareness (asking about/awareness of skin
cancer risk/risk behaviors and opportunities
to help)

Multimedia Appendix 2: Understanding
module screenshots

Apply active listening skills: open-ended questions, clari-
fying questions, reflective questions/statements; use positive
communication skills: express empathy, avoid problem
solving, avoid lecturing, avoid arguing; assess and acknowl-
edge major barriers to skin cancer risk reduction; elicit
motivators that inspire risk-reducing behaviors; reinforce
motivators that inspire risk-reducing behaviors; assess and
acknowledge manageable risks for skin cancer; assess and
acknowledge the client's willingness to take action; assess
suspicious skin lesions; set realistic goals for the outcome
of helping conversations

Understanding (assessing readiness to
change behaviors to reduce skin cancer risk
and/or seek medical evaluation of a suspi-
cious skin lesion and seeking understanding
of the client’s motivations for/against behav-
ior change)

Multimedia Appendix 3: Returning client
with suspicious lesion

Recognize how to offer support and encouragement based
on the client’s risk profile and willingness to take action;
identify different types of referral resources for professional
help with skin health; provide information about profession-
al skin health services; explain how the skills learned in
this training can be applied in different situations

Helping (offering information about skin
cancer risk reduction and referrals for med-
ical evaluation)

Multimedia Appendix 4: RelatingSeek permission to follow-up in a respectful manner; facil-
itate probability of follow-up by finishing the helping
conversation on a positive note

Relating (arranging client follow-up on skin
cancer risk reduction behaviors and referrals
and offering ongoing encouragement for
behavior change)

Media Asset Development
We developed 5 brief MT-client interaction scenario example
videos (average time of 30 seconds), using procedures from our
previous consumer studies [21]. Specifically, we asked our
SMEs in MT education to (1) review training content on helping
conversation goals and skills, (2) reach consensus on the purpose
of the video, and (3) review video scripts and storyboards. We
recruited a convenience sample of consumers to read scripts
and act as massage clients; our MT consultant acted in the MT
role during video recording (see Multimedia Appendices 2 and
3 for example scenarios). We also recorded 5 testimonial videos
(average time of 1 min) wherein the MTs described their
experiences with providing skin cancer risk reduction
information in their practices (see Multimedia Appendix 4 for
example testimonials). We used the scenario and testimonial
videos to enhance and reinforce topics discussed throughout
the training by embedding the videos into the Web-based
modules.

Development of Simulated Decision-Making Cases
Using procedures and cases from our previous BBI research
[16], we developed electronic simulations of case-based practice
of communication skills and application of skin cancer risk
reduction knowledge using the Kynectiv DecisionSim [22]
platform. Each case comprises skin cancer–focused scenarios
that simulate MT decision making during a helping conversation.
Furthermore, 3 MT-client interaction decision paths optimal,
feedback required, and suboptimal are accompanied by a rubric
for scoring each decision (see Figure 1). The rubric was
informed by the competencies for the training modules (Table
1). Each response option is associated with a tag (in the back-end
database) for each decision path (see Figure 2). To successfully
complete the training, MTs must meet a minimum level of
competence—selection of a response path that is within a
specified range of the ideal interaction path (eg, appropriate
MT response during a helping conversation when a client is
open to a discussion about skin cancer risk reduction behavior
vs a different MT response if the client is resistant to discussion).
We developed 5 case simulations for participants to complete
following the 6 training modules.
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Figure 1. Decision path template.
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Figure 2. Screenshot of decision path tags.

Development of Learning Management System
The learning management platform chosen to host the training
modules was Desire2Learn (D2L; Desire2Learn Inc), which
could seamlessly link to the case simulations. D2L allowed us
to design the course components and navigation to facilitate
engagement and ease of use. We designed course content to be
accessed sequentially, requiring the completion of a module
before accessing the next one; this ensures that participants
complete the modules in the intended order, but at their own
pace. The course home page features a resources section with
downloadable PDFs, intended for both MT and client use. These
provide skin cancer–related information, as well as tips for
offering helping conversations.

Development and Adaptation of E-Learning Data
Collection Methods and Assessments
The study personnel collected and managed study data using
the Research Electronic Data Capture (REDCap) electronic data
capture tool hosted at the University of Arizona [23]. REDCap
is a secure, Web-based application designed to support data
capture for research studies, which provides (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) automatic triggering of surveys and email
correspondence.
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We selected and modified our training assessments from the
literature and those used in previous research. Participant
assessments are timepoint-specific versions of 2 surveys: (1)
baseline survey to assess participants’ sociodemographic and
practice-related data, as well as skin cancer risk reduction
knowledge and (2) a case-based skin lesion image assessment
that allowed participants the opportunity to view images of skin
lesions and determine whether they were suspicious and
prompted referral to a physician, or nonsuspicious. The baseline
survey was modified into a posttest without sociodemographic
data to assess knowledge and practice-related behaviors
immediately posttraining and at 3 and 6 months.

We also developed a 5-item client survey to be advertised in
participating MT offices and lobbies, inviting all clients of
participating MTs to anonymously share whether their MT
engaged in skin cancer risk reduction conversations during their
massage visit. To further validate the MTs’ application of the
training, we asked super clients to conduct an immediate
postmassage assessment. A super client is a study participant
who participates in the study by receiving a massage and
assesses MT’s use of helping conversations pertaining to skin
cancer risk reduction. This in-person observational assessment
was adapted from the concept of unannounced standardized
patients commonly used in medical and clinical education [24].

Iterative Usability Testing
The University’s Institutional Review Board approved all human
subject procedures for iterative user testing of the MTsSHARE
e-training. To assess the usability of the training modules,
assessments, and procedures before implementing a larger
quasi-experimental longitudinal study with Arizona MTs, we
enrolled a convenience sample of 20 licensed MTs from
throughout the United States (except Arizona). We used the
predetermined feasibility study eligibility criteria to determine
MT eligibility (see below), enrolling eligible MTs in 4 waves
of 5. Following all training and assessment components,
participants completed a 27-item usability survey adapted from
the feedback form used by SMEs during module development.
The usability survey questions focused on course content (the
content of the modules is at the appropriate level for MTs),
accessibility (it is easy to access the helping conversation
simulations), and relevance (the content in the modules is
relevant to my (MT’s) practice). We scored all items on a

5-point scale from strongly disagree to strongly agree. After
each wave of 5, we analyzed responses and made appropriate
changes to study protocol, assessment, and training components
as necessary. We coded open-ended responses for major
categories. The massage therapy SMEs were local and national
opinion leaders, respected practitioners, and educators categories
using established methods for qualitative content analysis [25].
The usability assessment was conducted from March 3, 2018
to July 31, 2018.

The overall mean scores for usability slightly improved with
each iteration, increasing from a low score of 3.5 to a 5
(moderately agree to strongly agree), with an overall usability
mean score of 4.96. However, the key findings from usability
testing were the appropriateness of simple, seamless technology,
the progression and relevance of the information presented,
suggestions for additional content and general instruction, and
the utility of including interactive assessments and client
simulation exercises. Making changes after each wave resulted
in the progressive improvement of the modules. The final
version of the e-training tested well for usability and satisfaction.

Phase 2 (In Progress)

Feasibility Study Design
The feasibility study is a single cohort design (see Figure 3)
with participant assessments at 4 time points: (1) immediately
upon study enrollment (baseline survey and image assessment
1), (2) posttest 1 occurring immediately after training completion
and image assessment, (3) posttest 2 occurring 3 months after
training completion and image assessment, and (4) posttest 3
occurring 6 months after training completion and image
assessment. After completing the e-training, participants receive
an electronic gift card and a certificate for 1 hour of continuing
education (CE), approved by the National Certification Board
for Therapeutic Massage and Bodywork.

A subset of 20 Tucson-based MTs will receive a visit from a
trained super client at least 3 months after completing the
e-training.

The phase 2 of the study, participant enrollment and data
collection, is ongoing. All survey invitations are delivered via
automated email from the REDCap system, triggered by items
completed in an administrative survey by study staff or
timepoints based on completion of the e-training.
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Figure 3. Feasibility study protocol.

Participant Recruitment, Eligibility, and Enrollment
Our goal for enrollment is 80 MTs practicing in the state of
Arizona. We based our sample size estimation on the published
literature on skin cancer training for medical students [26] and
our own research on tobacco cessation BBI with licensed MTs.
Given the potential for a high attrition rate experienced in
Web-based trainings [27], we concluded that a sample of 80
participants is sufficiently powered and allows for possible
attrition. The sample size analyses were conducted using PASS
(V.12). This sample size is large enough to reasonably estimate,
in conjunction with sensitivity analysis, relevant variance
components, recruitment, and dropout rates for use in a future
definitive trial [28].

To be eligible, MTs must be aged at least 21 years, be a licensed
MT in the state of Arizona, have practiced for at least 3 years,
provide mainly full body massages, have access to computer
with broadband internet connection and audio, and agree to
forego continuing education on skin cancer for the duration of
study participation. Excluded are MTs who have received
continuing education on skin cancer, sun safety or client
communication skills training in the past 2 years, and those who
perform only partial body massages.

The recruitment began with Arizona-based MTs who initially
responded to the recruitment efforts for usability testing. We
then contacted state and national MT organizations, as well as
Arizona-based leaders in the massage therapy business,
previously known to study staff, to share recruitment materials
via social media accounts.

Interested MTs email or call the designated initial contact study
staff member, who enters the MTs’ information into a shared
recruitment database in REDCap. The study staff then schedule
and conduct a screening phone call. During this call, if the MT
assents verbally to study participation, study staff enroll the MT

into the REDCap system, which immediately sends the baseline
survey link containing the electronic consent disclosure.

Participant Training and Follow-Up (In Progress)
We designed the REDCap database to send an automated
notification of completion of image assessment 1 to study staff;
this instructs study staff to send the e-training login instructions
to the participant via email. The participants have 2 weeks to
complete the 6 Web-based training modules and 5 DecisionSim
cases. The study personnel check daily for training completion,
emailing the certificate for 1 hour of continuing education, and
logging the date of completion in the administrative survey.
Completion of the training triggers posttest 1 and image
assessment 2. When a participant completes the training, study
personnel distribute client survey flyers to the MT in person,
electronically or via US mail.

Super Client In-Person Observational Assessment
Super clients will visit Tucson-based participating MTs for an
average 60-min full body massage. Super clients will receive a
simple henna tattoo by study personnel, imitating a suspicious
lesion, placed on their foot or ankle region before their first
massage; this tattoo will be identical on each super client and
will serve as a standardizing feature. Following their massage,
the super client will complete a brief electronic survey about
their massage experience, focusing on whether their MT engaged
in a conversation about skin cancer risk reduction and whether
they mentioned the suspicious lesion (henna tattoo).

To date, we have enrolled and trained 5 super clients (4+1
alternate), who will each visit 5 MTs, for a total of 20 MTs
visited. We selected a convenience sample of super clients to
represent a variety of demographic characteristics (age, gender,
phenotype, health history, and sun protective behaviors).
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Data Analysis
Feasibility outcomes, including recruitment and dropout, training
completion, overall client feedback, and MT satisfaction, will
be described using frequencies and percentages and 95% CIs.

The longitudinal measures will use appropriate mixed models
(linear for continuous outcomes and generalized linear with a
logistic link for binary) using time categorically to protect
against model misspecification. Comparisons of baseline with
3- and 6-month measures will be carried out using contrasts
within these models. The mixed-models are robust to missing
outcome data (including dropout) and model misspecification
[29,30].

Sensitivity/specificity across 4 timepoints will be compared for
image assessment scores. For each timepoint we will assess the
following parameters for image assessment: sensitivity,
specificity, the likelihood ratio for a positive result, and the
likelihood ratio for a negative test result. We will evaluate
separate bivariate logistic regression models for each set of
image assessments to determine the odds ratio in predicting the
correct image. We will evaluate separate models including the
scores for each timepoint to determine the areas under the
receiver operating characteristic (ROC) curves for image
assessments. The area under the ROC curve measures the
probability of correctly identifying a true negative (not
suspicious) or true positive (suspicious) image.

Client survey data and super client data will be analyzed with
descriptive statistics. We will correlate scores from the super
client assessment with the DecisionSim scores to further validate
MTs’ application of helping conversation skills learned in the
training. We will conduct an optional debriefing webinar for
the 80 MTs in the third year to gain further information about
their experience with the curriculum.

Mixed-effects linear regression models for longitudinal data
will be fitted to evaluate intervention outcomes adjusted for
participant characteristics, for example, age, gender, years in
practice, geographical area, and client workload. The mean
differences in each of the primary outcomes will be evaluated
in separate models, including the covariates as fixed effects and
subjects as random effects. We may also consider geographical
area as random effect (urban vs rural). In this case, geographical
area and subjects will be fitted as random effects to account for
the correlation within geographical area and serial intrasubject
correlations. Predictor variables with multiple categories will
be entered as indicator variables. For dichotomized intervention
effects, we will use mixed-effects logistic regression models.

Results

For Phase 2, we have screened 77 MTs who have expressed
interest in participating. Of those, 14 were either not interested
or not eligible (either lacked time to participate or did not see
an average of 10 clients per week) and 15 did not follow up
after contact attempts were made. We enrolled and consented
the remaining 48 MTs. At the time of the paper submission, 11
enrolled MTs had dropped from the study, owing to lack of time
to participate. Of the 37 MTs still enrolled, 32 have completed
the training, with the remaining 5 having begun but not yet

completed the training. We will close recruitment in August
2019.

Discussion

Principal Findings
The current prevention and early detection strategies have not
had a significant impact on reducing the public health burden
of skin cancer [5]. We used a rigorous strategy to enlist MTs
as partners in skin cancer prevention and detection, developing
innovative e-training and assessment protocols. The American
Massage Therapy Association estimates that there are 335,000
to 385,000 licensed or certified MTs in the United States, who
see about 39.1 million clients annually [31]. Thus, MTs are a
largely untapped resource for reducing skin cancer risk. A search
of MT training on PubMed and Google Scholar revealed that
most articles focus on massage therapy as an intervention and
the health outcomes of massage. Few scholarly articles
addressed training MTs for a specific skill following their
primary professional education [15,16]. Muramoto et al [16]
were the first to successfully develop and implement e-training
(BBI training and competency evaluation) of complementary
and alternative medicine providers (including MTs) for
screening clients for tobacco use and encouraging tobacco
cessation. These authors also were the first to develop e-training
for these specialized providers.

The structured and rigorous development approach for this skin
cancer risk reduction and BBI e-training for MTs begins to fill
a gap in skin cancer risk reduction research. We surveyed 100
MTs in an elecronic, national survey where we asked for the
MTs’ perceptions of conversations with clients related to skin
cancer prevention, as well as detection [32]. The 2 published
studies have targeted skin cancer risk reduction in convenience
samples of MTs who were attending national MT conferences.
One study surveyed 262 MTs to assess their comfort level
regarding potential assessment of suspicious skin lesions [17].
The other study reported findings from a face-to-face, 4-hour
education session that provided information only to 114 MTs
[33]. No previous studies have addressed how MTs could
integrate this information into the context of a client visit via
client education, or communication skills, such as a BBI (helping
conversation) to encourage skin cancer risk reduction. Our
e-training approach offers greater learner accessibility, increased
convenience, and greater scalability [34]. Thus, the e-training
format has the potential to reach many more MTs, nationally.

We found few other e-learning opportunities pertaining to skin
cancer, most of which targeted conventional health care
providers with a goal of increasing competencies in diagnostic
knowledge and skills competency [35-37]. These ranged from
several Web-based modules to video training delivered by
electronic links [37]. In these studies, providers had a positive
impression of the Web-based curriculum, and in one case,
increased the likelihood of discussion with patients about skin
cancer. The accessibility, effectiveness, and popularity of the
curriculum indicated potential for implementation in the primary
care setting. Our e-training is designed to be brief, yet engaging,
informative, and integrated into the context of a typical client
visit to an MT. MTs can access the training when convenient

JMIR Res Protoc 2019 | vol. 8 | iss. 5 |e13480 | p.12http://www.researchprotocols.org/2019/5/e13480/
(page number not for citation purposes)

Loescher et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


and move from one module to the next at their own pace, both
of which are important for learner control and engagement [38].

Previous training targeting MTs did not appear to be pilot tested
or assessed for usability. Our use of formative and summative
evaluations along with predesignated stopping rules (ie, 4
iterations) represented the ideal conceptualization of usability
[39]. The ease of navigation of the training modules and
available resources made this training appealing to the
participating MTs. The training incorporated highly interactive,
scenario-based, simulated helping conversations focused on
skin cancer risk reduction, and the simulations provided
participants with opportunity to interact with the training, apply
knowledge gained, and practice skills learned, reflecting the
SCT theory. These features also are important to enhancing
e-learning [34].

Barriers and Opportunities
The preliminary results reveal anticipated difficulties with
recruitment and retention within the MT population. No

previously published studies of MTs as participants have
addressed recruitment challenges. For the in-progress feasibility
study, barriers to enrollment have related to practice-related
eligibility conditions, such as number of years in practice and
number of clients seen per week. The primary barrier to retention
following enrollment has been a self-professed lack of time to
participate. It is encouraging that, of the eligible and enrolled
MTs, 67% (32/48) have completed the training and progressed
to follow-up assessments. Offering incentives in the form of
monetary compensation, as well as continuing education credit,
has been a useful approach to address both recruitment and
retention.

This paper provides an overview of our systematic approach to
developing rigorous e-training for MTs to enable them to be
partners in skin cancer risk reduction. The phase 2 results will
explicate the feasibility of the e-training approach for further
efficacy testing.
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Abstract

Background: Mental health problems are prevalent among Australian secondary school youth; however, help-seeking is low.
Schools offer an ideal setting to address these concerns. The Black Dog Institute has developed a Web-based mental health service
for secondary schools that is modeled on the principles of stepped care. The Smooth Sailing service aims to improve help-seeking
and reduce anxiety and depressive symptoms in secondary school students. The acceptability of this service has been demonstrated
in a pilot study. A full trial is now warranted.

Objective: This study protocol for a cluster randomized controlled trial (RCT) aims to evaluate the effectiveness of the Smooth
Sailing Web-based service for improving help-seeking intentions and behavior, and reducing depressive and anxiety symptoms,
alongside other mental health outcomes, when compared with a school-as-usual control condition in secondary school youth.

Methods: This RCT aims to recruit 1600 students from 16 secondary schools in regional and urban locations throughout New
South Wales, Australia. Schools are randomly assigned to the intervention or school-as-usual control condition at the school
level. Approximately 100 students from 1 or multiple grades are recruited from each participating school. Participants complete
measures at 3 timepoints: baseline, 6 weeks post, and 12 weeks post, with the primary outcome assessed at 12 weeks posttest.
Participants assigned to the intervention condition register to the Web-based service at baseline and receive care in accordance
with the service model. Participants in the control condition receive school-as-usual.

Results: The first baseline assessment occurred on February 22, 2018, with the 12-week endpoint assessments completed on
Friday, June 29, 2018. Control schools are currently receiving the service, due for completion by June 30, 2019. The trial results
are expected to demonstrate improved help-seeking intentions and behavior among students assigned to the intervention condition,
alongside improvements in symptoms of depression, anxiety, distress, and other mental health outcomes when compared with
students assigned to the control condition.

Conclusions: To our knowledge, this is the first time that a Web-based mental health service based on the principles of stepped
care will have been integrated into, and evaluated in, the Australian school context. The findings of this trial will have implications
for the suitability of this type of service model in Australian schools and for the delivery of school-based mental health services
more broadly.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12618001539224
https://anzctr.org.au/Trial/Registration/TrialReview.aspx?id=375821&isReview=true (Archived by WebCite at
http://www.webcitation.org/77N3MDGS6)
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Introduction

Background
Adolescence is a key developmental period for mental illness
with 50% of all mental disorders emerging before the age of 18
years [1]. As most young people spend these years in secondary
education, schools now play an increasing role in addressing
the mental health needs of their students. Schools are ideal
settings for recognizing the early behavioral and emotional signs
of mental illness among students and for trusted adults to initiate
help-seeking [2]. This is important as youth are reluctant to seek
formal care [2,3], despite the negative impacts of poor mental
health on social and educational functioning [4-7]. Schools have
initiated a range of programs aimed at reducing mental illness
and improving mental health literacy among students, as well
as increasing their likelihood of seeking help [8-11]. However,
many of these programs lack evidence or have not had
substantial uptake because of implementation barriers [12]. A
total of 2 major challenges remain: identifying the students who
are experiencing mental health problems and delivering care to
those who require it.

Currently, most schools utilize a wait-to-act model in which the
staff refer students to school counselling services, learning
support or well-being teams after observing concerning
behaviors or from students’ self-disclosures [13]. A more
proactive approach, one that incorporates mental health
screening and automatic stratification and response based on
symptom severity, may improve schools’ capacity to address
students’mental health needs. Web-based stepped care presents
a viable option for providing this type of care. This is based on
the premise that simple, cost-effective Web-based psychotherapy
is offered to youth with mild-moderate symptoms, with more
costly, intensive face-to-face interventions reserved for those
with more severe and persistent symptoms [14]. Although
complex, this approach can be efficient, as it provides tailored
help as required and aims to prevent serious mental illness by
detecting symptoms early [15,16]. This type of care is also
equitable, providing all students with an opportunity to have
their mental health needs addressed. Internet screening and
Web-based cognitive behavioral therapy (CBT) programs can
be readily integrated into such a model as these require minimal
human input, are acceptable to youth, preserve fidelity of care,
and allow for ongoing monitoring and automated feedback [17].
Notably, this type of care system is engineered to reach out to
youth rather than wait for them to approach.

Codesigned with students, school counsellors [18], general
practitioners [19], and parents [20], the Black Dog Institute has
developed a Web-based mental health service called Smooth
Sailing. On the basis of the principles of stepped care, Smooth
Sailing uses a website to screen, assess, allocate, and deliver
psychological interventions to improve help-seeking for mental

health problems and reduce depressive and anxiety symptoms
among secondary school youth. This service uses brief, validated
self-report measures for anxiety and depression [21,22] to
accurately determine young people’s symptom severity and
their required level of care. The service has 3 degrees of
treatment intensity that are consistent with Australian Clinical
Practice Guidelines [23]: self-directed Web-based
psychoeducation for students with nil to mild symptoms,
self-directed Web-based CBT for students with moderate
symptoms [9,10], and a direct link to face-to-face care with a
school counsellor for students with moderately severe to severe
symptoms. Students are monitored fortnightly using a brief
survey delivered via short message service (SMS) text
messaging or email. Every 6 weeks, students complete a step
assessment from which care is reallocated based on their results.
If a student reports having thoughts of self-harm or death during
any of the assessments, the school counsellor receives an
automatic notification.

The Smooth Sailing service is designed as a universal
intervention to improve young people’s attitudes toward seeking
help for mental health problems. School-based screening has
increased referral rates to health care services, demonstrating
the positive impact that schools can have on initiating access
to care [24,25]. Establishing healthy attitudes to help-seeking
for mental health in adolescence, particularly from adults and
professionals, is key to supporting lifelong mental health. A
number of studies have revealed an association between positive
attitudes to professional help-seeking and increased help-seeking
intentions and behaviors in adolescents [26,27], university
students [28], and adults [29]. The Smooth Sailing service is
based on Rickwood et al’s [30] model in which help-seeking is
defined as a process with 4 key stages. Outlined in Figure 1,
Smooth Sailing attempts to target each of these stages through
a range of different functions and content.

A 6-week single-arm pilot study of the Smooth Sailing service
was undertaken in 4 New South Wales (NSW) secondary
schools in 2017 with 59 students taking part. At posttest, 93%
(55/59) of students remained enrolled in the service. The service
was found to be acceptable and feasible to students, parents,
and school counsellors. Students followed up by the school
counsellor reported significant symptom improvements at
posttest. Importantly, most of the participants found the service
easy to understand (96%, 53/55), easy to use (95%, 52/55), and
enjoyable (89%, 49/55). The majority were also comfortable
being followed up by the counsellor (82%, 45/55), were likely
to use the service again (73%, 40/55) and would tell a friend to
use the service (85%, 47/55). However, key questions remain
because of the small sample size and lack of a control group.
Despite the promise and practicality of the proposed service
model, the effectiveness of universal screening, stepped care,
and active follow-up from school counsellors for improving
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young people’s help-seeking and reducing symptoms is still
unknown. It is now timely to examine the primary effects of

this type of service in comparison with a control group.

Figure 1. Applying Rickwood et al’s help-seeking model to the Smooth Sailing service.

Objectives
The main objective of this trial is to evaluate the effectiveness
of the Smooth Sailing service for improving help-seeking
intentions (primary outcome), as well as for improving
help-seeking behavior, reducing symptoms of depression,
anxiety, distress, and barriers to care, and improving mental
health literacy/stigma (secondary outcomes) among secondary
school students, in comparison with a school-as-usual control
group.

Hypotheses
The primary hypothesis is that those who receive the Smooth
Sailing service will report higher scores of overall help-seeking
intentions at 12 weeks posttest compared with baseline. The
secondary hypothesis is that compared with students in the
control condition, those assigned to intervention will report
improved help-seeking behavior and reduced levels of
depression, anxiety, distress, and barriers to care, as well as
improved mental health literacy and stigma at 12 weeks posttest.

Methods

Trial Design
This clinical trial protocol adheres to the Standard Protocol
Items: Recommendations for Interventional Trials 2013
guidelines [31] (see Table 1). This study is a 2-arm 12-week
cluster randomized controlled trial (RCT). Data are collected
at 3 intervals: baseline, 6 weeks, and 12 weeks posttest with the
primary outcome measure assessed at 12 weeks posttest.

Randomization
Assignment of schools to the control or intervention condition
is carried out according to the International Council for
Harmonisation guidelines [32] and performed by a researcher
not involved in the day-to-day conduct of the trial. Schools are
allocated to a single condition (cluster design) to avoid
contamination and for administrative convenience [33]. A
minimization approach [34,35] is used to ensure balance across

conditions in terms of the Index of Community
Socio-Educational Advantage level (<1000 vs ≥1000), gender
mix (coeducational vs single sex), and year level involved (year
9 students only vs multiple or other years). Minimization is
undertaken in StataCorp LLC Stata statistical software version
14.2 using the rct_minim procedure [36]. The pool of already
available schools is sorted in random order using the Excel 2003
data analysis random number generator and entered into the
minimization routine in ascending order using the factors
specified above. Subsequent schools are assigned to an
intervention arm using rct_minim in the order that they join the
trial and provide complete information. As this trial uses a
no-treatment comparator control group, participants and
researchers are not blinded to the allocation assignment.

Ethics Approval
Ethics approvals are obtained from the University of New South
Wales (UNSW) Human Research Ethics Committee (HREC;
HC17910), the State Education Research Applications Process
(SERAP) for the NSW Department of Education (SERAP
2016471), the Sydney Catholic Schools (SCS) Research Centre
(20186), and the Catholic Schools Office Diocese of
Maitland-Newcastle.

Setting
This trial is conducted in government, independent, and Catholic
secondary schools located throughout NSW, Australia.

Participants

Inclusion Criteria
All secondary students from the participating year groups, aged
between 11 and 19 years, who attend one of the participating
schools, are invited to participate. Both males and females are
eligible. Participants are required to have an active email address
for the duration of the trial. Only those students who can read
and understand English and provide their signed written consent
are able to participate in the research study and use the service.
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All participants can access their own mental health support or
treatment throughout the trial.

Exclusion Criteria
Schools are required to have a school counsellor available onsite
for the school visits and for the duration of the study.

Table 1. Standard Protocol Items: Recommendations for Interventional Trials Compliance: Items from the World Health Organization dataset.

InformationData category

Australian New Zealand Clinical Trials Registry (ANZCTR): ACTRN12618001539224Primary registry and trial identifying number

September 14, 2018Date of registration in primary registry

—aSecondary identifying numbers

Hong Kong and Shanghai Banking CorporationSource(s) of monetary or material support

Black Dog Institute, University of New South WalesPrimary sponsor

—Secondary sponsor(s)

Dr Bridianne O’Dea b.odea@blackdog.org.auContact for public queries

Dr Bridianne O’Dea b.odea@blackdog.org.auContact for scientific queries

Smooth Sailing: Evaluating an online service for student well-beingPublic title

Smooth Sailing: Evaluating an online service for student well-beingScientific title

AustraliaCountries of recruitment

Depression, anxiety, help-seeking for mental healthHealth condition(s) or problem(s) studied

Intervention: A Web-based school-based mental health service for secondary students (Smooth Sailing);
based on the principles of stepped care; 12-week duration

Intervention(s)

Control: school-as-usual; waitlistControl

Inclusion: Male and female secondary students; currently attending high school at 1 of the participating
schools; have an active email address for the duration of the trial; Exclusion criteria: nil

Key inclusion and exclusion criteria

Study type: Interventional; Allocation: Randomized; Intervention model: Parallel assignment; Primary
purpose: Prevention

Study type

February 22, 2018Date of first enrolment

1600Target sample size

CompletedRecruitment status

Help-seeking intentions (measured using the General Help-Seeking Questionnaire). Primary timepoint:
12-week endpoint

Primary outcome(s)

Help-seeking behavior (measured using the Actual Help-Seeking Questionnaire); Symptom levels
of: Distress (measured using the Distress Questionnaire-5); Depression (Center for Epidemiologic
Studies Depression Scale-Child Version); Anxiety (measured using the Generalized Anxiety Disorder
Questionnaire 7-item); Mental health literacy and stigma (measured using the Mental Health Literacy
and Stigma Scale); Barriers to seeking help (measured by the Barriers to Seeking Help-Brief Scale);
Functioning (measured by 1-tem scale). Primary timepoint: 12-week endpoint

Key secondary outcomes

Approved by University of New South Wales Human Research Ethics Committee on November 24,
2017

Ethics review

June 29, 2018Completion date

Data currently under analysisSummary results

Plan to share individual participant data (No)Individual participant data sharing statement

aNot applicable.

Recruitment
The flow chart used to outline recruitment, randomization, and
participation for this trial is provided in Figure 2.

To recruit schools, the study advertisement is circulated by
email to NSW school counsellors who subscribe to the Black
Dog Institute’s mailing list. Counsellors are invited to express
an interest in the study by contacting the chief investigator (CI)

by email. The CI responds to these emails with a study
information pack and schedules a phone call to explain the study
process and answer additional questions. Schools are informed
that the study is available to students in any year group but is
considered by the research team to be well suited to students in
Grade 9 (ages 14 to 15 years), as half of all lifetime mental
disorders emerge during the mid-teens [1]. To recruit students,
a set of Student Information Forms are mailed to each school
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and distributed to students by a school staff member before the
baseline assessment. Interested students are asked to review the

material, discuss with their parents/guardians, and consider
study participation.

Figure 2. Consolidated Standards of Reporting Trials flow diagram that will be used to illustrate participation throughout the phases of the Smooth
Sailing Cluster Randomized Controlled Trial.

Consent
For school consent, schools are asked to provide a signed letter
of support from the school principal. This letter is then
forwarded to the governing ethics bodies to confirm school
participation. Individual student consent is provided by a signed

copy of the Participant Information and Consent Form (PICF)
that is obtained on the day of the baseline assessment. For all
schools other than those in the Sydney Catholic Diocese, an
opt-out consent process is employed for parental consent. In
these schools, parents are notified of the study using the school’s
usual methods of communication (eg, school newsletter). Parents
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are given 14 days to inform the school if they do not wish for
their child to participate and can withdraw their child at any
time. Students from schools in the Sydney Catholic Diocese are
required to obtain signed parental consent. The PICFs for SCS
are distributed to students 2 weeks before the baseline
assessment. On the day of the baseline visit, PICFs are checked
by the researchers to ensure student and parent consent is
provided.

Withdrawal of Consent
The PICF informs participants that taking part is completely
voluntary and that they are free to withdraw from the study at
any time without penalty and without having to give a reason.
Participants can withdraw by emailing the research team or
notifying the researchers at the school visits. Parents can also
withdraw their child at any time using the same methods or by
contacting their child’s school.

The Intervention
The Smooth Sailing service is accessed using a website that
requires students to register using a unique code. At registration,
students complete an additional consent measure (a 6-item
Gillick Competency Test) to ensure they understand the terms
and conditions of the service. After correctly completing this
measure, students are asked to input their code, provide their
email address, mobile phone number (optional) and create a
password. Once registered, the students complete a step
assessment. This consists of reliable and valid measures of
depression and anxiety symptoms [21]. The 9-item Patient
Health Questionnaire-9 (PHQ-9) [21] is used to measure the
presence of depressive symptoms over the past 2 weeks, with

items rated on a scale from not at all (0) to nearly every day (4).
The service also uses the Generalized Anxiety Disorder Scale-7
(GAD-7) [22] to measure the presence of anxiety symptoms in
the past 2 weeks using the same response options as the PHQ-9.
Students’ total scores on the PHQ-9 and GAD-7 scales are used
to allocate them to a step of care (see Table 2).

After the step assessment, the Smooth Sailing service produces
a personalized dashboard that provides students with an
overview of their recommended activity. The Web-based
psychoeducation consists of 5 10-min modules that provide
information about anxiety, depression, and help-seeking (see
Table 3). The modules were created specifically for the Smooth
Sailing service and were reviewed in the co-design process by
young people as well as a clinical psychologist. The content
was also edited by a copywriter to ensure it was written at an
appropriate reading level. The modules are complemented by
animations and illustrations as well as hyperlinks to other
credible youth mental health services and websites. All modules
are self-paced and can be completed in any order. Module 6
includes referral to 2 Web-based, publicly available, free
evidence-based CBT programs for depression and anxiety
[37-39]. MoodGym [40] comprises 5 modules in which young
people learn a range of strategies to identify and manage
unhelpful patterns of thinking, connect their thoughts to their
feelings, reduce worry, and improve self-esteem and
interpersonal relationships. The BRAVE Program [41] includes
10 1-hour self-directed sessions that are usually completed over
10 weeks that teach young people to identify anxiety and stress,
develop relaxation and problem-solving skills, and reframe
negative thinking. These programs are provided to any student
who is allocated to Steps 2, 3, and 4 throughout the study period.

Table 2. Smooth Sailing service model: step criteria and intervention provided.

StepCriteria

43210

20+15-1910-145-90-4Score range

SevereModerately severeModerateMildNilSymptom severity

Interventions provided

YesYesYesYesYesWeb-based psychoeducation

YesYesYesNoNoSelf-directed Web-based cognitive behavioral therapy

YesYesNoNoNoFace-to-face sessions with a school counsellor to provide counselling and/or referral
to external services
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Table 3. Module overviews.

Content descriptionTitle

Information about mental health issues that are common among youth and when it might be time to seek helpWhat is mental health?

Information on anxiety, how to identify it, potential causes, where to seek help, and practical tips for managing itFeeling on edge

Information on depression, differences between sadness and depression, potential causes, how and where to seek
help, and practical tips to cope

Waves of sadness

Information about when to seek help, how to talk to friends and parents, seek help from a general practitioner, and
the roles of different health professionals

When it’s time to tell someone

Ways to help others including having a private chat, seeking help together, respecting the treatment process, and
the importance of looking after yourself

When a mate needs a hand

Offers access to 2 evidence-based, free Web-based cognitive behavioral therapy programs, produced by Australian
universities. Young people can select which program they prefer

Don’t fret, help is here

In the Smooth Sailing service, school counsellor follow-up
notifications are initiated if a student is allocated to Steps 3 or
4 or if a student reports having thoughts that they would be
better off dead or thoughts of hurting themselves in the past 2
weeks (ie, score >0 on item 9 of the PHQ-9). School counsellors
conduct the follow-up sessions during school time but after
completion of the researcher visit. School counsellors follow
their normal school protocols and duty of care procedures when
attending to the notified students, initiating external referrals
and parental contact when necessary.

For the duration of the study period, the Smooth Sailing service
sends a fortnightly check-in survey to participants via email or
SMS text messaging. This consists of the PHQ-2 and GAD-2
and is designed to test participants’ engagement and adherence
to monitoring. These are ultrabrief versions of the longer
counterparts and measure the presence of depression and anxiety
symptoms in the past 2 weeks, with responses scored the same
as the full scale [42]. Total scores range from 0 to 12. Users are
reminded to use the Smooth Sailing program through email and
SMS text messaging notifications that are sent fortnightly, on
alternate weeks to the check-in survey. Every 6 weeks, a step
assessment is completed which reallocates the level of care,
depending on participants’ results. In accordance with the
Australian Clinical Practice Guidelines for the Treatment of
Depression in Adolescents and Young Adults [23], if a
participant has not responded (ie, symptoms remain elevated
or have worsened) within 6 weeks, they are stepped up to the
next level of care. The combined step allocation accounts for
the participants’ previous step, their current step, and whether
there has been any change (See Table 4 for stepping decisions).
Given that the service is in its infancy and its effectiveness is
yet to be established, there is no stepping down in the current
model. As such, no care is removed from participants, and they
are instructed to continue using the service as advised by their
updated personalized dashboard. Participants who show
improvements can continue to use the Web-based CBT programs
and all other modules as they wish.

The data collected by the service are stored securely on the
Black Dog Institute research platform, which is supported by
the UNSW servers. The school counsellor receives real-time
notifications for students who require follow-up via a secure,
purpose-built Web-based portal. The school counsellor can log
into the portal to identify the students requiring follow-up and

utilize their usual duty of care and referral pathways to treat
students. Using the portal functions, school counsellors can
notify the research team that follow-ups have been completed.
There is also the option for counsellors to provide case notes,
detailing treatment action and any adverse events. School
counsellors are also able to view these participants’ use of the
Smooth Sailing program, including module completion. School
counsellors receive an automated email reminder to check the
portal after every assessment point. Researchers also receive
email notifications for any student who triggers a notification.
No identifiable information is contained in these emails.

Control
This is a school-as-usual condition. As such, students can access
the school counsellor as needed and are permitted to participate
in any mental health education or activities initiated by the
school or external mental health professionals. Schools allocated
to the control condition are placed on a wait list to receive the
Smooth Sailing service after the trial data collection period has
been completed.

Procedure
At baseline, researchers from the Black Dog Institute visit the
school to conduct the study during class time. After providing
a verbal explanation of the study and confirming consent,
students are asked to use any internet device to visit the study
website. Instructions for registering and completion of study
questionnaires are provided to students on paper. The researchers
remain with students to provide assistance and answer any
questions. At 6 weeks and 12 weeks, researchers revisit the
schools and repeat this process. Students who are unable to
access the website at 6 weeks or 12 weeks because of technical
issues are given a paper copy of the questionnaires to complete.
If these students are the intervention arm, researchers use a
paper scoring method to calculate participants’ step at these
timepoints and inform the school counsellor verbally if the
student requires follow-up. The research team then enters these
responses into the system on return to the office resulting in the
immediate update of the Web-based portal. Researchers meet
with the school counsellor after each visit to review the students
who require follow-up and to ensure that counsellors feel
adequately supported to conduct these. The researchers contact
the school counsellors 2 working days after each visit to review
student follow-ups and monitor any adverse events.
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Table 4. Stepping decisions at 6 weeks and 12 weeks.

Previous stepCurrent step (symptom severity: score range)

43210

432100 (Minimal: 0-4)

432111 (Mild: 5-9)

433222 (Moderate: 10-14)

443333 (Moderately severe: 15-19)

444444 (Severe: 20+)

Sample Size
The target sample size for this trial is 1600. This calculation is
based on detecting an effect size of 0.20, which is similar to
that obtained in previous school-based depression intervention
research [9]. The statistical power level is set at 0.8, alpha=.05
(2-tailed), whereas a correlation of 0.5 is assumed between the
scores at baseline and endpoint. A design effect is calculated
assuming an intraclass correlation of 0.02 and an average school
sample of 300 students to allow for possible clustering effects.
This estimate was derived from previous Australian
school–based studies [9]. The estimated sample size also
accommodates for a 20% attrition rate based on previous
school-based trials [43]. To achieve the desired sample size and
ensure representation from a range of different types of schools,
the target is set at 16 schools with approximately 100 students
participating per school.

Outcome Measures
The administration schedule for the outcome measures
(Multimedia Appendix 1) is outlined in Table 5.

Demographics
At baseline, students provide their name, email, mobile phone
number (optional), gender, and date of birth. Students are asked
to report their current employment status (answered part-time,
casual, or nil) and whether they identify as Aboriginal and or
Torres Strait Islander (answered yes, no, I’d rather not say) or
Lesbian, Gay, Bisexual, Trans or Intersex (answered yes, no,
I’d rather not say).

Mental Health History
At baseline, participants are asked to report whether they have
ever known someone with a mental illness (answered yes, no,
I’m not sure); cared for someone with a mental illness (answered

yes, no, I’m not sure); or if they have previously had a session
with the school counsellor at their school (answered yes, no,
I’d rather not say). Participants are also asked if they have ever
used the internet to find information about a mental health
problem (answered yes, no, I’m not sure) and whether they think
doing a Web-based program will help their mental health
(answered yes, no, I’d rather not say). At baseline, 6 weeks, and
12 weeks, participants are also asked if they have been
diagnosed with a mental health problem or mental illness, if
they have received any treatment for a mental health problem
or mental illness, or if they have taken any prescribed medication
(eg, antidepressants) for a mental health problem or mental
illness (answered yes, no, I’d rather not say).

Primary Outcome Measure

General Help-Seeking Questionnaire
The General Help-Seeking Questionnaire (GHSQ) is used to
measure help-seeking intentions. Participants are asked to rate
how likely they are to seek help from 13 different sources
(friend, partner, parent, other family member, teacher, other
adult, school counsellor, doctor/general practitioner, mental
health professional, telephone helpline, mental health website,
a Web-based mental health program, and other internet activity)
if faced with a mental health problem, with each item answered
on a 5-point scale ranging from extremely unlikely to extremely
likely [27]. Participants can also indicate if they would not seek
help from anyone at all or if they would seek help from someone
not listed. The GHSQ has demonstrated satisfactory
psychometric properties for measuring the likelihood of seeking
help among adolescents [27]. In this study, a total help-seeking
intentions score is calculated for each participant consisting of
their responses to the 13 sources, with total possible scores
ranging from 14 to 70.
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Table 5. Outcome measures administration schedule.

12 weeks6 weeksBaselineConstructAssessment

Primary outcome

YesNoYesIntentions to seek helpGeneral Help-Seeking Questionnaire

Secondary outcomes

YesYesYesActual help-seeking behaviorActual Help-Seeking Questionnaire

YesYesYesGeneralized anxietyGeneralized Anxiety Disorder Questionnaire

YesYesYesDepressive symptomsCenter for Epidemiologic Studies Depression Scale—Child
Version

YesYesYesFunctioningFunctioning

YesYesYesPsychological distressDistress Questionnaire-5

YesNoYesBarriers to seeking helpBarriers to Adolescents Seeking Help-Brief

YesNoYesMental health literacy and stigmaMental Health Literacy and Stigma Scale

Tertiary outcome

YesNoNoService adherence and satisfactionSatisfaction questionnairea

aDelivered to Intervention schools only.

Secondary Outcome Measures

Actual Help-Seeking Questionnaire
The Actual Help-Seeking Questionnaire is used to assess
help-seeking behavior [44]. Using the same sources presented
in the GHSQ, participants are asked to report whether they have
sought help for a mental health problem from these sources in
the past 6 weeks (answered yes or no). Participants can also
indicate if they have sought help from someone not listed. An
additional question asks participants whether they have needed
support for their mental health but did not seek help. The use
of this questionnaire in youth has been well supported [30]. In
this study, participants’ responses at baseline and 12 weeks
posttest are categorized into a new variable named help-seeking
from adults. Participants who have sought help from any adult
source are categorized as yes, with those who have not
categorized as no. This variable is then used as a secondary
outcome for analyses, alongside the number of participants who
report not seeking help at all despite having a need for mental
health support.

Generalized Anxiety Disorder Questionnaire
Generalized anxiety is measured using the GAD-7 [22], which
is a brief measure of anxiety consisting of 7 items that are rated
on a scale from not at all (0) to nearly every day (4). Total scores
can be classified as nil to mild (5-9), moderate (10-14), or
moderately severe to severe (>15). A score of 10 and above is
recommended as a reasonable cutoff point for identifying cases
of clinical anxiety [22]. The GAD-7 has been found to have
good test-retest reliability and strong criterion validity [22].

Center for Epidemiologic Studies Depression
Scale—Child Version
The Center for Epidemiologic Studies Depression Scale
(CES-D) was originally developed for measuring depression in
an adult population [45] and was later modified into the child
version, the Center for Epidemiologic Studies Depression Scale

– Child Version (CES-DC) [46]. It is comprised 20 items, rated
from not at all (0) to a lot (3), with 4 items reverse-scored. The
total possible scores range from 0 to 60, with higher scores
indicative of increased levels of depression. The scale has been
found to have good psychometric properties among adolescents
[47]. The most commonly used cutoff score for the CES-D is
16 and above, which indicates the individual should be further
screened for risk of depression [48].

Distress Questionnaire-5
The Distress Questionnaire-5 (DQ5) is a brief, valid screener
used for identifying those at risk of psychological distress in
the general population [49]. The DQ5 consists of 5 items rated
from never (1) to always (5). Total scores range from 5 to 25
and higher scores indicate greater psychological distress. It has
been suggested that the DQ5 may be superior to the K6 and
K10 in identifying increased risk for common mental disorders,
with a screening cutoff point of 11 indicating the likely presence
of a mental health condition [49].

Functioning
Taken at baseline and posttest, this is a 1-item question in which
students are asked to rate how difficult their symptoms of
anxiety and depression have made their daily life and
relationships. Participants answer using a 4-point Likert scale
ranging from not at all difficult (0) to very difficult (4).

Barriers to Adolescents Seeking Help
The Barriers to Adolescents Seeking Help-Brief [50] is a
shortened (11 items) version of the original questionnaire,
measuring barriers to help-seeking behavior among adolescents.
Participants rate their level of agreement with a list of statements
about help-seeking from strongly disagree (1) to strongly agree
(6). Total scores range from 11 to 66, with higher mean scores
reflecting greater resistance to seeking professional help. The
scale has been found to have good test-retest reliability and
validity in a population of high school students [50].
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Mental Health Literacy and Stigma Scale
This scale measures a person’s confidence about help-seeking
for mental health and stigmatizing attitudes toward mental
illness. It has demonstrated good internal and test-retest
reliability and validity [51]. A shortened version of the
questionnaire, consisting of 4 items assessing confidence seeking
help and 9 items assessing stigmatizing attitudes of mental
illness, has been selected for use in this study. Item responses
are rated on a 5-point scale from strongly disagree (1) to strongly
agree (5) with 9 items reverse-scored. Total scores for this scale
range from 13 to 65, with higher scores indicating greater
confidence in seeking help for mental health problems and lower
levels of stigma.

Tertiary Outcome Measure

Service Adherence and Satisfaction
Service adherence is measured by the number of modules
accessed and the number of check-ins completed by the
intervention participants. A total of 3 questionnaires assess
service satisfaction. The first questionnaire assesses 3 main
domains: enjoyment and ease of use, usefulness, and degree of
comfort with service requirements. This questionnaire requires
participants to rate whether they agree or disagree with 11
statements about the service, for example, I enjoyed using
Smooth Sailing. The second questionnaire asks participants to
report on 18 service use barriers across 3 key domains: technical,
personal, or intervention-specific (answered yes or no), for
example, My internet connection didn’t work. The third
questionnaire examines participants’ use of the websites and
CBT programs suggested by the service (answered yes, no, or
I can’t remember). Participants are also asked to report if they
have been contacted by the school counsellor during the study
period and if they felt comfortable when this occurred.
Participants are also asked to provide an overall rating of
helpfulness of the service (answered on a Likert scale of 1 to 5
from extremely unhelpful to extremely helpful) and their
suggestions for improvements or any other comments (2 free
response options).

Assessment of Safety

Data Monitoring
A data safety monitoring board is not utilized because the study
targets a nonclinical population, blinding is not used, and the
service provides a real-time monitoring and notification system
of participants’ thoughts of death and self-harm. An Outcomes
Advisory Group has been established to provide specific
monitoring, governance, and reporting of adverse events and
trial safety. This consists of the CI, chief scientist of the Black
Dog Institute, a medical expert in child and adolescent
psychiatry, and a clinical psychologist. This team meets
monthly, and on an as-needed basis, to monitor the safety of
the trial. During baseline, 6-week, and 12-week assessments,
the research team notifies the Outcomes Advisory Group by
email every fortnight of the total number of students
participating and the notifications received for each school. This
group is also responsible for responding to any complaints.

Harms
Throughout the study period, the duty of care for all students
remains with their participating school. A trained mental health
researcher from the Black Dog Institute is present at all school
visits, alongside a school staff member. The school counsellor
and a private breakout space is made available for any students
who become distressed during the assessments. In the control
condition, all students are provided with an information sheet
of help-seeking resources and services at baseline, 6-week, and
12-week assessment. In the intervention condition, the Smooth
Sailing service includes a question assessing thoughts of dying
or harming oneself. This is part of the PHQ-9 screening measure
for depression and aims to provide an objective measure of
symptom severity if completed truthfully. However, further
assessment from a trained mental health professional is required
for the extent of an individual’s suicide risk to be fully
determined. If a student reports the presence of these thoughts
during the assessments, information about suicide support
services is immediately provided by the service through a
pop-up. The school counsellors are also notified using the
Web-based portal and email system. The school counsellors are
also notified when any participant in the intervention condition
reports severe depression or anxiety symptoms, or there is risk
of significant harm as identified by the school. The counsellors
are notified to conduct the follow-up assessments to determine
participants’ risk, using normal school protocols. A list of local
services and resources is provided to the school counsellors to
assist them in following up with students. The child and
adolescent psychiatrist in the Outcomes Advisory Group is also
available to provide advice and assistance to the school
counsellors throughout the study period. School counsellors are
asked to report on follow-ups to the research team via phone
call or email with a record-keeping option on the school
counsellor Web portal. The research team also inquire about
adverse events at each of the school visits and report on these
in their fortnightly reports to the Outcomes Advisory Group.
At the final study visit, all students are provided with a list of
mental health resources and services information.

Data Handling, Storage, and Access
The study is hosted on the servers of the Black Dog Institute
Research Platform, Faculty of Medicine, UNSW. These servers
are encrypted with data backups occurring daily. This platform
and its associated data are only accessible to authorized and
approved personnel. When registering, participants create
password-protected accounts and the platform allocates a unique
identification number. For analyses, data are deidentified by
removing names, email address, and mobile phone numbers.
Students who actively withdraw will have their data removed
and a withdrawal confirmation email will be sent from the
research team. The platform retains data from the students who
are lost to follow-up. All data will be stored securely for a
minimum of 15 years.

Auditing
Researchers follow step-by-step guidelines for each study visit
to ensure consistency across different trial sites and research
team members. A decision-making guide for trial conduct is
provided to all research staff. School packages are mailed to
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schools ahead of time, which included trial documents, such as
an explanatory paragraph for the school newsletter, an agenda
for the baseline visit, and a list of local support services, to
facilitate familiarity with the consent process and study
procedure. Instructional documents for intervention school
counsellors are provided to ensure adherence with the study
protocol and to guide their use of the Web-based portal. All
research staff debrief with the CI or research manager after each
school visit. Fortnightly research team meetings are held to
discuss and audit the conduct of the trial. The research team
also have frequent contact with the school counsellors to assess
any adverse events.

Analysis
Data are collected using the Black Dog Institute electronic health
platform. Data will be downloaded into Microsoft Excel and
exported to SPSS Version 22.0 (SPSS Inc) for analysis. Primary
analyses will be undertaken on an intention to treat basis,
including all participants randomized, regardless of treatment
received. Effectiveness of Smooth Sailing will be established
by a change in the GHSQ scores between baseline and 12 weeks
using a mixed-effects model repeated-measures analysis. The
school will be included in analyses as a random effect to
evaluate and accommodate clustering effects. In analyses of
scaled secondary variables, methods comparable with those of
the primary analysis will be used. An analysis of covariance
will be conducted for the secondary outcomes of anxiety,
depression, distress, functioning, mental health literacy, and
barriers to help-seeking, controlling for baseline scores. To
determine the effect of the intervention on help-seeking, 2 binary
logistic regression analyses will be used. In model 1, the
dependent variable will be help-seeking from adults at 12 weeks.
The baseline result will be entered at step 1 in the model, with
the study arm entered at step 2. In model 2, the dependent
variable will be not seeking help at all at 12 weeks despite a
need. The baseline result will be entered at step 1, with the study
arm entered at step 2.

Dissemination Policy
A summary of the results will be emailed to all participants who
request this on their consent form. The results summary will
also be published on the Black Dog Institute website. School
reports, consisting of the mean aggregate scores for the
measures, will be prepared and shared with the school at
completion of the data collection period. The primary and
secondary outcomes analysis will be prepared for academic
publication and presentations. A final report will also be
submitted to the funding body. In all documents, participants
will not be individually identifiable with data presented at the
aggregate level.

Results

The results for this trial are currently under analysis. Ethics
approval was provided by UNSW HREC on November 24,
2017, and by the NSW Department of Education SERAP on
January 10, 2018. An Expression of Interest for the trial was
advertised through the NSW School-Link Initiative
(School-Link) newsletter and email. We were subsequently
contacted by a school representative (eg, School Counsellor,

Head of Well-Being) from 88 different schools. Throughout
January and February 2018, 22 secondary schools across NSW
agreed to participate in the trial. These schools were randomized
into 2 conditions, with 10 schools assigned to receive the
intervention and 12 assigned to the control condition. The first
baseline assessment occurred on February 22, 2018, with the
12-week endpoint assessments completed on Friday, June 29,
2018. Control schools are currently receiving the service, due
for completion by June 30, 2019.

Discussion

This study protocol outlines the Smooth Sailing trial, which
aims to investigate the effectiveness of a Web-based mental
health service for secondary school students. Using a
randomized controlled design, this study evaluates the efficacy
of the Smooth Sailing service for improving a range of mental
health outcomes among students compared with school-as-usual.
The service was designed to increase adolescents’help-seeking
intentions for mental health problems, as well as to improve
help-seeking behaviors and reduce symptoms of anxiety,
depression, and distress. This is critically important to this age
group as mental illness first emerges during adolescence and
help-seeking from professionals is low [2,3]. Most notably, this
study represents the first attempt at delivering a school-based
mental health service that incorporates the principles of stepped
care with Web-based screening and intervention alongside direct
face-to-face follow-up.

During the development of the service, school counsellors,
parents, and general practitioners (GPs) outlined various
concerns related to the accuracy, effectiveness, and suitability
of the service for delivery in the school setting [18-20]. Some
parents questioned the effectiveness of a Web-based service for
determining the level of care their child required [20] and
whether the service would increase stigma among students.
Both parents and school counsellors were concerned that
students may not openly disclose their symptoms to a Web-based
service [18]. Parents, counsellors, and GPs [19] were also
concerned about teens’ adherence and engagement with
self-directed Web-based CBT programs. This study will be able
to determine these outcomes. This trial will also evaluate the
benefits of using a Web-based service to initiate school
counsellor referrals for symptomatic students compared with
traditional referral processes, and the capacity of school
counsellors to manage these. This study will also be able to
examine the effectiveness of school counselling services in
Australia, an area in which effectiveness data are lacking.

The results of this trial will confirm whether an integrated
service model that combines screening, triage, intervention, and
monitoring is acceptable and effective in the school environment
on a large scale. A multicenter trial of a suicide prevention
program in Europe revealed that screening alone was not
effective for improving outcomes [52]. The authors argued that
concurrent activities are needed, including mental health literacy
and broader awareness among the student year group.
Furthermore, adolescents were more likely to engage in
programs and services that acknowledge their autonomy, rather
than being adult or teacher driven. These findings have
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important implications for this trial, suggesting that the Smooth
Sailing service is likely to influence students’ mental health
outcomes. Overall, the trial will determine whether universal
screening with prompted access to Web-based psychoeducation,
self-directed CBT and school counselling services will increase
help-seeking among secondary school students.

Although the co-design process and pilot study indicated that
Smooth Sailing was acceptable and feasible to deliver, practical
considerations for the larger trial were outlined. Students
revealed that they would disapprove of this type of service being
made compulsory at school and instead felt engagement and
interest in the service could be increased if an opt-out parental
consent process was implemented. This was supported by school
staff as they felt it respected students’ increasing autonomy and
addressed privacy concerns, especially among students who
were more reluctant to participate in mental health initiatives
or were experiencing mental health problems. To increase
student engagement in the service content, students and staff
requested the use of multimodal reminders. For example, school
staff could be encouraged to remind students to use Smooth
Sailing for a certain amount of time per week, alongside SMS
text messaging and email reminders for students at fortnightly
intervals. It was also suggested that the Web-based
psychoeducation content be modified and reduced. School

counsellors also felt that a Web-based portal would increase
their efficiency by improving their ability to keep track of
follow-ups and better understand the mental health care needs
of those students who trigger a notification. All of these changes
have been made and instigated in the current protocol.

Certain limitations may affect the findings in this study. Given
that the intervention condition involves being followed up by
the school counsellor, it may be that students from the
intervention schools are less likely to consent than students from
the control schools. Furthermore, the increased contact with
students in the intervention arm through the service check-ins
may impact retention. If found to be effective, the researchers
will need to carefully consider the range of implementation
barriers that challenge school-based mental health initiatives,
including maintaining service fidelity and access beyond trial
completion [12]. Major strengths of the study include the RCT
design, the novelty of the intervention, and the use of stepped
care in the school context. This study will be able to determine
the usefulness and effectiveness of a stepped care model,
confirming whether a 5-step model is justified. The trial findings
will provide vital information about whether this new and
innovative model of care for youth mental health is effective
for when delivered in the school setting.
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Abstract

Background: A major reason for poor childhood vaccine coverage in developing countries is the lack of awareness among
parents and caregivers regarding the need for immunization and the importance of completing the entire series of vaccines. Short
message service (SMS)–based interventions have been quite effective in different programs such as smoking cessation, treatment
adherence, health care scheduled appointment attendance, antenatal care attendance, and compliance to immunization. However,
there are limited data from low- and middle-income countries on the role of SMS and automated call–based messages and
interventions to improve routine immunization (RI) coverage.

Objective: The primary objective of this study is to evaluate whether automated mobile phone–based personalized messages
(SMS or automated call) can improve RI uptake at 6, 10, and 14 weeks of age per the expanded program immunization schedule,
compared with a usual care control group. Secondary objectives include assessing the effects of different types of automated
SMS text or calls on RI coverage at 20 weeks of age.

Methods: This is a mixed methods study using a clustered randomized controlled trial with 4 intervention arms and 1 control
arm, augmented by qualitative interviews for personalizing the message. The study is being conducted in Pakistan (an urban site
in Karachi and a rural site Matiari). In Karachi, 250 administrative structures are taken as 1 cluster, whereas in Matiari, a catchment
area of 4 Lady Health Workers is considered as 1 cluster. The intervention targets families to receive weekly 1-way or 2-way
(interactive) personalized automated SMS or automated phone call messages regarding vaccination. Possible barriers to vaccination
are assessed in each family at the time of inclusion to determine the type of personalized messages that should be sent to the
family to increase the chance of a positive response. Finally, in-depth interviews using purposive sampling are conducted before
and after the trial to determine the family’s vaccination experience and related factors.

Results: All study participants for the cluster randomized trial were enrolled by January 14, 2019. Study exit interviews at
20-weeks follow-up visits will be completed by June 2019.

Conclusions: The results of this study will be useful to understand the respective effects of SMS text messages versus automated
phone–based communication to improve RI coverage and timelines. Moreover, information regarding families’ perceptions of
vaccination and the daily life challenges for timely visits to the vaccine clinic will be used for developing more complex
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interventions that use mobile phone messages and possibly other approaches to overcome barriers in the uptake of correct and
timely immunization practices.

Trial Registration: ClinicalTrials.gov NCT03341195; https://clinicaltrials.gov/ct2/show/NCT03341195 (Archived by WebCite
at http://www.webcitation.org/78EWA56Uo)

International Registered Report Identifier (IRRID): DERR1-10.2196/12851

(JMIR Res Protoc 2019;8(5):e12851)   doi:10.2196/12851

KEYWORDS

routine immunization; SMS messages; automated call messages; cluster randomized clinical trial; vaccine barriers; personalized
intervention; cell phones; vaccination coverage; mobile health; text messaging; developing countries; parents

Introduction

Background
Pakistan is one of the countries with the highest rates of child
death in the world [1]. It ranks 4th in child mortality, with 60%
deaths due to vaccine-preventable diseases (VPDs) [2]. Table
1 [18] shows the current schedule of routine immunization (RI)
in Pakistan, which is provided by the government free of cost.
The immunization coverage in Pakistan is estimated to be 59%,
which is still well below the desired level, leading to continued
polio transmission, large measles outbreaks, and thousands of
deaths from vaccine-preventable illnesses [2]. In addition,
Pakistan is a major polio epidemic country and among 3
countries in the world requiring proof of polio vaccination for
international travel [3]. Pakistan demographic and health survey
in 2017-2018 suggests 88% percent of children had received
BCG vaccine due at birth, 86% and 95% had received the first
dose of pentavalent and polio vaccine respectively due at the

6th week. Furthermore, 75% and 86% of children had received
the third dose of the pentavalent and polio vaccines, respectively,

due at 14th week and measles vaccination was 73%, which is
due at 9 months. However, these rates are at 1 year of age and
much higher than vaccination coverage rate at scheduled time
and among conflict hits and displaced populations [4]. Improved
RI coverage is recommended as the priority public health
strategy to reduce VPDs and eradicate polio in Pakistan and
worldwide.

According to immunization coverage surveys, 1 in 5 children
is unimmunized [5]. A major reason for poor childhood vaccine

coverage is low immunization uptake, when parents are unable
to complete the entire series of vaccines in accordance with the
scheduled timelines. Some of the reasons include: (1) the family
is not in favor of getting their child immunized, (2) low trust in
vaccines provided through Expanded Programme on
Immunization (EPI) and government health care providers, and
(3) caregivers have forgotten their child’s next vaccination due
date or child’s EPI card is misplaced [6]. These barriers may
be modified with additional support through education and
behavior change strategies. In addition, with more pressing
issues of food and shelter, preventive health often takes the back
seat, and parents and caregivers forget or ignore the subsequent
doses of vaccines for their children. There is an immense need
to encourage parents’ care seeking and collaboration with the
health care providers to improve initial vaccine uptake and the
completion of all doses according to the schedule. New
innovative and cost-effective techniques are necessary for
practical solutions to improve vaccination uptake and coverage.

Mobile phones offer a new medium to provide education and
advocate families or caregivers to enable behavior change so
as to improve immunization uptake. Mobile phone use has also
increased in countries with low RI coverage and a high risk of
VPDs. Good examples are Nigeria and Pakistan, where there
were around 170 and 140 million mobile phone subscribers,
respectively, in 2014 [7,8]. There is also a surge in use of short
message service (SMS), with 237.58 billion person-to-person
SMS generated in 2011 estimating to around 175 SMS per
mobile phone on a monthly basis in Pakistan [9].

Table 1. Childhood immunization schedule for Pakistan.

Age of administrationDosesVaccineCausative agentDisease

Soon after birth1Bacillus Calmette-GuerinBacteriaChildhood tuberculosis

OPV0: soon after birth, OPV1: 6 weeks, OPV2: 10
weeks, OPV3: 14 weeks; IPV-1: 14 weeks

4; 1OPV (oral poliovirus vaccine);
Inactivated polio vaccine (IPV)

VirusPoliomyelitis

Penta1: 6 weeks, Penta2: 10 weeks, Penta3: 14 weeks3Pentavalent vaccine (Diphtheria,
tetanus toxoids and pertussis
+Hepatitis B + Hib)

BacteriaDiphtheria, Tetanus, Pertussis,
Hepatitis B, Hib pneumonia,
and meningitis

PCVIO 1: 6 weeks, PCVIO 2: 10 weeks, PCVIO 3:
14 weeks

3Pneumococcal vaccine (PCV)BacteriaPneumonia

Measles1: 9 months, Measles2: 15 months2MeaslesVirusMeasles

Rota 1: 6 weeks, Rota 2: 10 weeks2RotavirusVirusDiarrhea due to rotavirus
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Mobile reminders in the form of phone calls have also proven
to be a feasible method of improving RI uptake in
resource-limited settings with wide cellphone coverage [10]. A
Cochrane review reported that automated telephone
communication systems including automated calls are effective
in a variety of health care settings such as improving clinic
attendance rates, screening, adherence to medications, and
laboratory tests [11]. Automated calls were also found to be
cost-effective in increasing immunization rates in an urban
practice in the United States [12]. A study suggests that mobile
phones have wide spread abilities to improve health outcomes
in low and middle-income countries (LMICs) by targeting larger
populations in a cost-effective manner [13]. Furthermore,
SMS-based reminders along with small financial incentives
could possibly help in improving RI timelines [14]. Text
reminders have also proved to reduce vaccine dropout rate and
improve parents’ compliance to immunization-scheduled visits
[15,16].

There are limited data from LMICs set up on the role of
SMS-based interventions for improvement of RI coverage, and
conventional 1-way reminder SMS text messages were used by
most of the studies as the intervention [13,21,22]. Overall, very
few studies compared reminders, educational, and interactive
SMS messages related to childhood vaccination uptake
[13,21-26]. Although some of the studies have shown some
behavior change for improvement in vaccination coverage, more
rigorous application of health behavior change model needs to
be applied to understand the impact of reminder, educational,
and interactive messages on behavior change related to
improvement in RI coverage [17]. However, data from
developing countries regarding the role of automated calls in
improving vaccine coverage are limited. Majority of the studies
have focused on SMS-based intervention.

In this study, we will identify the factors that affect adherence
to RI coverage among Pakistani families and caregivers and
will examine an important public health question—do low cost,
automated SMS text messages and calls improve RI coverage
in resource-constrained settings such as Pakistan? In this study,
we will compare the effectiveness of different types of messages:
reminder, educational, and interactive SMS text messages and
automated calls for improving RI uptake. Different types of
messages will be developed to meet the possible RI barriers
identified; these messages will be sent specifically to the
participants according to the type of RI barriers they faced for
immunization. This information will be used to develop
strategies to improve vaccine adherence in Pakistan.

Study Objectives

Primary
Our first objective is to evaluate whether personalized automated
SMS text messages, 1-way versus 2-way, can improve on-time
visits at 6, 10, and 14 weeks of age for RI as compared with
standard care. Our second objective is to evaluate whether
personalized automated calls, 1-way versus 2-way, can improve
on-time visits at 6, 10, and 14 weeks of age for RI as compared
with standard care. Finally, our third objective is to compare
the efficacy of automated SMS text messages versus automated
calls on increasing vaccination uptake.

Secondary
Our secondary objectives are to learn the perception and
attitudes of caregivers regarding childhood vaccination and to
find out about factors that might influence mobile phone and
SMS text–based interventions for vaccination improvement.

Methods

Target Population
Our target population are caregivers of newborn (NB) infants
younger than 14 days who are due for their RI at age 6, 10, and
14 weeks according to the EPI schedule of Pakistan.

Study Goal
Our goal is to identify the barriers faced by families in the
uptake of correct immunization practices and to develop adapted
messages (SMS or automated calls) to improve vaccine
adherence in Pakistan. We will collect information from families
regarding perceived sociocultural, technical, and economical
barriers that may explain the decrease in vaccine coverage, and
possible solutions to overcome these constraints. This
information will be used to develop personalized educational
messages, reinforced by interactive exchanges (2-way automated
SMS and automated calls) with caregivers in the initial 20 weeks
of their child’s life.

Study Hypothesis
Personalized weekly message in the form of automated SMS
text message or automated calls according to barriers for RI and
language preferences can improve RI uptake according to the
schedule for vaccine due at age 6, 10, and 14 weeks as compared
with standard counseling by health care providers at EPI center
and outreach visits for RI. Interactive voice recording (IVR) or
2-way auto calls might be preferred way of communication to
caregivers as compared with other intervention and control for
possible improvement in RI coverage and timelines.

Outcomes

Primary
Primary outcomes include: (1) to see a 10% increase in RI
through personalized automated mobile phone–based
communication (SMS or automated call) at 6, 10, and 14 weeks
of age according to the EPI schedule versus standard care; (2)
to see a 10% increase in RI within 1 week of the original
timeline at 6, 10, and 14 weeks versus standard care; (3) to
compare coverage rates of personalized 1-way versus 2-way
SMS text messages on improvement in RI at 20 weeks of age;
(4) to compare coverage rates of personalized 1-way versus
2-way automated calls on improvement in RI at 20 weeks of
age; and (5) to compare coverage rates of personalized SMS
text messages and automated calls on improvement in RI at 20
weeks of age. 

Secondary
Secondary outcomes include: (1) to understand the perceptions
and barriers of caregivers regarding immunization and (2) to
understand the perception of caregivers related to personalized
mobile phone–based SMS text messages and automated health
messages for vaccination improvement.
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Methodology

Study Design
The study design is a mixed method clustered randomized
controlled trial (RCT) augmented by qualitative interviews
(Figure 1). The cluster trial will be used to assess the respective
impacts of mobile phone and SMS-based communications on
RI coverage rates among children at 20 weeks of age. Initially,
structured interviews will be conducted at baseline to identify
barriers to immunization and role of SMS and automated
call–based messages in improving vaccination coverage. This
information will lead to the development of personalized
barrier-specific messages (SMS and voice calls) that will be

used for each participant or caregiver according to the specific
barriers they struggle with, as identified at baseline.

Study Sites
The Department of Paediatrics and Child Health at the Aga
Khan University (AKU) conducts active health demographic
surveillance systems (HDSS) at several urban sites in Karachi.
These sites are (1) Ibrahim Hydri Goth, (2) Ali Akber Shah
Goth, (3) Rehri Goth, and (4) Bhains colony, which is part of
Bin Qasim Town (Figure 2). Ibrahim Haidry Goth, Ali Akber
Shah Goth, and Rehri Goth are located along the sea coast of
Karachi, and the main occupation of people living in these
communities is fishing. Bhains Colony is located at the outskirts
of Karachi, and the main source of income of its population is
dairy products.

Figure 1. Study design: a mixed methods randomized controlled trial (RCT) augmented by qualitative interviews. SMS: short message service.

Figure 2. Catchment area of Karachi pre-urban demographic surveillance site.
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The HDSS sites are divided into 195 blocks, each containing
250 structures and mapped using the geographical information
system. There are a total of 42,093 structures where 43,098
households are living in areas of Korangi and Bin Qasim towns
[19]. A structure is defined as a building with a single entrance
and a boundary. These structures can be houses, hospitals,
dispensaries, schools, shops, parks, etc. Each structure has a
unique number assigned to it. The total population of the active
surveillance catchment area is approximately 0.3 million, with
around 7115 pregnant women and 6831 NBs being followed
annually by the surveillance team. Within 1 block, the 250
administrative structures will be our trial clusters; 4 sites will
be participating in the study. NBs will be enrolled from the
HDSS, and clusters within the 4 sites will be randomly assigned

to the study arms. Hence, participants within each administrative
structure (ie, cluster) will receive same intervention.

Data will also be collected from the rural site of Matiari, which
is located in Sindh province 185 km north of Karachi (Figure
3). The department of pediatrics will partner with the local Lady
Health Worker (LHW) program Sindh. Information about new
births within LHW catchment area will be provided to the study
team. The catchment areas in Matiari are the areas covered by
each LHW; these areas are small and that is why the catchment
area of 4 LHWs will be considered as 1 cluster. The total
population of the Matiari District area is approximately 0.4
million. A total of 3 main sites from district Matiari will be the
part of study, which includes Matiari, Hala, and Saeedabad. The
main source of income in this area is agriculture. In Matiari and
Karachi, clusters will have a mean of 15 births per cluster.

Figure 3. The Matiari site: catchment area of surveillance site.

Baseline Survey
A total of 50 interviews will be conducted from Karachi and
Matiari sites (ie, 25 interviews from each site). From the HDSS,
list of caregivers who have completed the vaccination schedule
and those who are dropouts or not vaccinating their child was
taken out, and randomly, caregivers will be selected for in-depth
interviews. Trained staff will conduct the qualitative interviews.
Depending upon the availability, caregivers will be approached
at the household, and appointments will be taken from the
caregiver so that they can spare enough time for the discussion.
Through in-depth interviews, we will explore the perceptions
and barriers related to EPI and mobile health from the
caregivers. Information collected before the study through
qualitative in-depth interviews will help in developing the survey
to assess the different categories of barriers. The baseline survey
will, overall, collect information on demographics, mobile phone

access and usage, possible barriers for RIs, and factors
associated with mobile phone–based health messages.

Qualitative Phase

Assessing Perceptions and Experiences of Caregivers About
the Routine Immunization and the Role of Mobile Phone
Short Message Service and Automated Calls in Improving
the Routine Immunization Coverage and to Develop
Messages

Initially, in-depth interviews with a subpopulation in the study
catchment area will be conducted to explore RI immunization
coverage among Pakistani caregivers and families to assess (1)
perceptions regarding risks of infectious diseases preventable
by vaccines and vaccine safety and efficacy, (2) barriers to
vaccinating children including difficulties in visiting RI centers,
and (3) perceptions and barriers that may affect mobile
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phone–based interventions to improve immunization coverage.
The interviews will be conducted across the site regions. We
will use purposive sampling to assure that participants represent
different ethnic groups. Information gathered through the
interviews will help in (1) understanding the types of barriers
perceived by caregivers, (2) designing the RCT and, (3)
developing content for SMS text messages in several categories
of barriers. We expect 20 to 25 parents or caregivers to be
interviewed over a period of 3 months, but the number will be
guided by saturation of information. Each interview will take
45 to 60 min.

Randomized Clinical Trial
The study design is a cluster randomized clinical trial including
4 intervention and 1 control arm (Table 2).

Sample Size Calculations
Assumptions used for calculating sample size are as follows:
increase in coverage rate from 30% to 40%, having a power of
80% with an alpha error at .05. The sample size per arm would
be 615 per arm or 3075 for all 5 arms. Adding a 10% dropout
will make it 677 per arm or 3385 recruitment for all 5 study
arms. The ICC is taken as .05, with an estimate of 15 NB per
cluster (see Table 3).

Table 2. Cluster randomized clinical trial.

Automated SMSa text and phone callsStudy arm

2-way phone calls1-way phone calls2-way SMS text1-way SMS text

———cXb1

—X——2

——X—3

X———4

————5

aSMS: short message service.
bApplicable.
cNot applicable.

Table 3. Sample size calculation. Having a difference of 10% and the sample size given (ie, 1230 is 2 groups, 1:1) in our study, we have 5 groups
(615x5)+10% dropout=3385.

Range of cluster sizeInterclass correlationSerial #

Cluster size of 30Cluster size of 20Cluster size of 15

Total birth required, nClusters, nTotal birth required, nClusters, nTotal birth required, nClusters, n

9603288044810540.011

1740581400701230820.052

25808619609816201080.093

282094208010417101140.14

3420114248012420101340.135

3840128276013822201480.156

4860162344017227001800.27

5040168356017828201880.218

5880196412020632102140.259

6900230476023837202480.310

7920264544027242002800.3511

8340278572028644102940.3712

9000300612030647103140.413

10,020334680034051903460.4514

11,040368748037457003800.515
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Enrollment Criteria

Inclusion Criteria
The inclusion criteria include being a child from the HDSS site,
being younger than 14 days with a parent or guardian or at least
1 person in the household, having a working mobile phone
connection, and parent or guardian providing consent to
participate in the study.

Exclusion Criteria
The exclusion criteria include a child from outside the HDSS
area or if the family plans to stay in the catchment area for less
than 20 weeks.

Sampling Strategy and Randomization
The sampling strategy adapted for both sites are as follows
(Figure 4).

Karachi Site
The data for live births and population of each site in Karachi
will be obtained from HDSS team. Data will be scrutinized and
divided according to 4 sites in the study, with each site
consisting of 5 arms (5 clusters). Administrative structures will
be assigned to each intervention through stratified (ie, site)
randomization.

Matiari Site
As Matiari site has not been stratified into clusters according
to HDSS, we randomly allocated 30 clusters per arm. The
catchment area of 4 LHWs will be considered as 1 cluster. Each
intervention arm will then be randomly allocated to 24
administrative structures (clusters; see Figure 5).

Figure 4. Cluster Randomization.
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Figure 5. Sampling strategy for Karachi and Matiari. For 10% effect size, sampling strategy cluster size=15.

Recruitment
For Karachi, birth data of the clusters will be shared by central
HDSS team on weekly basis and at Matiari the LHWs will
inform births to the study team daily according to the study
clusters. The study staff will approach families who have an
infant younger than 2 weeks in each cluster.

Staff will explain the study objectives to the parents or
caregivers. If the parent or caretaker is interested in the study,
the infant will be evaluated for enrollment. One child per
household will be selected. In a household, where there is more

than 1 child (younger than 14 days), a random selection will be
made by a program designed in the mobile phone device. After
meeting the eligibility criteria, informed consent will be
obtained, and the infant will be enrolled in the study and a
baseline survey will be conducted.

Follow-Up Process
A second survey will be conducted at 20 weeks of child’s age
(end of follow-up) to identify vaccination coverage according
to the schedule, to be confirmed by physical examination of
EPI card (see Figure 6).
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Figure 6. Participant flow diagram. HDSS: health demographic surveillance systems; SMS: short message service.

Study Intervention

Intervention Group
The intervention arms in addition to the standard counseling
will include receiving personalized 1-way or 2- way (interactive)
automated SMS or 1-way or 2-way (IVR) automated phone call
messages regarding vaccination. In personalized 1-way messages
and automated calls, parents will receive educational or reminder
or proactive messages related to RI once a week till the child
turns 20 weeks. SMS and automated phone calls will contain
the same information content and interactive features, only the
delivery method will differ. In the interactive arms, in addition

to personalized weekly educational or reminder or proactive
message, parents will have the option to reply to messages or
calls and receive more information related to immunization
through SMS text messages or calls (see Figure 7 and Table 4
and Multimedia Appendices 1 and 2). The study timeline has
been provided in Table 5.

Control Group
The control group will receive 1 time standard verbal counseling
at the time of initial visit for on-time EPI vaccines at 6, 10, and
14 weeks of age as recommended by EPI, government of
Pakistan.
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Figure 7. Details of study arm explained.

Table 4. Detail on the personalized weekly short message service and automated calls from enrollment to 20 weeks of life.

Weekly automated SMSa text message and automated calls from enrollment till 20 weeks of lifeIntervention arm

Parents or caregivers will receive 1-way educational or reminder or proactive SMS messages related to routine immu-
nization once a week till 20 weeks of age

Arm 1 (intervention)

Parents or caregivers will receive 2-way (interactive) educational or reminder or proactive SMS messages related to
routine immunization once a week till 20 weeks of age—parents will have the option to reply and receive more infor-
mation related to immunization through SMS text messages

Arm 2 (intervention)

Parents or caregivers will receive 1-way educational or reminder or proactive automated phone call related to routine
immunization once a week till 20 weeks of age

Arm 3 (intervention)

Parents or caregivers will receive 2-way (interactive) educational or reminder or proactive automated phone call related
to routine immunization once a week till 20 weeks of age—parents will have the option to reply and receive more in-
formation related to immunization through phone call

Arm 4 (intervention)

One time counseling at the baseline surveyArm 5 (control)

aSMS: short message service.
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Table 5. Study timeline.

20192018Steps

JulMay/JunMar/AprJan/FebNov/DecSep/OctJul/AugMay/JunMar/AprJan/Feb 

—————————bXaProtocol development

—————————XEthical review submission

—————————XStandard operating procedures

—————————XTraining and implementation of
field team

X——————XXXQualitative interviews

———XXXX———Trial recruitment

—XXXX—————Trial follow-up

—XXXXXX———Data entry cleaning and analysis

XX————————Report and scientific paper writing

XX————————Thesis completion

XX————————Additional—baseline, analyses

aApplicable.
bNot applicable.

Study End Interview
Interviews will be conducted after the trial, with a purposive
sample of a subpopulation included in the RCT representing all
study arms. From these structured in-depth interviews, we expect
to further explore participants’experience of the different study
arms having different levels of coverage. We will also assess
the factors related to SMS text messages and automated calls
associated with vaccination uptake. Sample size will be guided
by saturation of the information.

Statistical Analysis
Analyses will be conducted according to the intention-to-treat
principle. When the information cannot be gathered, the vaccine
status of the child will be failure (conservative approach).
Missing the vaccine EPI card to verify vaccine status at home
will lead to a deeper investigation in the family and also the
vaccine clinic. From previous experience, we expect this process
to be successful in identifying the outcome of over 95% (95/100)
of the children who remain in the study at 20 weeks. Families
that have left the study for any reason (moving, withdrawal,
child death) will be interviewed (if possible) and the information
gathered used for the outcome classification. If the information
is not clear or incomplete, the child’s status regarding
vaccination will be failure.

The main analyses will be comparing our 4 study intervention
arms against the control, and with each other. For the purposes
of our study, we will compare each of the 4 interventions with
each other and with the control arm. For example, 1-way versus
2 SMS, reminder versus educational SMS, 1-way reminders
SMS versus control, 1-way educational SMS versus control,
2-way reminders SMS versus control, 2-way educational SMS
versus control, 2-way education versus 1-way reminder, and
2-way reminder versus 1-way educational.

Analysis of Quantitative Data
Analyses will be conducted according to the intention-to-treat
principle, and the Bonferroni correction will be used to control
for multiple testing. The primary outcome is to assess difference
in vaccination status. Chi-square test will first be used to
compare the groups’ percentage. Multivariable logistic
regression analyses will be conducted to adjust for confounders.
As our randomization unit is cluster-based rather than
individual-based, generalized linear mixed effects models or
generalized estimating equations models will be employed to
account for within-cluster correlation, and hierarchal models
will be used. The statistical model for the primary and secondary
analyses will be developed as explanatory variables. As
secondary analyses of the primary outcome,
time-to-immunization curves will be constructed using the
Kaplan-Meier method and Cox regression for multivariate
analysis.

Analyses of Qualitative Component
In the first section of the semistructured interview guide, we
will ask the caregivers regarding common barriers they
encounter at the time of RI, whereas the second section
comprises perceptions and barriers related to a mobile phone.
The data will be transcribed into written form from audio
recordings and will be analyzed via qualitative data analysis
software NVivo 11 (QSR International). Written transcripts will
then be uploaded into NVivo 11 software to offer easy and
organized retrieval of data for analysis. The data analysis will
be conducted according to discourse analysis. The interview
guides will also be pretested in a similar community

Data Management, Confidentiality and Privacy
Protection, and Quality Assurance
The audio recording and transcripts will have a unique identifier;
original and backup files will be archived in password-protected
computer or server at AKU. Only transcriptions and themes
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will be shared at University of British Columbia (UBC) without
nominative information. All study-related data including the
recording will be stored in an encrypted server with password
protection and having access only to the study specific
personnels.

Baseline and end line data will be collected on a smartphone
device (Multimedia Appendices 3 and 5). The entry program
will be designed to capture data as well as the location of the
interviewer along with some monitoring parameters. Each child
participant will be given a structured unique identifier. Business
rules, skips, and consistency checks will be incorporated, and
important fields will be marked as must enter in the
questionnaire to maintain data collection quality. The database
will reside on a central computer at AKU managed by the study
staff. A Web-based dashboard will be designed to report daily
study progress. Mobile numbers will not be shared except to
track patterns of use. Only relevant study staff will have access
to study data allowed by the local ethics committee. All study
staff will undergo basic research ethics training. Participants’
information will be given a study code, and no personal
identifiers will be shared. Data confidentiality will be maintained
at all times. No personal identifiers will be used in any reports
or publication of the study. Mobile phone companies will be
only provided mobile phone numbers to send SMS text messages
and automated calls messages through gateway (Multimedia
Appendix 4). No individual identifier such as names of
participants and area of location will be shared. In addition, a
confidentiality agreement has been signed with the university
and the mobile companies stating that the numbers provided
will only be used for the purpose of the trial. All study data and
recordings will be destroyed within 5 years of the study
according to the recommendation of the UBC and AKU ethics
committees.

Ethical Considerations
The study protocol and associated study instruments, including
consent forms in English and local language, were approved by
UBC’s and AKU’s Ethics Review Committee before
commencement of any study activities. The study will be
conducted in accordance with the Helsinki declaration and
established guidelines. All participants will be administered
informed consent before participation. Participants have the
right to refuse to participate in the study or leave the study at
any time; this will not affect any services provided at the health
center. Data confidentiality will be maintained at all times. No
personal identifiers will be used in any reports or publication
of the study.

Training and Refresher
Initial training of the study staff related to study protocol, SMS
text messages and phone calls will be conducted. This will be
followed by refresher training in the middle of the study.

Limitations or Mitigations
We recognize that not all barriers identified are modifiable and
amenable to phone calls and SMS text messages. However,
most of them reflect a priority ranking that does not favor child
routine vaccination. One major reservation about SMS-based
interventions is the recipient’s level of literacy. However, there

has been mixed input related to the preference of phones calls
as compared with SMS text messages in populations of low
literacy and resource-constrained settings [20,27]. Mobile phone
SMS text messages in local languages, pictorial messages, and
in combination with phone calls can further reduce this gap. In
our study, we will send messages in local languages (as per the
preference of the participants). Although SMS text messages
have a limitation of 160 characters and even fewer if translated
in other characters, these limitations might help in making the
messages simple and brief, especially for populations with low
literacy levels [22,28].

The type of intervention will not be blinded, but all families in
the same cluster will receive the same intervention. The primary
outcome (vaccine completion) is not likely to be influenced by
any knowledge of the intervention arm.

Result

The baseline survey was conducted from July 2018 to January
2019 where it was found that 97.9% (3797/3877) of care givers
either owned or have a sharing access to a working mobile
phone. A total of 50 IDIs were conducted before the start of the
study, that is, 25 interviews per site, based on which the content
of the SMS text messages and automated calls were developed.
FGDs with caregivers and stake holders were then conducted
to validate the developed content. The RCT enrollment was
completed on January 31, 2019, and the participants continued
receiving messages till the child was 20-week old. Currently,
the study is in its final phase and expecting completion of exit
surveys and interviews by June 2019.

Discussion

This study is the first one of this type to assess the efficacy of
different types of SMS text messages and automated calls
messages, with or without interactive messages in LMICs.
Different types of SMS text messages and automated calls
messages will also be personalized based on the identification
of families’ possible concerns or challenges regarding RI. Each
family will receive one weekly message, and we expect families
to talk to each other about the messages within the demographic
unit, therefore facilitating circulation of information (this aspect
will be assessed through the end-of-study interview). This
information will be extremely useful to understand the effect
of different types of messages in different contexts.

The qualitative aspect of our study will generate useful
information regarding family’s perception of vaccination and
the daily life challenges for timely visits to the vaccine clinic.
This information will be used for developing more complex
interventions that use mobile phone messages and possibly other
approaches to overcome some of the barriers. Finally,
conducting this study in Pakistan will generate results that will
be useful in most LMICs worldwide.

Representatives of public health, Ministry of Health, and
community leaders will be part of the study steering committee
to ensure transparency, direct communication, and shared
decision making as part of on-going knowledge transfer strategy.
We will also inform major policy makers, donors, and mobile
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phone service providers. Study findings will be presented at
and published in a scientific journal and national and

international scientific and programmatic forums.
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Abstract

Background: Informing patients with cancer about the possible implications of prospective treatment is a crucial yet challenging
task. Unfortunately, patients’ recall of medical information is generally poor and their information needs are not met. Effective
information giving entails that oncologists help patients understand and recall the implications of their treatment, meanwhile
fostering a trusting physician-patient relationship. Communication strategies that are often suggested to be effective are structuring
and tailoring (cognition-oriented) but also are oncologists’ expressions of caring or empathy (affect-oriented).

Objective: The aim of this study is to provide evidence concerning the pathways linking physician communication to (improved)
consultation outcomes for patients. More specifically, the aim is to determine the effects of information structuring and information
tailoring, combined with physician caring, on information recall, satisfaction with information, and trust in the physician (primary
objective) and on symptom distress (secondary objective).

Methods: A randomized controlled trial, systematically testing the effects of information structuring and information tailoring,
each combined with caring, in 2 video-vignette experiments (2×2 and 2×2×2 design). Using an online survey platform, participants
will be randomly allocated (blinded) to 1 of 12 conditions in which they are asked to view a video vignette (intervention) in which
an oncologist discusses a treatment plan for malignant lymphoma with a patient. The independent variables of interest are
systematically varied across conditions. The outcome measures are assessed in a survey, using validated instruments. Study
participants are (former) patients with cancer and their relatives recruited via online panels and patient organizations. This protocol
discusses the trial design, including the video-vignette design, intervention pretesting, and a pilot study.
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Results: Data collection has now been completed, and preliminary analyses will be available in Spring 2019. A total of 470
participants completed the first part of the survey and were randomized to receive the intervention.

Conclusions: The results of the proposed trial will provide evidence concerning the pathways linking physician information,
giving skills to (improved) consultation outcomes for patients.

Trial Registration: Netherlands Trial Register NTR6153; https://www.trialregister.nl/trial/6022 (Archived by Webcite at
http://www.webcitation.org/76xVV9xC8).

International Registered Report Identifier (IRRID): DERR1-10.2196/12453

(JMIR Res Protoc 2019;8(5):e12453)   doi:10.2196/12453

KEYWORDS

physician patient relationship; health communication; information dissemination; immediate recall; trust; symptoms; clinical trial
protocol; video vignettes

Introduction

Background
Informing patients with cancer about the possible implications
of prospective treatment is a crucial yet challenging task. Cancer
treatment plans are typically complex, and the effects on
patients’ physical and psychological well-being can be severe.
Although it is important that patients remember treatment
information, research consistently shows that patients’ recall
of medical information is poor [1-7]. Patients forget
approximately 40% to 80% of the information that is provided
by their oncologist [5,8-10].

Lack of information is not only potentially harmful but has also
been cited as among the greatest causes of dissatisfaction in
patients with cancer [1,6,11-13]. Patients mostly want
information about treatment [14], particularly about symptoms
and side effects, both in the short and long term [15-18]. Having
information about symptoms and treatment may provide patients
with a sense of control, reduce their anxiety and distress, and
provide support coping with the physical and psychological
demands of cancer treatment [18,19]. Additionally, by
discussing current and future symptom experiences, physicians
can influence patients’ expectations of symptoms and their
ability to control symptoms [20]. These expectations may
subsequently affect patients’actual symptom experiences, either
positively (placebo effect) or negatively (nocebo effect) [20,21].

Finally, providing comprehensive and understandable
information that is congruent with patients’ needs is known to
increase patients’ trust in the physician [22], which is associated
with a higher tolerance for symptoms [21,23]. Indeed, patients
with cancer who feel more able to cope with the disease and its
treatment are better adjusted and experience greater quality of
life than patients who feel less in control [24]. Therefore,
effective information giving entails that oncologists help patients
understand and recall the implications of their treatment,
meanwhile fostering a trusting physician-patient relationship.

Strategies of Effective Information Giving
Communication strategies to enhance information provision
can be described as either cognition- or affect-oriented [25,26].
Cognition-oriented strategies are typically aimed at enhancing
patient-related outcomes that are cognitive in nature, such as
patients’ recall of information [27-31]. Two prominent

cognition-oriented strategies are information structuring and
tailoring. Affect-oriented strategies target patients’ emotions
and include, for example, oncologists’ expressions of caring or
empathy [9,31-35]. Owing to the inherent interplay between
the cognition-oriented and affect-oriented aspects of information
giving [36], these strategies should ideally be studied in
conjunction.

Structuring
Structuring treatment information, that is, a clear organization
of information provision during a consultation, is assumed to
improve patients’ recall. Structure allows patients to
systematically organize and store information in their working
memory, such that it is easier to remember at a later moment
[28,29]. Similar to the way in which newspaper articles or books
are structured by means of, for example, (sub)titles and
paragraph/chapter headings, physicians can use verbal structure
signals to guide their patients through the information (also
called the book metaphor) [28]. A total of 4 types of explicit
verbal structure signals can be distinguished [37,38]: (1)
Statements that set the agenda and announce key topics that
will be dealt with in detail later (eg, “The most important issues
to be discussed are...”); (2) Statements used to conclude or
summarize the most important issues discussed (eg, “All in all,
there are four main issues to be considered...”); (3) Ordinal or
numeral signals that indicate elements of a series (eg, “first,
second,...” and “in addition”); and (4) Statements expressing
an opinion or a point of view (“unfortunately”; “in my
opinion”) [37,38]. As early as in the 1970s, Ley et al found that
the use of explicit structure signals in medical information can
improve students’ memory [12]. Four decades later, Langewitz
et al [28] demonstrated that providing verbal structure signals
during discharge consults in emergency medicine significantly
improved students’ recall. These results are yet to be replicated
in clinical contexts.

Tailoring
Tailoring, that is, adjusting the (amount of) information to meet
an individual patient’s information need, is proposed to be more
effective than the provision of generic information [39,40].
People tend to pay more attention to information that they
perceive as personally relevant, which leads to improved
information processing and consequently better recall [40-42].
For patients with cancer, providing them with less information
than they wish is known to cause dissatisfaction [16] and
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providing them with more information than they desire can also
be harmful [43]. Consequently, a tailored approach, that is,
congruence between the patients’ information need and
physician's information provision, is generally advocated
[40,41,43-46].

Caring
Caring refers to a communication style in which the physician
displays behaviors of empathy for and affective engagement
with the patient [9,47,48,49], thereby potentially reducing
patients’ emotional distress [9,32,48] and enhancing patients’
memory of information [49,50]. A sense of a caring relationship
with the physician has been shown to increase patients’
satisfaction with the provided information [34]. Other studies
demonstrate that patients’ trust in their physician reduces the
need to subsequently seek detailed information [44,51].
Moreover, research suggests that physicians can help alleviate
symptom distress by affective communication, rather than by
information giving alone [21,52].

The effectiveness of the aforementioned cognitive (ie,
structuring and tailoring) and affective (ie, caring) strategies
may differ, depending on patients’ individual characteristics
known to affect information processing, such as their age [5],
their degree of anxiety [35] or coping style [53], or their medical
history.

Research Objectives
The randomized controlled trial described in this study protocol
aims to provide evidence concerning the pathways linking
physician communication to (improved) consultation outcomes
for patients. More specifically, it seeks to determine the effects
of information structuring (experiment 1) and information
tailoring (experiment 2), combined with physician caring, on
information recall, satisfaction with information, and trust in

the physician (primary objective). Additionally, it aims to
determine the effects of these independent variables on expected
symptom distress (secondary objective). The planned trial
consists of a single study in which 2—analytically
distinct—subexperiments can be identified—each with specific
objectives related to the independent variables.

Hypotheses and Research Questions
The hypotheses and research questions are as follows (see Figure
1):

1. Experiment 1: Structuring
• H1: Information structuring positively affects patients’

recall of treatment information.

2. Experiment 2: Tailoring
• H2: Information tailoring positively affects patients’

recall of treatment information.

3. Experiments 1 and 2: Caring
• H3: Oncologists’expressions of caring positively affect

patients’ recall of, and satisfaction with, treatment
information and their trust in the oncologist.

• RQ1: Is there an interaction effect of information
structuring or tailoring and oncologists’ expressions
of caring?

• RQ2: Do patients’ recall of, and satisfaction with,
treatment information and their trust in the oncologist
affect patients’ expected symptom distress?

• RQ3: Do patient characteristics, including
sociodemographics (eg, gender, age, and health
literacy), medical history (eg, type and year of diagnosis
and treatment), and personality traits (eg, coping style
and trait anxiety), moderate the hypothesized
relationships?
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Figure 1. Hypotheses and research questions.

Methods

Trial Design
The trial employs a between-subjects single-message factorial
design in which the independent variables of interest are
systematically manipulated. This is done using the video vignette
methodology. In experiment 1, hematologists’ information

structuring and expressions of caring are varied in a 2 (standard
versus enhanced structuring) × 2 (standard versus enhanced
caring) design. In experiment 2, hematologists’ information
tailoring and expressions of caring are varied in a 2 (high versus
low need for information) × 2 (high versus low amount of
information provided) × 2 (standard versus enhanced caring)
design. This results in 12 experimental conditions, or
interventions, across the trial (see Tables 1 and 2).

Table 1. Experiment 1: Manipulation of provider information structuring and caring (2×2 design).

CaringStandard of careManipulations

Enhanced caringStandard of careStandard of care

Enhanced caring and structuringEnhanced structuringStructuring
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Table 2. Experiment 2: Manipulation of provider caring and information tailoring in a match/mismatch design (2×2×2 design).

ProviderManipulations

No caringEnhanced caring

No additional information
provision

Additional information pro-
vision

No additional information
provision

Additional information pro-
vision

Patient

Tailoring mismatch; (+ −)Tailoring match; (++)Tailoring mismatch; (+ −b)Tailoring match; (++a)High information
need

Tailoring match; (− −)Tailoring mismatch; (− +)Tailoring match; (− −d)Tailoring mismatch; (− +c)Low information need

aPatient with high information need receiving additional information provision.
bPatient with high information need yet not receiving additional information.
cPatient with low information need nevertheless receiving additional information.
dPatient with low information need not receiving additional information.

Study Setting
The trial is set within the specific context of hematology and
the treatment of malignant lymphoma (diffuse large B-cell
lymphoma [DLBCL]). Treatment information, including
information about likely symptoms, is particularly important in
this context because treatments are highly unpleasant and require
patients’ commitment and adherence in the face of these
demands [36]. The trial is conducted in the Netherlands. This
study has been evaluated by the medical ethical committee of
the Academic Medical Center. The institutional ethics committee
has determined that the study is exempt from the need for review
according to the Dutch regulations for research involving human
subjects (W16_054 # 16.069, date: February 2016).

Eligibility
Participants are (former) patients with cancer and their relatives.
Eligible participants (1) have experience with oncology
consultations, as a (former) patient or relative; (2) are fluent in
Dutch; (3) are at least 18 years of age, and (4) have access to
the internet at their home computer to complete the survey and
view a video vignette. Inclusion of (former) patients with cancer
and their relatives is believed to maximize identification with
the patient displayed in the video vignette intervention.

Video Vignette Intervention

Video Vignettes
Eligible participants are randomized in equal proportions to
view 1 of 12 video vignette interventions. Video vignettes are
scripted, hypothetical scenarios of real-life (medical)
consultations, which allow for the systematic variation of verbal
and/or nonverbal behaviors across experimental conditions
[48,54-63]. Video vignettes are preferred in health
communication research when ethical or practical considerations
prevent the manipulation of physician behaviors in clinical
practice. Participants are asked to view and evaluate vignettes
while imagining themselves to be the patient in the video, that
is, participants act as analogue patients [61,62]. Several studies
demonstrated the validity of this type of methodology [60-63]
and show that video vignettes allow for good levels of
experimental control through script standardization and
manipulation checks. Formal guidelines for video vignette

development proposed by Hillen et al [61] and van Vliet et al
[62] are used in this study to enhance internal and external
validity.

Scenario Development
The first author (NL) used existing recordings (n=12) [64] and
2 days of real-life observations of consultations between
hemato-oncologists and lymphoma patients to develop a script
of a prototypical treatment-related consultation in hematology.
Additionally, instructional materials for patients and
evidence-based publications about malignant lymphoma and,
in particular, DLBCL, its treatment (R-CHOP), and possible
side effects were consulted. The main side effects and
complaints associated with DLBCL and its treatment, as derived
from the literature, included fatigue, nausea, infections, and
anxiety.

When possible, exact excerpts from the transcribed consultations
and information materials were embedded in the basic script to
enhance ecological validity. To further ensure realism of the
script, the basic script was discussed and revised in several
discussion rounds with the project’s lead hematologist (MJK).
Furthermore, the script was role played by 2 medical
communication researchers to test the natural flow of the
dialogue. The basic script was then sent out for commentary to
an expert panel consisting of 8 hematologists, radiotherapists,
and oncologists from academic and regional hospitals, ranging
in experience from resident in training to senior attending.
Additionally, 11 patients with a history of lymphoma or blood
cancer were recruited to provide written feedback. This was
done via PanelCom [65], an online panel for patient-provider
research. Expert panel members were subsequently excluded
from further trial participation. Finally, a professional
scriptwriter also commented on the script. The physicians,
patients, and scriptwriter were asked to specifically provide
feedback on the script’s (medical) realism and the interaction
between the physician and patient. The script was revised
accordingly and discussed for final revision by the overall
project group, including 4 medical psychologists, 1
hematologist, 3 medical communication researchers, and 2
medical education experts.
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Experimental Manipulations
The basic script was designed such that the independent
variables of interest—structuring, tailoring, and caring—could
be integrated into the dialogue in the form of blocks of text
fragments. These fragments sometimes consisted of a turn-taking
sequence between the hematologist and patient or of short
utterances added to the hematologist’s text. Experimental
manipulations were thus operationalized primarily as verbal
expressions, which were in turn supported by nonverbal
behaviors, if possible (eg, using hand signals to support
statements such as “first,” “second”).

Structuring

On the basis of theoretical conceptualizations of text structuring
[37,38,66,67], providing structure when giving information was
operationalized (1) by having the physician provide verbal
signals that introduce content and set the agenda (eg, “In today’s
consultation I will tell you more about the treatment with
chemotherapy and what to expect”; “I would like to discuss
four possible side-effects and complaints with you”), (2) by
having the physician summarize information (eg, “In short, you
could thus suffer from nausea, fatigue, and infections”), and (3)
by having the physician use ordinal or numeral text signals to
indicate separate elements in a series (eg, “first, second”;
“additionally, moreover, finally”). These structure markers were
absent in the standard script (see Table 2).

Tailoring

Patients’ need for information was operationalized in the video
script by having the patient respond to a prompt by the physician
(eg, “Would you like to know more about this?”). The patient
either confirmed a preference for more information (eg, “I would
like to know as much as possible”) or stated that the information
received was considered sufficient for the time being (eg, “It’s
clear for now. I would like to let it all sink in”). This was done
twice, once at the beginning and once toward the end of the
consultation, keeping the patient’s need for information (high
vs low) consistent across the script. Tailoring was defined as a
match between a high information need of the patient and the

provision of further information (tailoring+) or a match between
a low-information need of the patient and the absence of further

information provision (tailoring−). In contrast, lack of tailoring
was defined as a mismatch between need for information and

information provision (no tailoring+ and no tailoring−; see
Table 2).

Caring

Physician caring was operationalized based on Hillen et al [33]
who developed, tested, and used doctors’ verbal expressions of
caring in a scripted video vignette study to test the effect of
caring on trust. These verbal utterances were modified to fit the
hemato-oncology setting, based on feedback from the expert
panel, the patients, screenwriter, and project group during script
development. The overall effectiveness of these manipulations
of provider caring was established previously [33]. In the
standard script, these expressions of caring were absent (Table
2).

Pretest Script Manipulations

To test the efficacy of the manipulations pertaining to
information structuring and information preference tailoring, a
pretest was conducted among a convenience sample of 63
participants (76%, [48/63] female; age range: 20 to 72 years;
mean 41.5), including 19% (12/63) physicians (5 of which were
hematologists), 11% (7/63) patients with lymphoma and blood
cancer, 33% (21/63) researchers, and 37% (23/63) participants
without previous experience in hemato-oncology. Participants
were randomly assigned to one of the experimental conditions
in which they were asked to read short, relevant excerpts of the
script. Depending on the condition, participants were asked to
rate the extent to which the physician structured the provided
information or adjusted the amount of information to the
patient’s personal needs on a scale from 1 (not at all) to 10 (a
lot). In an open-ended question, they were asked to explain their
judgment. The findings from the pretest suggested that these
manipulations were largely recognized. Nonetheless, participants
did not always correctly distinguish between structured and
unstructured information provision. To resolve this, information
structuring signals were made more explicit in the script, for
example, by reformulating text fragments more strongly and
by emphasizing verbal statements with nonverbal behaviors.

Filming and Editing
The roles of physician and patient were played by professional
actors with ample experience as standardized patients in the
medical context and with video vignette research in particular.
The role of the hematologist was played by a 51-year-old white
male; the role of the patient was played by a 57-year-old white
female. The video vignettes were recorded by a professional
film crew, over the course of 2 days, at our hospital. The first
day of filming was used as a training day and resulted in a
preliminary video clip, shot with a single-camera setup. This
clip was shown to a group of 10 medical communication and
education experts who provided feedback on, for example,
aspects such as quality of the image, as well as the acting skills
and realism of the set. Changes were made where necessary.
On the second day of filming, the entire script was filmed using
a multicamera setup: the scenario was shot from 3 different
angles. Subsequent editing resulted in 12 experimental video
vignettes, ranging in length between 9 and 11 min.

Outcomes, Survey Development, and Testing

Survey (Outcome) Measures
As preparatory work for the trial, the experimental survey,
including the study outcome measures, was developed and tested
in a pilot study.

Background Measures

Survey questions concerning participants’ sociodemographic
background included gender, birth year, ethnicity, living
situation, educational level, and occupational status. In addition,
questions concerning participants’ health literacy [68], medical
knowledge (general and lymphoma-specific), overall health (1
item), and cancer (treatment and family) history were included.
Personality trait measures included the avoidance scale of the
Impact of Event Scale (8 items, 4-point scale) [69] to assess the
tendency to avoid cancer-related issues, the Trait Anxiety
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Inventory (20 items, 4-point scale) [70] for the assessment of
generalized anxiety, the Threatening Medical Situations
Inventory (TMSI-2, Monitoring scale) [71] to assess a
monitoring coping style, and a single item assessing information
preferences in medical consultations (5-point scale).

Manipulation Checks

To assess manipulation success of the independent variables, 3
items similar to those used in the pretest were included (scale
1-10; perceived structuring, tailoring, and caring). Open text
boxes were added for participants to explain their judgments.
The Video Engagement Scale (15 items; 7-point scale) [60] was
included to measure participants’ involvement with the video
vignette.

Information Recall

Information recall was measured following the protocol of the
Netherlands Patient Information Recall Questionnaire [8]. On
the basis of the video vignette script, an item pool was
developed, pairing open-ended questions (active recall) with
analogous multiple-choice questions (recognition). A code sheet
was developed by the authors (NL and ES) to assess correctly
recalled items and calculate active recall and recognition scores.
The results from the pilot test were used to refine the scale items.
Two coders independently scored the pilot answers. In the case
of disagreement, results were discussed to reach consensus (for
further details, see pilot testing results below).

Participants’ satisfaction with the information provided in the
video was measured with 7 single items (5-point Likert scale).
In total, 4 items were taken from the European Organisation for
Research and Treatment of Cancer Quality of Life
Questionnaire-INFO25 survey (items 52-55) [72]. Items assessed
participants’ satisfaction with the content and amount of
information provided by the hematologists; their desire for more
or less information; the perceived usefulness and clarity of the
information; and their satisfaction with the hematologist’s
information giving style. Participants were asked to explain their
answer in an open-ended question box.

To assess participants’ trust in the video hematologist, the 5-item
short trust in oncologist scale (5-point Likert scale) was added
[73].

Expected Symptom Distress

Expected symptom distress, that is, the perceived probability
(1=very improbable to 5=very probable), severity (1=not at all
severe to 5=very severe), and controllability (1=very little to 5
a lot) of physical as well as emotional distress was measured
using separate items for each of the possible complaints
discussed by the hematologist (fatigue, nausea, infections, and
anxiety). Hemato-oncologists whom we consulted for this study
differed in their opinion as to whether patients would appreciate
information about the possible evolution of anxiety. For this
reason, we added a single item (1=very unimportant to 5=very
important) to measure the extent to which participants find it
important that hematologists explicitly discuss possible feelings
of anxiety and insecurity following diagnosis and treatment.

Pilot Testing
Survey validity and usability as well as the ecological validity
of the video vignettes were pilot tested among 53 healthy
participants aged 45 years and above. This age range was based
on the incidence of non-Hodgkin lymphoma, which occurs
mostly in older adults [74]. Participants were recruited in
collaboration with Qualtrics panel services. In total, 500
invitation emails were sent out through the panel. A total of 145
(29.0%, 145/500) participants entered the survey, 87 (60.0%,
87/145) of which were filtered out as they did not match our
participant requirements (Dutch; aged 45 years and older; and
equal distribution of gender and region). Of the remaining 58
participants, a total of 53 (91%, 53/58) completed the survey
including 1 random version of the 12 video vignettes.

The majority of participants (98%, 52/53) were Dutch.
Participants (51%, 27/53 male) were on average aged 55.2 years
(range 41 to 71); 64% (34/53) of participants indicated to have
a partner. Participants had a diverse educational background;
42% (24/53) had a high school diploma; 30% (1/53) had
completed vocational training; and 26% (14/53) had obtained
a higher educational degree. In total, 45% (24/53) of the
participants were not employed at the time of the survey. This
was likely because of the average age of the target population.

Participants indicated to have little to average (medical)
knowledge about cancer and lymphoma in particular (cancer:
mean 2.68, range 1 to 5; lymphoma: mean 1.94, range 1 to 5).
They judged their own health as average (mean 2.68; range 1
to 4) as compared with others their age. The majority of
participants (79%) knew someone in their direct circle of friends
and family who has (had) cancer. In total, 6 participants (11%)
had received a cancer diagnosis (between 1993 and 2015),
including skin cancer (4), breast cancer (1), and vocal cord
cancer (1); two had received chemotherapy treatment.

Participants found the video realistic (mean 5.81; range 1 to 7),
believable (mean 6.04; range 1 to 7), and the events displayed
lifelike (mean 6.15; range 2 to 7). They found it easy to pay
attention to the video (mean 5.85; range 1 to 7). More so, they
perceived the physician as friendly (mean 5.96; range 1 to 7),
likeable (mean 5.87; range 1 to 7), and credible in both his
behavior (mean 5.94, range 3 to 7) and looks (mean 6.06, range
4 to 7). This provided support for the ecological validity of the
video vignettes.

On average, participants found the physician’s information
structured (mean 8.13, range 3 to 10). They also deemed the
amount of information provided by the physician quite adapted
to the patient’s needs (mean 7.72, range 2 to 10). Finally,
participants perceived the physician as relatively empathetic
(mean 7.57, range 3 to 10). Owing to the small group sizes (n=3
per condition), between-group differences were not tested.
However, these overall scores suggested the potential for ceiling
effects in the item’s responses. Items were revised slightly to
minimize these effects, but attention should be paid to this
during the trial.

The recall instrument required revision (NL and ES), as some
items appeared overly easy or complex. Adaptations resulted
in a total pool of 28 items (14 active recall and 14 recognition).
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For active recall, possible scores now range from 0 to 33 for
recognition from 0 to 14. The pilot test indicated sufficient
variation for information satisfaction, physician trust, and
expected symptom distress.

Taken together, the results of the pilot test and subsequent
revisions support the start of the trial. The procedures of the
planned trial are further detailed below.

Participant Timeline
Participant recruitment and data collection are expected to last
up to 2 months to reach the required sample size. This is
considered feasible, based on previous experience using
participant panels for study recruitment.

Sample Size
The required sample size is estimated at N=420 participants
(structuring N=180 and tailoring N=240), based on a priori
power analyses in G*Power [75] with the alpha set at .05, a
probability level of .80, and estimated medium effect sizes of
.10 to .25 for the dependent variables, that is, information recall,
information satisfaction, and trust in the physician.

Recruitment Procedures
First, members of the PanelCom panel will be invited to
participate in the experiment via mass emailing, receiving up
to 2 reminders [65]. Second, (former) patients with cancer and
their family members will be recruited in collaboration with
several cancer patient support organizations, including the Dutch
Cancer Society and Hematon, the Dutch association for patients
with blood cancer and lymphoma. Through these organizations,
potential participants will be informed about the study and
invited to sign up for participation.

Participants are informed that the study is part of a research
project about information giving in the context of cancer
treatment. Furthermore, they are informed that study
participation includes an online survey and a scripted video of
a hematology consultation that will take approximately 30 min
to complete and can be entered from a home computer.
Participants are asked to complete the survey individually and
in one sitting. Finally, participants will be notified that all data
will be treated confidentially and remain anonymous.
Participants provide informed consent upon entering the online
survey.

Allocation and Blinding
Participants are automatically and randomly assigned to 1 of
12 conditions, or interventions, (1:1 ratio) in either the
structuring or the tailoring experiment. Allocation is achieved
by computer-generated randomization. Participants are unaware
to which condition, that is, intervention, they are assigned
(blinded). Researchers are unaware, for the duration of the trial,
to which condition participants are assigned.

Analysis
Data will be cleaned in a stepwise procedure [76], including the
identification of missing values because of dropout,
standardization and normalization of data, and outlier analysis.
Data will subsequently be analyzed using IBM SPSS statistical
package. In the first step, it will be determined whether the

experimental groups, within each of the 2 subexperiments of
the trial, are indeed comparable in terms of participant
characteristics, such as sociodemographics, personality traits,
and disease history. If differences are found, these will be
controlled for in subsequent analyses. Then, for each of the 2
experiments, one-way analysis of variance or covariance (when
aspects need to be controlled for) will be conducted to test the
effects of information structuring, information tailoring, and
caring on information recall, satisfaction, and trust (H1, H2,
and H3, respectively). Additionally, the interaction effect
between caring and information structuring as well as tailoring
will be added to these models (RQ1). It will be investigated to
what extent patient characteristics moderate the hypothesized
relationships (RQ3). If necessary, because of violations of the
assumption of homogeneity of variance, Welch F statistic will
be employed. Posthoc comparisons, using Bonferroni or
Games-Howell, will be used as applicable, to create a better
understanding of between-group differences. Finally, linear
regression analyses will be used to assess possible relationships
of information recall, satisfaction, and trust with expected
symptom distress (RQ2). Significance levels are determined at
P<.05.

Results

Data collection has now been completed. A total of N=607
participants went to our homepage, provided informed consent
online, and started the survey. A total of N=470 completed the
first part of the survey and were randomized to receive 1 of the
12 video vignette interventions within 1 of the 2 experiments
(77.4%, 470/607). Participants did not differ from those who
dropped out, except for their age (in experiment 1, N=148):
completers were younger (mean 3.8 years; P=.002) and
consequently less likely to be retired (41.2%, 194/470) vs 56.4%
(83/148; P=.006). The first analyses will be available in Spring
2019.

Discussion

Strengths and Limitations
This study protocol describes the procedures for a randomized
controlled trial in which 2 video vignette experiments are used
to test the effects of physician information giving about side
effects of cancer treatment on patient outcomes. Specifically,
the effects of cognitive-oriented communication strategies (ie,
information structuring and tailoring) as well as affect-oriented
strategies (ie, caring) on patient recall, satisfaction, and trust
are tested in conjunction. The outlined approach has both
advantages and limitations.

Video vignette experiments allow researchers to experimentally
test the causal relationships between communicative behaviors
and consultation outcomes. This is particularly relevant when
systematic manipulation of physicians’behaviors is undesirable
for ethical or practical reasons. This trial thus has the potential
to yield critical evidence to support interventions to change
communicative behaviors in clinical practice. In the preparatory
phase of the trial, the video vignettes were carefully developed
in a stepwise procedure, involving a panel of hematologists,
patients with cancer, health communication researchers, and
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medical psychologists as well as a pilot test. Through this
procedure, the script and its manipulations were thoroughly
evaluated to ensure vignette realism as well as the effectiveness
of the separate manipulations.

However, it should be noted that design artificiality can hamper
ecological validity and that the use of analogue patients can
hinder participants’ability to identify with the portrayed clinical
situation. To ensure vignette realism, the script was based on a
transcript of a full-length hematology consultation. As such,
the script sought to represent a true-to-life hematology
consultation rather than an ideal situation. Duration differences
between the different versions of vignettes might account for
differences in outcomes rather than the manipulation. However,
duration differences are characteristic for realistic consultations,
and compensating for these differences by adding fillers to the
script may produce its own, undesirable, effects [63].

The pilot study demonstrated that participants were indeed able
to identify and engage with the video patient. Inclusion of study
participants who have previous experience with oncology
consultations is expected to further improve identification with
the vignettes, although our research group previously found no
difference in identification between patients with cancer and
cancer naïve participants [63].

As participants will be recruited via a panel of (former) patients
with cancer and their relatives, as well as via patient
organizations, it should be taken into account that panel
participants may not be fully representative of the patient
population. However, this is not deemed problematic as we
primarily aim to identify pathways underlying effective
information giving rather than to generalize patient outcomes
to the population. The use of participants with previous
experience with cancer does raise ethical concerns, as
participants may experience feelings of anxiousness or sadness
as a result of viewing a video in which a cancer treatment plan
is discussed. This was reviewed by the institutional ethics
committee. Participants are extensively debriefed following the

experiment to minimize any negative impact of study
participation.

Finally, it should be noted that, although video vignettes provide
an effective method to study communication effects among
(oncology) patients and their relatives, sometimes the use of
so-called analogue patients poses a challenge. When striving
to test the effects of information tailoring, the communication
in the scripted vignettes is tailored to the video-patient rather
than to the study participant. This may have implications for
the findings. Direct effects of tailoring on participants’ recall
of information cannot be assumed. To overcome this issue, we
added an item to the survey, assessing participants’ personal
information preferences (amount). Consequently, we can control
for this variable in our statistical models.

Implications
The results of the proposed trial will provide evidence
concerning the pathways linking physician communication to
(improved) consultation outcomes for patients. In particular,
the relationships between physicians’ information structuring
and tailoring (cognition-oriented skills) and caring
(affect-oriented skill) and patients’ recall (cognitive outcome),
satisfaction, trust in the physician, and—ultimately—symptom
distress (affective outcomes) will be clarified. The trial will
allow researchers to further define what effective information
provision about treatment precisely entails. Thereby, this study
is highly relevant for patient-provider research in oncology
settings. However, there are also practical implications. The
results can be used to improve medical education about
information provision. Within the scope of this study, it is indeed
aimed to develop an innovative, evidence-based training module
for hematologists about treatment information provision in
cancer care [77]. The ultimate aim of this study is to contribute
to our understanding of how oncologists can best inform patients
about future symptoms to eventually improve patients’
well-being and minimize potential suffering.
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Abstract

Background: Uncertainty is integral to evidence-informed decision making and is of particular importance for preference-sensitive
decisions. Communicating uncertainty to patients and the public has long been identified as a goal in the informed and shared
decision-making movement. Despite this, there is little quantitative research on how uncertainty in health information is perceived
by readers.

Objective: The objective of this study is to design an experiment to examine how different degrees of uncertainty (Q1) and
different types of uncertainty (Q2) impact patients’ perception of treatment effectiveness, the body of evidence, text quality, and
hypothetical treatment intention. The experiment also examines whether there is an additive effect when multiple sources of
uncertainty are communicated (Q3).

Methods: We developed 8 variations of a research summary set in a hypothetical scenario for a treatment decision in the context
of tinnitus. These were modified only in the degree of uncertainty relating to the evidence of the presented treatment. We recruited
members of the German public from a Web-based research panel and randomized them to one of 8 variations of the research
summary to examine the 3 research questions. The trial was only open to the members of the research panel. The outcomes are
perception of the effectiveness of the treatment (primary), certainty in the judgement of treatment effectiveness, perception of
the body of evidence relating to the treatment, text quality, and decisional intention (secondary). Outcomes were self-assessed.
We aimed to recruit 1500 participants to the trial. The recruitment and data collection was fully automated. Ethical approval was
waivered by an ethics committee because of the negligible risk to participants.

Results: This protocol is retrospectively published in its original format. In the meantime, the trial was set up and the data
collection was completed. Data collection was conducted in May 2018. A total of 1727 eligible panel members were enrolled.

Conclusions: We aim to publish the results in a peer-reviewed journal by the end of 2019. In addition, results will be presented
at conferences and disseminated among developers of guidance for the development of evidence-based health information and
decision aids.

Trial Registration: German Clinical Trials Register DRKS00015911; https://www.drks.de/drks_web/navigate.do?
navigationId=trial.HTML&TRIAL_ID=DRKS00015911 (Archived by WebCite at http://www.webcitation.org/77zyZTGzk)

International Registered Report Identifier (IRRID): DERR1-10.2196/13425

(JMIR Res Protoc 2019;8(5):e13425)   doi:10.2196/13425
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Introduction

Background
Uncertainty pervades health care and is integral to
evidence-informed decision making. The many layers of
uncertainty, however, have hampered a common understanding
of the subject. Han et al have developed a helpful taxonomy by
identifying various types of uncertainty and classifying them
into 3 dimensions [1]:

• Sources of uncertainty: These include, for example,
ambiguity arising from conflicting evidence or statistical
uncertainty.

• Issues arising from uncertainty: These include difficulties
in decision making resulting from scientific uncertainty,
for example, regarding treatment effects.

• Their loci, that is, uncertainty may exist in the mind of the
patient, the health care provider, or both.

In terms of these dimensions, our experiment examines how
communication of scientific uncertainty affects the perception
of treatment effectiveness by patients and the public. Helping
patients and consumers to understand and deal with uncertainty
has been identified as one of the goals of the shared decision
making and informed choices movement [2]. Understanding
uncertainty is of particular importance for preference-sensitive
decisions, that is, when there is a close trade-off between
benefits and harms, and patient values and preferences are highly
variable. Communicating uncertainty, however, poses many
difficulties. Often information providers have to decide which
of the many sources of uncertainty are most relevant to patients.
Selection is required to prevent information overload, which
can prompt people to base their decisions on heuristics rather
than evidence [3]. Furthermore, communication of uncertainty
may also have detrimental effects, for example, by hampering
understanding or decreasing the credibility of the information
provider [4,5].

Research on how to communicate uncertainty regarding the
benefits and harms of treatments to patients and the public is
limited. A systematic review by the Agency for Healthcare
Research and Quality identified 8 controlled studies with 9
comparisons, including 6 randomized trials [6]. Of these studies,
4 examined statistical uncertainty, 4 studied different ways of
communicating net benefit, and 1 addressed uncertainty arising
from the use of a surrogate outcome. These studies were very
heterogeneous in terms of context (including cancer screening
and treatment decision making), interventions (including written
information, drug fact boxes, and multifaceted interventions),
and outcomes (including risk perception and decision making).

Objectives
We are not aware of any studies investigating whether
perceptions of uncertainty depend on the degree, type, or amount
of uncertainty presented in written health information. Thus,
we decided to address the following 3 questions in our study:

1. Degree of uncertainty: Do members of the public perceive
treatment effects differently depending on the choice of
words used to express the certainty of those treatment
effects?

2. Type of uncertainty: Do members of the public interpret
uncertain treatment effects differently depending on the
type of uncertainty?

3. Number of sources of uncertainty: Is there an additive effect
of multiple sources of uncertainty?

We investigated these questions using 8 variations of a written
piece of hypothetical consumer health information (research
summary) set in a treatment decision scenario in the context of
tinnitus. The research summaries were presented to a broad
group of members of the German public using a Web-based
research panel. Although the study was conducted with
Web-based health information, we believe the results will be
applicable to all types of written health information, including
printed material.

We designed the experiment as a Web-based randomized
superiority study, with 8 parallel groups allocated in an equal
ratio (between-group design).

Methods

Procedures
We recruited members of the public from a Web-based research
panel. Panel members had to be at least aged 18 years and able
to read and write German. No other inclusion restrictions were
applied.

The participants were first provided with a short introduction
to the study and an informed consent sheet. We then collected
information on age, sex, and educational degree. Participants
were then asked to imagine having tinnitus and having
unsuccessfully tried several treatments (see Multimedia
Appendix 1). They were then randomly presented with one
version of different variations of the research summary on the
internet. These contained information on the medical condition
and a short summary of evidence for a fictitious new tinnitus
medication called Oroxil (see Multimedia Appendix 1). After
presenting participants with the research summaries, we
collected data on different outcomes using a questionnaire
developed for the purpose of this study. We asked participants
to return to the research summary as needed while answering
the questions. At the end of the experiment, participants were
asked about their profession (medical or nonmedical) and their
history of tinnitus (present or not present). Participants were
neither aware of the specific research questions nor of the
alternative presentations. The original research summaries were
written in German and translated into English for this
publication.

Interventions
We chose a treatment scenario in the context of tinnitus and
developed 8 variations of the research summary based on our
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experience and use of language in providing evidence-based
health information to consumers through Germany’s statutory
health website [7]. In accordance with the objectives of our
study, we altered the research summary regarding the degree
of uncertainty, the sources of uncertainty, and the number of
sources of uncertainty. This resulted in 8 variations, two of
which were used in 2 (statistically independent) comparisons
(Table 1). An exemplary version of the research summary is
provided in the Multimedia Appendix 1.

For the first objective of the study (Q1), we formulated 3
versions of the research summary with different degrees of
uncertainty of the treatment effect. One version (A) describes
a certain treatment effect and the other (B), a possible, but not
certain treatment effect (indication of effect). The third version
(B1) is identical to variation B but includes an additional
statement on the need for further research. The semantic
variations in the degrees of uncertainty of the treatment effect

were based on the methods for the assessment of treatment
benefits developed by the German Institute for Quality and
Efficiency in Health Care (IQWiG) [8].

For the second objective (Q2), we drew on the GRADE (Grading
of Recommendations Assessment, Development and Evaluation)
framework to categorize different types of uncertainty.
According to GRADE, uncertainty can arise from risk of bias,
(unexplained) inconsistency, indirectness, imprecision, and
other threats to validity, such as publication bias or vested
interests [9]. We therefore formulated 3 additional variations
of the research summary describing publication bias and vested
interests (B2), indirectness (B3), and imprecision (B4). We will
also include variation B1 in this comparison.

For the third objective of the study (Q3), we developed 2 further
variations that contained a combination of 2 or 3 sources of
uncertainty (B42 and B432). A variation including only 1 source
of uncertainty (B4) is included in this comparison.

Table 1. Variations of the research summary used to examine the 3 overarching research questions (translated from German).

Variation in textVersionVariations for research objective and
identifier

Q1. Degree of uncertainty

Studies show that Oroxil can reduce tinnitus.Effect shownA

Studies indicate that Oroxil may reduce tinnitus.Indication of effectB

Studies indicate that Oroxil may reduce tinnitus. (...) The pros and
cons of Oroxil cannot be fully judged, however. This requires further
research.

Indication of effect with general
explanation

B1

Q2: Type of uncertainty

As aboveIndication of effect with general
explanation

B1

Studies indicate that Oroxil may reduce tinnitus. (...) The pros and
cons of Oroxil cannot be fully judged, however. The reason for this
is that the company that developed the drug has not published all the
studies on Oroxil.

Publication bias/vested interestsB2

Studies indicate that Oroxil may reduce tinnitus. (...) The pros and
cons of Oroxil cannot be fully judged, however. The reason for this
is that the people who took part in the study were exposed to loud
noises at work. It is uncertain whether the results also apply to other
people.

Indirectness (population)B3

Studies indicate that Oroxil may reduce tinnitus. (...) The pros and
cons of Oroxil cannot be fully judged, however. The reason for this
is that only a small number of people took part in the studies.

Imprecision (small sample size)B4

Q3: Multiple sources of uncertainty

As aboveImprecision (small sample size)B4

Studies indicate that Oroxil may reduce tinnitus. (...) The pros and
cons of Oroxil cannot be fully judged, however. The reason for this
is that only a small number of people took part in the studies. Further-
more, the company that developed the drug has not published all the
studies on Oroxil.

Publication bias/vested interests and
imprecision

B42

Studies indicate that Oroxil may ease tinnitus. (...) The pros and cons
of Oroxil cannot be fully judged, however. The reason for this is that
the studies were small. Furthermore, the people who took part in the
studies were exposed to loud noises at work. It is uncertain whether
the results also apply to other people. Finally, the company that devel-
oped the drug has not published all studies on Oroxil

Publication bias/vested interests and
imprecision and indirectness

B432
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Outcomes
Our primary outcome is the perception of treatment
effectiveness. The secondary outcomes are subjective certainty
in the judgement of treatment effectiveness, perception of the
body of evidence, hypothetical treatment intention, and
perception of text quality.

The perception of treatment effectiveness was measured with
1 item on an ordinal scale (How do you judge the effectiveness
of Oroxil?) with 5 possible answers: (a) It is proven that Oroxil
can help; (b) Oroxil may possibly help; (c) It is unclear, whether
Oroxil helps; (d) Oroxil may not help; and (e) Oroxil definitely
does not help.

Subjective certainty in the judgement of treatment effectiveness
was measured on a 5-point Likert scale, ranging from not certain
at all to very certain. As this relates to the first question on
perceptions of treatment effectiveness, data on this item were
gathered immediately after answering the first question.

The perception of the body of evidence was measured with a
6-item semantic differential (Cronbach alpha=.81), with each
item measured on a 5-point Likert scale. Participants were asked
to rate the body of evidence as follows:

• Certain to uncertain
• Reliable to unreliable
• Valid to not valid
• Generalizable to not generalizable
• Excellent to poor
• Trustworthy to untrustworthy

The hypothetical treatment intention was measured using 1 item
(How would you decide?) measured on a 5-point Likert scale
with 2 poles: (a) definitely not take Oroxil and (b) definitely
take Oroxil.

The perception of text quality was measured with a 9-item
semantic differential (Cronbach alpha=.81) based on previous
literature [10,11]. The construct included the following items
measured on a 5-point Likert scale:

• Interesting to uninteresting
• Balanced to 1-sided
• Comprehensible to incomprehensible
• Credible to incredible
• Clear to unclear
• Well done to not well done
• Professional to unprofessional
• Appealing to not appealing
• Respectable to not respectable

Mediators (Explorative)
We collected data on the following possible mediating variables
for the purpose of explorative analyses:

• Decisional conflict (German version of the uncertainty
subscale of the decisional conflict scale, Cronbach
alpha=.76) [12]

• Perceived knowledge about the treatment measured on a
visual analogue scale ranging from 0 for no knowledge to
100 for all possible knowledge [13]

• Perceived sufficiency of knowledge about the treatment for
decision making, measured on an ordinal scale with 3
possible answers (more knowledge, the amount of
knowledge provided, and less knowledge)

• Perception of the credibility of the information provider
(based on previous scales, Cronbach alpha=.93) [14,15]

Moderators (Explorative)
We collected data on the following possible moderator variables,
again, for the purpose of explorative analyses:

• Sex
• Age
• Educational degree based on the German school system

(none/basic secondary/higher secondary/general entry
qualification for university/university degree)

• Subjective health literacy (using the German version of the
Brief Health Literacy Screening Tool (known as BRIEF),
Cronbach alpha=.76) [16]

• Numeracy (using the 1-item version of the Berlin Numeracy
Test) [17]

• Objective subscale of the perceived uncertainty of scientific
evidence scale (Cronbach alpha=.76) [18]

• Medical degree or profession (yes/no)
• Previous experience with tinnitus (history of

tinnitus/currently symptomatic/never present)

We piloted a paper-and-pencil version of the questionnaire with
2 versions of the research summary in a convenience sample of
40 students to test the reliability of the constructs,
comprehensibility of instructions, the stimuli, and the questions.
The reliability of the constructs was good to very good as
reported above (Cronbach alpha ranging from .76 to .93). On
the basis of the pretest, we omitted 2 items from the pilot
questionnaire for the outcome of perceived text quality to
increase reliability. We also amended the instructions to improve
comprehensibility.

Statistical Analysis
We will present demographic characteristics of the sample using
frequencies, in case of categorical data, and measures of location
(mean and median) and variation (SD, interquartile ranges
[IQRs], and ranges), in case of continuous data.

We will treat the primary outcome variable as an ordinal scale
with 5 possible values, where higher values indicate an increase
in the perception of effectiveness (5=it has been proven that the
treatment can help to 1=treatment definitely cannot help). We
will present data as medians, IQRs, and ranges for each group.
We will also present means and SDs, as well as the proportions
for each possible answer in descriptive tables. This will also
help to establish the practical relevance of the results.

For the secondary outcomes perception of the body of evidence
and text quality, we will combine the items of each of the scales
into 1 index by averaging their values, where a higher value
will indicate better perception of the body of evidence or text
quality.

For our confirmatory statistical analyses of the primary and
secondary outcomes, we will conduct Kruskall-Wallis tests to
test for overall differences between the groups within each of
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our 3 primary study questions. We chose to use a nonparametric
test to account for the types of scales used (ordinal scaling or
unequal differences between items).

In case of statistical significance, we will conduct a multiple
testing procedure to perform pairwise comparisons within the
groups by means of the Dwass-Steel-Critchlow-Fligner multiple
comparison analysis, which is based on pairwise 2-sample
Wilcoxon comparisons. All comparisons between groups across
the 3 overarching study questions will be considered explorative
(eg, A vs B432).

We will conduct sensitivity analyses by means of an analysis
of variance (ANOVA) to test for the overall differences between
the groups within each of our 3 overarching study questions. In
case of statistical significance, we will conduct pairwise
comparisons by means of Tukey honestly significant difference
procedure. We will inspect data to ensure that they meet
distributional assumptions (normality and equal variance) before
applying statistical tests.

Statistical analyses will be conducted in SAS version 9.4 (SAS
Institute Inc). All statistical tests will be 2-sided and performed
using a 5% significance level. Where applicable, differences in
means between groups will be presented together with a 95%
CI. All analyses will be conducted on an intention-to-treat basis.
Explorative analyses based on potential moderators and
mediators are not predetermined.

As we will collect outcome data immediately after the
presentation of the research summaries and panel members need
to finish the questionnaire to receive an incentive, we have no
major concerns regarding missing data. Furthermore, we assume
that any dropouts will be likely to be missing at random, as we
believe it is unlikely that the intervention has an influence on
the responses to the questionnaire. Thus, we do not plan to
employ any imputation methods. In case of missing data, we
will present this information descriptively.

As the experiment is Web-based and participants come from a
panel that provides incentives for participation, there is a risk
that some participants only participate to collect their incentive
and do not provide valid answers. As a measure of quality
assurance, we will exclude data from participants who answer
all questions in less than 2 min, spend less than 20 seconds on
the page displaying the research summary, and spend less than
1.5 min between reading the research summary and completing
the questionnaire (so called speeders). These time limits were
determined by a priori test readings. We will also exclude
participants who provide all answers in the same column for
the matrix questions, that is, when more than 1 item is displayed
on the screen (so called straightliners).

Sample Size Calculation
We based the sample size calculations for all 3 research
questions on the following considerations and assumptions. We
used the comparison of 4 groups (which corresponds to the
second study question) as a basis and proceeded from a 1-way
ANOVA with equal sample sizes in each group. We assumed
a significance level of 5% and a statistical power of 90%. We
decided to assume an effect size of F=0.15 for the primary
outcome (confirmatory analysis), where F denotes the ratio of

the SD of the group means and the common SD within each
group. This decision was made based on a pretest of 2 of the
research summaries, where we found small effect sizes in the
range of up to F=0.3, depending on the outcome variable.
According to Cohen, the chosen value of F lies between a small
(F=0.10) and a medium (F=0.25) effect size [19]. Sample size
calculations were conducted with nQuery version 3.0 (Statistical
Solutions Ltd). This resulted in a number of 159 participants in
each group. As the primary analysis is a nonparametric test, we
added 15% according to a general rule of thumb [20]. To allow
some leeway, we decided to randomize a total of 1500
participants, equaling an average of 187.5 participants per group.

Data Collection and Allocation Procedure
The data collection was run by the Survey Centre Bonn
(uzbonn—Gesellschaft für empirische Sozialforschung und
Evaluation), a spinout company of the Center for Evaluation
and Methods at the University of Bonn. UNICOM Intelligence
(formerly IBM SPSS Data Collection) was used for data
collection (UNICOM Systems, Inc). This software uses
Microsoft’s .NET Framework 4.0 random generator to generate
random numbers to allocate the participants to the research
summaries. A quota was used to ensure equal representation of
different age groups and sexes. Once a quota cell was full,
enrollment for this quota was closed. Thus, allocation happened
after panel members answered demographic questions and were
computer-checked for eligibility. As the experiment was entirely
Web-based, the allocation sequence was concealed from
investigators and data collectors. The data analyses will be
conducted by a statistician from the Medical Biometry
Department at IQWiG.

Ethics and Dissemination
The study was presented to the ethics committee at the
University of Erfurt (EV-20180921). The committee decided
that the research was exempt from the requirement of ethical
approval because of its negligible risk to participants and as
only nonidentifiable data were collected. The study results will
be disseminated via publication and conference presentations.

Results

The trial was set up between February and April 2018. Data
collection was completed in May 2018. Recruitment and data
collection were Web-based. First, a website, only accessible via
a link available to invited panel members, was set up (password
protected site). Font and color use matched the appearance of
the national German consumer health website [7]. Then, 6 of
the authors (RBB, ME, DF, UG, RM, and AW) read and reread
the recruitment texts and the research summaries. The same
authors also tested the questionnaire used for data collection.
After 2 rounds of debugging, the website and questionnaire
were finalized and data collection was started.

Participants were recruited by the Survey Centre Bonn from a
Web-based panel of members of the German public. The panel
was provided by the online access panel provider Bilendi.
Participation was only permitted with use of a desktop computer.

Participants were first informed about the general purpose of
the study (to study the perception of health information), the
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duration required for answering the questionnaire, and the use
of data. Only anonymous data were collected. The outcome data
were collected over 10 consecutive screens. Participants were
able to move forward and backward between the screens.
However, once they completed the data collection for the
primary and secondary outcomes, moving backward to that
section of the questionnaire was not possible anymore. The
order of items in the multiitem outcomes was presented in
random order. We used soft reminders to encourage participants
to answer all questions, that is, the participants were asked to
complete unanswered questions before proceeding but were not
obliged to answer them. The only mandatory questions were
regarding age and sex, as this information was needed to check

eligibility. Repeated participation by the same panel member
was prevented by the use of a password encrypted access link,
which was provided to participants via email.

In total, 2099 invited panel members were assessed for eligibility
and 1727 were randomized to 1 of the 8 groups.

Discussion

We aim to publish the results in a peer-reviewed journal by the
end of 2019. In addition, results will be presented at conferences
and disseminated among developers of guidance for the
development of evidence-based health information and decision
aids.
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Abstract

Background: Complementary and integrative health (CIH) is a viable solution to PTSD and chronic pain. Many veterans believe
CIH can be performed only by licensed professionals in a health care setting. Health information technology can bring effective
CIH to veterans and their partners.

Objective: This paper describes the rationale, design, and methods of the Mission Reconnect protocol to deliver mobile and
Web-based complementary and integrative health programs to veterans and their partners (eg, spouse, significant other, caregiver,
or family member).

Methods: This three-site, 4-year mixed-methods randomized controlled trial uses a wait-list control to determine the effects of
mobile and Web-based CIH programs for veterans and their partners, or dyads. The study will use two arms (ie, treatment
intervention arm and wait-list control arm) in a clinical sample of veterans with comorbid pain and posttraumatic stress disorder,
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and their partners. The study will evaluate the effectiveness and perceived value of the Mission Reconnect program in relation
to physical and psychological symptoms, global health, and social outcomes.

Results: Funding for the study began in November 2018, and we are currently in the process of recruitment screening and data
randomization for the study. Primary data collection will begin in May 2019 and continue through May 2021. Projected participants
per site will be 76 partners/dyads, for a total of 456 study participants. Anticipated study results will be published in November
2022.

Conclusions: This work highlights innovative delivery of CIH to veterans and their partners for treatment of posttraumatic
stress disorder and chronic pain.

Trial Registration: ClinicalTrials.gov NCT03593772; https://clinicaltrials.gov/ct2/show/NCT03593772 (Archived by WebCite
at http://www.webcitation.org/77Q2giwtw)

International Registered Report Identifier (IRRID): PRR1-10.2196/13666

(JMIR Res Protoc 2019;8(5):e13666)   doi:10.2196/13666
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health information technology; implementation; veteran; complementary and integrative health; PTSD; pain

Introduction

Background
Chronic pain and posttraumatic stress disorder (PTSD) are
highly prevalent comorbid conditions in the veteran population
and present a challenge for traditional interventions [1,2].
Pharmacological options have potential consequences of opioid
use disorder and overdose [3]. The Veterans Affairs (VA)’s
Opioid Safety Initiative and the US Department of Health and
Human Services 2016 National Pain Strategy prioritize the need
for nonpharmacological pain treatment options that leverage
self-management [4,5].The VA is invested in providing virtual
services to improve veteran and family member access to care
that promotes self- management and improves patient outcomes.
The Veterans Health Administration (VHA) currently views
touch-based therapies as interventions requiring professional
delivery. Massage costs approximately US $60/hour [6], is
primarily an out-of-pocket expense, and is often not affordable.
Massage is not currently widely available in the VA; however,
with the emerging Whole Health initiative, massage and other
mind-body modalities will be in increasing demand. Simply
put, the VA will not be able to meet the increasing demand for
massage services.

Mission Reconnect (MR) provides a potentially low-cost,
accessible, and sustainable intervention for veterans in home
settings. The need for low-cost interventions to support
well-being and optimal functioning among veterans and their
families is clear [7]. Furthermore, the VHA’s Secretary for
Health’s Critical Priorities for Strategic Action identified access,
pain management, and putting veterans first to achieve health
for veterans. To be responsive to these priorities, the 2016 VA
State-of-the-Art Conference and VA Comprehensive Addiction
and Recovery Act mandate [8] indicate VA’s commitment to
conduct rigorous research to integrate nonpharmacological and
complementary and integrative health (CIH) approaches into
care at every level, with emphasis on pain management. To
support these priorities, the Office of Patient-Centered Care and
Cultural Transformations’ Whole Health Program provides an
innovative approach to integrative care that leverages CIH and
family participation. Finally, the Connected Care Office seeks

to support self-care management and health care using mobile
technology.

Severity of outcomes, cost of care, and initiatives prioritizing
access to CIH and whole health care warrant the need for a
multidimensional approach, such as MR. The proposed research
will advance science by (1) testing a safe self-directed
sustainable CIH approach for treating a clinically defined
high-risk population of veterans diagnosed with chronic pain
and PTSD-related symptoms to improve psychological and
physical outcomes, (2) introducing a nonpharmacologic chronic
pain management program option for veterans, (3) testing the
usefulness of MR as a remotely delivered Internet/mobile
program delivered in the users’ natural environment, (4)
leveraging a partnered approach (eg, spouses or family
members) to implementing interventions that address the
biopsychosocial aspect of wellness, and (5) conducting
longitudinal repeated-measures analyses, which are not common
in CIH research.

Impact of Chronic Pain
Chronic pain is a highly prevalent condition among veterans
(81.5%) [1]. Musculoskeletal ailments are some of the most
frequent reasons that veterans seek care at the VA [2]. In
addition to discomfort and mood and sleep disturbances
associated with pain, veterans with chronic pain have a high
coprevalence of medical, mental health, and substance use
disorders [4]. Veterans with pain have higher prescribed opioid
doses, which is associated with risk of accidental poisoning
death and suicide death [6]. In sum, chronic pain is a high
priority area in the VA due to its prevalence and severity of
impact on quality of life for veterans and their families.

Compounded Impact of Chronic Pain and Comorbid
Posttraumatic Stress Disorder on Outcomes
We chose to address chronic pain and PTSD due to their
prevalence, compounded impact, and their priority in the VA.
As many as 70% of veterans with chronic pain treated in the
VA have PTSD, and up to 80% of those with PTSD have pain
[2]. Prevalence of PTSD is higher in patients with chronic pain
[8,9]. Patients with both PTSD and chronic pain generally
present with more complicated clinical profiles [10], and patients
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with these comorbidities report lower quality of life than their
veteran counterparts [11]. Chronic pain and PTSD are associated
with high rates of depression, anxiety, and fatigue [12-16],
which detrimentally impact work, social functioning,
relationships, independent living, and ability to enjoy life
[17-19]. Effectiveness of pharmacotherapy is limited and can
result in other negative consequences, such as substance use
disorders [20]. Further, veterans with PTSD receive more
frequent and higher-dose opioids for pain diagnoses than
veterans without PTSD [6]. Innovative CIH approaches are
needed to help veterans and their families cope with chronic
pain and PTSD without the side effects and adverse events
associated with pharmacological management [21-23].

Theoretical Mechanisms Connecting Pain and
Posttraumatic Stress Disorder
The biopsychosocial model represents the complex
interrelationships between physical, psychological, and social
factors [24,25]. Within the context of our research, the
application of the biopsychosocial model will center around the
bidirectional relationship between pain and PTSD. Psychological
trauma induces change in biological substrates, which in turn
alter pain transduction pathways and pain processing
mechanisms in the brain, intensifying pain experience in
individuals with PTSD [2]. Neurologically, PTSD is
characterized by hyperactivation of the amygdala and
hippocampus, and lower activation and imbalance in the medial
prefrontal cortex. The amygdala integrates nociceptive
information and plays a dual faciliatory and inhibitory role in
the modulation of emotional pain behavior [2]. Therefore,
interventions that ameliorate pain may be expected to reduce
symptoms of PTSD [26] and vice versa [2]. On the basis of this
bidirectional biopsychosocial model, we propose a
multidimensional CIH intervention to support positive
multifactorial outcomes associated with comorbid chronic pain
and PTSD.

Veterans’ chronic conditions can affect their families’
well-being. In alignment with the biopsychosocial model, we
contend the complexity of comorbid chronic pain and PTSD
does not end with the veteran. We recognize the critical role of
the veteran’s family in supporting veterans’well-being. Chronic
conditions, such as comorbid pain and PTSD, can have
substantial impacts on personal relationships. Studies have
linked unhealthy family responses to poorer outcomes in the
person with pain [27]. Maladaptive patterns of interaction may
reinforce disability, fear of activity, and dependency in the
patient, thereby inhibiting their recovery, rehabilitation, and
treatment outcomes. Family members or other support partners
may respond in a manner that is solicitous, thereby
unintentionally reinforcing the sick role and disabled lifestyle
of the person with pain [27]. Though partners often serve as a
protective factor through social support and advocacy,
problematic effects of caregiver burden are common [28,29].
Family and loved ones’ involvement in treatment can help
support positive outcomes [30-32].

Partner-Family–Assisted Interventions
Including partners-family in treatments has been conceptualized
in four ways: (1) partner-assisted interventions, (2)

disorder-specific interventions, (3) general therapy, and (4)
education-facilitated engagement [33,34]. MR qualifies as a
partner-family assisted intervention, as MR is not
disorder-specific nor a focused couples therapy nor primarily
educational. Instead, it involves providing guidance and
encouragement to the partners or family members so they can
support the veterans’ engagement in and experience of MR.
The majority of family-partner–focused interventions focus on
mental health and couples-family therapy [33,34]. MR is unique
in its conjoint approach to supporting the veteran through the
use of partnered CIH. A veteran-partnered sample participated
in a multimodal intervention to address PTSD symptoms using
CIH modalities for stress reduction and resource building.
Findings indicate significant reduction in PTSD symptoms and
benefits to their family members [35]. Though current research
in partner-assisted CIH based programs is limited, these
programs hold potential for supporting veterans with chronic
conditions and their partners/families.

Introduction of an Innovative Partner-Family–Assisted
Complementary and Integrative Health Intervention
Mission Reconnect (MR) provides a novel CIH approach that
supports veterans’ symptom management using evidence-based
CIH modalities (ie, massage, meditation, positive psychology)
presented in a self-paced partner-family–assisted program that
can be accessed remotely. MR is distinctive in its:

1. Approach to treating chronic pain using a
nonpharmacological CIH approach to managing chronic
pain that has been shown successful in a community-based
nonclinically defined cohort [36].

2. Use of CIH therapy skills education, which teaches massage
techniques as a home-based, interpersonal skill between
veterans and their selected partners.

3. Focus on the relationship dyad as the unit of intervention.
The proposed partner-family–assisted intervention directly
applies the biopsychosocial model, engaging veterans in
their natural social contexts rather than relying solely on a
clinical setting. Targeting the dyad leverages the natural
resources of the relationship—trust, commitment,
compassion, and mutual reinforcement of participation.

Complementary and Integrative Health Impact on
Pain and Posttraumatic Stress Disorder Outcomes
Massage is the most preferred CIH modality of all
complementary health approaches, with broad appeal among
veterans [37]. Research indicates 82% of veterans with chronic
pain reported use of at least one CIH therapy and nearly all
(99%) were willing to try such approaches [37]. These findings
are consistent with military treatment facilities that report CIH
is most often used use for pain and mental health conditions
[38]. The preference for massage is intuitive given evidence
suggesting the therapeutic benefits of massage including
reduction of pain, stress, depressive symptoms, anxiety, and
improvement of sleep across diverse populations [36,39-43]. A
2016 VA evidence-based synthesis report identified 21
high-quality systematic reviews on massage for pain. Findings
described potential benefits of massage, but evidence strength
is limited due to methods used in reviewed studies [44]. An
independent meta-analysis of randomized controlled trials
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(RCTs) addressing pain concluded that massage effectively
reduced pain compared to sham and active comparators, and
improved mood and health-related quality of life compared to
active comparators, and concluded that massage is a viable pain
management option [45]. A limited number of massage studies
have shown results on PTSD, but many studies have
demonstrated results on related symptoms such as anxiety,
stress, and depression [40,42,46-48].

Though limited research connects the impact of massage on
PTSD outcomes, a secondary analysis of four trials with veterans
with PTSD suggests that mindfulness-based stress reduction,
another MR component, is a viable mechanism of treatment
[49]. Mindfulness reduces pain for veterans with chronic pain
[50] and improves anxiety, depression, and suicidal ideations
[51]. Based on a VA review of the current evidence and best
practices, VA/Department of Defense (DOD) PTSD clinical
practice guidelines suggest that, although CIH is not indicated
as primary treatment, it holds promise to improve wellness and
promote recovery [52]. Even with these clinical guidelines, it
is noted that study limitations leave current evidence
inconclusive [52]. Another systematic review of CIH among

veterans and military personnel indicated benefits from
mind-body modalities; however, the quality of most RCTs was
rated poorly [53]. The evidence base regarding the effectiveness
of CIH interventions [44] for reducing pain and PTSD symptoms
in veterans is inconclusive; this study will fill the gap in this
area of research [54]. This project will contribute to the
knowledge base of this field of research by using strong
methodology related to sample size, contextual specificity of
the target population, RCT design, and measurement of
long-term outcomes.

Methods

Conceptual Framework
In our conceptual model (Figure 1), deployment impacts on
veterans and their families are summarized in the left box while
target biopsychosocial outcomes in the boxes on the right are
the expected effects of the proposed MR intervention, while
controlling for previous and current treatment history (non-MR).
MR has potential to provide a critically needed CIH option to
manage deployment-related impacts, such as pain symptoms,
sleep issues, and relationship issues.

Figure 1. Conceptual model. CIH: complementary and integrative health; H: hypothesis; MR: Mission Reconnect; PTSD: posttraumatic stress disorder;
RQ: research question.

Hypothesized Mechanisms of Mission Reconnect
The biopsychosocial model was proposed to encourage
exploration into categories of human distress that did not neatly
fit the physiology-only, biomedical concept of disease and the
processes by which disease developed [55]. The biopsychosocial
model supports interdisciplinary programs that combine
intervention components at the biological, psychological, and
social levels [24,25]. MR leverages the mechanisms of action
of multiple evidence-based CIH approaches, offering users

multiple pathways to achieve clinical benefit. Users can benefit
from the discrete therapies themselves but also the synergy of
diverse therapies that mutually reinforce each other’s effects.
The primary modalities taught in MR—cognitive and behavioral
approaches such as activation of mindfulness, gratitude and
compassion, and massage—have very rich evidence bases for
reducing pain and anxiety. Finally, the interpersonal support
conferred by collaborative participation in MR makes possible
the buffering effects of social support while reinforcing practice
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activities [56]. Impacts of MR participation on pain have been
demonstrated in both the Phase I and Phase II trials [57].

Research Design and Methods
This 4-year RCT with one intervention arm and one wait-list
control arm will use mixed methods to evaluate the effectiveness
and perceived value of the MR program in relation to physical
and psychological symptoms, global health, and social
outcomes. An underpinning of the MR program is that it is
intended to be adjunctive (complementary) to conventional
evidence-based modalities for treatment of pain and PTSD (ie,
usual care). This is consistent with the previous MR trial
conducted in a non-VA setting and different patient population
whereby usual care served as the comparator group. Therefore,
a waitlist control condition has been selected as the comparator
for the proposed trial. This will allow assessment of the MR
program above and beyond the effects of usual care being
received. In addition, the relatively brief waitlist control period
insures that all subjects will ultimately be offered the MR
program. We believe this will be an incentive for both
recruitment and retention of study subjects for this new
recruitment setting. We will test MR using an RCT with

concurrent mixed-methods data collection. We will recruit
veteran and partner dyads. Study flow for each site is shown in
Figure 2.

Aims 1 and 2 assessment data will be collected from 228
veteran/partner dyads (76 dyads per site, 38 dyads per arm) via
a secure project website at baseline, 1, 2, and 4 months to assess
primary and secondary outcomes. MR utilization and pain
ratings will be assessed weekly for the first 8 weeks of the
intervention for the treatment group. This data collection plan
will allow assessment of acute changes, rate of change with
repeated measures over 2 months and sustained changes.

In Aim 3, a subsample of 42 treatment group dyads (14 per site)
will be purposively selected (high- vs low-volume MR use) to
participate in telephone interviews to evaluate their experiences
using the program. All consenting participants will be randomly
assigned in a 1:1 ratio using a permuted variable block design
to one of two arms (treatment vs control). Participants will
receive study information, instructions on how to complete the
online data collection, and contact information in case they
experience an adverse event. Participants will provide preferred
contact information for data collection reminders.

Figure 2. Study flow chart. and abbreviation CPRS: Computerized Patient Record System; MR: Mission Reconnect; VSSC: Veterans Health
Administration Support Service Center Capital Assets.

Treatment Arm
MR is a user-driven, dyadic, self-care management program
developed with the National Institute of Mental Health funding
(R43/44) for use by veterans and their selected partners,
individually or together, to reduce pain and distress and support
physical, mental, and relationship health. MR was designed for
veterans who face obstacles accessing formal mental health
services. It can also be used to complement formal services.
MR is a patient-centered intervention, allowing users to
determine the pace at which to proceed in each program
component.

Mission Reconnect Content
The program provides video and audio instruction in a set of
11 evidence-based wellness activities in three thematic
categories: Connecting with Yourself, Connecting with Quiet,
and Connecting with Your Partner. All instruction is accessible
via the Mission Reconnect website and mobile device apps.

Video content totals 91 minutes and was produced by filming
2 days of workshops to teach the practices to veteran/partner
dyads. The Program Overview video (54 minutes) introduces
the MR instructional sequences accompanied by commentary
by workshop participants. Detailed massage instruction is
presented in the separate Massage Instruction video (34 minutes)
and Massage Video Supplement (3 minutes) addressing use
with home furniture. Users are encouraged to give and receive
at least one massage per week. Audio content totals 67 minutes
and was recorded in studio, with nine instructional audios
ranging from 1-22 minutes. Users are encouraged to listen, learn
the practices, and then use each technique with or without the
guided instruction as they wish.

A Massage Instruction Booklet and illustrated Massage
Reminder Handout are downloadable from the website. A What
if? feature enables users to access advice on how to apply
program techniques in challenging situations such as
experiencing problems with sleep, focus, and concentration.
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Users can submit questions and suggestions for future content
through the What if? interface. Optional Audios give users
choice of audio gender voice. A Resources section provides
links to hotlines, Vet centers, and VA facilities.

Users will be instructed to (1) try all the practices at least once
during the first 2 weeks, and thereafter (2) do at least one
exchange of massage per week with their partner, and (3)
practice other methods of their choice at least 3-4 times per
week. Dyads will be informed that greater use may result in
greater benefit to reinforce practice.

Usual Care Waitlist Control Arm
For ethical reasons, this study will use a waitlist control arm to
ultimately offer all participants exposure to the MR intervention.
Partner dyads in the control arm will participate in all
assessments like those in the treatment group; however, they
will be asked to agree to not access the public website during
their participation. Study team will maintain participant
engagement with this program through a variety of methods,
including email blasts, reminder prompts, and marketing blasts.
Wait-list control participants will be instructed to seek advice
about treatment from their providers. Other than this initial
advice, there will be no attempt by study personnel to influence
condition management unless an issue arises (eg, suicidal
ideation). The control condition will account for potential
temporal effects that occur from passage of time (brief) and
expectation effects associated with anticipation of MR
participation. While dyad randomization suggests primary
physicians will have intervention and control patients in their
practices, numerous effectiveness trials have shown there is
little spillover of the intervention to usual care patients. The
control group will receive access to MR after they complete
data collection.

Sampling
We will use a four-step process to purposively recruit study
participants (Figure 2). First, using an Institutional Review
Board–approved procedure with a of waiver of consent process;
a secondary administrative data query of the International
Classification of Diseases, Ninth and Tenth Revisions (ICD
9-10) conditions for chronic pain and PTSD will identify a
sample pool of veterans in the previous fiscal year. With our
access levels and expertise, this process should take 2 weeks.
Second, we will confirm approval to recruit from providers
using signed letters from veterans’ providers. Providers are
being notified about study details and will provide recruitment
letters to patients for them to follow up with a study team
member about participating in the study.

Screening interviews will assess the occurrence of chronic pain
(ie, pain for 6 months or more during the prior year) and
symptoms of PTSD (ie, diagnosed, treated, or experienced
symptoms of PTSD in the past 6 months); assess if they have
visual, hearing, or other cognitive impairments; assess for
previous diagnosis of moderate or severe traumatic brain injury
(TBI); recent history of psychosis; and determine availability
of a partner and the dyad’s interest in participation. Additional
details on pain treatment history, severity and treatments of
PTSD symptoms, potential TBI exposure, and recent use of

complementary and alternative therapies for pain will be
captured from the baseline data collection forms. In tandem,
the fourth step (with waiver of consent) will allow chart review
if needed for interested potential participants to (1) confirm
comorbid conditions (ie, chronic pain and PTSD), (2) determine
substance use disorder treatment status, and (3) determine TBI
diagnosis and severity to exclude individuals with moderate or
severe TBI.

Eligible veterans will be invited to participate after screening,
be consented, and receive information to access the data
collection site and determine their group assignment. Veterans
and their partners will receive separate stipends via mail for
their time.

The sample will consist of 152 participants (76 dyads) over
approximately 24 months at each site. Women and minorities
recruitment numbers will mirror site distribution based on sex
and race, as this study is not powered to examine differences
by race and sex. We anticipate considerable racial variability
due to having three geographically diverse sites with markedly
different census profiles. We anticipate a considerable
representation of female participants with our invested
partnership with a women’s physician. This will make a
considerable contribution to the knowledge of female veterans
which is often lacking in VA studies. Recognizing the potential
limitation of this strategy given the inclusion/exclusion criteria
we, will also gain Institutional Review Board approval to
collaborate with the local Rehabilitation Outcomes Research
Section Veteran Engagement Council and co-investigators to
recruit veteran participants using other recruitment means such
as referrals and advertisements (eg, poster, brochures).

Inclusion criteria for participants will comprise the following:
age 18 years or older, English-speaking veterans, and chronic
musculoskeletal pain [58] as initially identified through
secondary administrative data query of the ICD-9-10 conditions
for chronic pain. In the initial query, musculoskeletal pain is
present if the veteran meets either of two validated criteria: (1)
≥2 occurrences of any of targeted musculoskeletal International
Classification of Diseases and Related Health Problems, Ninth
Revision, Clinical Modification (ICD-9-CM) codes “likely to
represent chronic pain” identified by Tian et al [59] recorded
at visits separated by at least 30 days within past 6 months; or
(2) high impact chronic pain equal to ≥2 occurrences of targeted
musculoskeletal ICD-9-CM codes (adapted from Goulet et al
[4]) separated by at least 30 days within the 6 months prior to
study recruitment and ≥2 pain scores greater ≥4 separated by
at least 30 days within past 6 months [59]. For pain scores, we
will use the 0-10 numeric pain rating scale that is routinely
collected at the VA. We will count two ICD-9-CM codes or
pain scores recorded on the same day as one code/score.

Previous history of PTSD will be present if the veteran has a
flag in their medical record indicating confirmed condition by
the VA Compensation and Benefits program, has at least two
outpatient visits in the year with the primary diagnosis being
listed as PTSD (ICD-9-CM code 309.81), and/or had PTSD
listed on the problem list. Confirmation of chronic pain for more
than 6 months in the past year and diagnosis, treatment, or
symptoms of PTSD in the past 6 months will be confirmed by
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the telephone screening interview and use of the Computerized
Patient Record System if needed for further confirmation. To
participate in the study, the veteran must also have ability to
access and use an electronic platform (eg, mobile device,
Internet, DVD) for MR delivery, with a willing partner to
participate in the study and MR program.

Exclusion criteria will include the following: moderate to severe
TBI; diagnosis or documented treatment for psychosis in
previous 6 months; currently in high-intensity substance use
disorder treatment; non-English speaking; visual, hearing,
cognitive impairment that prevents participation or ability to
consent; self-report history of partner/family member physical
abuse in the past year; and/or lack of Internet access. As stated
above, potential participants who screen for aggression or
violence will also be excluded from study.

Informed Consent
A waiver of informed consent process for recruitment purposes
(medical record review) and a waiver of consent for a Verbal
Consent Document for participant phone screening will occur.
The study team will also be using a Written Consent Document
or verbal consent via telephone.

Participants will complete the informed consent and Health
Insurance Portability and Accountability Act (HIPAA)
authorization for the study either in-person or over the phone.
Research team members will review the consent and HIPAA
content with participants to ensure review and comprehension.
Since both partners will be full and equal participants in the
study, both will be individually screened and consented by
individual interview. We will employ three self-report items to
address physical threat to and by partner, and fear reprisal. We
will use a standard protocol advised and used in VA Family
Services in its couples/family therapy: (1) initial brief –
individual consent/self-report, (2) identify urgent need, (3)
provide follow-up call and referral for community resources,
and (4) exclude from study.

Participants will be provided an option to receive a printed copy
of their informed consent and HIPAA authorization for review
to ensure their understanding. Communication, such as informed
consent explanations, will be supplemented using the phone to
provide respondents opportunities for questions and clarification
as needed. This is an effective means of communication for
studies evaluating electronic health services such as MR. These
remote methods of communication and consent have been
effectively used in other studies conducted by the PI. These
forms of communication (1) reduce participant burden, (2)
conserve resources, and (3) leverage electronic communication
devices, which support and promote virtual care.

Randomization
Participants (partner dyads) will be randomized to treatment
(MR) or control using a per site variable block randomization
method (blocks of 6 and 8) to facilitate a balance in treatment
and control group sizes per site and over time. Variable blocks
of 6 and 8 per site will be randomly used so that no one will
know for sure the next random assignment. Dyad is the unit of
randomization; this ensures that members of the same couple
receive the same intervention. The randomization will be

stratified by whether or not the veteran is currently receiving,
or has received in the past 2 weeks, a Level 1 evidence-based
treatment for pain and/or PTSD, per current VA-DoD treatment
guidelines.

This will facilitate subgroup analyses of the effect of the MR
intervention in the presence versus absence of concomitant
first-line evidence-based treatment for pain and PTSD. A
computer-generated random allocation sequence will be
generated by the study biostatistician, separately for each site/era
of service combination to ensure balance across sites (ie, control
for site effects by design). The sequence will be concealed to
participants until immediately after their consent and baseline
data collection, when group assignment information will be
revealed on the last page of baseline survey. Participant dyads
randomized to the treatment group will receive a link and
sponsor code to access the MR site and will be instructed to
create personal user accounts. Control group members will
receive access to MR after completing data collection.

Sample Size Power Analysis
Estimates of statistical power are based on Aim 1 and initially
the primary outcome of pain. Whereas dyad is the unit of
randomization, we assess power based on separate analyses for
veterans and partners (one approach used). There are four major
intervals of assessment (baseline, 1, 2, and 4 months). For the
228 dyads, we conservatively assume up to 20% missing data
over follow-up despite the previous MR trial that had less than
5% attrition. Assuming within-subject (outcome measurement)
correlation of .5, the proposed sample size will provide 80%
power (2-sided type I error rate of 0.05) to detect a
“small-to-medium” effect size of 0.38 (Cohen d). For analyses
stratified by site (in addition to evaluation by random effect
assessment), the study will provide 80% power to detect a
“medium-to-large” effect size of 0.66. By way of comparison,
the pilot data presented above describe large effect sizes (d=0.81
for pain symptom reduction). While this effect size was based
on a relatively small sample of comparable patients (N<15) and
within-subject assessment (paired t test), it provides good
assurance that the proposed sample size is sufficient to detect
realistic, medium size effects should they exist with the MR
program. For secondary outcomes, we will use a type I error
rate of 0.01 for multiple comparisons. For the sample and our
described assumptions, this will provide 80% power to detect
a medium effect size of 0.45 [60].

Sample Size
Qualitative Aim 3 sample size relies on the quality and richness
of information obtained [61]. Conceptual saturation is the goal
of qualitative research and depends on data to support
interpretations. Saturation has been noted to occur within the
first 12 interviews [61,62]. Our team has extensive experience
in evaluating electronic technologies and has found that
recruiting high- and low-volume users provides the richest
dataset. To ensure representative data, we will conduct telephone
interviews with a purposive (high- vs low-volume users)
subsample of up to 42 dyads to achieve representation at each
site (14 dyads/site).
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Data Collection Procedures
To test Aims 1 and 2, survey data will be collected using
Qualtrics, a resource that has demonstrated capacity for remotely
and securely collecting participant data in other studies
conducted within the VA system. Qualtrics accounts are
password-protected, and all data are replicated in real-time. The
participants will be assigned a unique personal identification
number (PIN) and will receive email messages with a link to
prompt participant dyads to access the site and complete data
collection. Upon access to Qualtrics, participants will be
required to enter their PIN as the first entry into the system.
Similarly, access to the online MR content will require entry of
the same PIN. The PIN selected by each participant will be
maintained in a cross-walk file with their randomly assigned
study ID number. The Qualtrics measures will be compiled into
a single survey format and collected at baseline, 1, 2, and 4
months. The rationale for this schedule is to formally assess
initial, short-term, and sustained effects that may occur with
the MR intervention. MR use and satisfaction, pain, tension,
and stress items will be conducted weekly for the first 8 weeks

of data collection. This more frequent schedule of data collection
will permit short-term dose-response analyses (ie, dose of MR
utilization) in relation to major symptoms of pain and PTSD.
Measures and psychometric properties are illustrated in Table
1 [63-76].

To address Aim 3, telephone interviews (approximately 30
minutes) will be conducted with a subsample of 42 dyads, one
month after the onset of the intervention (MR group). Only
treatment group members will be recruited for this data
collection. Interviews will be conducted with veterans and their
partners separately. We will explain the interview purpose, ask
permission to audiorecord, and use the interview script to ensure
that all topics are covered. Interviewers will solicit respondents’
attitudes, opinions, and reports about their preferences and the
pros and cons of MR and participating in the practice groups,
including their perceptions of usefulness. We will use standard
communication techniques to stimulate discussion, with prompts
(eg, “tell me more”), summarizing statements, and silence. We
have used these methods in several previous studies to gather
data effectively.
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Table 1. Veteran and partner measures and psychometric properties.

Time pointMinutesDescriptionMeasureVariable, construct

Veteran and partner independent variables

Baseline515 items assessing age, gender, ethnicity/race, education, income
levels, religion, marital status, relationship length, military ser-
vice/status/grade, deployments, computer/internet use

Participant surveyDemographics

Veteran independent variable: covariate

Baseline,
Months 1, 2, 4

12 items asking veterans to report concurrent pain and PTSDa

treatment(s) and CIHb modalities to account for dual intervention
effects

Concurrent treat-
ments

Other treatments

Veterans and partner independent variable: covariate

Weeks 1-8;
Months 1, 2, 4

311 items assessing frequency of use of the MR mind/body and
massage practices

Utilization surveyMRc program utiliza-
tion (treatment and
control group)

Veteran dependent variables

Months 1, 2, 4516-item word-pairing scale assessing a variety of shifts in well-
being across a broad range of therapeutic modalities and conditions

Self-Assessment of
Change [63,64]

Quality of life

Baseline,
Months 1, 2, 4

312 items assessing quality of life using physical status and mental
health distress

Quality of Life Short
Form-12 [65]

Quality of life

3Pain Numeric Rating Scale [67], 11-point scale measuring “usual”
pain intensity over last week and 4 pain functionality (past month)
items

Defense and Veter-
ans Pain Rating
Scale [66]

Pain

519 items assessing pain-related domains, including pain intensity,
interference with activities and mobility, negative affect, vitality,
pain-related fear; and improbable pain-related symptoms

Pain Outcomes
Questionnaire -

Short Form VAd

[68]

Baseline58 items designed to elicit self- or proxy-reports of TBI occurring
over a person’s lifetime; can provide measures of extent of expo-
sure to TBI including current injury

OHIOf TBI Expo-
sure Screen [69]

TBIe exposure

Baseline,
Weeks 1-8;
Months 1, 2, 4

1One item assessing pain using a 0-5–point Likert-type scaleSingle-item scalePain

1Two items assessing stress and tension using a 0-5–point Likert-
type scale

Single-item scaleStress and tension

Baseline,
Months 1, 2, 4

420-item measure of the Diagnostic and Statistical Manual of
Mental Disorder, Fifth Ed (DSM-5) PTSD symptoms with scales
related to stress, anxiety, & emotional numbing

PTSD Checklist [70]PTSD & related psycho-
logical symptoms

521 items, a widely used instrument for measuring depression; re-
spondents asked to rate their symptoms and attitudes using a 4-
point scale

Depression: Beck
Depression Invento-
ry [71]

310 Likert-scaled items, validated and widely used, to determine
perceived stress levels

Stress: Perceived
Stress Scale [72]

419 self-rated questions from which 7 component scores are calcu-
lated and summed into a global score to assess sleep quality in the
past month

Sleep Quality: Pitts-
burg Sleep Quality
Index [73]

Veterans and partner dependent variables

Baseline,
Months 1, 2, 4

314-item Likert-scaled instrument is reliable and valid and contains
subscales for dyadic consensus, dyadic satisfaction, and dyadic
cohesion.

Revised Dyadic Ad-
justment Scale
[74]-Adapted

Relationship satisfac-
tion

526-item Self-Compassion Scale and 21-item Compassion for
Others measures, using 5-point Likert scale

Compassion for self
and others scales
[75,76]

Compassion

Weeks 1-8;
Months 1, 2, 4

1Eleven 10-point Likert-type items assessing satisfaction using MR
components, whether they would recommend MR, and massage
satisfaction

MR program satisfac-
tion items

Program satisfaction
(treatment only)

aPTSD: posttraumatic stress disorder.
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bCIH: complementary and integrative health.
cMR: Mission Reconnect
dVA: Veterans Affairs
eTBI: traumatic brain injury.
fOHIO: Ohio State University TBI Identification Method.

Data Analysis
The intention-to-treat principle will be used for all analyses
regardless of the extent of protocol compliance or dropout [77].
Whereas randomization is anticipated to balance both study
arms on presenting demographic and clinical characteristics,
including within sites and by concomitant receipt of first-line
pain or PTSD treatment, continuous variables will be compared
by student t tests or Wilcoxon tests (depending on distributional
properties); categorical variables will be compared by chi-square
analyses.

All outcome measures (primary and secondary) under Aim 1
will be collected at baseline, 1, 2, and 4 months and are
continuous variables. Therefore, general linear mixed models
will be used with main effects terms for GROUP (MR vs
waitlist) and TIME (4 time points) and a GROUP x TIME
interaction term (for rate of change). The models will also
include site as a random effect. To assess whether the rate of
change is curvilinear (ie, the rate of change differs between time
points), a quadratic parameter will be tested. Different
correlation structures and functional forms of the effects of the
MR program will be assessed using the information criteria and
a final parsimonious model will be determined for final
statistical inference. Initial effects of the MR program (baseline
to 1 month) will be evaluated by analysis of covariance. The
primary outcome measure for pain will be the total score on the
19-item Pain Outcomes Questionnaire. The primary outcome
measure for PTSD will be the total score on the 20-item PTSD
Checklist for DSM-5. Subgroup analyses will be explored using
similar methods and examination of severity of baseline pain
and PTSD scores. These analyses will provide insight into
subgroups for whom the MR program may be particularly
beneficial. In a similar realm, analyses will be stratified by
baseline median level of relationship satisfaction, as derived
from total score on the 14-item Revised Dyadic Adjustment
Scale. This will permit assessment of the effect of the MR
intervention on potential improvement in relationship
satisfaction among a cohort of dyads with presumably troubled
relationships at entry. Moreover, using the weekly reports (8
weeks) of MR use and satisfaction with the MR program, the
MR sample will be split above versus below the median for
these two measures and compared separately against the waitlist
control condition at 2 months. This approach approximates a
“per protocol” analysis in terms of recommended use of the MR
program. In addition, especially for Aim 2 outcomes, we seek
to examine whether dyads appear to show mutual benefits from
the MR program. Therefore, multilevel models will be fit using
an over-time dyadic model [78] in which individuals are nested
within dyads and time is crossed with dyads (ie, both veteran

and partner are assessed at the 4 time points). This analysis
accounts for the non-independence due to the correlation
between dyad members’ general levels on outcomes averaged
over time, as well as the time-specific correlation between their
outcomes (eg, similarity caused by time-specific events).

Interview transcript data will be managed using descriptive
content analytical methods to identify domains and taxonomies
related to participants’experiences with MR use [61]. Categories
will be compared and contrasted, and relationships among them
will be identified. As coding schemas are developed to create
domains and taxonomies, data samples will be extracted and
coded by research team members and evaluated for interrater
reliability and credibility. Descriptive and comparative matrices,
which identify the patterns of regularities (shared) and
inconsistencies (unique or varied) will then be constructed for
the veteran and partner participants. Comparative matrices
enable identification of the most relevant, shared, and perhaps
representative components, thereby enhancing the potential
representation of the findings. Finally, a complex cross-case
data display or matrix will be developed to summarize the
significant taxonomic outcome structures identified within and
between veterans and their partners. This process of descriptive
and comparative matrix analysis will allow discernment of the
most salient and representative components identified by
veterans and their partners.

Missing Data
Missing data will be tabulated by treatment arms and by
assessment waves; comparison tests between arms will be
conducted to assess potential attrition bias and to examine the
missing data mechanism (eg, missing at random). If the missing
rate is less than 10%, analyses with list wise deletion (ie, missing
values dropped from the analysis) will be performed due to
minimal concern over bias. Participants who are lost to
follow-up and missing on postrandomization outcome
assessments will be included in additional comparison analyses
that use multiple imputations of missing data to minimize bias
due to differences between those with complete and incomplete
data.

Results

Funding for the study began in November 2018, and we are
currently in the process of recruitment screening and data
randomization for the study. Primary data collection will begin
on May 2019 and continue through May 2021. Projected
participants per site will be 76 partner dyads, for a total of 456
study participants. Anticipated study results will be published
in November 2022. Table 2 shows the projected study schedule.
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Table 2. Gantt chart of study benchmarks.

Year 4 (2022-2023)Year 3 (2021-2022)Year 2 (2020-2021)Year 1 (2019-2020)Project activity

Q4
Aug

Q3
May

Q2
Feb
’22

Q1
Nov

Q4
Aug

Q3
May

Q2
Feb
’21

Q1
Nov

Q4
Aug

Q3
May

Q2
Feb
’20

Q1
Nov

Q4
Aug

Q3
May

Q2
Feb
’19

Q1
Nov
’18

XaStart-up

XRecruitment screening and
randomization, Qualtrics
development and validation

XXXXXXXXRecruitment: 3-4
dyads/month per site

XXXXXXXXXPrimary data collection

XXXXConduct interviews

XXXXXInterview transcription

XXXXXInterview data analysis

XXXPrepare and stage primary
data

XXPrimary data analysis

XXXData interpretation and trian-
gulation

XXFinalize data re-
ports/manuscripts

XXDevelop materials for dis-
semination

XXPrepare/submit subsequent
proposal

XXDisseminate materials to
audiences

aX: denotes the activity occurred during this time frame.

Discussion

Principal Considerations
The goal of this study protocol is to use evidence-based CIH
methods to decrease chronic pain and PTSD symptoms in the
veteran-partner dyad. The research goal is to evaluate MR as
an approach to manage chronic pain and PTSD symptoms for
potential subsequent implementation. This study will possibly
provide a model for establishing remote access and sustainable
implementation of CIH within VA. If shown to be effective,
there is reason to believe it is scalable, feasible, and sustainable
and can ramp up nationally. This will also relieve a bottleneck
of services by moving from a provider-based delivery to partner
delivery.

Strengths and Limitations
This protocol contributes to the science in three distinct ways:
(1) a conjoint approach to supporting the veteran through the
use of partnered CIH, (2) use of a self-directed evidence-based
CIH mobile app for a clinically defined population of veterans
and partner, and (3) MR’s distinctive use of nonpharmacological
interventions to manage chronic pain.

This protocol is an RCT approach powered for generalizability.
Mixed methods will illuminate the how and why of the veterans’

and their partners’ experience of mobile apps for CIH. The
strength of the intervention is that it is remotely delivered thus
overcoming geographical restrictions. If shown to be effective,
it can be scalable and will relieve potential service bottlenecks
by establishing partner-based delivery rather than provider-based
delivery.

A limitation in the analytic methods are threats to protocol by
using remote access in an electronic model, which may have
an impact on recruitment, attrition, and potential issues in the
delivery process. However, safeguards are in place, which
include staff to help troubleshoot. Using remote data collection
can be challenging. By taking this protocol away from
paper-based responses and into a model that leverages mobile
and remote data collection, lessons may be learned on how best
to exercise remote and electronic data collection methods.

The limitations in waitlist controls have been criticized due to
ethical concerns. A waitlist control is not ethical when there are
other treatment and interventions available. The waitlist can
speed recruitment and parcel out expectations, and people may
get better anyway. It is a control condition which is better than
no control, and it is appropriate at an early stage of intervention
development. This protocol allows waitlist controls to gain
exposure and provide the study with a comparator group of the
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proposed trial. The attractive part of this waitlist is knowing
they will get the intervention.

The study scope is focused on providing a remote intervention
with veterans who have PTSD and pain symptoms. Though
veterans who are symptomatic and not engaged in the health
care system may benefit from this intervention, they are not the
target of this protocol. It is also possible veterans who are
symptomatic but not documented in the VA system may also
be missed due to using secondary data source to identify the
sample pool. The method of recruitment using secondary sources
was based on optimal feasibility for large-scale RCT
recruitment. Future research should focus on use of mobile app
technology to improve access to CIH in a variety of populations.
Additionally, future research should look to the most appropriate
electronically captured patient-reported outcome tools. This
research did not take the opportunity to measure the partners’

outcomes due to the funding source mechanism. Therefore,
future research should look at partner experience. If highly
variable responses/outcomes with MR are found, then data that
include participant characteristics will guide intervention
modifications for this patient group.

Conclusions
This intervention is extremely important and innovative. Large
government organizations currently have limited capacity for
electronic patient-reported outcomes. Patient-reported outcomes
and MR can test different measures electronically by optimizing
use of technology and remote delivery of intervention and data
collection methods. From the user perspective, MR allows the
user to leverage a “when they want, where they want” approach.
Optimizing use of technology and remote delivery of
intervention and data collection methods will contribute to the
field of science.
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Abstract

Background: All statistics on the development of demand for care for multimorbid elderly patients highlight the acute pressure
to act to adequately respond to the expected increase in geriatric patient population in the next 15 years. Against this background,
great importance must be attached to the improvement of cross-occupational group and cross-sector treatment of these patients.
In addition, many professionals in the health care sector often have little knowledge about the special treatment and care needs
of the elderly.

Objective: The Quality Network of Geriatric Medicine in north-west Germany is the body responsible for the project; with its
member organizations, it provides care for over 400,000 inpatients and is thus one of the largest associations for geriatrics in
Germany. The Quality Network conducts binding evaluated qualification measures for staff involved in the treatment and care
of multimorbid elderly patients. The training offers are especially intended for staff who have not yet been trained in working
with elderly patients. This approach is intended to improve the expertise of various occupational groups on different hierarchy
levels, to include patients and their family members in the evaluation process, and to initiate changes within the organizations.

Methods: Various instruments are used in the evaluation of qualification measures: besides written surveys and questionnaires,
structured work groups (consensus groups) and interviews are conducted. The evaluation starts before the qualification measures
to determine the starting point and then continues during the measure and after its completion. This allows major findings to be
integrated directly into the ongoing qualification program. At least 100 trainings on geriatric topics, 80 consensus groups, and
120 patients (and family members) are going to be included in the study.

Results: The evaluation of the educational initiative is funded by the State of Northrhine-Westfalia (Germany; LZG TG 71 001
/ 2015 and LZG TG 71 002 / 2015). The results of the study will be published after review and approval by the state authorities
– presumably by the end of 2019. The before and after comparison of the treatment-related outcomes at the beginning and near
the completion of the educational initiative gives insights into how transfer-oriented education can improve the treatment of
elderly patients across sector lines for inpatients as well as outpatients. The evaluation of the implementation of educational
content in day-to-day work and occupational groups is to facilitate recommendations about economically sensible use of educational
resources and about further adjustments to the training content.
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Conclusions: The evaluation develops the foundation for targeted and needs-oriented qualification measures as well as transfer
in cross-sector, multiprofessional networks. Instruments and results will be published and provided to other health care networks
and institutions. The Quality Network will implement the results of the evaluation process in its member institutions.

International Registered Report Identifier (IRRID): DERR1-10.2196/11067

(JMIR Res Protoc 2019;8(5):e11067)   doi:10.2196/11067
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geriatrics; education, medical, continuing; education, nursing, continuing; staff development; clinical competence; interdisciplinary
placement

Introduction

The average proportion of people older than 65 years in the
Organisation for Economic Co-operation and Development
countries increased from 9% in 1969 to 15% in 2010 and by
the year 2050 will have reached approximately 27% [1]; at
present, one-fifth (20.7%) of the German population is older
than 65 years [2]. Already in the year 2020, which is
approaching fast, 2 out of every 3 hospital beds will be occupied
by patients older than 60 years—an age group that often has at
least one chronic disease [3,4]. For medical care, this means
that the symptoms that the admission diagnosis relates to should
not be treated in isolation but that other preexisting diseases of
patients also need to be treated appropriately [5]. This
increasingly leads to problems in the medical care for elderly
patients [6]. In addition, risks that arise from falls, malnutrition,
and polypharmacy are often not given sufficient attention.
Consequences can include poor treatment results with (partially)
restricted quality of life or even mortality [5,6].

Globally, the next 20 years will see a duplication of the
prevalence of dementia-type illnesses [7]. Especially the very
old often suffer from cognitive impairments or dementia, which
also increases the vulnerability of this patient group. This is
however often not known upon admission and can have an
adverse effect on the (course of) treatment. The specific
vulnerability of elderly people demands specialized expert
treatment.

Need for Qualification
The quality of elderly medical care depends to a major degree
on the quality and quantity of motivated, well-trained
professionals [8]. Three-fourths of the more than 1800 ward
and department heads surveyed throughout Germany responded
that they regard training of their staff in dementia topics as
necessary [9]. Other studies show that the specialist diagnostic
knowledge of physicians to distinguish between dementia and
delirium often does not meet the necessary requirements [10].

Organizational processes in hospitals need to match the needs
of this vulnerable patient group, especially patients suffering
from dementia [11]. Therefore, the geriatric knowledge of all
parties who come into contact with elderly people (physicians,
nursing staff, therapists, social workers, and administration)
needs to be improved [12].

The improvement of communicative conditions and skills of
all care providers leads to a greater quality of care results,
improved patient satisfaction, and higher work satisfaction of

staff [13]. Furthermore, the exchange between colleagues can
contribute to the positive development of collaboration across
sector borders. In this way, it would be possible to prepare and
define the postinpatient care environment already during an
inpatient stay [14].

Qualification measures for the involved occupational groups
are generally offered on a voluntary basis and often used by
interested staff or organizations with a geriatric focus. However,
institutions that would benefit the most from trainings in
geriatric topics often do not take part. There is thus a risk that
educational measures will not reach those care providers and
institutions that have not yet recognized the importance of the
demographic change [15].

Experiences with a work shadowing program at the
St. Franziskus Hospital in Münster show that exclusively
training 1 occupational group is insufficient because real
changes to the care situation can only be achieved through
interaction between different occupations [16].

The Qualitätsverbund Geriatrie Nord-West-Deutschland (in
English: Quality Network of Geriatric Medicine in north-west
Germany) is a group of more than 65 inpatient and outpatient
institutions including hospitals with and without geriatric
departments, inpatient geriatric rehabilitation facilities, elderly
care institutions, outpatient care services, networks of doctor’s
offices, and outpatient rehabilitation providers.

Objectives
The main objective of this project is improved care for elderly
people in different inpatient and outpatient institutions of the
Quality Network. The project involves systematically evaluating
knowledge transfer and learnings. In addition, necessary
structural changes, for example in work procedures, for
improvement of the care situation for elderly patients are to be
introduced and established for the near future. This project is a
study to evaluate geriatric training measures and thus not a
clinical trial. The project is subsidized by the Landeszentrum
Gesundheit Nordrhein-Westfalen (North Rhine-Westphalian
Center for Health). Participating institutions incur no costs for
the project.

The guiding research questions are as follows:

• Do all parties who come into contact with elderly people
attend courses for geriatric topics? Are the participants
satisfied with the content of the training? Do they suggest
improvements?
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• Is the transfer of expertise in their everyday working
environments successful? Do the participants recommend
that others take part in the training session?

• How many consensus groups involving people from
different occupations in the institutions work toward
targeted measures for improved care of elderly patients in
their place of work? Is the implementation of
measures/actions effective?

• Do patients notice any positive change in view of the
treatment at the end of the project?

• Do physicians and caregivers apply geriatric screenings
and assessments more often at the end of the project?

Methods

Subjects
On the network’s initiative, the level and need for education of
the staff were analyzed in 26 institutions before the actual start
of the project. Data are available for 2200 people.

At least 1000 people who took part in a total of 100 trainings
on geriatric topics were included in the recent education
evaluation. This sample includes people from all hierarchy
levels and occupational groups who come into contact with
elderly patients (see Figure 1). In addition, 125 consensus group
meetings (with approximately 4-8 participants) are to be

evaluated so far so that approximately. 500 to 1000 more people
are involved in this evaluation step.

Participation in the study was voluntary. All participants were
informed in writing about the aims and process of the study
before anonymous data collection. Participants agreed with a
second survey 6 months later (paper or Web-based), and for
this reason, many provided their email address to the study
leaders. The Web-based questionnaire was presented by a
professional tool that guaranteed data protection, data security,
and anonymity. As the study’s purpose was to evaluate training
measures, the prior permission from an ethics commission was
not required.

The patient sample includes people who are 75 years old or
older and who are being treated for 3 days or longer as an
inpatient for accident or abdominal surgery. At the beginning
and near the end of the data collection in the project, patients
and their family members are surveyed about inpatient treatment
and the quality of life and health. Patients and their families are
informed in writing and also told about the aims of the project
and provide their written permission to take part in the survey.
Participation is voluntary. There are plans to survey 60 patients
and family members at the start (as a prestudy) and another 60
patients and family members at the end (poststudy) of data
collection. In total, approximately 1800 people are included in
the project.

Figure 1. Overview of occupational groups involved in the educational initiative.
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Design
The educational initiative aims at all staff members of the
institutions who are included in the care and treatment of elderly,
multimorbid patients. This includes nursing staff, physicians,
therapists, auxiliary staff, medical assistants, social workers,
medical students, trainees, as well as people from administration
and management.

The educational measures are evaluated at various measuring
times (before and after) and with regard to various contents and
target groups.

As the baseline, the level and need for education of staff
members regarding geriatric topics are assessed. All
occupational groups that have contact with elderly patients (see
Figure 1) are included in the survey. This should identify the
training topics that are particularly important or missing from
the training offer. This assessment took place before the actual
project start on the Quality Network’s own initiative. In total,
26 institutions took part with more than 8200 respondents.

The evaluation mainly comprises existing training offers about
20 diverse subject areas with a geriatric focus. The educational
measures are on topics such as Dealing with patients with
dementia, Using geriatric screenings and assessments, or
Nutrition for the elderly. Depending on the topic, the trainings
are intended for caregivers, physicians, other health
professionals, and various management staff. The questionnaires
for the evaluation were developed at the start of the project,
together with academic experts, based on the standards for
transfer-oriented education [17]. Directly before and directly
after geriatric trainings, the participants are asked about their
expectations and their satisfaction regarding the course. The
regular feedback from course participants should indicate
whether prior knowledge and experiences are considered to
adapt the training offer according to needs in the medium term.
After 6 months, the participants are asked how well they have
transferred the training content into their day-to-day work. Both
directly after the course and 6 months later, the participants
specify whether they would recommend that others take part in
the training session. Ideas from the trainings should be
specifically implemented in the network institutions and adapted
to the specific requirements in inpatient and outpatient settings.
Work groups/quality groups involving people from different
occupations in the institutions and using the nominal group
technique [18] work toward targeted measures for improved
care of elderly patients at their place of work. The consensus
groups are evaluated alongside their activities and 3 months
after completion. To do so, meeting minutes, questionnaires,
and interview data are evaluated qualitatively and quantitatively
[8,19].

To determine a patient-related outcome, assessments from
patients and family members/caregivers as well as various
aspects of the treatment are gathered. At the start and near the
end of the data collection, patients and family members assess
the treatment. In this context, it is recorded whether and which
specific geriatric screenings and/or assessments were conducted
during the treatment. A meta-analysis about comprehensive
geriatric assessments showed that use of assessments led to
improved patient-related outcomes as well as reduced costs
[20]. Moreover, applying assessments helps to identify
vulnerable patients and adapt therapies to their specific needs
better than without assessments [21,22].

The questionnaire for patients includes the items for the German
language Short Form (SF)-12 for recording health-related living
quality [23,24], and it also includes items relating to the course
of treatment. The content of the family member questionnaire
corresponds to the patients’ questionnaire. The items of each
questionnaire were developed together with clinical experts,
with the exception of the SF-12 items. An overview of the
measuring times and evaluation instruments is depicted in Figure
2.

Material

Gathering Data on Level and Need for Education
The questionnaire used before project start for recording the
level of education and need for education about geriatric topics
was divided into 4 chapters, each dealing with 1 theme. The
first chapter included 3 items. The staff members specified
whether further training about geriatric topics is offered in their
organization and whether they themselves have taken part in
internal or external geriatric trainings. The questions could be
answered with “Yes,” “No,” or “No response.” The second
chapter included a list of 28 geriatric training topics such as
“Communicating with patients who have dementia” or
“Promoting mobility.” The staff members judged their needs
for training about these topics (possible answers were “Yes,”
“No,” or “No response”) and selected any trainings that they
had already taken part in. The third chapter focused on assessing
prior trainings. In total, 19 items related to aspects of preparation
and conducting of prior trainings as well as the implementation
of content into day-to-day work. Respondents could choose
from “Applies in all cases,” “Applies partially,” “Hardly
applies,” “Does not apply,” and “No response.” The final
question was based on an assessment of the likelihood of
recommendation and was phrased as follows: “I recommend
participating in trainings on geriatric topics to my colleague.”
The possible answers were the same as above. The last part of
the survey was for demographic details.
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Figure 2. Overview of measuring times and evaluation instruments.

Evaluation of Geriatric Trainings
Findings from economic education research point out that
success factors for educational measures are to be recorded
using a phase-oriented perspective (preparation of the measure,
conduct, transfer of learnings; [25,26]). This phase-oriented
approach was considered in the development of the
questionnaires for evaluating geriatric trainings.

The questionnaire filled out by participants immediately before
the training includes 12 statements that can be answered with
the following alternative responses: “Applies in all cases,”
“Applies partially,” “Hardly applies,” “Does not apply,” and
“No response.” The first 2 items relate to the motivation to take
part in the course (personal interest and recommendation from
employer). The remaining statements mention options for
personal preparation and expectations in the course and
regarding implementation of the content into day-to-day work.
For example, the items include the following: “I have received
a lot of information about the contents of this course in
advance,” “It is important to me that this course provides
sufficient time to consolidate and practice,” and “It is important
to me that there are sufficient opportunities after this course to
put the learnings into practice.” Respondents can also note their
personal wishes regarding the respective courses in 3 free
textboxes. The questions are as follows: “What is particularly
important to you in this course?,” “Future courses must...,” and
“In future courses, I do not want to....” Finally, demographic
data are collected.

The survey filled out immediately after the training includes 10
statements with the possible responses: “Applies in all cases,”

“Applies partially,” “Hardly applies,” “Does not apply,” and
“No response.” The items relate to the assessment of training
content, the behavior of the trainer, and the support of the
employer. They are phrased as follows: “The contents of the
course matched completely with my needs in day-to-day work,”
“The course trainer recognized problems and needs of
participants and addressed them in the course,” and “My
organization ensured my smooth participation in the course.”
The tenth statement measures the likelihood of recommendation
and is phrased as follows: “All in all, I would recommend this
training to a colleague.” Here also, 3 free text boxes are provided
for participants to note their positive and negative impressions
about the training as well as recommendations for improvement.
Finally, demographic details are requested.

The survey on implementing training content into day-to-day
work is sent 6 months after the end of the course as either a
paper or Web-based version. The 6 statements have the
aforementioned answer categories and relate to the practical
use of the training content and the perceived support and
appreciation from colleagues and/or line managers in
implementing the training content into day-to-day work. The
items include, for example, “The contents of the training help
me in practical dealings with elderly patients” and “My
knowledge from the training and my efforts in the
implementation of improvement measures were appreciated in
my organization.” The final statement is to measure the
likelihood of recommendation. In 2 free textboxes, the
respondents can note whether and which training content they
can implement in their day-to-day work. The final section is a
collection of demographic data.
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Figure 3. Agenda for a consensus group meeting.

Conducting and Evaluating Consensus Groups
A guideline (including information letters and worksheets) for
preparing and conducting consensus groups was developed for
practical use as part of the project. It serves as a handbook for
facilitators who give the meetings organizational and content
structure. Appropriate adjustments were made to consider the
diverse requirements in inpatient and outpatient settings. The
agenda for a consensus group meeting is presented in Figure 3.

Meeting minutes document the characteristics, such as duration,
topic, preferred ideas, occupational groups, and gender of the
facilitator. At the end of the consensus group meeting, the
participants and the facilitator assess the group work in writing
based on 4 statements and the possible responses: “Applies in
all cases,” “Applies partially,” “Hardly applies,” “Does not
apply,” and “No response.” The items are as follows:
“Suggestions for improved care for elderly, multimorbid patients
were developed and assessed together,” “The cooperation of
various occupational groups was helpful for developing
improvement suggestions for the benefit of elderly, multimorbid
patients,” and “The fact that the meeting(s) were supported by
a facilitator was helpful for the content-related work of the
group.” The final question is based on the likelihood of
recommendation. In 3 free textboxes, participants can note what
they found to be helpful or unhelpful for the work in the
consensus group and any ideas they might have for improving
similar work groups. Then 3 months after the completion of the
consensus groups, institution managers are interviewed in a
25-min, structured phone call about whether and to what degree
the initiated change suggestions were able to be implemented
in the institution.

Assessment of the Treatment-Related Outcome
The treatment-related outcome is assessed from the following
2 perspectives: (1) use of geriatric screening and assessment
instruments during the course of treatment, and (2) assessment
of inpatient treatment by patients and family members.

Patient and Family Member Survey

Surveys for patients and family members relate to each other
in terms of content and mentioned aspects of inpatient treatment

and later discharge, which are particularly relevant for elderly,
multimorbid patients. For example, there are questions on
whether the patients receive sufficient help in eating and
drinking as well as explanation about outpatient support. All
items are phrased as questions and adapted to the respective
readers, for example, “Were your pre-existing
conditions/accompanying conditions considered by the nursing
staff during your treatment?” (patient survey) compared with
“Were the pre-existing conditions/accompanying conditions of
your family member considered by the nursing staff during
treatment?” (family member survey). The response categories
are “Yes, completely,” “Somewhat,” “No,” “Was not
necessary,” and “I don’t know.”

An assessment of the state of health before the current hospital
stay is requested in both surveys. The patient survey includes
the SF-12 survey as a standardized measurement instrument
about the state of health [23]. In addition, demographic data
about the patients is gathered.

Further Measures Including Frequency of Geriatric
Screenings/Assessments

A check list is used to record whether any screenings and
assessments, which are recommended for elderly medical care
[27], were conducted during inpatient treatment. By using the
screening instruments, important diagnostic information for the
treatment can be gathered, for example, regarding the general
level of functioning, the nutritional state, or the risk of delirium
of the patient [28], as these aspects are considered to be of high
relevance for an optimal outcome especially after surgery
[29,19].

Furthermore, it is recorded whether the social services were
involved in the preparations for discharge and/or family
members were informed about current medication or nutritional
recommendations, as sufficient information seems to have a
positive influence in the course of treatment [30]. In addition,
demographic patient data are gathered. Within the project,
neither individual patient data nor any screening or assessments
results have been stored. Rather, it has only been recorded
whether screening and assessment instruments have been used
and whether the main aspects—mobility, nutrition and
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cognition—have been covered because screening and
assessments have proven to show positive impact on output and
outcome of geriatric treatment [20-22].

Procedure
To prepare for the evaluation, at the start of the project, the
following 3 work groups were formed, which included project
managers as well as experts from the fields of geriatrics, surgery,
general medicine, inpatient and outpatient care, therapy, further
training, quality management, and administration:

• The first work group discussed and agreed upon the
evaluation tools, such as surveys, and the procedure how
to collect data from the geriatric training courses in the
participating institutions.

• The second work group addressed the conducting and
evaluation of consensus groups/quality groups.

• The third work group focused on recording treatment-related
outcomes. The assessment of the treatment by patients and
family members was regarded as fundamental. Furthermore,
the recording of certain geriatric screenings/assessments as
well as discharge management were seen as important.

Data collection began in June 2016 and was completed by the
end of 2018. Data analysis and final reporting are currently in
progress.

Data Collection on Level of Education
On the Quality Network’s initiative, the level and need for
education of staff members regarding geriatric topics were
assessed in advance. Members of various occupational groups
who are involved in the care for multimorbid, elderly patients
received a survey about the level and need for education. The
results of these surveys were assessed specifically per institution.
At the same time, each participating institution received a
benchmark report to be able to compare the results of their own
organization with those of others. The latest survey results are
used in revising existing educational measures and are
considered in the development of new ones.

Evaluation of Geriatric Trainings
Training participants complete a survey relating to their
expectations at the start of the course and another about their
level of satisfaction with the course at the end. The surveys are
handed out, collected, and submitted to the project manager by
the trainer. The education experts at the institutions receive a
quantitative and qualitative analysis for the various courses.
Then, 6 months after the end of the training, course participants
specify to what degree they have been able to implement the
education content into their day-to-day work. This survey on
the subsequent assessment is sent to the participants as a paper
of Web-based version.

Conducting and Evaluating Consensus Groups
Generally, 4 to 8 staff members from various occupational
groups, fields, and hierarchy levels take part in a consensus
group/quality group (up to 4 times for approximately 30-60
min). Relating to a specific question about improved care for
elderly patients, ideas for measures should be developed in the
group, and the implementation of these measures should be
initiated. For conducting and evaluating, various work materials

including guidelines have been developed. A facilitator can
support the group in finding ideas and developing a common
suggestion. Using meeting minutes, specific course
characteristics such as the topic of the work meeting and the
preferred suggestion should be documented. In a survey at the
end of the consensus group, the group work will be assessed,
and meeting minutes will be created. Finally, the facilitator will
submit the suggestion to the institution’s management and ask
for a review and approval. Upon approval, the details about
specific measures will be recorded in writing and their
implementation into day-to-day work will begin.

Then, 3 months after the completion of the consensus
groups/quality groups, representatives of the institutions will
be interviewed in a structured interview about whether and to
what degree the initiated change suggestions were able to be
implemented.

Treatment-Related Outcome
The patient sample includes people who are 75 years old or
older and who are being treated for 3 days or longer as an
inpatient for accident or abdominal surgery. At the beginning
and near the end of the data collection in the project, patients
and their family members are surveyed about the completed
treatment and the quality of life and health. Surveys for patients
and family members relate to each other in terms of content and
mention aspects of inpatient treatment and later discharge, which
are particularly relevant for elderly, multimorbid patients, among
other topics. An assessment of the state of health before the
current hospital stay is requested in both surveys. The patient
survey includes the SF-12 survey as a standardized measurement
instrument about the state of health [26].

To assess the outcome, a checklist is used to record whether
certain screenings and assessments that are recommended for
elderly medical care [26] were conducted during inpatient
treatment. By using these instruments, significant diagnostic
information for the treatment can be gathered, for example,
regarding the general level of functioning, the nutritional state,
or the risk of delirium of the patient [27]. Furthermore, it is
analyzed whether the social services were involved in the
preparations for dismissal and/or family members were informed
about current medication. Patient-related information about the
courses of treatment is not part of the educational evaluation.

Results

We expect academically sound conclusions about how the
patient-related medical outcome is improved through the transfer
of educational and accompanying measures in the intersector
care of elderly patients. Furthermore, particularly changes at
the Quality Network’s institutions actively involved in education
and those who offer and carry out many courses should be
compared with the changes of results in less active institutions.
We expect that this comparison will provide detailed conclusions
about the necessary adjustments to standard procedures, process
instructions, organizational guidelines, educational plans, and
training guidelines.

From the evaluation of how educational content has been
implemented after visiting a course and through the formation
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of consensus groups/quality groups, we expect conclusions
about the economically viable use of educational measures in
improving patient care. The before and after comparison at
institutions with high transfer rates, that is, specific
implementations of learnings through measures that are
developed in consensus groups/quality groups, is also expected
to provide starting points for optimizing the use of medical
resources and preventing cost-driving revolving door effects.

Discussion

The individual competence of individual members of the
treatment team for geriatric patients can be viewed as a source
of collective competence development and vice versa. The
knowledge to be gained for improving elderly medical care is
meant to facilitate finding solution patterns for new tasks and
shifting requirements and/or transferring knowledge and
competence to the organization, the group, and the Quality
Network in cooperation with other experts and thus to promote
organizational learning [31].

First Results
Initial results and experiences clearly show that the offers of
the interprofessional educational initiative in geriatrics are met
with serious interest from all occupational groups and that the
various groups are all taking part. At the same time, the survey
results about the level and need for education confirm the results
of other studies in this field [9,16]. The survey results also give
the responsible people in participating institutions the possibility
to address the individual training needs of their staff members.
They can then work on ensuring that any “blind spots” in
geriatric fields are closed and that their institutions are best
prepared for demographic changes.

Through joint trainings over the course of the project, the
exchange between colleagues in inpatient and outpatient settings
can improve so that it is not only various occupational groups
that benefit but also patients and family members. Due to the
broad participation in the project, it is already becoming
apparent that the participating institutions have implemented
numerous improvements to the care of geriatric patients.

Side-Effects of Training Evaluation
The project has already contributed to important innovations
for both the member organizations of the Quality Network of
Geriatric Medicine and also for the educational work for health
care of elderly, multimorbid patients, which are as follows:

• The educational measures and their evaluation include
various occupational groups, hierarchy and management
levels, as well as sectors in inpatient and outpatient settings.

• Unlike the usual initiatives, the evaluation not only includes
conducting the course but also the initial conditions as well
as the implementation of learnings at the institutions.

• The evaluation includes gaining knowledge and educational
success, but it also focuses on relevant outcome variables
to identify treatment improvements for elderly patients and
their family members. New methods are developed and
tested for this purpose.

• The evaluation is itself part of the change and improvement
process in which adaptive questioning and testing
instruments are used, which contribute to the various
improvements in the institutions. It remains to be seen
whether the methods developed in the project such as the
evaluation surveys and the process model for the consensus
groups will be adjusted by the institutions for their purposes
and adopted.

• The evaluation of various measures in 1 network is the first
of its kind. This comprehensive evaluation can provide
stimulus for the entire interconnected health care sector.

The overall links between training needs, training assessment,
implementation efforts, and measurable results can only be
assessed once the project has finished. The findings will be
considered in the development and implementation of later
professional educational work and its evaluation. The
interprofessional educational initiative not only consists of
various training courses but also their evaluation. One important
element is the exchange between professionals, which also acts
as promotion for the initiative itself. The competitive edge,
which results from the professional range of treatment and care
options in the Quality Network of Geriatric Medicine in
north-west Germany, is not to be underestimated. Upon
completion of the project, the full results will be made available
to the public so that other institutions can also benefit from the
results.
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Abstract

Background: Structured distress management, comprised a 2-stage screening and referral model, can direct supportive care
resources toward individuals who are most likely to benefit. This structured approach has yet to be trialed in Australian
community-based services such as Cancer Council New South Wales (NSW) and Victoria Cancer Information and Support (CIS)
13 11 20 lines who care for a large community of cancer patients and caregivers.

Objective: The aim of this study was to evaluate the effectiveness of structured screening and referral in (1) increasing the
proportion of distressed CIS callers who accept supportive care referrals and (2) reducing distress levels at 6-month follow-up.

Methods: In this stepped-wedge trial, Cancer Council NSW and Victoria CIS consultants are randomized to deliver structured
care during inbound 13 11 20 calls in accordance with 3 intervention periods. Eligible callers are patients or caregivers who score
4 or more on the Distress Thermometer; NSW or Victorian residents; aged 18 years or older; and English proficient. Study data
are collected via computer-assisted telephone interviews (CATIs) at 3- and 6-month follow-up and CIS record audit. CATIs
include demographic and service use items and the General Health Questionnaire (GHQ-28) to assess distress. An economic
analysis of the structured care model will be completed.

Results: The structured care model was developed by guideline review and identification of service characteristics to guide
mapping decisions; place-card methodology; and clinical vignettes with think-aloud methodology to confirm referral appropriateness.
The model includes an additional screening tool (Patient Health Questionnaire-4) and a referral model with 16-20 CIS services.
Descriptive statistics will be used to assess referral uptake rates. Differences between GHQ-28 scores for structured and usual
care callers will be tested using a generalized linear mixed model with fixed effects for intervention and each time period. The
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trial will recruit 1512 callers. The sample size will provide the study with approximately 80% power to detect a difference of 0.3
SD in the mean score of the GHQ-28 at an alpha level of .05 and assuming an intra-cluster correlation of .04. A random sample
of recorded calls will be reviewed to assess intervention fidelity and contamination. To date, 1835 distressed callers have been
invited to participate with 60.71% (1114/1835) enrolled in the study. A total of 692 participants have completed 6-month CATIs.
Recruitment is anticipated to end in late 2019.

Conclusions: This trial is among the first to rigorously test the outcomes of a community-based structured approach to distress
management. The model is evidence-informed, practice-ready, and trialed in a real-world setting. The study outcomes will advance
the understanding of distress management internationally for both patients and caregivers.

Trial Registration: Australian New Zealand Clinical Trial Registry ACTRN12617000352303;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=372105&isReview=true (Archived by WebCite on
http://www.webcitation.org/78AW0Ba09)

International Registered Report Identifier (IRRID): DERR1-10.2196/12473

(JMIR Res Protoc 2019;8(5):e12473)   doi:10.2196/12473
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psycho-oncology; cancer; psychological stress; community health services; telephone hotlines

Introduction

Identifying and Responding to Cancer-Related Distress
Cancer-related distress is defined as a multifactorial unpleasant
emotional experience of a psychological, social, or spiritual
nature which may interfere with the ability to cope effectively
with the disease, its symptoms, and treatment [1]. A recent
literature review of symptom prevalence suggests distress is
experienced by approximately 40% of cancer patients [2].
Australian longitudinal data have also demonstrated that up to
31% of caregivers experience borderline or clinical anxiety [3].

Distress and psychological morbidity among people affected
by cancer are associated with decreased social functioning, more
intense physical symptoms, cognitive impairment, poor
adherence to treatment, and reduced length of life [4,5].
Internationally, there are distress screening and management
guidelines available; Australian examples include Cancer
Australia’s Clinical Guidance for Responding to Suffering in
Adults with Cancer [6] and the Clinical pathway for the
screening, assessment and management of anxiety and
depression in adult cancer patients [7]. Guidelines recommend
using a brief distress screening tool, such as the distress
thermometer (DT) or Edmonton Symptom Assessment Scale.

Evidence from clinical settings suggests timely identification
when paired with structured management of psychological
distress can improve medical management and reduce distress
[8-10]. This evidence must be cautiously interpreted as other
studies demonstrate inconsistent or minimal improvement in
patient outcomes following screening [11]. The debate
surrounding the utility of distress screening is ongoing and
complex [12,13]. However, any program that involves tokenistic
distress screening without a feasible referral pathway is unlikely
to influence patient outcomes or experiences. Furthermore,
screening models may be improved by focusing on patients’
adaptive or maladaptive reactions to their distress in addition
to severity [14]. This trial will contribute further data to the
debate by involving new settings in which structured distress
management has not yet been trialed.

Incorporating and Evaluating Distress Screening
Practices in Telephone-Based Services
The International Psycho-Oncology Society emphasized that
“Distress should be recognized, monitored, documented and
treated promptly at all stages of disease and in all settings.”
[15]. One setting in which structured care might be implemented
routinely is the community-based Australian Cancer Council
Cancer Information and Support (CIS) telephone service. The
CIS model of care operates in numerous countries [16] including
the United Kingdom [17] and Australia [18]. Under the
Australian CIS model, health professionals provide emotional,
practical, and informational telephone support to both patients
and caregivers [18]. Strengths of the model include its ability
to assist individuals who are unable to receive traditional
face-to-face supportive care owing to geographical isolation or
poor physical health [17]. In 2017, the Australian CIS 13 11 20
telephone service received 46,000 calls nationally [19], of which,
the New South Wales (NSW) CIS received 12,225 calls [20]
and Victorian CIS service received 11,429 calls [21].

In total, 2 Australian studies established the acceptability and
feasibility of implementing distress screening and tiered care
in the CIS context [22,23]. These exploratory studies revealed
that, despite screening acceptability, a low proportion of callers
take up the referrals that are offered. Poor referral uptake
(approximately 20% to 25%) has also been reported in
hospital-based services [24,25]. As additional psychosocial care
is associated with improved emotional well-being and quality
of life, it is critical to maximize the proportion of distressed
patients and caregivers acting upon these referrals [26].

This stepped-wedge trial rigorously tests the uptake, likely
impact, and costs of a structured care approach to distress
screening and management across the NSW and Victorian CIS
telephone services. The trial compares the effectiveness of a
distress screening model using the DT only (ie, usual care)
against a 2-staged distress screening model incorporating the
DT, Patient Health Questionnaire (PHQ-4), and a referral model
(ie, structured care model). Effectiveness of the structured care
model is gauged by distressed callers’ referral uptake rates and
6-month distress levels measured by the General Health
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Questionnaire (GHQ-28). Usual and structured care are
delivered by CIS consultants during inbound calls from
distressed cancer patients and caregivers.

This trial was prospectively registered with the Australian New
Zealand Clinical Trials Registry (ACTRN12617000352303)
on March 8, 2017.

Aims
To identify the following:

1. The proportion of distressed people affected by cancer who
call the CIS service and take up an offer of referral under
the structured care model.

2. Whether the structured care model reduces the level of
distress at 6-month follow-up among people affected by
cancer when compared with usual care.

3. The relative costs and benefits of structured versus usual
care models at 6-month follow-up from the service provider
perspective.

Hypotheses
At 6-month follow-up:

1. There will be at least a 20% increase in the proportion of
distressed callers who are offered a referral under the
structured care model and accept the offer.

2. Distressed callers who receive structured care referrals will
report lower scores on the GHQ-28 (0.3 SD lower) at 6
months when compared with those who receive usual care.

3. Structured care will incur higher service delivery costs per
distressed caller than usual care. These higher costs will be
considered appropriate by the service provider and
consumers to reduce caller distress.

Methods

Study Design
The stepped-wedge trial is conducted with the Cancer Council
NSW and Victoria CIS 13 11 20 line. The structured care model
is sequentially rolled out with CIS consultants randomly
allocated to transition to structured care over 3 intervention
periods (Table 1). There is a 1-month transition period between
each intervention period. Transition periods are included in
reporting guidelines for stepped-wedge trials [27]; the transition
periods allow for consultants to trial the new structured care
call content (PHQ-4 and referral model), discuss and iteratively
refine new content with other structured care consultants and
receive feedback from the research team.

On the basis of previous CIS call volumes, the trial is
approximately 24 months with the opportunity to adjust
timeframes in accordance with CIS caller recruitment rates and
other internal requirements (eg, implementation of a new
electronic medical record system). The study is reported
according to SPIRIT recommendations [28].

Table 1. Consultant allocation to intervention periods with caller sample size.

Intervention period (n=504)Consultanta

3Transition2Transition1

Structured care—bStructured care→Usual careA

Structured care—bStructured care→Usual careB

Structured care—bStructured care→Usual careC

Structured care—bStructured care→Usual careD

Structured care→Usual care—bUsual careE

Structured care→Usual care—bUsual careF

Structured care→Usual care—bUsual careG

Structured care→Usual care—bUsual careH

aEach Cancer Information and Support (CIS) service has at least 4 consultants participating in the study.
bNot applicable. No transition required.

Caller Eligibility and Recruitment

Caller Eligibility
Eligible participants are inbound callers to the 13 11 20 CIS
who reside in NSW or Victoria; are aged 18 years or older; have
been diagnosed with cancer or support someone with cancer;
have DT scores of 4 or more; and have provided consent to
telephone follow-up. A meta-analysis of use of the DT with
patients diagnosed with cancer found a sensitivity of 81% and

specificity of 72% to detect distress using a cut-off score of 4
[29].

Caller Recruitment
At the end of the inbound call, eligible individuals are invited
by consultants to participate and are asked for permission to
pass their contact details to the researchers. After receiving the
contact details, the research team post study packages to
potential participants with 3 consent options: written consent
via return post; electronic consent via online form or email; or
verbal consent with the research team. Individuals who do not
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return a consent form within 10 days are contacted by telephone.
Basic data on callers who either declined to provide their contact
or declined participation after receiving a study package will

be analyzed to ascertain any consent bias. See Figure 1 for a
brief overview of caller recruitment, call content, and data
collection time points.

Figure 1. Brief description of call content, recruitment process, and computer assisted telephone interviews (CATIs) time points.

Consultant Training and Randomization

Consultant Qualifications
CIS consultants are qualified oncology or psychosocial
professionals such as specialist oncology nurses, psychologists

or counsellors, and social workers. To account for the
multidisciplinary backgrounds of CIS consultants, each
consultant receives training in therapeutic communication skills
and routinely participate in clinical supervision and professional
development workshops. As part of the training, new consultants
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also complete clinical shadowing and receive simulated calls
as a quality assurance exercise.

Intervention Training
To participate in this study, consultants participated in 2 3-hour
face-to-face group workshops: (1) usual care training focused
on administering the DT and recruiting callers and (2) structured
care training focused on integrating the PHQ-4 and referral
model into calls. Each interactive workshop is followed by a
group videoconference to troubleshoot issues and reinforce new
behaviors. Booster training is provided at 3- to 6-month intervals
depending on the need.

Consultant Randomization
Consultants are randomized to deliver either usual care or
structured care during inbound calls with all consultants
delivering structured care (ie, PHQ-4 with the referral model)
at study completion (Table 1). A randomization table was
created by computer software (ie, computerized sequence
generation) and using stratified block randomization by state.
Owing to the nature of the intervention, consultants are not
blinded to the allocation and callers are not informed of
consultants’ allocation.

Unstructured Care Calls (Usual Care Condition)
All CIS inbound calls begin with an opening such as “How can
I help you today?” The conversation is caller-directed, in that
the consultant seeks to understand the reason for the call and
establish a level of rapport with the caller using responsive
listening and expressions of empathy. Although the ensuing
care is not formally structured, all consultants use the same
client record management (CRM) system which provides a
common framework and resources to guide the scope and
progress of calls. Inbound calls can last from 10 to 45 minutes.

Under usual care, all callers are screened using the DT. Callers
may be offered any of the following internal CIS services: (1)
online peer-based support and information; (2) face-to-face
support groups where people affected by cancer support each
other; (3) one-to-one telephone support from a person who has
recovered from a similar experience; (4) telephone support
group meetings of 3 to 7 members and qualified facilitators
twice a month; (5) referral to social work, legal, financial, or
transport assistance; (6) cancer survivor programs such as a
personalized diet and exercise programs; (7) information
resources; or (8) referral to a psychologist coordinated via CIS.
These referrals can be introduced at any point throughout the
call.

Callers who speak to unstructured care consultants are not
denied any services, and callers may request specific services.
The usual care group is not assessed for service suitability in
the systematic and structured fashion which will be the case for
the intervention group.

Structured Care Calls (Intervention Condition)
A structured care call begins with the same openings as in usual
care, is caller-directed, and callers are also screened with the
DT. To deliver structured care, consultants administer an
additional screening tool and apply a referral model based on
screening results (Multimedia Appendix 1). There is no specific

time point at which the consultants must introduce additional
screening tools and referrals during the call, so the discussion
remains caller-directed and conversational. Similar to callers
who speak to unstructured care consultants, those who receive
structured care are not denied any services and callers may
request specific services.

Structured Care Screening Tools

The first screening stage is conducted using the DT. Those who
score 4 or more subsequently complete the PHQ-4. The PHQ-4
has been used in cancer samples previously and has been shown
to be accurate and reliable [30]. The PHQ-4 is brief and
well-suited to the conversational style of CIS consultations. To
report severity of distress, the PHQ-4 consists of 2 items
regarding depressed mood (PHQ-2) and 2 items from the
General Anxiety Disorder [(GAD-2)] tool relating to anxious
mood. Using a Likert scale, respondents indicate how often they
experienced the symptom in the previous 2 weeks. PHQ-4 scores
range from 0 to 12 with higher scores indicating greater distress
severity. The PHQ-4 score will be used to determine which
services are most appropriate for each caller based on the
structured care referral model.

Structured Care Referral Model

To develop a referral model that is evidence-informed and a
pragmatic combination of distress screening, tiered care, and
stepped care, the team held a 2-day workshop to map internal
CIS services to PHQ-4 distress scores. The iterative model
development process included group review of existing
guidelines; identification of service characteristics to guide
mapping decisions (eg, frequency and health professional
delivering the intervention); place-card methodology to arrange
services by PHQ-4 scores; and application of clinical vignettes
with think-aloud methodology to confirm appropriateness of
referral decisions. The referral model was further refined
following a pilot test with approximately 40 distressed callers.
Examples of changes to the model include reformatting to a
pyramid shape with 3 tiers; additional detail on timing of an
outbound follow-up call; and description of universal care
options such as CIS information brochures.

The final referral model includes 16 to 20 CIS services across
3 levels of distress and is state-specific, given different service
availability and branding (Multimedia Appendix 1). The referral
model also includes an additional follow-up call to repeat
screening and further support those individuals with elevated
or unchanged distress scores. If accepted, the timing of the call
is determined by caller preferences to accommodate pivotal
moments in the cancer journey such as treatment
commencement.

Intervention Fidelity and Contamination
All calls to the Cancer Council are recorded as a part of standard
operating procedures and the research team will review a random
sample of recorded phone calls. Using the CIS CRM Systems,
the research team will audit the proportion of calls in which the
PHQ-4 scores were recorded to determine fidelity.
Contamination between the 2 groups, for example, use of the
PHQ-4 items, will also be evaluated by auditing usual care calls
in addition to structured care calls for fidelity. Contamination
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between usual care consultants and structured care consultants
is minimized by strategic design of the CRM system so that the
PHQ-4 is not easily viewable by usual care consultants and
separated training sessions; and, as a part of training, consultants
were informed about the trial design and the need to reduce
contamination.

Study Outcomes
Study outcomes are assessed through 6-month computer assisted
telephone interviews (CATIs) with participants; the CIS CRM
Systems; and review of audio recordings. The data collection
time periods were designed to increase patient recall of referrals
in 2 shorter 3-month periods. CATIs are an appropriate method
of data collection from participants recruited through a
telephone-based support service.

Referral uptake is the primary outcome and is measured as the
proportion of participants who report being provided with a
referral and report at 6-month follow-up that an action has been
taken to progress the referral (ie, an appointment or telephone
interaction). Referral uptake was selected as the primary
outcome as it can reflect the appropriateness of the type of
referral offered to callers under the structured care model. The
hypothesized increase of 20% in referral uptake was selected
based on internal CIS data in the absence of comparable studies
in telephone-based supportive care service uptake. The
study-specific questions are tailored to the CIS services;
questions were pilot-tested with a consumer advisory panel and
reviewed after the first 20 participants.

Distress is measured by the GHQ-28 [31] that is a widely used
self-report measure of general psychological distress. The
measure uses 28 items to assess perception of health in terms
of ability to play a useful part in life; make decisions; overcome
difficulties; enjoy normal activities; face problems; and feel
confident, worthwhile, and happy [31]. The GHQ-28 has
excellent internal consistency, diagnostic accuracy, and
test-retest reliability [32,33]. The measure has been used in the
Australian community [34] and with patients with cancer [35].

Moderators
Sociodemographic and disease-related characteristics include
cancer type, stage of disease, age, gender, postcode, marital
status, education, health care card recipient, private health
insurance, household income, previous psychological treatment,
and/or morbidity and other assistance received since study
enrolment. Caller type (patient or caregiver), DT score at
inbound CIS call, and reason for contacting the CIS (eg,
information, emotional, or practical support) will also be
accounted for in study analyses. Subgroup analyses will be
conducted for caregivers. Basic information regarding the
consultants, such as the number of years at the CIS, will also
be incorporated into analyses.

The Health Education Impact Questionnaire (HeiQ) is a 42-item
tool for assessing the efficacy and impact of health education
and self-management programs for people with chronic diseases
[36]. The HeiQ has demonstrated reliability and validity,
including with oncology samples, and has been used previously
by Cancer Councils to evaluate programs [37,38].

Acceptability
The consultants’ experience in using the structured care model,
and the perceived value of this approach, will be explored in
qualitative interviews at conclusion of the study. The
semistructured interviews will include questions about the value
of the additional questions and referral model at eliciting and
managing emotional distress and the impact of these additions
in building rapport and maintaining a caller-directed approach.
The interview will be recorded, partially transcribed, and
analyzed according to content analysis facilitated through NVivo
qualitative data analysis software (QSR International Pty Ltd.
Version 10, 2014). The Consolidated Criteria for Reporting
Qualitative Research will be used [39].

Costs
The length and number of calls made or received by participants
is automatically recorded. Standard hourly rates for consultants
will be used to calculate the cost of service delivery. Service
provider costs owing to the uptake of referrals in both groups
are tracked through the Cancer Council CRM, and standard
hourly costs will be applied to provide a full assessment of the
cost implications for each of the care models. Standard hourly
costs will be derived directly from CIS CRM data.

Participant outcome data and service provider cost data will be
submitted to a series of discussion sessions involving consumers
and relevant service leads at conclusion of the study. These
sessions will explore whether the identified consumer benefits
are perceived to be commensurate with the additional service
provider costs incurred. The discussion sessions will be guided
by the Nominal Group Technique [40]: (1) Service leads will
receive a prediscussion report with information such as cost per
caller screened under usual and structured care, odds of referral
uptake, and average change in distress scores; (2) The roundtable
discussion will be led by a group facilitator who will ask for
individual feedback recorded in a round-robin format; (3) The
group will then collectively discuss the feedback until consensus
is reached on the cost and benefits of intervention. This
discussion will be audio-recorded; and 4) Participants will have
the opportunity to provide further comment directly to the
research team.

Statistical Methods and Sample Size
Descriptive statistics will assess referral uptake rates.
Differences between GHQ-28 scores for the structured and usual
care groups will be tested using a generalized linear mixed
model with fixed effects for the intervention and each time
period after baseline. To account for the fact that outcomes are
measured at the participant level while randomization is at the
consultant level, a normally distributed random intercept for
consultants will be included in the model. The parameter of
interest from these models will be the estimated coefficient for
the intervention term. On the basis of 8 consultants participating,
the trial aims to recruit a total of 1512 distressed callers across
the 3 steps. The sample size provides the study with
approximately 80% power to detect a difference of 0.3 SD in
the mean score of the GHQ-28 at an alpha level of .05 and
assuming an intracluster correlation of .04. An effect size of .3
was selected based on previous trials of psychoeducation and
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telephone-administered interventions with patients with cancer
[41].

Ethics
The study has been approved by the University of Newcastle
Human Research Ethics Committee (NHMRC Committee Code:
EC00144; Reference No. H-2016-0180); the Cancer Council
of NSW (NHMRC Committee Code: EC00345; Reference No.
304); and the Cancer Council Victoria (NHMRC Committee
Code: EC00203; Reference No. 1605).

Results

Progress
As of April 2019, 1835 eligible CIS callers have been invited
to participate in the study by CIS consultants. A total of 1114
(60.70%, 1114/1835) individuals consented to participate; 372
(20.27%, 372/1835) declined to participate; and 180 (9.81%,
180/1835) did not respond to the invitation to participate after
postal and telephone reminders. The consent status of the
remaining 79 individuals is not yet known, and the individuals
are currently receiving follow-up reminders through phone and
email prompts.

Of the 1114 consenting participants, 692 have now completed
the 6-month CATI. From the start of the study, 182 enrolled
participants did not complete their 6-month CATI—this
represents a lost-to-follow-up of 20.8% (182/874). Just over
half of the current sample (56.01%, 624/1114) are patients. The
remaining 44.00% (490/1114) of participants are individuals
supporting someone with a cancer diagnosis, in remission or
bereaved.

Timeline
The trial entered the final intervention stage in April 2019, with
all participating CIS consultants now delivering structured care.
Study recruitment will continue for 6 months after this transition,
with a further 6 months required to complete follow-up
assessments. As such, trial outcome data are anticipated to be
available in early 2020.

Discussion

Evidence-Informed Distress Screening by
Telephone-Based Services Can Fill an Important Gap
in Supportive Care
Distress among patients with cancer and caregivers is recognized
as an important and challenging issue and is yet to be managed
in a widespread, consistent, and effective fashion [11]. The
Cancer Council CIS services hold a unique coordination role
within community-based cancer care by facilitating access to
additional psychosocial support programs outside of

hospital-based settings. The CIS services also have tremendous
potential to support caregivers and survivors who will
experience clinically significant distress [2,3]. Furthermore, the
CIS can provide a safety net by identifying the many distressed
patients with cancer who fall-through the cracks in Australian
cancer services [42,43]. For example, a previous Australian
study suggested that a third of cancer services do not routinely
screen outpatients for distress [42].

Study Contribution to the Literature on Distress
Screening and Management
The intention for any community-based telephone counselling
service, such as the CIS services, to implement distress screening
and various forms of structured care requires thorough
evaluation of the benefits to callers. These benefits must be
considered alongside the additional staff time and potential
changes to the way staff interact with callers. For example, it
is unknown if additional screening may affect the type and
intensity of support offered to distressed callers, particularly as
emotional well-being may not have been the motivating reason
for contacting the service. A key strength of this study is the
diverse sample of patients and caregivers recruited to mimic
the large and heterogeneous community supported by the Cancer
Council CIS services and other international telephone
counselling services [16-18]. As evidence suggests that
caregivers will experience distress levels similar to those of
patients [3], the study will provide an invaluable opportunity
to specifically report on the experience of distressed caregivers
and their use of supportive care services.

As a critical factor for the translation of research into practice,
this study has a strong focus on the resource implications of
implementing a structured care model. The final phase of the
proposed study involves facilitated discussion with service
leaders and managers to examine the psychosocial outcome
data alongside the cost data. This process will assist the end
users in assessing the resource implications of implementing
structured care, which will be important for the translation and
sustainability of a structured care approach. The assessor
comments have been provided in Multimedia Appendix 2.

This trial is the first to rigorously test the outcomes of a
community-based (rather than clinical) structured approach to
distress management. The model is evidence-informed,
practice-ready, and trialed in a real-world setting. The outcomes
of this trial will advance the understanding of distress
management internationally. The proposed trial is also one of
the first to deliver a harmonized multi-state intervention across
state-based CIS borders. As the CIS service reported
approximately 46,000 calls nationally in 2017, it is evident that
an effective and consistent distress management model has
tremendous potential to improve the psychosocial care for a
large number of patients with cancer and caregivers.
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Abstract

Background: Despite lower mortality rates due to combination antiretroviral therapy, people living with HIV (PLWH) are
grappling with increasingly complex health issues, including cognitive impairments in areas such as memory, attention, processing
speed, and motor function. Yoga has been shown to be an effective form of exercise and mindfulness-based stress reduction for
many clinical populations. However, no randomized trials have evaluated the impact of yoga on cognitive and physical function
among PLWH.

Objective: The aim of this pilot randomized trial was to determine the feasibility of a yoga intervention to lay the groundwork
for a full-scale, multisite, community-based trial for PLWH. Specific objectives are to (1) assess the feasibility of study protocol
and procedures, (2) compare cognition in the yoga group with the usual care control group after 12 weeks of the intervention in
PLWH, and (3) compare the effects of the 12-week yoga intervention versus control on balance, walking speed, physical activity,
mental health, medication adherence, and quality of life among PLWH.

Methods: We propose a pilot randomized trial with 2 parallel groups (yoga versus control). We will recruit 25 PLWH (>35
years) from community and health organizations in Halifax, Canada. After baseline assessment with blinded assessors, participants
will be randomly assigned to the yoga or control group, using a random computer generator. Participants in the yoga group will
engage in supervised 60-min group-based yoga sessions 3 times a week for 12 weeks at a yoga studio. Participants in the control
group will maintain their current physical activity levels throughout the study.

Results: As per the Consolidated Standards of Reporting Trials extension for pilot studies, means of all outcomes, mean change,
and 95% CIs will be calculated for each group separately. Two-tailed independent t tests and Fisher exact tests will be used to
compare groups at baseline. We will analyze quantitative postintervention questionnaire responses using Chi-square tests, and
open-ended responses will be analyzed thematically. Intention-to-treat and per-protocol analyses will be used to analyze secondary
variables. Changes in outcome variables will be examined between groups and within groups. Effect sizes will be reported for

JMIR Res Protoc 2019 | vol. 8 | iss. 5 |e13818 | p.104http://www.researchprotocols.org/2019/5/e13818/
(page number not for citation purposes)

Quigley et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:adriaquigley@gmail.com
http://www.w3.org/Style/XSL
http://www.renderx.com/


each outcome. A priori adherence and satisfaction criteria will be met if participants attend >70% of the yoga sessions and if
>70% of the participants are satisfied with the intervention as determined by a postparticipation questionnaire. Study enrollment
began in January 2018, with results expected for October 2019.

Conclusions: This pilot randomized trial will be the first to investigate the feasibility and effect of a yoga intervention on
cognitive and physical outcomes among PLWH. This work will inform the feasibility of further investigations in terms of capacity
building, participant recruitment and retention, and assessment and intervention protocols.

Trial Registration: ClinicalTrials.gov NCT03071562; https://clinicaltrials.gov/ct2/show/NCT03071562 (Archived by WebCite
at http://www.webcitation.org/785sfhWkw)

International Registered Report Identifier (IRRID): DERR1-10.2196/13818

(JMIR Res Protoc 2019;8(5):e13818)   doi:10.2196/13818
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Introduction

Cognitive Impairment in People Living With HIV
Despite lower mortality rates due to combination antiretroviral
therapy (cART), people living with HIV (PLWH) are grappling
with increasingly complex health issues [1], including cognitive
impairments in areas such as memory, attention, processing
speed, and motor function [2]. Even with the widespread use
of cART, 30% to 60% of PLWH experience cognitive
impairment [2,3]. Given that the number of people with
HIV-associated cognitive impairment is expected to increase
5- to 10-fold by the year 2030 [4], and the incidence of HIV
infection is increasing among older adults [5], this issue has
become a public health concern [6]. Aging and HIV appear to
have combined deleterious effects on both brain structure and
function, and some investigators have hypothesized that these
effects could be synergistic [7,8]. As such, the combined effect
of age and cognitive impairment in HIV has become a concern
over the past decade, especially as PLWH now have a life
expectancy that rivals that of their HIV-negative counterparts
[9]. Proposed mechanisms for cognitive dysfunction include
direct attacks of the virus on brain tissue and indirect processes
such as local or systemic inflammation [10]. Glial cells, possible
reservoirs for the virus, release proinflammatory cytokines and
toxins associated with cognitive disorders and neuron
degeneration [11]. Protein gp120 damages neurons by causing
calcium overload and reducing brain-derived neurotrophic
factor, the central growth factor involved in neurogenesis [12].

HIV-associated cognitive impairment has a profound impact
on activities of daily living [13], social function [14], quality
of life [15], employment [16], and adherence to pharmacological
[17] and nonpharmacological treatment [18]. Despite the fact
that ~95% adherence to cART is required for adequate viral
suppression, 66% of participants in a HIV clinical trial simply
forgot to take their medications [19]. Pharmacological adherence
is a major priority, given that cART is the mainstay of proper
HIV management. A study of 267 adults with HIV revealed
that those with cognitive impairment performed worse on
functional laboratory measures of shopping, cooking, finances,
medication management, and work-related skills than those
with normal cognition [20]. Furthermore, the authors discovered
that poor executive function, learning, attention, working

memory, and verbal abilities strongly predicted functional
performance [20]. Authors of another study revealed that
symptomatic cognitive impairment was associated with
significantly worse scores in 8 domains of the Medical
Outcomes Survey for HIV (MOS-HIV) [21]. PLWH with
cognitive impairment are less likely to be employed [22], have
a difficult time returning to work after disability [23], and have
difficulties adapting to the demands of work [20].

Gait and Balance Impairments Among People Living
With HIV
Although the cognitive aspects of HIV-associated
neurocognitive disorder such as memory, attention, and
processing speed have been studied in great detail, the motor
aspects have not received much attention. There is evidence of
a shared pathology between cognitive and motor functions; a
large study of 1549 PLWH revealed a significant relationship
between slowed gait and worsening cognitive function [24].
Balance and gait impairments are common among PLWH [25],
and they are associated with frailty, higher rates of falls, and
increased mortality [26]. Decreased gait speed is linked to higher
fall risk, even in those taking cART with undetectable viral
loads [26]. A recent systematic review and meta-analysis of 16
cross-sectional studies and 1 prospective cohort study conducted
by Berner and colleagues (2017) evaluated the available
literature on gait and balance dysfunction in PLWH [27]; a total
of 3 [28-30] of 8 studies [25,26,28-33] that examined gait speed
reported slowing of fast gait speeds among PLWH compared
with controls.

Balance performance tests also reveal balance impairments
among PLWH. Using the Single Leg Stance Time Test, Bauer
and colleagues (2011) [25] revealed a significant decrease in
nonpreferred single leg stance time among obese PLWH
compared with seronegative controls in their sample of 86
seropositive and 121 seronegative individuals. Sullivan and
colleagues (2011) [34] had similar findings in their sample of
40 female and male PLWH, but they found no differences
between groups in tandem stance time. Using the Single Leg
Stance Time Test with eyes closed in their sample of 308
PLWH, Tanon and colleagues (2017) [35] determined that 87%
of participants demonstrated balance impairments. Performance
on the Heel-To-Toe Walk Test with eyes closed [34], the Limits
of Stability Test [25,31], and the 360-Degree-Turn Test (among
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PLWH with obesity only) [25] may also be impaired. Notably,
PLWH appear to perform well on the Berg Balance Scale
[26,27,36], which indicates that more challenging dynamic
balance assessments are required to identify impairments in this
population.

Exercise and Cognitive Function in People Living With
HIV
Quigley and colleagues (2018) recently published a scoping
review to map the available evidence regarding physical activity
and cognitive outcomes (both objective and self-reported) among
PLWH [37]. The scoping review included 16 studies: 5
randomized controlled trials (RCTs) [38-42], 3 pre-post single
group observational studies [43-45], and 8 cross-sectional
studies [46-53], with a total of 1701 PLWH [37]. The
noninterventional research indicated a strong association
between physical activity levels and cognitive performance as
measured by a cognitive battery in PLWH; all 8 cross-sectional
studies demonstrated positive associations [46-53]. However,
only 2 of the 8 interventional studies—an RCT [41] of aerobic
and resistance exercise and a single cohort study involving Tai
Chi [43]—revealed positive outcomes regarding cognition in
PLWH. McDermott and colleagues [42] conducted the only
RCT to directly examine the effect of exercise on an objective
measure of cognition in PLWH. Their 16-week aerobic exercise
intervention, 3 times per week at 40% to 75% of heart rate
reserve neither had an effect on Montreal Cognitive Assessment
scores nor had an effect on Trails A and B scores [42]. However,
the sample size comprised 11 participants, and the Montreal
Cognitive Assessment may not be sensitive to cognitive
impairment in PLWH [54]. Clearly, confirmatory evidence of
the effect of exercise on cognition in this population is lacking.

The Effect of Yoga on Cognitive and Physical Function
Yoga has emerged as an effective form of exercise and
mindfulness-based stress reduction across many clinical
populations [55]. It is an ancient practice combining postures,
mindfulness, spirituality, and breath control to enhance
flexibility, strength, and balance, and it is increasingly being
recognized as a mainstream intervention to promote a more
preventative and holistic health care approach [56,57]. Findings
of a meta-analysis of 15 RCTs suggest that yoga interventions
lasting 1 to 6 months are associated with enhanced overall
cognitive function (Hedges  g=0.33), attention and processing
speed (Hedges  g=0.299), executive function (Hedges  g=0.27),
and memory (Hedges  g=0.18) in people with and without
chronic diseases [58]. In fact, it appears that acute bouts of yoga
may be superior to aerobic exercise for improving inhibition
and working memory, as determined by a repeated-measures
study of 30 healthy younger women [59]. There are numerous
mechanisms thought to underlie cognitive improvements with
yoga interventions. It is possible that yoga may contribute to
dominance of the parasympathetic nervous system [60,61] while
downregulating the sympathetic nervous system and the
hypothalamic-pituitary-adrenal axis [61]. A systematic review
of 25 RCTs conducted with healthy and chronic disease
populations revealed that those who participated in yoga
improved their cortisol levels, heart rate, and blood pressure
relative to controls [62]. There is also evidence that yoga and

other types of mind-body exercise (including Tai Chi) are
associated with improved mood; a meta-analysis of 40
interventional studies revealed that Tai Chi has positive effects
on both anxiety and depression [63]. Improvements in the stress
response with mind-body exercise may contribute to improved
cognitive performance [64]; an RCT of 118 older adults revealed
that yoga participants had an attenuated cortisol response and
improved executive function relative to the control group
following an 8-week yoga intervention [64]. Of note,
self-reported mood stress and cortisol levels predicted executive
function performance [64]. Other potential mechanisms
associated with yoga interventions include the learning of novel
tasks, which is associated with changes in brain structure and
function [58], sustained attention [65], activation of the default
mode network (including learning and consolidation functions)
[66], and improved meta-cognition (one’s conscious awareness
of his or her cognitive processes), which is closely related to
executive function [67].

Yoga is also an effective treatment for impaired balance in
people with [68-71] and without physical impairments [72,73]
because of its positive effects on strength [74], mobility [69],
balance self-efficacy [70,71], and visuospatial memory [75]. A
2016 systematic review and meta-analysis of 6 RCTs confirmed
that healthy older adults and individuals with various health
conditions, such as stroke, Parkinson’s disease, and knee
osteoarthritis, reap yoga-induced benefits to postural stability
and mobility [76]. The investigators suggested that health care
professionals should recommend yoga to older adults as a safe
and effective intervention for balance and mobility limitations
[76]. There is considerably less research evaluating the effect
of yoga on balance, quality of life, and depression in PLWH.
In their case-series study of 3 PLWH, Kietrys and colleagues
(2018) observed improvements in several gait parameters
(including double-limb support time, step length, stride length,
stride velocity, and walking velocity) and balance (as measured
by the Multidirectional Reach Test) in 2 of the 3 participants
following a 4-week yoga intervention [77]. There is some RCT
evidence for the benefits of yoga on quality of life [78] and
depression [79] in PLWH; however, the former study did not
involve yoga postures, and the latter intervention was only a
month in total duration. To date, no RCTs have evaluated the
impact of yoga on cognitive and physical performance among
PLWH.

Purpose and Objectives
The purpose of this pilot RCT is to determine the feasibility of
a yoga intervention to lay the groundwork for a full-scale,
multisite, and community-based trial with PLWH. Specific
objectives are to (1) assess the feasibility of the study protocol
and procedures, (2) compare cognitive function in PLWH in a
yoga intervention group with a usual care control group among
PLWH after 12 weeks of the intervention, and (3) compare the
effects of the 12-week yoga intervention versus control on
balance, walking speed, physical activity, mental health,
medication adherence, and quality of life in PLWH.
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Methods

Design
We propose a pilot randomized trial with 2 parallel groups,
comparing the yoga group with a usual care control group using
quantitative methods of data collection. Figure 1 outlines the
sequencing of the study protocol. The conceptual framework
for pilot and feasibility studies created by Eldridge and

colleagues [80] and the Consolidated Standards of Reporting
Trials (CONSORT) 26-item checklist for randomized pilot and
feasibility studies will be employed to ensure methods are
properly defined and reported [81]. The study is guided by a
community advisory committee comprising 7 members of the
HIV community and 3 representatives from local HIV
organizations. Our research team held consultations with the
community advisory committee to assist with study design and
recruitment strategy.

Figure 1. Consolidated Standards of Reporting Trials flow diagram.

Participants
We will identify cognitive concerns on the Communicating
Cognitive Concerns Questionnaire (C3Q) with a cut-off of 35
points or less [82]; in addition, we will include a maximum total
of 25 PLWH who are aged 35 years or older of any gender, are
English speaking, live within 50 km of the study site, are able
to provide informed consent, and are deemed medically stable
as assessed by the Physical Activity Readiness Questionnaire
Plus [83]. Study exclusion will include regular participation in
a yoga program during the 6 months before study
commencement.

Recruitment
Recruitment will occur via newsletters and posters at community
organizations and health centers in Halifax, Nova Scotia.

Furthermore, staff at the local HIV Clinic have agreed to
approach eligible individuals and provide them with a study
information brochure. To obtain a sample that is diverse in terms
of ethnicity, gender, and severity of HIV disease, we will also
employ snowball sampling techniques, whereby potential
participants will be asked to identify other potential participants.
All interested individuals will contact the study coordinator.
The coordinator will explain the general purpose and procedures
of the study, risks and potential benefits, time commitment, and
responsibilities of the participants. Each potential participant
will be informed that health care services will not be affected
by study participation or withdrawal. A copy of the consent
form will be provided and reviewed, and all the questions will
be answered to the potential participant’s satisfaction. Potential
participants who remain interested in enrolling in the study will
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be asked to sign the consent form approved by the local
Research Ethics Board (REB).

Randomization
After baseline assessment, an individual not directly involved
in the study will randomly assign participants in a 1:1 ratio to
the yoga or control group using a random computer generator.
Group assignment of each participant will be concealed in
individual opaque envelopes that will remain sealed until after
completion of the baseline assessment. The number of
participants screened and randomized to each group will be
recorded, as per the CONSORT extension for randomized pilot
trials [81].

Ethical Considerations
The study protocol was approved by the REB (protocol reference
#1022158). The procedures will be followed in accordance with
institutional ethical standards and the Helsinki Declaration. The
trial was registered on ClinicalTrials.gov. Proposed amendments
to the protocol will be submitted for review to the REB. For
ethical reasons, we cannot ask participants to avoid making
medication changes; any changes participants make to their
medications will be documented. Unanticipated or adverse
events will be reported immediately to the REB. Participant
confidentiality and autonomy will be maintained throughout

the study, and data will be anonymized and secured. Study data
will be stored in a locked office at Dalhousie University.
Electronic data will be stored in encrypted form and will
exclusively be accessed by the research team. Restricting access
to data on-site until the data have been appropriately coded and
deidentified will mitigate the risk of residual disclosure. All
data will be destroyed after 7 years. Decisions to stop
participating will be respected. To offset participants’ personal
and travel costs, we will provide bus tickets for assessments
and yoga sessions, and we will provide parking reimbursement,
snacks, and honoraria for the assessments.

Intervention Protocols

Yoga Group
Groups of 4 to 5 participants will engage in 60-min group-based
Hatha-style yoga sessions 3 times per week for 12 weeks under
the supervision of a yoga-certified physiotherapist at a local
yoga studio. Classes will begin with a 15-min warm-up, which
includes seated meditation, breathing exercises, shoulder and
neck stretches, back mobility exercises, and sun salutations.
Then, participants will perform 10 min of standing and 15 min
of balance poses, followed by 10 min of abdominal work and
back-bends. The class will finish with 5 min of final rest
(savasana). The yoga protocol can be seen in Table 1.

Table 1. Yoga protocol.

Cool down (10 min)Abdominals and back bends
(10 min)

Balance poses (15 min)Standing poses (10 min)Warm-up (15 min)

Twist; cobbler’s pose; hip
stretches; corpse pose; side-
lying; seated om

Bird-dog; side plank; bridge;
cobra; sphinx

Tree pose; eagle pose;
standing holding knee;
modified warrior 3 (chair
support); half moon

Warrior 1; warrior 2; trian-
gle; extended side angle; re-
verse warrior; high lunge
with twist

Seated meditation; alternate
nostril breathing; bellows
breath; shoulder/neck
stretches; cat-cow forward
fold; sun salutations

Yoga Protocol
Yoga mats, blocks, chairs, and straps will be provided to the
participants. Postures will be modified for people with balance
impairments or neuropathies. If participants are unable to get
down to the floor or balance without support, postures will be
performed with the use of a chair or other props. As Indigenous
people are overrepresented in the HIV epidemic in Canada (they
represented 11.3% of all new infections in 2016) [84], the
sample population should reflect the cultural diversity within
the catchment area of the study. Every month, a smudging
ceremony with an Elder representing the Indigenous people will
take place for 5 to 10 min before class commencement. The
rationale for performing the smudging ceremony is that it is
commonly associated with yoga practices [85]; in fact, a recent
survey of 360 yoga practitioners identified spirituality as a
common reason for starting and maintaining their yoga practice
[86].

Attendance Policy
Of the total of 36 sessions (3 classes a week for 12 weeks), each
participant will be encouraged to attend 70% of classes.
Consideration will be given to withdrawing a participant from
the study if the participant cancels or does not attend more than
6 sessions for reasons other than illness. In the event of a

reversible illness that results in the participant being absent for
more than 6 sessions, the participant will be withdrawn from
the study and offered to be reenrolled in the yoga group after
an 8-week washout period. If a session is cancelled, a make-up
session will be scheduled.

Control Group
The control group will be asked to continue with its regular
exercise routine, and the group will be asked to not make any
changes during the study. Interested participants in the control
group will be offered the opportunity to attend ongoing yoga
classes as frequently as they would like, following study
completion.

Assessment Protocol
As per the CONSORT extension for pilot RCTs, the number of
participants screened for eligibility, randomly assigned, received
intended treatment, and assessed for each objective will be
recorded [81]. Study data will be collected in the Physiotherapy
department at Dalhousie University and managed using Research
Electronic Data Capture (REDCap) software (REDCap Inc)
[87]. The authors will provide access to the study’s REDCap
(REDCap Inc) data upon request. Table 2 outlines the outcome
variables and measurement tools.

JMIR Res Protoc 2019 | vol. 8 | iss. 5 |e13818 | p.108http://www.researchprotocols.org/2019/5/e13818/
(page number not for citation purposes)

Quigley et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Table 2. Outcomes and measurement tools.

Objective measure or self-reportMeasurement toolOutcome

Self-reportYoga readiness questionnaire (yoga group only)Yoga readiness (previous experience with yoga,
injuries and ability level)

Self-report; objectiveCommunicating Cognitive Concerns questionnaire; Brief
Cognitive Ability Measure

Cognitive performance

Objective; objectiveCommunity Mobility and Balance Scale; 10-meter walk
test

Motor function (balance, walking speed)

Self-reportHospital Anxiety and Depression ScaleMental health

Self-reportMedical Outcomes SurveyQuality of life

Self-reportSimplified Medication Adherence QuestionnaireMedication adherence

Self-report; objectiveRapid Assessment of Physical Activity; Fitbit Flex 2—total
distance walked (km) and steps taken per day

Physical activity

Self-reportPostparticipation survey (yoga group only)Participant satisfaction, safety, comfort, fatigue,
and benefits

Outcome Variables and Measurement Tools

Demographic Information
We will administer a 13-item paper-based self-reported
questionnaire asking about age, sex, gender, ethnicity, education
level, employment, income, comorbidities, year diagnosed with
HIV, viral load (if known), CD4 count (if known), medications,
comorbidities, and physical activity (how often the participant
was physically active in the previous week) at baseline to
describe the sample and assess group comparability. Participants
randomized to the yoga group will be asked to fill out a
yoga-readiness questionnaire we created to provide the yoga
instructor with safety and injury information.

Primary Measures

Many domains of feasibility will be assessed by both participants
and study personnel using monitoring processes and a 13-item
paper-based post-intervention questionnaire, which includes
both questions on a Likert scale ranging from strongly disagree
to strongly agree and open-ended questions (see Multimedia
Appendix 1):

1. Project coordination (team building, communication and
meetings, collaboration, consensus building,
troubleshooting, scheduling, protocol consistency, and
timelines). Any issues with (or changes to) the study
protocol or scheduling will be documented.

2. Participant issues (recruitment, comfort, satisfaction, safety,
attendance, time commitment, attrition, and reasons for
ineligibility drop out/declining to participate), as assessed
by the postintervention questionnaire and documentation
by the study coordinator.

3. Assessment protocol elements (time and personnel
requirements, usefulness of outcome variables, participant
burden, and feasibility) will be recorded by the study
coordinator.

4. Intervention protocols (time, equipment, and personnel
requirements) will be recorded by the study coordinator.

5. Data quality (completeness, intra/interparticipant variability,
interpretability, and trends) will be checked by the study
coordinator. Per the CONSORT checklist, our a priori

adherence and satisfaction criteria will be met if participants
attend 70% of the yoga sessions and if 70% of the
participants are satisfied with the yoga intervention as per
the postparticipation questionnaire.

Secondary and Tertiary Measures

Cognition, physical performance (balance, walking speed),
physical activity, and affective (mental health, quality of life,
and medication adherence) evaluations will be administered at
baseline and postintervention (12 weeks) by a trained assessor,
blinded to the group assignment. The rationale for blinding the
assessor is to reduce bias in scoring during the assessment
sessions. The estimated length of time for the assessment
sessions is 2 hours per participant. We will measure cognitive
function using the Brief Cognitive Ability Measure (B-CAM),
a computerized cognitive test developed for PLWH, using Rasch
measurement theory and analysis that takes 30 min to administer
[88,89]. The B-CAM provides a measure of global cognition
that is calibrated—the intervals between logits are equal,
meaning the data are continuous [88,90].

Cognitive domains tested with the B-CAM include visual
detection (reaction time), Flanker task (response inhibition)
[91], memory (learning and recall of 8 words), Shape 2-back
(working memory) [92], Corsi block-tapping forward and back
tests (visuospatial memory) [93], verbal fluency (letters F-A-S
in English) mini Trail Making Test B (executive function) [94],
and the Tower of London test (planning) [95]. The scoring of
the B-CAM ranges from 0 to 24, with higher values indicating
better global cognition [90]. To reduce the likelihood of practice
effects, different versions of the B-CAM are performed at
baseline and final assessments [90]. Group-based trajectory
analysis has revealed that no practice effects were found at the
item level [90].

Self-reported cognition will also be assessed using the C3Q, an
18-item paper-based questionnaire that was developed to
estimate the presence and frequency of memory, attention,
executive function, visuospatial, speech and language, behavior
and emotion, and cognitive challenges among PLWH [82]. The
frequency of such challenges are recorded by the participant on
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a 3-point scale: frequently (almost every day), sometimes (once
a week), or rarely (once a month) [82].

Balance will be measured using the Community Balance and
Mobility (CB&M) test, a high-level balance assessment of tasks
performed in the community, developed for people with
traumatic brain injury [96]. It is a valid and reliable measure of
dynamic postural control in people with traumatic brain injury
[96,97] and older community-dwelling individuals [98], and it
is not as susceptible to ceiling effects as the Berg Balance Scale
[98,99]. Walking speed will be measured using the 10-meter
walk test because of the association of gait speed with cognitive
performance in PLWH [24], its previous use in the HIV
literature [26], and its ability to predict survival in older adults
[100]. Depression will be assessed using the Hospital Anxiety
and Depression Scale, a paper-based self-report questionnaire
[101], which has very good to excellent internal consistency,
test-retest reliability and convergent validity, and acceptable
discriminant validity in PLWH [102]. Quality of life will be
assessed using MOS-HIV, a paper-based questionnaire that
comprises 10 domains (physical function, social function, role
function, cognitive function, pain, mental health, energy, health
distress, quality of life, and overall health), with good to high
internal consistency and construct validity in PLWH [103].
Physical activity will be assessed using the Rapid Assessment
of Physical Activity, a 9-item paper-based questionnaire that
measures moderate and vigorous physical activity, including
strength and flexibility within the last week [104]. It was
validated in older adults [104], and it has been used in studies
with people with HIV [105]. Objective levels of physical activity
(total distance walked, and number of steps taken per day) will
be measured using accelerometers (Fitbit flex 2) [106].
Accelerometer data will be electronically synced and
downloaded after weeks 1 and 12 and stored in an encrypted
file. Participants will also be asked about Medication adherence
(specifically cART), measured with the paper-based Simplified
Medication Adherence Questionnaire (SMAQ), which has 72%
sensitivity, 91% specificity, and a likelihood ratio of 7.94 for
nonadherent patients [107].

Participant Safety
Participants will be monitored throughout the yoga sessions and
the assessments. If a participant presents with any medical or
safety concerns, the supervising physiotherapist will provide
the appropriate first aid or injury treatment; then, the supervising
physiotherapist will refer the participant to the participant’s
family physician for follow-up. Any harms or unanticipated
effects will be recorded as per the CONSORT checklist [81].
Owing to the low-risk nature of the study, we do not anticipate
any additional safety or medical issues associated with the yoga
interventions.

Results

Data Analysis
All questionnaires and measures will be assessed for missing
data. The data will be analyzed to determine if the assumptions
for parametric tests are met. Descriptive statistics will be used
to characterize the participants. As per the CONSORT extension
for pilot studies, means of all outcomes, mean change, and 95%

CIs will be calculated for each group separately. We will also
follow the Sex and Gender Equity in Research guidelines [108]
by disaggregating data by sex and gender. Participant dropouts
will also be reported disaggregated by sex.

Independent t tests and Fisher exact tests will be used to compare
the 2 groups at baseline. If the 2 groups differ at baseline, that
variable will be included in the analysis as a covariate. We will
analyze quantitative postintervention questionnaire responses
using Chi-square tests, and open-ended responses will be
analyzed thematically. Intention-to-treat and per-protocol
analyses will be used in the analysis of the secondary variables.
Changes in outcome variables will be examined between groups
and within groups. Floor and ceiling effects will be calculated
for the CB&M test. Effect sizes will be reported for each
outcome. Alpha level will be set at .05, using 2-tailed for all
inferences, and data will be analyzed with SPSS Version 25
(SPSS Inc). As this is a pilot study, sample size calculations are
not recommended [81]. This pilot study will not be adequately
powered to conclusively state the influence of the intervention
on study outcomes, but if trends are promising, a future, more
adequately powered trial will be planned. This pilot study will
provide preliminary data for future sample size calculations.

Study enrollment began in January 2018, with results expected
in October 2019.

Dissemination
Study results will be disseminated to PLWH, researchers, health
care providers, community-based organizations, stakeholders,
and policy makers. Knowledge translation will take place via
peer-reviewed journals, podium and poster presentations at
conferences and forums, newsletters, and presentations at
community-based organizations.

Discussion

Study Strengths
This pilot implementation trial will be the first to investigate
the effect and feasibility of a yoga intervention on cognitive
and physical outcomes in PLWH. Not only will the study
generate preliminary data about the effects of yoga on cognitive
and physical function, but it will also inform the feasibility and
utility of further investigation in terms of team capacity building,
recruitment and retention strategies, and assessment of
intervention protocols. The focus of the project is clearly aligned
with a key research priority of the Canada-International HIV
and Rehabilitation Research Collaborative, which is to determine
the effectiveness of rehabilitation interventions and service
delivery models [109].

Our research addresses HIV beyond a biological perspective to
reduce not only physical limitations but also the social impact
of HIV. By targeting an inexpensive nonpharmacological
intervention, we hope to identify feasible community-based
strategies that may contribute to slowing the health-related
consequences of HIV while improving quality of life for PLWH.

Anticipated Challenges and Limitations
Potential challenges will include recruitment and retention of
participants over the course of the 12-week intervention. With
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approximately 500 PLWH living in the local area [110], we
anticipate that by involving community leaders and end users
from the outset of conceptualization and planning and
conducting the study in a familiar community setting, we will
successfully recruit 25 PLWH. Although attrition is of concern
in exercise studies requiring multiple visits, a 2015 study on
yoga and meditation reported an overall attendance rate of 89%
among PLWH [111].

Study limitations include a lack of mechanism to confirm HIV
diagnoses for participants not recruited from the HIV clinic and
limited study inclusion to individuals who speak and understand
English, which may reduce the generalizability of our findings.
Participants were also not asked about substance abuse or
specific comorbidities, such as peripheral neuropathy, which
may affect cognitive and physical performance.
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Abstract

Background: Sleep disruptions are common during pregnancy and associated with increased risk of adverse maternal outcomes
such as preeclampsia, gestational diabetes, prolonged labor, and cesarean birth. Given the morbidity associated with poor sleep,
cost-effective approaches to improving sleep that can be disseminated in community or clinical settings are needed. Personal
health monitor (PHM) devices offer an opportunity to promote behavior change, but their acceptability and efficacy at improving
sleep in pregnant women are unknown.

Objective: The goal of the paper is to describe the protocol for an ongoing pilot randomized controlled trial that aims to establish
the feasibility, acceptability, and preliminary efficacy of using a PHM device (Shine 2, Misfit) to promote sleep during pregnancy.

Methods: The proposed pilot study is a 12-week, parallel arm, randomized controlled trial. Pregnant women, at 24 weeks
gestation, will be randomized at a 1:1 ratio to a 12-week sleep education plus PHM device group or a sleep education alone
comparison group. The primary outcomes will be measures of feasibility (ie, recruitment, enrollment, adherence) and acceptability
(ie, participant satisfaction). The secondary outcomes will be self-reported sleep quality and duration, excessive daytime sleepiness,
fatigue, and depressive symptoms.

Results: Recruitment for this study began in September 2017 and ended in March 2018. Data collection for the primary and
secondary aims was completed in August 2018. We anticipate that the data analysis for primary and secondary aims will be
completed by December 2019. The results from this trial will inform the development of a larger National Institutes of Health
grant application to test the efficacy of an enhanced version of the sleep intervention that we plan to submit in the year 2020.

Conclusions: This study will be the first to apply a PHM device as a tool for promoting self-management of sleep among
pregnant women. PHM devices have the potential to facilitate behavioral interventions because they include theory-driven,
self-regulatory techniques such as behavioral self-monitoring. The results of the study will inform the development of a sleep
health intervention for pregnant women.

Trial Registration: ClinicalTrials.gov NCT03783663; https://clinicaltrials.gov/ct2/show/NCT03783663 (Archived by WebCite
at http://www.webcitation.org/779Ou8hon)

International Registered Report Identifier (IRRID): DERR1-10.2196/12455

(JMIR Res Protoc 2019;8(5):e12455)   doi:10.2196/12455
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Introduction

Sleep disruptions are common during pregnancy [1] and are
associated with an increased risk of adverse maternal/fetal
outcomes such as hyperglycemia [2,3], gestational diabetes [4],
preeclampsia [5], cesarean delivery [6], longer labor [7], and
delivering a low birthweight infant [8]. Additionally, women
with poor sleep in pregnancy experience increased depressive
symptoms during pregnancy [9] and postpartum depression
[10], which increase their risk of depression later in life [11].

While sleep disruptions among pregnant women are often due
to physical (eg, pain, nocturia, growing fetus) and hormonal
changes [12], lifestyle factors such as sleep hygiene (ie,
behavioral and environmental habits that promote or disrupt
sleep) also contribute to sleep disruptions. For example, in a
convenience sample of 197 pregnant women in their third
trimester of pregnancy in Taiwan, poor sleepers were shown to
have worse sleep hygiene than good sleepers [13]. Moreover,
other health behaviors, such as physical activity and diet, are
associated with better sleep duration in pregnancy [14-17].
These studies demonstrate that modifiable factors contribute to
sleep disruptions during pregnancy, suggesting that interventions
could make a positive impact on sleep in this group. A review
of seven nonpharmacological (eg, acupuncture, physical activity,
massage) sleep interventions during pregnancy showed trends
of improving sleep; however, the studies have generally been
of low quality and none focused on sleep hygiene [18]. Given
the scarcity of effective approaches to promote sleep among
pregnant women, there is a need to develop interventions that
can be easily disseminated in community or clinical settings.

Personal health monitors (PHMs) have grown in popularity,
with an estimated 1 in 8 consumers now owning a PHM [19].
The popularity of PHM use may provide an opportunity to
promote positive health behaviors, such as sleep health, on a
large scale. Many PHM devices include theory-driven behavior
change techniques such as self-monitoring, goal setting, review

of behavioral goals, rewards, and facilitation of comparisons
with peers [20]. Several researchers have incorporated the use
of PHMs into standard interventions to promote physical activity
and weight loss [21-26]. However, there is limited evidence on
the efficacy of wearable devices to promote sleep.

Here we describe the protocol for an ongoing pilot randomized
controlled trial [NCT03783663] that aims to establish the
feasibility, acceptability, and preliminary efficacy of using a
PHM device (Shine 2, Misfit) to promote sleep during
pregnancy. Specifically, the primary aim of the study will be
to (1) establish the feasibility and acceptability of conducting
a 12-week intervention for sleep self-management among
pregnant women using a PHM device and (2) determine the
feasibility of collecting data on sleep and physical activity using
a PHM device. The secondary aim will be to determine the
preliminary efficacy of the trial on improving self-reported sleep
quality and nocturnal sleep duration and decreasing sleep
disturbances, excessive daytime sleepiness, fatigue, and
depressive symptoms.

Methods

Study Design
This pilot study is a 12-week, parallel arm, randomized
controlled trial. Participants will be randomized at a 1:1 ratio
to a 12-week sleep education plus PHM device group or a sleep
education alone comparison group at approximately 24 weeks
gestation of pregnancy (Figure 1). This time period was chosen
to capture data during the third trimester of pregnancy when
sleep may worsen [1] while allowing sufficient time for study
completion prior to birth. We will use blocked randomization
to ensure equal group size due to the small pilot sample size.
The study has been approved by the institutional review board
of the University of Massachusetts Amherst. All participants
will be required to provide informed written consent prior to
enrollment.

Figure 1. Participant flowchart.
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Procedures
At the time of recruitment (t0) (14 to 24 weeks gestation),
participants will complete a screening survey to determine their
eligibility. At 24 weeks gestation (t1), eligible participants will
enroll in the study and complete a baseline survey to assess
demographic characteristics and secondary outcome measures.
Both researchers and participants will be blinded to group
assignment at the baseline assessment and during the educational
intervention. All participants will receive an individual
30-minute educational intervention on sleep hygiene during
pregnancy delivered by a study registered nurse at enrollment.
The focus on the sleep education will be to provide tips on how
to achieve a better night’s sleep during pregnancy such as
managing pregnancy weight gain with aerobic activity and
keeping a consistent schedule. Participants will also receive a
sleep hygiene brochure, adapted from a Massachusetts Lung
and Allergy sleep clinic sleep hygiene brochure to include
information specific to pregnancy. We piloted the development
of the brochure through an online survey that asked about the
usefulness of the information and overall aesthetics. We used
similar recruitment approaches (ie, Facebook) and eligibility
criteria to identify women in the brochure development pilot as
will be used for the pilot intervention to ensure the feedback is
appropriate for the target population. Based on the participant
feedback, we made modifications to the brochure’s graphical
design; the information content was deemed useful. After
completing the baseline survey and sleep hygiene education,
participants and researchers will be unblinded to the group
assignment (t2). Assignments will be made prior to the start of
recruitment by randomizing study identification (ID) numbers
into intervention or control group using Web-based
randomization software [27]. The results of the randomization
process will be placed into individually sealed envelopes labeled
with study ID numbers. At t2, the study nurse will open the
envelope for the ID number assigned to the participant and
reveal group assignment. Those in the intervention group will
then receive the intervention.

At 36 weeks gestation (t3), all participants will complete an
in-person follow-up survey to assess the same secondary
outcome measures as at t1. Participants will also complete a
brief qualitative interview to determine their satisfaction with
the sleep hygiene education and, for those in the intervention
group, the self-monitoring intervention. Participants will
complete a final follow-up phone survey approximately 2 to 4
weeks after delivery (t4).

Study Population
We will recruit pregnant women who reside within
approximately 50 miles of the University of Massachusetts
Amherst campus. To be eligible to participate in the study, at
the time of recruitment (t0) women must (1) be aged 18 years
or older, (2) be 14 to <24 completed weeks gestation, (3) have
no known maternal or fetal complications, (4) have a mobile
phone compatible with the study PHM device, (5) have internet
access, (6) be English speaking, and (7) be receiving prenatal
care. We will exclude women with preexisting diabetes mellitus,
hypertension, or a diagnosed sleep disorder, as some research

demonstrated that associations between gestational diabetes and
hypertension and a preexisting diagnosed sleep disorder would
bias study results [28]. For the purpose of establishing feasibility
and acceptability of recruitment and implementing the
intervention, the sample size goal is 10 women per group. To
account for attrition, we will oversample by 20%, recruiting 12
women per group.

Recruitment will be conducted through advertisements posted
(1) at local commercial and community centers frequented by
pregnant women in western MA, (2) at a women’s health clinic
in western MA, (3) at community centers with diverse
memberships such as churches, and (4) on Facebook and
Craigslist. The study nurse will also recruit participants in person
in the waiting room of the women’s health clinics at the
University of Massachusetts Medical Center. During
screening/enrollment, we will document the source of
recruitment for each participant.

Intervention

Conceptual Framework
The conceptual framework for the intervention is based on a
meta-regression of lifestyle (ie, healthy eating and physical
activity) interventions among adults by Michie et al [29]. The
authors found that lifestyle interventions incorporating
self-monitoring and one other self-regulatory technique derived
from control theory (ie, intention formation, setting goals,
feedback on performance, review of behavioral goals) were
more effective at promoting behavior change (pooled effect size
= 0.38; 95% CI 0.27 to 0.49) than studies not including these
techniques (pooled effect size = 0.27; 95% CI 0.21 to 0.34).
Likewise, in their systematic review and meta-analysis on the
efficacy of postpartum physical activity interventions, Gilinsky
et al [30] found that efficacious interventions were twice as
likely to include self-monitoring than nonefficacious
interventions. Guided by this conceptual framework, the sleep
intervention will include (1) behavioral self-monitoring (using
the Shine 2), (2) goal setting (30-minute sleep education
session), (3) feedback on performance (Shine 2), and (4) review
of behavioral goals (Shine 2).

Instrumentation
The intervention group will be given a Shine 2 to monitor sleep
throughout the 12-week intervention period. The Shine 2 is a
triaxial accelerometer that can be worn on the wrist, waist, neck,
pocket, or shoe. The Shine 2 measures steps, intensity, energy
expenditure, distance traveled, and sleep duration using a
proprietary algorithm. The Shine 2 was selected because it can
be worn continuously (even during water-based activities), does
not require charging (approximate 6-month battery life), and
does not require participants to set the device to sleep mode in
order to capture sleep patterns, features that may improve
adherence to the intervention. The Shine 2 has been shown to
provide equivalent estimates of total sleep time as in-lab
polysomnography (r=.87), the gold standard for sleep assessment
[31].

Participants will be instructed to wear the device on the wrist,
which is better for capturing sleep than the other wear locations.
Participants will be instructed on how to self-monitor total sleep
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time and select a goal for that behavior. Figures 2 and 3 show
examples of the feedback participants receive on their sleep
relative to their self-selected sleep goals. Further, participants
will view feedback on their sleep time daily on the Shine 2
mobile phone app, which they can use to monitor their progress
toward achieving their behavioral goals. The Shine 2 syncs with
iPhone, Android, and Windows phones. Instructions for syncing
the Shine 2s to phones will be included in an instructional
brochure designed by the study team. Study-specific Gmail
accounts and passwords will be created for each study ID so
we can access their sleep and physical activity data. Participants
will download the Shine 2 app to their mobile phone and create
a Shine 2 account using the assigned study Gmail address.
Participants will also download the IFTTT app, a free platform
that facilitates downloading and sharing data from a PHM [32].
Participants will activate two IFTTT applets that connect Shine
2 with a Google spreadsheet in Google Drive: (1) “Save your
Misfit Shine 2 sleep logs to a Google spreadsheet” and (2)
“Document your daily activity summaries.” The applets will

automatically download the Shine 2 data for sleep daily to the
participant’s study Gmail account, making it viewable by the
research team. This will allow the research team to view
participant progress toward meeting their sleep goals. To
enhance data security, the study Gmail account will be used
only to collect the Shine 2 data (ie, will not be used for email
or other purposes), and the Google Drive accounts will be
accessed only by study team members using computers that are
password-protected and encrypted. Further, no identifying
personal information will be contained within the Gmail account.
At the end of the study, participants will be instructed to change
their email addresses and passwords in their Shine 2 account to
a personal email and password so investigators will no longer
have access to their Shine 2 accounts. Once all Shine 2 data
have been extracted from the study Google Drive accounts, the
accounts will be closed. A team member will conduct follow-up
calls to intervention participants one week after enrollment and
then monthly to address any issues with using the study device
and to answer questions.

Figure 2. Misfit Shine 2 dashboard displaying the previous night’s sleep duration and self-selected sleep goal.
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Figure 3. Misfit Shine 2 dashboard displaying weekly trend of sleep duration and self-selected sleep goal.

Intervention Fidelity
The sleep hygiene education session will be provided to both
groups by the study nurse. To increase fidelity, a specific
protocol for delivering the education to each group will be
developed by the principal investigator, and the study nurse will
be trained by the principal investigator on the protocol. The
delivery of education to study participants will be audio recorded
with a digital recorder. The principal investigator will listen to
each recording to ensure that participants are receiving the same
information per the protocol. In the event that deviation from
the protocol is noted, the principal investigator and study nurse
will meet to review and retrain on the protocol.

Primary Outcomes: Intervention, Feasibility, and
Acceptability
Table 1 describes the schedule of study assessments for primary
and secondary outcomes measures.

Recruitment
At t0, participants will be asked how they learned about the
study (eg, Facebook, community center), with follow-up
questions to gather specific details as necessary. The frequency
and percentage of participants recruited by each recruitment
method will be calculated. We will present descriptive data on
the number screened, eligible, and randomized from each source.
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Retention
Retention may be a challenge due to the longitudinal nature of
the study. Each participant will be asked to provide multiple
contact methods. Increasing incentives will be built into the
study at each data collection time point ($20, $30, and $40 gift
cards) to encourage retention for both the intervention and
control groups. Participants in the intervention arm will keep
the Shine 2 device at the study end. Participants in the control
arm will be offered a Shine 2 at the study end. The ability to
successfully contact participants, deliver the intervention, and

collect data at each time point will be recorded to calculate the
percentage of participants retained.

To evaluate participant retention with the intervention protocol,
the study team will take two actions. First, we will track sleep
data weekly for each participant by viewing their sleep log in
the study Gmail account. Then, if a lack of data in the sleep log
suggests that the participants are not wearing the monitor daily,
we will call the participants to find out why they are not using
the device, help them problem solve any issues, and encourage
them to continue with study adherence.

Table 1. Schedule of study assessments for primary and secondary outcomes.

AssessmentCharacteristics

Active interventionBaselineScreening/enrollment 

t3t2t1t0 

Primary outcomes

Recruitment/enrollment 

XEligibility screen  

XInformed consent  

XAllocation  

XRetention  

XParticipant satisfaction  

Secondary outcomes

XXSleep quality and duration 

XXSleep disturbances 

XXExcessive daytime sleepiness 

XXFatigue 

XXDepressive symptoms 

Participant Satisfaction
Participants in both groups will be asked to complete a
semistructured interview at the 12-week follow-up data
collection meeting (t3). The interview questions will ask
participants about their sleep, barriers and facilitators of sleep,
and whether the brief sleep counseling was helpful. Women in
the intervention group will additionally be asked about their
experience wearing the Shine 2, their likes, dislikes, and whether
they believe it would be helpful to other pregnant women.

Secondary Outcomes

Sleep Quality and Duration
The Pittsburgh Sleep Quality Index (PSQI) will be used to
measure sleep quality and duration [33]. The PSQI is a 19-item
scale measuring perceived sleep quality and disturbance over
the past month. For this study, the PSQI will be adapted to
measure perceived sleep quality over the past week. The PSQI
has been used in numerous studies with pregnant women and
has been validated for pregnant women using confirmatory
factor analysis and has a reliability of .74 [34]. Scores ≥5 will
be considered indicative of poor sleep.

Sleep Disturbances
The PROMIS Short Form v1.0–Sleep Disturbance 6a will be
used to measure sleep disturbances [35]. This validated 6-item
scale measures individual perceptions of sleep quality and
disturbance in the past seven days using a 5-point Likert scale.
It is scored by summing responses for all items (two are reverse
scored); higher scores indicate higher sleep disturbance.

Excessive Daytime Sleepiness
The Epworth Sleepiness Scale is an 8-item measure of daytime
sleepiness [36]. It has been validated for measuring symptoms
of daytime sleepiness in pregnant women using principal
components and confirmatory factor analysis and has a
reliability coefficient of .75 [37]. Higher cumulative scores
indicate higher sleepiness.

Fatigue
The PROMIS Fatigue Short Form 4a will be used to measure
fatigue. This 4-item scale measures fatigue in the past seven
days with a 5-point Likert scale [38]. Responses for all items
are summed; higher scores indicate higher fatigue symptoms.
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Depressive Symptoms
Two scales will be used to measure depressive symptoms in the
past seven days. The PROMIS Depression Short Form 6a is a
6-item scale scored by summing responses for all items, with
higher scores indicating higher depressive symptoms. It has
been validated for use with several chronic illnesses [39].
Although this scale has not been validated in pregnant women,
it is a common data element measurement tool that is supported
by the National Institutes of Heath. This will allow us to upload
deidentified data gathered with this tool to the National Institute
for Nursing Research Common Data Elements Repository. We
will additionally measure sleep using the Edinburgh Postnatal
Depression Scale, a 10-item scale designed to detect depressive
symptoms in postpartum women [40], with support for detection
of depressive symptoms in pregnancy [41]. Scores range from
0 to 30; a higher score indicates higher depressive symptoms.
We will use scores >12 to indicate depressive symptoms.

Covariates
We will collect information on demographic characteristics and
eating habits. Demographic characteristics will include age,
ethnic background, racial background, relationship status, level
of education, employment status, hours worked per week, and
income level. Eating habits will be measured using the Dietary
Targets Monitor, a 9-item self-report questionnaire assessing
consumption of fruits, vegetables, starchy foods, and other types
of foods such as meat and fish [42]. Recommended standard
portion for each group will be used to calculate daily, weekly,
and monthly consumptions of different foods [42].

Data Analysis
We will use descriptive statistics to determine the feasibility
and acceptability of the pilot intervention. Specifically, we
describe recruitment and dropout rates in each group and
noncompliance with the intervention among the intervention
group only. To assess noncompliance we will use data from the
IFTTT applet to determine the proportion of days the monitor
was worn during the study period. High compliance will be
defined as wearing the monitor at least 80% of days during the
study period.

Qualitative methods will be used to determine the acceptability
of the intervention, using a qualitative descriptive design [43,44].
The audio recorded interviews will be organized using NVivo
11 (QSR International Inc) software. Recordings will be
professionally transcribed verbatim, and transcripts will be
checked for accuracy. Descriptive coding will be used to identify
and link comparable content and categorize data at a basic level
[43]. For further analysis of descriptive codes, content analysis
will be used to describe patterns and summarize findings in the
data [44]. Memos will be written throughout the analytic process
to capture the analysis process and the researchers’ responses
to the data. Trustworthiness will be determined through peer
debriefing between the research assistant and the principal
investigator and the audit trial of documentation of the analysis,
including coding, memos, and findings.

To examine the preliminary efficacy of the intervention, all
secondary outcome variables will be modeled as continuous
outcomes. We will compare baseline characteristics of the

intervention groups to ensure randomization was successful.
We will present the mean and standard deviation or median and
interquartile range for each secondary outcome at baseline and
postintervention. A paired t test will be used to compare baseline
and postintervention means separately in each group. A Student
t test will then compare the change in each measure between
the two intervention groups. Finally, we will calculate within
and between-group effect sizes using Cohen d (MΔI – MΔC /
SDpooled I and C; Mt2 – Mt3 / SDpooled t2 and t3).

Results

Recruitment for this study began in September 2017 and ended
in March 2018. Data collection for the primary and secondary
aims was completed in August 2018. We anticipate that the data
analysis for primary aims, evaluating the feasibility and
acceptability of the intervention, will be completed by July
2019. We anticipate that the data analysis on the secondary
aims, examining the preliminary efficacy of the trial on sleep
quality and duration, sleep disturbance, excessive daytime
sleepiness, fatigue, and depressive symptoms, will be completed
by December 2019. The results from this trial will inform the
development of a larger National Institutes of Health grant
application to test the efficacy of an enhanced version of the
sleep intervention that we plan to submit in the year 2020.

Discussion

Principal Findings
This 12-week, parallel arm, pilot randomized controlled trial
proposes to establish the feasibility and acceptability of
conducting a 12-week intervention for sleep self-management
among pregnant women using a PHM device and determine the
feasibility of collecting data on sleep and physical activity using
a PHM device. Secondarily, the trial will determine the
preliminary efficacy of the trial on improving self-reported sleep
quality and nocturnal sleep duration and decreasing sleep
disturbances, excessive daytime sleepiness, fatigue, and
depressive symptoms. This study is novel because it will be the
first to apply a PHM device as a tool for promoting
self-management of sleep among pregnant women. We
anticipate that at least 80% of participants will wear the PHM
device daily throughout the study period and report high
satisfaction with the intervention. Further, we anticipate that
participant feedback will inform the design of a larger
randomized controlled trial aiming to improve sleep quality and
duration during pregnancy using a PHM device.

Specifically, findings from the pilot study will inform the
recruitment and intervention implementation, including
strategies to increase adherence. As far as refining our
recruitment plan, we will learn important information about the
demographic characteristics (eg, race and ethnicity,
socioeconomic status, baseline sleep characteristics) of the
sample population. Our recruitment goal is for at least 20% of
the sample to come from racial and ethnic minority groups. If
we fail to recruit a racial and ethnically diverse sample, we will
identify specific recruitment barriers and refine our recruitment
strategy. Second, we will identify which recruitment approach
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(eg, Facebook, flyering at local clinics) is the most cost effective.
Third, identifying weekly and monthly recruitment yields will
allow us to determine if our recruitment strategy could feasibly
enroll participants for an adequately powered study. We will
need to consider the length of the recruitment period, adding
clinical sites, and budgetary considerations for the larger trial.

In addition to recruitment, participant adherence is another
critical challenge this feasibility study will help inform. Since
previous studies did not use a PHM device specifically to
monitor sleep, we would like to first address if pregnant women
will wear them for this purpose. Through the IFTTT app, we
will be able to identify when the monitor is not worn and elicit
feedback from participants on any barriers to wearing the device.
If specific benchmarks for retention are not met (>80%), we
will refine our current approach (eg, incentive, engagement
strategies) to address any challenges that exist.

Last, this feasibility trial will provide important information
about the implementation of the intervention. The intervention
was meant to be a low-contact intervention to be consistent with
the limited time resources in a clinic setting. Through the
participant satisfaction interview, we will determine whether
the initial counseling session and sleep brochure address
challenges specific to pregnant women. Concerning the
instruments for the intervention (Shine 2), we will learn if there
are specific features participants liked or did not like about the
device and the extent to which participants used the device to
self-monitor their sleep. Identifying specific features will allow
us to be responsive to rapid changes in technology, steering us
to select a device that contains features participants find
particularly helpful. More generally, we will learn if wearing
the PMH device serves as a motivator to participants to monitor
their sleep more closely and identify behaviors affecting their
sleep.

Given the prevalence and morbidity of sleep disturbances during
pregnancy, it is essential to identify cost-effective approaches
to promote better sleep in this group. Wearable devices have
the potential to facilitate behavioral interventions as they include
theory-driven self-regulatory techniques such as behavioral
self-monitoring. There has been increasing interest in
incorporating PMH devices into clinical settings. For example,
PHM devices have been used to monitor inpatient recovery
[45]. In an outpatient care setting, PHM devices can be used to

track health behaviors remotely and monitor progress toward
meeting patient-centered goals around sleep [46,47]. Data from
PHM devices can be integrated into electronic medical records.
For the patient, tracking behavior more closely can help the
patient identify patterns and make choices to change behavior
to improve sleep [48]. No prior studies have used a PHM to
promote sleep during pregnancy; therefore, novel intervention
strategies need to be developed and refined.

Limitations
This study will, however, have important limitations that warrant
discussion. First, the study requires that participants have access
to mobile phones compatible with the study monitor; therefore,
individuals of low socioeconomic status may potentially be
excluded from the study [49]. However, lower income
Americans have made gains in technology adoption including
the use of mobile phones, which is likely to continue in the
future. In addition, since there are multiple components of the
intervention (ie, PHM and follow-up calls), we will not be able
to discern which component explains differences between the
groups, if any are observed. We will keep the follow-up calls
briefs and use them primarily as a method of collecting
information on the study’s feasibility throughout. However, we
won’t be able to remove the potential effects repeated contacts
can have on a participant’s ability to change behavior. Third,
we will not exclude participants based on their use of any PHM.
Therefore, control group participants may have access to a PHM
during the study. However, none of the participants will be
using our specific study monitor at baseline. Further, participants
in the control group will receive study monitors at the end of
the study to reduce attrition and limit the use of PHMs during
the study. Last, due to the small sample size, we will not have
sufficient power to detect any group differences in the secondary
outcomes. Therefore, any significant or nonsignificant findings
must be interpreted with caution. We will, however, be able to
observed trends and generate hypotheses to be tested in a fully
powered study.

Conclusion
This pilot feasibility study will provide the foundation for a
larger trial that aims to improve sleep during pregnancy using
a PHM device. The findings from this feasibility and
acceptability pilot will provide valuable feedback on the design
and implementation of the intervention.

 

Acknowledgments
Rebecca Spencer provided feedback on the PHM device selection and sleep assessment methods. The study was funded by the
National Institute of Nursing Research (P20NR016599).

Authors' Contributions
All the authors contributed to the various stages of this study. MP conceived of the study design, researched the literature, and
provided feedback on all drafts of the manuscript. MH participated in the design of the study, researched the literature, and drafted
the manuscript. FI contributed to study design and brochure development. All the authors read and commented on the drafts and
approved of the final version of the manuscript for submission.

Conflicts of Interest
None declared.

JMIR Res Protoc 2019 | vol. 8 | iss. 5 |e12455 | p.125https://www.researchprotocols.org/2019/5/e12455/
(page number not for citation purposes)

Hawkins et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


References
1. Facco FL, Kramer J, Ho KH, Zee PC, Grobman WA. Sleep disturbances in pregnancy. Obstet Gynecol 2010 Jan;115(1):77-83.

[doi: 10.1097/AOG.0b013e3181c4f8ec] [Medline: 20027038]
2. Herring SJ, Nelson DB, Pien GW, Homko C, Goetzl LM, Davey A, et al. Objectively measured sleep duration and

hyperglycemia in pregnancy. Sleep Med 2014 Jan;15(1):51-55 [FREE Full text] [doi: 10.1016/j.sleep.2013.07.018] [Medline:
24239498]

3. Reutrakul S, Anothaisintawee T, Herring SJ, Balserak BI, Marc I, Thakkinstian A. Short sleep duration and hyperglycemia
in pregnancy: aggregate and individual patient data meta-analysis. Sleep Med Rev 2018 Dec;40:31-42. [doi:
10.1016/j.smrv.2017.09.003] [Medline: 29103944]

4. Cai S, Tan S, Gluckman PD, Godfrey KM, Saw S, Teoh OH, GUSTO Study Group. Sleep quality and nocturnal sleep
duration in pregnancy and risk of gestational diabetes mellitus. Sleep 2017 Feb 01;40(2). [doi: 10.1093/sleep/zsw058]
[Medline: 28364489]

5. Williams MA, Miller RS, Qiu C, Cripe SM, Gelaye B, Enquobahrie D. Associations of early pregnancy sleep duration with
trimester-specific blood pressures and hypertensive disorders in pregnancy. Sleep 2010 Oct;33(10):1363-1371 [FREE Full
text] [Medline: 21061859]

6. Li R, Zhang J, Zhou R, Liu J, Dai Z, Liu D, et al. Sleep disturbances during pregnancy are associated with cesarean delivery
and preterm birth. J Matern Fetal Neonatal Med 2017 Mar;30(6):733-738. [doi: 10.1080/14767058.2016.1183637] [Medline:
27125889]

7. Lee KA, Gay CL. Sleep in late pregnancy predicts length of labor and type of delivery. Am J Obstet Gynecol 2004
Dec;191(6):2041-2046. [doi: 10.1016/j.ajog.2004.05.086] [Medline: 15592289]

8. Abeysena C, Jayawardana P, Seneviratne RDA. Effect of psychosocial stress and physical activity on low birthweight: a
cohort study. J Obstet Gynaecol Res 2010 Apr;36(2):296-303. [doi: 10.1111/j.1447-0756.2009.01155.x] [Medline: 20492380]

9. Ahmed AH, Hui S, Crodian J, Plaut K, Haas D, Zhang L, et al. Relationship between sleep quality, depression symptoms,
and blood glucose in pregnant women. West J Nurs Res 2018 Nov 08:193945918809714. [doi: 10.1177/0193945918809714]
[Medline: 30406728]

10. Plancoulaine S, Flori S, Bat-Pitault F, Patural H, Lin J, Franco P. Sleep trajectories among pregnant women and the impact
on outcomes: a population-based cohort study. Matern Child Health J 2017 Dec;21(5):1139-1146. [doi:
10.1007/s10995-016-2212-9] [Medline: 28083730]

11. Rasmussen MH, Strøm M, Wohlfahrt J, Videbech P, Melbye M. Risk, treatment duration, and recurrence risk of postpartum
affective disorder in women with no prior psychiatric history: a population-based cohort study. PLoS Med 2017
Sep;14(9):e1002392 [FREE Full text] [doi: 10.1371/journal.pmed.1002392] [Medline: 28949960]

12. Moline M, Broch L, Zak R. Sleep problems across the life cycle in women. Curr Treat Options Neurol 2004 Jul;6(4):319-330.
[Medline: 15157409]

13. Tsai S, Lee C, Wu W, Landis CA. Sleep hygiene and sleep quality of third-trimester pregnant women. Res Nurs Health
2016 Feb;39(1):57-65. [doi: 10.1002/nur.21705] [Medline: 26650922]

14. Bazargan M. Self-reported sleep disturbance among African-American elderly: the effects of depression, health status,
exercise, and social support. Int J Aging Hum Dev 1996;42(2):143-160. [doi: 10.2190/GM89-NRTY-DERQ-LC7D]
[Medline: 8859496]

15. Baker JH, Rothenberger SD, Kline CE, Okun ML. Exercise during early pregnancy is associated with greater sleep continuity.
Behav Sleep Med 2018;16(5):482-493. [doi: 10.1080/15402002.2016.1228649] [Medline: 27739877]

16. Kolu P, Raitanen J, Luoto R. Physical activity and health-related quality of life during pregnancy: a secondary analysis of
a cluster-randomised trial. Matern Child Health J 2014 Nov;18(9):2098-2105. [doi: 10.1007/s10995-014-1457-4] [Medline:
24585400]

17. van Lee L, Chia A, Loy SL, Colega M, Tham EKH, Cai S, et al. Sleep and dietary patterns in pregnancy: findings from the
GUSTO cohort. Int J Environ Res Public Health 2017 Dec 17;14(11) [FREE Full text] [doi: 10.3390/ijerph14111409]
[Medline: 29149071]

18. Hollenbach D, Broker R, Herlehy S, Stuber K. Non-pharmacological interventions for sleep quality and insomnia during
pregnancy: a systematic review. J Can Chiropr Assoc 2013 Sep;57(3):260-270 [FREE Full text] [Medline: 23997252]

19. Omura JD, Carlson SA, Paul P, Watson KB, Fulton JE. National physical activity surveillance: Users of wearable activity
monitors as a potential data source. Prev Med Rep 2017 Mar;5:124-126 [FREE Full text] [doi: 10.1016/j.pmedr.2016.10.014]
[Medline: 28101443]

20. Lyons EJ, Lewis ZH, Mayrsohn BG, Rowland JL. Behavior change techniques implemented in electronic lifestyle activity
monitors: a systematic content analysis. J Med Internet Res 2014;16(8):e192 [FREE Full text] [doi: 10.2196/jmir.3469]
[Medline: 25131661]

21. Polzien KM, Jakicic JM, Tate DF, Otto AD. The efficacy of a technology-based system in a short-term behavioral weight
loss intervention. Obesity (Silver Spring) 2007 Apr;15(4):825-830. [doi: 10.1038/oby.2007.584] [Medline: 17426316]

22. Pellegrini CA, Verba SD, Otto AD, Helsel DL, Davis KK, Jakicic JM. The comparison of a technology-based system and
an in-person behavioral weight loss intervention. Obesity (Silver Spring) 2012 Feb;20(2):356-363 [FREE Full text] [doi:
10.1038/oby.2011.13] [Medline: 21311506]

JMIR Res Protoc 2019 | vol. 8 | iss. 5 |e12455 | p.126https://www.researchprotocols.org/2019/5/e12455/
(page number not for citation purposes)

Hawkins et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1097/AOG.0b013e3181c4f8ec
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20027038&dopt=Abstract
http://europepmc.org/abstract/MED/24239498
http://dx.doi.org/10.1016/j.sleep.2013.07.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24239498&dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2017.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29103944&dopt=Abstract
http://dx.doi.org/10.1093/sleep/zsw058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28364489&dopt=Abstract
http://europepmc.org/abstract/MED/21061859
http://europepmc.org/abstract/MED/21061859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21061859&dopt=Abstract
http://dx.doi.org/10.1080/14767058.2016.1183637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27125889&dopt=Abstract
http://dx.doi.org/10.1016/j.ajog.2004.05.086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15592289&dopt=Abstract
http://dx.doi.org/10.1111/j.1447-0756.2009.01155.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20492380&dopt=Abstract
http://dx.doi.org/10.1177/0193945918809714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30406728&dopt=Abstract
http://dx.doi.org/10.1007/s10995-016-2212-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28083730&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1002392
http://dx.doi.org/10.1371/journal.pmed.1002392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28949960&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15157409&dopt=Abstract
http://dx.doi.org/10.1002/nur.21705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26650922&dopt=Abstract
http://dx.doi.org/10.2190/GM89-NRTY-DERQ-LC7D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8859496&dopt=Abstract
http://dx.doi.org/10.1080/15402002.2016.1228649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27739877&dopt=Abstract
http://dx.doi.org/10.1007/s10995-014-1457-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24585400&dopt=Abstract
http://www.mdpi.com/resolver?pii=ijerph14111409
http://dx.doi.org/10.3390/ijerph14111409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29149071&dopt=Abstract
http://europepmc.org/abstract/MED/23997252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23997252&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(16)30130-9
http://dx.doi.org/10.1016/j.pmedr.2016.10.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28101443&dopt=Abstract
http://www.jmir.org/2014/8/e192/
http://dx.doi.org/10.2196/jmir.3469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25131661&dopt=Abstract
http://dx.doi.org/10.1038/oby.2007.584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17426316&dopt=Abstract
http://dx.doi.org/10.1038/oby.2011.13
http://dx.doi.org/10.1038/oby.2011.13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21311506&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. Unick JL, O'Leary KC, Bond DS, Wing RR. Physical activity enhancement to a behavioral weight loss program for severely
obese individuals: a preliminary investigation. ISRN Obes 2012 Sep 05;2012 [FREE Full text] [doi: 10.5402/2012/465158]
[Medline: 24379985]

24. Wang JB, Cadmus-Bertram LA, Natarajan L, White MM, Madanat H, Nichols JF, et al. Wearable sensor/device (Fitbit
One) and SMS text-messaging prompts to increase physical activity in overweight and obese adults: a randomized controlled
trial. Telemed J E Health 2015 Oct;21(10):782-792. [doi: 10.1089/tmj.2014.0176] [Medline: 26431257]

25. Cadmus-Bertram LA, Marcus BH, Patterson RE, Parker BA, Morey BL. Randomized trial of a Fitbit-Based physical activity
intervention for women. Am J Prev Med 2015 Sep;49(3):414-418. [doi: 10.1016/j.amepre.2015.01.020] [Medline: 26071863]

26. Thompson WG, Kuhle CL, Koepp GA, McCrady-Spitzer SK, Levine JA. “Go4Life” exercise counseling, accelerometer
feedback, and activity levels in older people. Arch Gerontol Geriatr 2014;58(3):314-319. [doi: 10.1016/j.archger.2014.01.004]
[Medline: 24485546]

27. Random integer generator. URL: https://www.random.org/ [accessed 2019-04-01] [WebCite Cache ID 77JXgIHvR]
28. August EM, Salihu HM, Biroscak BJ, Rahman S, Bruder K, Whiteman VE. Systematic review on sleep disorders and

obstetric outcomes: scope of current knowledge. Am J Perinatol 2013 Apr;30(4):323-334. [doi: 10.1055/s-0032-1324703]
[Medline: 22893551]

29. Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol 2009 Nov;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]

30. Gilinsky AS, Dale H, Robinson C, Hughes AR, McInnes R, Lavallee D. Efficacy of physical activity interventions in
post-natal populations: systematic review, meta-analysis and content coding of behaviour change techniques. Health Psychol
Rev 2015;9(2):244-263. [doi: 10.1080/17437199.2014.899059] [Medline: 26209211]

31. Mantua J, Gravel N, Spencer RMC. Reliability of sleep measures from four personal health monitoring devices compared
to research-based actigraphy and polysomnography. Sensors (Basel) 2016 Dec 05;16(5) [FREE Full text] [doi:
10.3390/s16050646] [Medline: 27164110]

32. IFTTT. URL: https://ifttt.com/ [accessed 2019-04-01] [WebCite Cache ID 77JXrCtgj]
33. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new instrument for

psychiatric practice and research. Psychiatry Res 1989 May;28(2):193-213. [Medline: 2748771]
34. Qiu C, Gelaye B, Zhong Q, Enquobahrie DA, Frederick IO, Williams MA. Construct validity and factor structure of the

Pittsburgh Sleep Quality Index among pregnant women in a Pacific-Northwest cohort. Sleep Breath 2016 Mar;20(1):293-301
[FREE Full text] [doi: 10.1007/s11325-016-1313-4] [Medline: 26810497]

35. Buysse DJ, Yu L, Moul DE, Germain A, Stover A, Dodds NE, et al. Development and validation of patient-reported outcome
measures for sleep disturbance and sleep-related impairments. Sleep 2010 Jun;33(6):781-792 [FREE Full text] [Medline:
20550019]

36. Johns MW. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep 1991 Dec;14(6):540-545.
[Medline: 1798888]

37. Baumgartel KL, Terhorst L, Conley YP, Roberts JM. Psychometric evaluation of the Epworth sleepiness scale in an obstetric
population. Sleep Med 2013 Jan;14(1):116-121 [FREE Full text] [doi: 10.1016/j.sleep.2012.10.007] [Medline: 23218535]

38. Fatigue: a brief guide to the PROMISE Fatigue instruments. URL: http://www.healthmeasures.net/administrator/components/
com_instruments/uploads/PROMIS%20Fatigue%20Scoring%20Manual%2011042016.pdf [accessed 2019-04-01] [WebCite
Cache ID 77JY9Vvt9]

39. Schalet BD, Pilkonis PA, Yu L, Dodds N, Johnston KL, Yount S, et al. Clinical validity of PROMIS Depression, Anxiety,
and Anger across diverse clinical samples. J Clin Epidemiol 2016 Dec;73:119-127 [FREE Full text] [doi:
10.1016/j.jclinepi.2015.08.036] [Medline: 26931289]

40. 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]

41. Kozinszky Z, Dudas RB. Validation studies of the Edinburgh Postnatal Depression Scale for the antenatal period. J Affect
Disord 2015 May 01;176:95-105. [doi: 10.1016/j.jad.2015.01.044] [Medline: 25704562]

42. Lean MEJ, Anderson AS, Morrison C, Currall J. Evaluation of a dietary targets monitor. Eur J Clin Nutr 2003
May;57(5):667-673. [doi: 10.1038/sj.ejcn.1601596] [Medline: 12771967]

43. Saldana J. The Coding Manual for Qualitative Researchers. 3rd Edition. Thousand Oaks: Sage Publications; 2016.
44. Thomas E, Magilvy JK. Qualitative rigor or research validity in qualitative research. J Spec Pediatr Nurs 2011

Apr;16(2):151-155. [doi: 10.1111/j.1744-6155.2011.00283.x] [Medline: 21439005]
45. Low CA, Bovbjerg DH, Ahrendt S, Choudry MH, Holtzman M, Jones HL, et al. Fitbit step counts during inpatient recovery

from cancer surgery as a predictor of readmission. Ann Behav Med 2018 Jan 05;52(1):88-92 [FREE Full text] [doi:
10.1093/abm/kax022] [Medline: 29538623]

46. Izmailova ES, Wagner JA, Perakslis ED. Wearable devices in clinical trials: hype and hypothesis. Clin Pharmacol Ther
2018 Jul;104(1):42-52 [FREE Full text] [doi: 10.1002/cpt.966] [Medline: 29205294]

47. Shelgikar AV, Anderson PF, Stephens MR. Sleep tracking, wearable technology, and opportunities for research and clinical
care. Chest 2016 Dec;150(3):732-743. [doi: 10.1016/j.chest.2016.04.016] [Medline: 27132701]

JMIR Res Protoc 2019 | vol. 8 | iss. 5 |e12455 | p.127https://www.researchprotocols.org/2019/5/e12455/
(page number not for citation purposes)

Hawkins et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/24379985
http://dx.doi.org/10.5402/2012/465158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24379985&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2014.0176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26431257&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2015.01.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26071863&dopt=Abstract
http://dx.doi.org/10.1016/j.archger.2014.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24485546&dopt=Abstract
https://www.random.org/
http://www.webcitation.org/77JXgIHvR
http://dx.doi.org/10.1055/s-0032-1324703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22893551&dopt=Abstract
http://dx.doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916637&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2014.899059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26209211&dopt=Abstract
http://www.mdpi.com/resolver?pii=s16050646
http://dx.doi.org/10.3390/s16050646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27164110&dopt=Abstract
https://ifttt.com/
http://www.webcitation.org/77JXrCtgj
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2748771&dopt=Abstract
http://europepmc.org/abstract/MED/26810497
http://dx.doi.org/10.1007/s11325-016-1313-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26810497&dopt=Abstract
http://europepmc.org/abstract/MED/20550019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20550019&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1798888&dopt=Abstract
http://europepmc.org/abstract/MED/23218535
http://dx.doi.org/10.1016/j.sleep.2012.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23218535&dopt=Abstract
http://www.healthmeasures.net/administrator/components/com_instruments/uploads/PROMIS%20Fatigue%20Scoring%20Manual%2011042016.pdf
http://www.healthmeasures.net/administrator/components/com_instruments/uploads/PROMIS%20Fatigue%20Scoring%20Manual%2011042016.pdf
http://www.webcitation.org/77JY9Vvt9
http://www.webcitation.org/77JY9Vvt9
http://europepmc.org/abstract/MED/26931289
http://dx.doi.org/10.1016/j.jclinepi.2015.08.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26931289&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3651732&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2015.01.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25704562&dopt=Abstract
http://dx.doi.org/10.1038/sj.ejcn.1601596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12771967&dopt=Abstract
http://dx.doi.org/10.1111/j.1744-6155.2011.00283.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21439005&dopt=Abstract
http://europepmc.org/abstract/MED/29538623
http://dx.doi.org/10.1093/abm/kax022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29538623&dopt=Abstract
http://europepmc.org/abstract/MED/29205294
http://dx.doi.org/10.1002/cpt.966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29205294&dopt=Abstract
http://dx.doi.org/10.1016/j.chest.2016.04.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27132701&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


48. Bianchi MT. Sleep devices: wearables and nearables, informational and interventional, consumer and clinical. Metabolism
2018 Dec;84:99-108. [doi: 10.1016/j.metabol.2017.10.008] [Medline: 29080814]

49. Anderson M. Digital divide persists even as lower-income Americans make gains in tech adoption. Washington: Pew
Internet and American Life Project; 2017 Mar 22. URL: https://www.pewresearch.org/fact-tank/2017/03/22/
digital-divide-persists-even-as-lower-income-americans-make-gains-in-tech-adoption/ [accessed 2019-04-01] [WebCite
Cache ID 77JYJ0vAZ]

Abbreviations
ID: identification
PHM: personal health monitor
PSQI: Pittsburgh Sleep Quality Index

Edited by F Drozd; submitted 10.10.18; peer-reviewed by A Lawson, E Siegmund-Schultze; comments to author 12.11.18; revised
version received 18.12.18; accepted 12.02.19; published 29.05.19.

Please cite as:
Hawkins M, Iradukunda F, Paterno M
Feasibility of a Sleep Self-Management Intervention in Pregnancy Using a Personalized Health Monitoring Device: Protocol for a
Pilot Randomized Controlled Trial
JMIR Res Protoc 2019;8(5):e12455
URL: https://www.researchprotocols.org/2019/5/e12455/ 
doi:10.2196/12455
PMID:31144670

©Marquis Hawkins, Favorite Iradukunda, Mary Paterno. Originally published in JMIR Research Protocols
(http://www.researchprotocols.org), 29.05.2019. 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 2019 | vol. 8 | iss. 5 |e12455 | p.128https://www.researchprotocols.org/2019/5/e12455/
(page number not for citation purposes)

Hawkins et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.metabol.2017.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29080814&dopt=Abstract
https://www.pewresearch.org/fact-tank/2017/03/22/digital-divide-persists-even-as-lower-income-americans-make-gains-in-tech-adoption/
https://www.pewresearch.org/fact-tank/2017/03/22/digital-divide-persists-even-as-lower-income-americans-make-gains-in-tech-adoption/
http://www.webcitation.org/77JYJ0vAZ
http://www.webcitation.org/77JYJ0vAZ
https://www.researchprotocols.org/2019/5/e12455/
http://dx.doi.org/10.2196/12455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31144670&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Gait Characteristics in Patients With Ankylosing Spondylitis:
Protocol for a Systematic Review

Julie Soulard1,2, MSc; Nicolas Vuillerme1,3, PhD; Jacques Vaillant1,2, PhD
1AGEIS, Université Grenoble Alpes, Grenoble, France
2Grenoble Alpes University Hospital, Grenoble, France
3Institut Universitaire de France, Paris, France

Corresponding Author:
Julie Soulard, MSc
AGEIS
Université Grenoble Alpes
Faculty of Medicine
Grenoble,
France
Phone: 33 476637104
Email: juliesoulard.physio@gmail.com

Abstract

Background: Ankylosing spondylitis is a subtype of inflammatory rheumatic disease, affecting predominantly the axial skeleton
and sacroiliac joints. The main clinical manifestations are spinal stiffness and inflammatory back pain, which can potentially
affect gait ability of patients with ankylosing spondylitis. However, published studies show discrepancies regarding gait
characteristics in ankylosing spondylitis and heterogeneity in terms of task requirement, types of equipment, data collection, and
analysis techniques used to assess gait ability of patients with ankylosing spondylitis.

Objective: This review aimed to determine (1) the consequences of ankylosing spondylitis on gait and (2) how gait is assessed
in patients with ankylosing spondylitis.

Methods: Three electronic databases—PubMed, Physiotherapy Evidence Database (PEDro), and Cochrane—were searched
systematically with no limit on the publication date in order to identify studies satisfying the search criteria. The research focused
on original research, using Boolean operators “AND” and “OR” in the combination of the Medical Subject Headings descriptors
found in titles or abstracts: (Gait OR Walk OR Walking OR locomotor OR locomotion) AND (ankylosing spondylitis OR
spondyloarthritis). Only English-language original articles were included.

Results: As of September 2018, the search was completed, and 168 records were obtained. After screening titles and abstracts,
19 full texts were reviewed. Of those, 17 were included in the review. We are currently in the process of data extraction and
synthesis.

Conclusions: The systematic review will provide a synthesis and comprehensive evaluation of published studies on gait
characteristics in patients with ankylosing spondylitis. This work is also intended to help identify the likely relevant directions
for future research.

Trial Registration: PROSPERO CRD42018102540; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=102540

International Registered Report Identifier (IRRID): DERR1-10.2196/12470

(JMIR Res Protoc 2019;8(5):e12470)   doi:10.2196/12470

KEYWORDS

gait; ankylosing spondylitis; clinical measurements; laboratory measurements

Introduction

Ankylosing spondylitis is a subtype of inflammatory rheumatic
disease, predominantly affecting the axial skeleton and sacroiliac
joints. Ankylosing spondylitis is associated with inflammation

or new bone formation, with syndesmophytes and ankyloses
visible on radiographs [1]. The main clinical manifestations are
spinal stiffness and inflammatory back pain, which yield adverse
effects on work ability, work productivity, quality of life, and
psychological well-being [2,3]. Gait ability is known to
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contribute to functional independence and quality of life in
patients with stroke [4,5] or following hip arthroplasty [6] and
is impaired in patients with ankylosing spondylitis [7]. Indeed,
considering the decreased range of movement, pain, and altered
posture [8,9] associated with ankylosing spondylitis, previous
works have reported that ankylosing spondylitis leads to more
cautious gait pattern, shorter stride length, and decreased range
of motion at the hip and knee joints [10-12]. However, it is still
unclear whether and how gait is modified in patients with
ankylosing spondylitis. Previous studies reported that patients
with ankylosing spondylitis covered significantly lesser distance
than controls during the Six-Minute Walk test [13] and adopted
a shorter stride length [12], whereas in other published studies,
no statistically significant group differences were reported for
the same gait-related parameters [10,11,14]. Furthermore,
published studies showed heterogeneity in terms of task
requirement, types of equipment, data collection, and analysis
techniques used to assess gait ability of patients with ankylosing
spondylitis. For instance, gait-related studies encompass an
increasingly large variety of tasks, types of equipment, and
analysis techniques including, for example, both clinical (eg,
Timed-Up-and-Go test and Six-Minute Walk test) and laboratory
measurements (kinetic, kinematic, or electromyographic gait
analysis), which should be taken into consideration for the
assessment of gait ability in patients with ankylosing spondylitis.
Thus, this systematic review aims to document the effect of
ankylosing spondylitis in gait, specifically focusing on published
studies that have reported clinical or laboratory gait
measurements in patients with ankylosing spondylitis. More
specifically, this review aimed to determine the consequences
of ankylosing spondylitis on gait and how gait is assessed in
patients with ankylosing spondylitis.

Methods

This protocol has been registered in PROSPERO
(CRD42018102540). We followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement guidelines provided by Moher et al when conducting
our systematic review and meta-analysis [15].

Inclusion Criteria
Original quantitative and qualitative research studies that
assessed gait in patients with ankylosing spondylitis were
included. To be eligible for inclusion, studies had to be
published in English in peer-reviewed scientific journals.

Type of Participants
Studies were included if participants were older than 18 years,
with a diagnosis of ankylosing spondylitis.

Type of Outcome Measurements
Studies were included if they reported clinical or laboratory gait
measurements.

Type of Studies
Observational and experimental study designs were included.

Exclusion Criteria
The following types of studies were ineligible: case reports,
abstracts, editorials, conference abstracts, letters to the editor,
reviews, and meta-analysis.

We also excluded studies that reported gait outcomes
inadequately (without mean and SD, or median associated with
interquartile range or first and third quartiles) or those from
which it was not possible to extract data from the results section.

Data Sources and Search Strategy
A computer-aided literature search was conducted in the
following electronic databases on June 5, 2018, with no date
restrictions: PubMed, Physiotherapy Evidence Database
(PEDro), Cochrane library.

Consistent with a similar review, search terms included those
related to population, ankylosing spondylitis [16], and the
outcome—gait [17]. The search strategy included a combination
of the following keywords and Medical Subject Headings terms
found in the abstract or title: (“gait” OR “walk” OR “walking”
OR “locomotor” OR “locomotion”) AND (“ankylosing
spondylitis” OR “spondyloarthritis”).

Study Selection
Two reviewers independently screened the titles, abstracts, and
keywords identified by the search strategy in order to select
potentially relevant studies.

After this initial search, full-length texts of the identified
potentially relevant studies were obtained. Based on the above
mentioned inclusion and exclusion criteria, the two reviewers
further screened these full texts to elucidate their eligibility and
decide on their inclusion. In case of any disagreement, consensus
was reached through discussions between the two reviewers. If
no consensus was achieved between the two reviewers, a third
reviewer was contacted.

Risk of Bias in Individual Studies
As our aim is not to evaluate the effect of an intervention, we
did not use a risk-of-bias assessment. As mentioned above, our
aim was to document the effect of ankylosing spondylitis on
gait, specifically focusing on published studies that have
reported clinical or laboratory gait measurements in patients
with ankylosing spondylitis.

Data Extraction
Following the PRISMA guidelines [15], a flow chart of the
selection process was created, with the number of citations
reviewed at each stage of the review (Figure 1). Additionally,
the following four sets of data will be extracted from the
retrieved articles [18]:

• Study characteristics: first author(s), title, year of
publication, journal name, and country

• Sample description: sample size, age, gender, weight,
height, body mass index, health status, disease duration,
functional status measurements, level of pain, description
of radiographic damage, biologic medications, Bath
ankylosing spondylitis functional index, Bath ankylosing
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spondylitis disease activity index, and Bath ankylosing
spondylitis metrology index

• Methods: task requirement, data acquisition methodology
and instrumentation, and parameters assessed

• Main results obtained from gait assessment: clinical
measurements of gait (Six-Minute Walk distance and time
to complete the Timed-Up-and-Go test) and laboratory
measurements of gait such as spatiotemporal parameters
(gait speed, stride length, stride time, and cadence) and

kinematic parameters (continuous estimate of relative phase,
joint range of motion, and joint moments)

Means and SDs or medians associated with interquartile range
or the first and third quartiles will be extracted. Two reviewers
will independently extract these data from each enrolled study
and compare the data for consistency. Any discrepancies
between the two reviewers will be resolved at a consensus
meeting. If disagreement persists, a third reviewer will be
consulted to achieve a final judgment.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow chart of the selection process.

Results

As of September 2018, we have completed the search strategy
and obtained 168 records. After screening titles and abstracts,
19 full texts were reviewed. Of those, 17 were included in the
review (Figure 1). We are currently in the process of data
extraction and synthesis. We expect the final results to be
submitted for publication in March 2019.

Discussion

Considering the importance of gait in functional independence
and quality of life, there are a growing number of reviews and
reports examining gait characteristics in a wide range of
populations [19] with neurological disorders [20-22], hip
osteoarthritis [23], diabetes [24], frailty [25], or dementia [26]
and in older adults [17]. However, as of September 2018, only
one review published in 2015 focused on gait characteristics in
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rheumatologic patients [7], with only 3 studies reporting results
of patients with ankylosing spondylitis [10-12]. Interestingly,
the abovementioned review [7] focused on case-control studies
only (ie, “studies were included...if they were articles that
included a healthy group as means of comparison” [7]). This
review did not include studies with clinical measurements of
gait, but only studies reporting laboratory measurements (ie,
“studies were included...if they reported spatiotemporal,
kinematic, kinetic, peak plantar pressure or muscle activity data
during gait” [7]). Thus, an update of the published literature is
needed.

A strength of this review protocol is that it includes both clinical
and laboratory measurements of gait studies on patients with
ankylosing spondylitis, reporting precisely the methodology
used in each selected study, as recommended by the PRISMA
statement (e.g. “how the data was collected and analysed” [15]).
Indeed, early identification of gait deficits in patients with
ankylosing spondylitis could help us better understand, follow,
and predict disease evolution and allow for timely
implementation of targeted interventions or treatment to improve
gait. Keywords have been chosen based on latest reviews on

ankylosing spondylitis [16] and gait [17] separately and were
searched in principal databases, assuring the conduct of a
systematic review.

However, there are some limitations related to this review that
need to be addressed. We assume that the selection and
qualitative synthesis of the eligible studies are a subjective
process. However, we will seek to minimize this limitation by
duplicating our search and having two reviewers conduct the
screening process independently [15]. We plan to present the
results of this systematic review at international scientific and
clinical conferences and publish them in a peer-reviewed
scientific journal. The systematic review will provide a synthesis
and comprehensive evaluation of published research on gait
characteristics in patients with ankylosing spondylitis. Largely,
this work is further intended to help identify the likely relevant
directions for future research. For instance, from a clinical
perspective, we support the idea that an objective and
standardized assessment of gait characteristics should be an
integral part of every comprehensive assessment of patients
with ankylosing spondylitis.
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Abstract

Background: Older adults with multiple chronic diseases commonly require complex medication regimes. When combined
with frailty, cognitive impairment, and changing pharmacological prescriptions, older adults’ polymedication regimes increase
the risk of medication-related problems (MRPs) and hospitalization. Effective, well-organized medication management could
avoid MRPs and their clinical outcomes.

Objective: Identify medication management models and analyze their impact on managing and preventing MRPs for
polymedicated, home-dwelling older adults.

Methods: We will conduct a systematic review of published articles in relevant professional scientific journals from inception
until March 31, 2019, in the following electronic databases,: Embase; Medline OvidSP; PubMed (NOT Medline[sb]); Cumulative
Index to Nursing and Allied Health Literature (CINAHL) EBSCO; PsycINFO OvidSP; Cochrane Library, Wiley; and Web of
Science. We will also hand search the bibliographies of all the relevant articles found and search for unpublished studies. We
will consider publications in English, French, German, Spanish, Italian, and Portuguese. Retrieved articles will be screened for
eligibility. Statistical analyses will be conducted following the recommendations of the Cochrane Handbook for Systematic
Reviews of Interventions, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), and Meta-analysis
Of Observational Studies in Epidemiology (MOOSE) statements. Data will be analyzed using SPSS Statistics for Windows,
version 25.0 (IBM Corp), and Review Manager, version 5.5 (The Nordic Cochrane Centre, The Cochrane Collaboration).

Results: A preliminary search in Embase delivered 3272 references. This preliminary search allows us to complete our research
strategy with equation development and to search the other databases. Relevant articles identified will allow for searching the
reference lists for unpublished studies. The inclusion and exclusion criteria will be rigorously respected in the study selection.
The entire study is expected to be completed by January 2020.

Conclusions: This review will provide an exhaustive view of medication management models that could be effective for
polymedicated, home-dwelling older adults and will allow us to analyze their impact on managing and preventing MRPs.

Trial Registration: PROSPERO CRD42018117287; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=117287
(Archived by WebCite at http://www.webcitation.org/77fCfbCjT)

International Registered Report Identifier (IRRID): DERR1-10.2196/13582
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Introduction

Health care systems across Europe are being challenged by an
ageing population [1]. International statistics demonstrate that
home-dwelling older adults consume huge amounts of prescribed
and over-the-counter medication [2,3]. The risks of medication
prescription and deprescription have been debated since the
dissemination of systematic and umbrella reviews pointing out
the inconsistency of some pharmacological treatments for older
adults [4,5]. However, a substantial proportion of older adults
have multiple chronic diseases requiring numerous treatment
components and complex medication regimes [6]. Increasingly
complex medication regimes, combined with frailty, reduced
cognitive function, and changing pharmacokinetics and
pharmacodynamics, increase the risk of adverse drug events
and other medication-related problems (MRPs) in this population
[7]. An MRP is “an event or circumstance involving medication
therapy that actually or potentially interferes with desired health
outcomes” [8]. MRPs include inappropriate prescribing (ie,
wrong drug, dose, dosage frequency, or dosage form), drug
interactions, adverse drug reactions, incorrect administration,
the need for monitoring, and nonadherence to medication
therapy [9]. MRPs occur frequently among polymedicated,
home-dwelling older adults and are associated with increased
risks of hospitalization, morbidity, and mortality [10-12].
Avoidable adverse drug events are the serious consequences of
inappropriate drug prescribing [13]. For instance, adverse drug
events alone contribute to 30%-40% of acute hospital admissions
among older adults, although many are preventable [14]. The
World Health Organization has estimated that 50% of patients
suffering from chronic diseases either do not take their
medication or fail to follow instructions for their medical
prescription [15]. Medication management among
polymedicated, home-dwelling older adults is a serious problem
because of the increased burden of symptoms and disease,
leading to the use of more medicines and a greater chance of
suboptimal management. Estimates of medication nonadherence
vary from 40% to 75% [16].

The misuse of categories of drugs such as sleeping pills,
analgesics, tranquilizers, appetite suppressants, and stimulants
is common [17]. Problems associated with low or zero
therapeutic adherence are even more evident during the sensitive
period following discharge home from hospital [18]. Suboptimal
medication management may lead to a deterioration in the
patient’s clinical condition, avoidable short-term hospitalizations
or readmissions, physical and cognitive decline, exacerbated
chronic medical conditions, and, consequently, increased health
care use and costs [18-20]. The indirect impacts of the adverse
effects of drug nonadherence, such as falls, dehydration, or
delirium, may also lead to hospitalizations [21]. Older adults
often undergo changes to dosage and prescribed medication
during hospitalization [22] and during the first few months after

hospital discharge due to comorbidities and the need for disease
stabilization [19]. Such changes tend to decrease optimal
medication management [23]. Older adults may also go back
to taking medications that were discontinued during
hospitalization, fail to begin a new treatment initiated during
hospitalization, or take incorrect dosages [18]; they are
particularly at risk of nonadherence in the first days or weeks
after hospital discharge [18]. Home-dwelling older adults taking
five or more drugs are considered to be more susceptible to the
consequences of polypharmacy, such as adverse drug reactions,
drug-drug interactions, nonadherence, or drug-food interactions.
Monitoring, assessing, and reacting accordingly are requisite
skills for optimal medication management in cases involving
inappropriate polymedication or excessive polymedication [24].
Optimal medication management should thus be an integral part
of older adults’ daily lives and is an essential condition for
successfully maintaining them at home [25,26]. Moreover,
taking into account the high prevalence of multiple chronic
conditions in this population, optimal medication management
often becomes a determinant of an older adult’s state of health
and quality of life at home [27]. Medication management in
polymedicated, home-dwelling older people has been described
as the “single most important health care intervention in the
industrialized world” [28]. This brings us to our search for the
best practice models that optimize safety, the continuity of
medication intake, and overall medication management among
home-dwelling older adults [6]. With the overall aim of
developing effective strategies to prevent MRPs and avoiding
medication-related hospitalizations and rehospitalizations, many
researchers and clinicians involved in primary care have tried
to generate either general or specific structured, systematic,
medication management models for polymedicated
home-dwelling older adults.

One recent example of a structured action to prevent MRPs is
the Medication Management Model. This is based on risk
management and provides home-dwelling patients with
medication review services comparable to those that benefit
hospital and nursing home patients [29]. A second example
concerns the Coordinated Medication Management Model,
which involves home care nurses, nurses, physicians, and
community pharmacists in medication processes for
home-dwelling older adults, supported by home health care
services [30]. Medication management models are
interprofessional collaboration processes between patients, their
informal caregivers, pharmacists, and nurses, based on
evidence-based guidelines and bringing, if appropriate, identified
problems to a physician’s attention [26]. To the best of our
knowledge, there have been no systematic reviews summarizing
the medication management models developed in community
health care and their impact on MRPs among polymedicated,
home-dwelling older adults.
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Methods

Overview
This protocol has been registered in the International Prospective
Register of Systematic Reviews (PROSPERO) (protocol number
CRD42018117287). The systematic review will be conducted
following the recommendations of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses for Protocols
(PRISMA-P) and its checklist for reporting harms [31,32], the
reporting proposals of the Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) [33], and the methods
outlined in the Cochrane Handbook for Systematic Reviews of
Interventions [34].

Purpose and Research Question
This systematic review’s purpose is to identify, examine, and
summarize the models developed in community health care
systems to optimize medication management for polymedicated,
home-dwelling older adults. The following research question
will guide this review: Which community health care models
for optimizing medication management for polymedicated,
home-dwelling older adults have been reported in interventional
and observational studies?

Inclusion and Exclusion Criteria

Types of Studies
This review will include randomized controlled trials, cluster
randomized controlled trials, and nonrandomized studies.
Nonrandomized studies will include quantitative studies
examining the effects of medication management models that
do not use randomization to allocate patients to comparison
groups [34]. We will include retrospective and prospective
epidemiological studies, cohort studies, case-control studies,
controlled before-and-after studies, interrupted-time-series
studies, and controlled trials with inappropriate randomization
(ie, quasi-experimental studies) [35,36]. We will search for
papers in French, German, English, Spanish, Italian, and
Portuguese.

Types of Participants
This review will consider studies involving polymedicated,
home-dwelling older adults with multiple chronic conditions
and a minimum mean age of 65 years, as well as studies with
participants aged 55 years or older. In order to properly include
heterogeneity and complexity, we will consider multiple chronic
conditions: the co-occurrence of at least two diseases in the
same individual, cumulative indices considering both the number
and severity of concurrent diseases, and the simultaneous
presence of not only diseases but also symptoms and physical
and cognitive dysfunctions.

Types of Models
We will examine all types of medication management models,
including strategies, interventions, and clinical pathways aimed
at optimizing the effects of medication management for
polymedicated, home-dwelling older adults with multiple
chronic conditions. Given their impact in reducing medication
errors and enhancing interprofessional collaboration and patient

safety, electronic medication management systems (EMMS)
will be included in this study [37,38].

Where possible, these types of medication management models
will be compared with usual care and will include strategies
documented in models, interventions, and clinical pathways
delivered by a primary health care provider alone or in
collaboration with other allied health care professionals at home.

Based on the Effective Practice and Organization of Care
(EPOC) taxonomy of health system interventions [39], we will
consider medication management models, interventions, and
clinical pathways targeting the health care professional level
and the patient level, as discussed below, but we will exclude
those targeting health care organizations:

1. Optimized medication management at the health care
professional level:
a. Educational programs aimed at optimizing medication

management.
b. Distribution of materials aimed at optimizing

medication management.
c. Feedback to peers and other involved health care

professionals on the effects and impact of medication
management (ie, medication review from medical
records).

d. Monitoring medication management models, including
interventions and clinical pathways (ie, assessment,
adjustment or change of medication, and medication
deprescription).

e. Verbal recommendations to polymedicated,
home-dwelling older adults by the health care providers
involved to optimize medication management (eg,
pharmacists and physicians).

f. The organized activities of teams for medication
conciliation, prescription, and deprescription.

g. EMMS covering prescription, administration, pharmacy
review, barcode medication administration, and
anything that encompasses medication management
processes for polymedicated, home-dwelling older
adults with multiple chronic conditions [40].

h. Evaluations of the involvement of different health care
professionals in the optimization of medication
management.

2. Optimized medication management at the level of
polymedicated, home-dwelling older adults:
a. Organized interventions aimed at optimizing medication

management for polymedicated, home-dwelling older
adults (ie, single- or multi-professional interactions
conducted by nurses, pharmacists, or physicians, such
as counselling on medication and medication
compliance or patient education sessions).

b. Patient reminder systems aimed at optimizing
medication management (ie, single- or
multi-professional interventions conducted by nurses,
pharmacists, or physicians, such as telephone contact
and discharge planning; medication adherence aids,
such as electronic monitors or pill dispensers; and
meetings with the multi-professional health care team
in the patient’s home).

JMIR Res Protoc 2019 | vol. 8 | iss. 5 |e13582 | p.137http://www.researchprotocols.org/2019/5/e13582/
(page number not for citation purposes)

Pereira et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Types of Outcome Measures
This review’s primary outcome measures will be:

1. The identification of models including interventions, clinical
pathways, and EMMS aimed at optimizing medication
management for polymedicated, home-dwelling older adults
in primary health care.

2. The description of the components of the models,
interventions, and clinical pathways and the identification
of the stakeholders involved (ie, professional and
nonprofessional caregivers).

3. The description of the impact of medication management
models, interventions, and clinical pathways versus usual
care on:
a. Rates of hospitalization for MRPs.
b. Rates of emergency department visits for MRPs.

Primary outcomes will be measured by different methods based
on dichotomous (ie, yes or no), ordinal, or continuous rates and
scores (eg, hospitalization or rehospitalization, frailty severity
or progress, emergency department visits for MRP [10], and
misuse of medication [41]).

This review’s secondary outcome measures will be descriptions
of the associations between sociodemographic characteristics,
health data, and MRPs (ie, nominal, ordinal, or interval level).

Information Sources and Search Strategy
We will search the following databases, without restriction on
the publication date: Embase (from 1947); Medline OvidSP
(from 1946); a subset (sb) of PubMed (NOT Medline[sb]) (from
1996); Cumulative Index to Nursing and Allied Health Literature
(CINAHL) EBSCO (from 1937); PsycINFO OvidSP (from
1887); Cochrane Library, Wiley (from 1992); and Web of
Science (from 1900). Furthermore, we will search in the
reference lists of relevant articles identified and for unpublished
studies.

The search syntax will use Medical Subject Headings (MeSH)
and text terms with Boolean operators. The syntax will consist
of the search themes intersected by the Boolean terms “AND”
and “OR.” MeSH terms and free keywords will include the
following:

1. Terms for “Medication management,” “Drug therapy
management,” “Therapeutic medication management,” and
“Optimizing medication treatment.”

2. Terms for “Community-dwelling older adults,”
“Home-dwelling older adults,” “Elderly,” “Aged,”

“Home-care patients,” “Older adults,” and “Very old
adults.”

3. Terms for “Home-dwelling,” “Living in place,”
“Homebound,” “Primary care,” “Community health
services,” “Community hospital,” “Ambulatory care,”
“Outpatient clinics,” “Hospital,” “Ambulatory care
facilities,” “Day care,” “Primary health care,” “Community
health centers,” “Health services for the aged,”
“Community,” “Domicile,” “Home or home-care or
home-based,” “Outpatient,” “Day patient,” “Community
care,” “Home-care services,” “General practice,” and
“Urban population.”

4. Terms for “Multiple chronic conditions,” “Frailty,”
“Vulnerability,” “Multimorbidity,” “Multimorbid,” “Muscle
weakness,” “Fatigue,” “Slow motor performance,” “Low
physical activity,” and “Unintentional weight loss.”

5. Terms related to “Drug-related problems,”
“Medication-related problems,” “Misuse of medication,”
“Medication abuse,” “Inappropriate polypharmacy,”
“Polypharmacy,” “Excessive polypharmacy,” and
“Polymedication.”

6. Terms for models, interventions, and clinical pathways:
“Care model,” “Care map,” “Multidisciplinary care,”
“Evidence-based care,” “Guideline,” “Patient care plans,”
“Clinical paths,” “Clinical pathways,” “Critical paths,” and
“Interventions.”

7. Terms related to “Medication management model,”
“Medication optimization,” and “Reconciliation.”

8. Terms for “Computerized provider order entry,” “Electronic
prescribing,” “Computer-assisted diagnosis,”
“Computer-assisted therapy,” and “Medical device.”

Study Selection
Two reviewers (FP and PR) will independently screen the titles
and abstracts identified in the searches to assess which studies
meet the inclusion criteria. Disagreements will be resolved
through discussion or, if needed, a consensus will be reached
after discussion with coauthors (MMM and HV). The reviewers
will then independently assess the full-text articles to ensure
that they meet the inclusion criteria. Disagreements will be
discussed and resolved with coauthors (MMM and HV). A
flowchart of the trial selection process has been drawn in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [42] (see
Figure 1).
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Figure 1. Blank flow diagram based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [42].

Data Extraction
Data will be extracted independently by two authors (FP and
PR) using a specially designed, standardized data extraction
form. Discrepancies will be resolved through discussion and
consultation with coauthors (MMM and HV).

The following information will be extracted from each study
included in the review: (1) study authors, year of publication,
and country where the study was conducted; (2) study
characteristics, including setting, design, duration of follow-up,
and sample size; (3) participants’characteristics, including age,
sex, social status, marital status, educational status, level of
autonomy, history of hospitalization and rehospitalization for
MRPs, and emergency department visits for MRPs; medication
management model; interventions; and clinical pathways; (4)
multiple chronic conditions measured using indices (ie, the

Charlson Comorbidity Index and the Cumulative Illness Rating
Scale-Geriatric); and (5) types of outcome measures.

Assessment of the Risks of Bias in Included Studies
Two reviewers (FP and PR) will independently assess the risks
of bias in all the randomized and nonrandomized studies for
interventions (NRSI) included, using the validated Cochrane
Risk of Bias Tool, version 2.0 (The Cochrane Collaboration)
[43]. This tool is based on five domains: (1) bias arising from
the randomization process, (2) bias due to deviations from
intended interventions, (3) bias due to missing outcome data,
(4) bias in outcome measurement, and (5) bias in the selection
of the results reported. Each of these five domains will be rated
as (1) low risk of bias, (2) some concerns about bias, or (3) high
risk of bias. Declaring that a study has a particular level of risk
of bias in any individual domain will mean that the study as a
whole has a risk of bias. Disagreements will be resolved through
discussion and consultation with coauthors (MMM and HV).
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We will also use the validated Risk of Bias In Nonrandomized
Studies of Interventions (ROBINS-I) tool for assessing the risk
of bias in NRSI [44]. This tool covers two dimensions and seven
domains through which bias might be introduced into NRSI:
(1) preintervention and during the intervention (ie, bias due to
confounding, selection of study participants, or classification
of the intervention) and (2) postintervention (ie, bias due to
deviations from intended interventions, missing data,
measurement of outcomes, and selection of the reported result)
[44]. Any disagreements in quality assessments will be resolved
through discussion.

Statistical Analyses
Statistical analyses will be conducted by FP and PR following
the recommendations of the Cochrane Handbook for Systematic
Reviews of Interventions [34] and the PRISMA-P and MOOSE
statements [31,33]. For dichotomous outcomes, average
intervention effects (ie, pooled effect and meta-analysis) will
be calculated as relative risks with 95% CIs using a
random-effects model [45]. For continuous data, a
random-effects model will be used to calculate weighted-mean
differences with 95% CIs. If required, we will calculate standard
deviations from the standard errors or 95% CIs presented in the

articles. Heterogeneity will be quantified using the I2 and
chi-square tests. Funnel plots will be drawn and Egger’s test
will be computed to explore the possibility of publication bias
[46].

Reasons for heterogeneity in effect estimates will be sought in
meta-analyses [47,48]. To explore the possible determinants of
heterogeneity, we will conduct subgroup analyses according to
selected study characteristics (eg, participants’ ages; country
where the study was conducted; types of professions; and types
of models, interventions, and clinical pathways). Furthermore,
sensitivity analyses will be conducted by (1) excluding relatively
small studies (ie, fewer than 20 participants per randomization
group) and (2) restricting analyses to good-quality studies. Data
will be analyzed using SPSS Statistics for Windows, version
25.0 (IBM Corp), and Review Manager, version 5.5 (The Nordic
Cochrane Centre, The Cochrane Collaboration).

Results

To date, searches in Embase have been performed, delivering
3272 references. As of publication of this protocol, we are
developing the search equations in the remaining databases to
then initiate the process of study selection, rigorously applying
the inclusion and exclusion criteria. The final results are
expected in January 2020.

Discussion

Principal Considerations
To the best of our knowledge, this systematic review will be
the first to synthesize evidence about medication management

models, including their interventions, clinical pathways, and
EMMS, as well as their impacts on MRPs among polymedicated,
home-dwelling older adults.

Since MRPs are associated with an increased risk of hospital
readmissions, morbidity, and mortality and are significant issues
for the health care system, it is very important to develop
intervention strategies to resolve or prevent them. The
suboptimal medication management causing MRPs involving
the hospitalization of polymedicated, home-dwelling older adults
is underrecognized by community health care providers,
especially by frontline community health care nurses. Therefore,
an important task for community health care providers is to
identify, resolve, and prevent the occurrence of MRPs in this
rapidly growing population of polymedicated, home-dwelling
older adults.

The results of this systematic review may guide future research
in this avenue. The results may also contribute to the
development of comprehensive and implementable
recommendations for primary health care practitioners and
policy makers concerning medication management among
polymedicated, home-dwelling older adults.

Strengths and Limitations
This systematic review protocol’s strengths are as follows: (1)
clear definitions of the major concepts of medication
management models, multiple chronic conditions, clinical
pathways, and interventions; (2) the use of an appropriate search
strategy designed in collaboration with a health librarian
experienced in conducting such reviews; and (3) the inclusion
criteria, which impose few restrictions on the study’s language,
age, or geographic location. Nevertheless, there are several
limitations that should be noted. The authors’ personal
judgements may introduce bias into the assessment. Nonetheless,
this risk will be reduced by using two reviewers to select and
assess the eligibility of studies independently. Furthermore, it
is possible that some eligible studies may not be covered by our
research strategy. We will seek to minimize this limitation
through the contribution of an experienced health librarian.
Finally, the expected heterogeneity of studies about medication
management models for polymedicated, home-dwelling older
adults with multiple chronic conditions may influence our ability
to state comprehensive and implementable recommendations
from the literature.

Conclusions
This systematic review will synthesize the available evidence
about medication management models among polymedicated,
home-dwelling older adults and their impact on MRPs. We
expect our findings to provide meaningful evidence toward the
optimization of health care models, programs, and services for
polymedicated, home-dwelling older adults with multiple
chronic conditions.
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Abstract

Background: Heart failure (HF) causes significant economic and humanistic burden for patients and their families, especially
those with a low income, partly due to high hospital readmission rates. Optimal self-care is considered an important
nonpharmacological aspect of HF management that can improve health outcomes. Emerging evidence suggests that self-management
assisted by smartphone apps may reduce rehospitalization rates and improve the quality of life of patients. We developed a virtual
human–assisted, patient-centered mobile health app (iHeartU) for patients with HF to enhance their engagement in self-management
and improve their communication with health care providers and family caregivers. iHeartU may help patients with HF in
self-management to reduce the technical knowledge and usability barrier while maintaining a low cost and natural, effective
social interaction with the user.

Objective: With a standardized systematic usability assessment, this study had two objectives: (1) to determine the obstacles
to effective and efficient use of iHeartU in patients with HF and (2) to evaluate of HF patients’ adoption, satisfaction, and
engagement with regard to the of iHeartU app.

Methods: The basic methodology to develop iHeartU systems consists of a user-centric design, development, and mixed methods
formative evaluation. The iterative design and evaluation are based on the guidelines of the American College of Cardiology
Foundation and American Heart Association for the management of heart failure and the validated “Information, Motivation,
and Behavioral skills” behavior change model. Our hypothesis is that this method of a user-centric design will generate a more
usable, useful, and easy-to-use mobile health system for patients, caregivers, and practitioners.

Results: The prototype of iHeartU has been developed. It is currently undergoing usability testing. As of September 2018, the
first round of usability testing data have been collected. The final data collection and analysis are expected to be completed by
the end of 2019.

Conclusions: The main contribution of this project is the development of a patient-centered self-management system, which
may support HF patients’ self-care at home and aid in the communication between patients and their health care providers in a
more effective and efficient way. Widely available mobile phones serve as care coordination and “no-cost” continuum of care.
For low-income patients with HF, a mobile self-management tool will expand their accessibility to care and reduce the cost
incurred due to emergency visits or readmissions. The user-centered design will improve the level of engagement of patients and
ultimately lead to better health outcomes. Developing and testing a novel mobile system for patients with HF that incorporates
chronic disease management is critical for advancing research and clinical practice of care for them. This research fills in the gap
in user-centric design and lays the groundwork for a large-scale population study in the next phase.

International Registered Report Identifier (IRRID): DERR1-10.2196/13502
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Introduction

Background
Heart failure (HF) is a chronic condition associated with
significant morbidity, early mortality, and impaired quality of
life (QoL), which poses tremendous economic and humanistic
burden on patients, families, the health care system, and society
[1]. Hospital readmission rates for HF are among the highest
of any chronic disease [1,2]. Half of the patients with HF
experience rehospitalization within 6 months of hospital
discharge [3]. Those previously hospitalized for HF had the
greatest rates of HF rehospitalization or cardiovascular death
[4,5]. Limited access to care may be an additional problem
among patients with limited socioeconomic means. Patients
lacking access to primary care physicians after hospital
discharge often experience clinical deterioration, necessitating
hospital readmission [6]. This problem is especially magnified
with uninsured patients, who may be forced into a cycle of
relying on using costly emergency room visits [7].

According to the American College of Cardiology Foundation
and American Heart Association guidelines for the management
of HF, lack of improvement in health-related quality of life
(HRQoL) after discharge from the hospital is a powerful
predictor of rehospitalization and mortality [8-10], and no
pharmacological therapy is a consistent determinant of HRQoL
[8]. Previous studies have shown that self-management, which
is expected to be integral to both the maintenance of wellness
and the management of illness [11], can improve patients’
HRQoL [12-14]. As most chronic conditions are related to
lifestyle, self-management was designed to meet the needs of
managing daily treatment and life activities to improve health
and health behaviors [11].

Mobile Health and Heart Failure
To foster the ability of patients to practice more effective
self-management and offset the difficulties due to lack of access
to care, telemonitoring systems may be useful tools in reducing
rehospitalization and improving QoL for patients with HF, as
suggested by emerging evidence [1]. However, special digital
devices required for telemonitoring are costly, limiting its
potential for wide use, especially among low-income patients.

Optimal self-care is considered an important
nonpharmacological aspect of HF management that can improve
health outcomes [15]. Mobile health (mHealth) technologies
have emerged as a way to actively engage patients in
self-management and health care decision-making processes
[16]. The access to mobile phones makes it possible for mHealth
apps to transform treatment adherence through improved

self-management [17]. About 85% of adults aged 65 years or
above in the United States owned a mobile phone, and this
proportion is increasing in all age groups [18]. The use of mobile
phones to manage daily self-management of chronic diseases
has been reported even among older adults with no experience
in technology [14]. However, the dedicated, persistent use of
self-monitoring systems and user engagement rates are still low
[19,20]. Standardized, systematic mHealth usability assessments
need to be performed, but even these have been insufficient in
the past [21]. The Technology Acceptance Model [22]
hypothesized that perceived usefulness, perceived ease of use,
and attitude toward the technology were three factors
determining whether the user would ultimately use or reject the
technology. Patient involvement in the development of new
information and communication technology (ICT) is crucial,
given that the typical patient with chronic disease is an older
adult with difficulties in understanding and using standard ICT
equipment [23]. In order to support acceptance and later
adoption of the new system, the innovation process should
include the perspective of patients and the needs of other
stakeholders in the care of chronic diseases [23].

Virtual Human and Patient Engagement
To date, mobile phone–based apps for HF monitoring and
management have not been widely researched. To address this
gap, iHeartU—a mobile phone app with a novel virtual human
assistant (“iHeartHelper”)—was developed to help patients with
HF in their self-management by providing a holistic engagement
experience (Figure 1). Its prototype has been undergoing
usability testing since April 2018.

Patient engagement is a key mediator for behavior changes in
patients with HF since patients who are engaged as
decision-makers in their care tend to be healthier and have better
outcomes (Figure 1) [17]. The development of iHeartU is based
on the guidelines of the American College of Cardiology
Foundation and American Heart Association for the management
of HF and the validated Information, Motivation, and Behavioral
skills behavior change model. This model emphasizes on
information and knowledge about patient behavior, motivation
to perform the behavior, and the patient’s behavioral skills [24].

A unique feature of this app—iHeartHelper—is an interactive
virtual human or embodied conversational agent that resembles
a human assistant and provides natural social interaction with
users of the system. The personalized conversational interactions
facilitated by the iHeartHelper can increase the engagement of
patients with HF, health care providers, and family caregivers,
which may lead to an improvement in patients’health outcomes
and reduction in hospital readmission rates.
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Figure 1. Conceptual framework for iHeartU: IMB model with patient engagement as mediator. HF: heart failure; VR: virtual reality.

There are existing studies that use virtual environment
simulation to treat patients with posttraumatic stress disorder,
fear of heights [25,26], and public speaking anxiety [27] and to
conduct medical training [28]. However, whether the use of
virtual human interface will improve patient engagement has
not been systemically studied. The research assumption of this
study is that a patient-centered mobile phone app with a virtual
human assistant can improve engagement of patients with HF.

Objectives
This study focuses on the user-centered design and assessment
of the iHeartU mobile phone app. Unlike mHealth apps in
previous studies, iHeartU is featured by the use of virtual human
interface, which may involve more assessments in its usability
testing but with the expectation of better user experience.
Usability testing is the term used to describe the assessment of
how easy a user interface is to operate [29]. The objectives of
this study are two-fold: (1) to determine the obstacles to
effective and efficient use of iHeartU among patients with HF
and (2) to evaluate HF patients’ adoption, satisfaction, and
engagement with regard to iHeartU.

Methods

Study Design
A single-arm prospective observation study is currently
underway for the usability assessment of the iHeartU app. A
mixed method design is used for this study, including several
established usability evaluations through surveys, direct
observations, interviews, think-aloud protocol, and focus groups.
Additionally, the researchers have been working closely with
the Patient Engagement Studio (an HF panel of patients and all
stakeholders, including patients, family caregivers, physicians,
nurses, and other health care providers) at Greenville Health

System (GHS) to seek input and feedback on the design,
development, and evaluation process.

Participants
With the approval of the Institutional Review Board of GHS
(Pro00066413), we aim to recruit 10 patients with HF to conduct
the usability testing. The sample size is in accordance with the
existing literature [30,31], where Kushniruk [30] and Vizri [31]
have shown that 70% of severe usability problems can be
discovered by the first five users and up to 85%, by the eighth
user, following which less problems tend be identified, and
these problems are also less significant. Patients are eligible to
participate in this study if they have a clinical diagnosis of HF,
are English-speaking, are able to operate study devices, have a
New York Heart Association Functional Classification I-III,
and are willing to provide informed consent for participating
in the study. Patients are recruited by their direct care team
during scheduled clinic visits. They are informed about the
purpose of the study upon providing written consent for
participation. There are no expected risks or discomforts in the
study other than possible confusion when using iHeartU.
Participation in this study is completely voluntary; therefore,
patients can refuse to participate or withdraw from the study at
any time. Patients who are unable to operate the devices and
have a limited cognitive ability, as determined by the patient’s
clinician, will be excluded from consideration.

Health care providers in the direct care team for patients with
HF, including physicians and nurses, are also involved in the
testing. One representative of each group is asked to complete
the survey questionnaires after providing consent. The research
team collects their feedback and input to provide a helpful
clinical perspective for improving the design of the mobile
phone app.

JMIR Res Protoc 2019 | vol. 8 | iss. 5 |e13502 | p.146http://www.researchprotocols.org/2019/5/e13502/
(page number not for citation purposes)

Zhang et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Measures
An iterative approach is used to refine iHeartU for patients with
HF based on their experience of interacting with this app while
aiming for continual patient satisfaction. Patients will be the
primary users of the app. Health care providers will help identify
patient needs and health problems. The following instruments
and methods will be used to collect data:

• A demographic and background questionnaire to describe
personal and health information as well as experience with
mobile phone use.

• Usability evaluation metrics, guided by the International
Organization for Standardization 9241-11 Usability
framework and mobile health usability research [21], to
evaluate effectiveness, efficiency, and satisfaction.
Engagement will be added as the fourth dimension (Table
1).

• Think-aloud protocol to capture patients’ cognitive
processes while performing representative tasks on the app
[30].

• Individual interviews with open-ended questions to evaluate
task-specific user satisfaction regarding what study
participants think about the interface and functions of the
app as well as any specific issues that they find confusing.

• Networked minds survey to evaluate social presence in
terms of communication [32] when the user interacts with
the virtual human assistant.

• System usage logs to quantify patient engagement with the
system and guide improved app design and development
[33] and nonscheduled patient-initiated feedback to indicate
patient satisfaction and engagement.

• Focus groups to define the essential expectations and needs
that are personally and clinically relevant and to achieve a
consensus on the key features and functions of iHeartU and
the overall mobile self-management system.

Procedure
The usability assessment will follow the phases below and last
for about 17-24 months.

Enrollment Phase
A panel of patients, family caregivers, and health care providers
was hosted in the GHS Patient Engagement Studio to provide
initial thoughts and suggestions on the preliminary product of

iHeartU. A meeting with a group of health care providers for
patients with HF was also held during the prototype development
for advice on the design. The eligible patients with HF were
introduced for enrollment by their direct care team at GHS.

Intervention Phase
HF patient representatives and health care providers who care
for patients with HF complete the demographic and background
questionnaire, navigate the features of iHeartU, and test its
functions along with the use of supplemental devices. Users
perform predefined tasks by the research team and conduct
interactive conversations with the iHeartHelper to input clinical
variables: weight; systolic and diastolic blood pressure; heart
rate; and subjective reports for medication adherence, dietary
sodium and fluid intake, and physical activity. In case of any
technical difficulty, patients can always choose to enter the data
manually. This assessment is conducted by using usability
evaluation metrics, the think-aloud protocol, individual
interviews, and networked minds survey. The smartphone and
supplemental devices are provided by the research team.

Follow-Up Phase
Iterative usability testing with the improved iHeartU app is
conducted and evaluated among patients after their use at home.
The usability regarding patient engagement is examined by
using system usage logs and the User Engagement Scale. A
focus group discussion is organized with the patient participants
to further identify the essential needs and desirable features and
functions of iHeartU to improve patient satisfaction and
engagement.

Data Analysis
Quantitative analysis will be performed on the survey data. The
descriptive statistics will be summarized on patients’background
and experience. The significance of overall System Usability
Scale [26] will be assessed by using the Student t test [37,38].
The User Engagement Scale [36] and Networked Minds survey
[32] will be used for analysis. The significance of iHeartU use
will also be assessed by comparing the ratio of observed use to
expected use to the hypothetical mean of 1.0 by using the
Student t test [38]. The interrater agreement of raw system
usability scores will be assessed by the intraclass correlation
coefficient with 95% CIs [39]. The Cronbach alpha test will be
performed on the data to evaluate the internal consistency of
the responses.

Table 1. Usability evaluation metrics.

MethodMeasureAim

Effectiveness •• Direct observationTask completion: with ease, with minor mistakes, or failure
• Error coding

Efficiency •• CountTime used to complete a task

Satisfaction •• QuestionnaireSystem Usability Scale [34]
• Poststudy Usability [35]

Engagement •• QuestionnaireUser Engagement Scale [36]
• •System usage log Built-in tracker
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Qualitative analysis will be performed on the data collected
through think-aloud protocol, individual interviews, and focus
groups by using the Grounded Theory to identify emerging
themes directly from patients’ own words and thoughts. Each
think-aloud protocol will be reviewed line-by-line by two
researchers in order to reach a consensus on the coding. The
ease of use will be assessed and coded by scrutinizing the
recorded details (such as facial expression and finger movement)
of patients’performance on using iHeartU. Individual interviews
and focus group discussions will be analyzed using the constant
comparative method. The transcript will be reviewed and coded
for recurrent themes independently by two researchers. Themes
will be combined by agreement of the two researchers who will
create theme tags based on the recurrent themes, and the
transcripts will be rereviewed collaboratively by the two
researchers in order to tag all instances of the themes. Major
themes and subthemes will be developed via an iterative review
process.

Results

Development of iHeartU
The development of iHeartU started in May 2017 with
developmental approval from the Office of Compliance at
Clemson University. Institutional review board approval was
obtained (#Pro00066413) from the GHS in October 2017. The
prototype of the mobile phone app has been produced. The
screenshot of its interface with the iHeartHelper is indicated in
Figure 2. A variety of outfits for the iHeartHelper and
background options are available for random picking every time
when the user opens the app. Key self-care behaviors, including
adherence to prescribed HF therapies such as medications,
dietary sodium and fluid restrictions, and exercise, are built into
the daily checkup page [40]. Besides these HF therapies, patients
are taught to recognize and manage changes in symptoms and
seek health advice when such changes occur.

The iHeartHelper proactively engages the patient at times
prescribed by the clinician; requests the patient to provide a

report of their general progress, medications, activity, and other
behavioral aspects via natural dialogue; and records the patient’s
responses as audio files. Real-world interactions between
physicians and patients were shadowed at the GHS Heart Failure
Clinic by the research team and used to enrich the conversation
scenarios with the iHeartHelper. The sample scripts are
demonstrated in Textbox 1. A closed caption is installed to meet
the needs of patients who may have hearing impairment. The
iHeartHelper’s speech speed can be customized as per the
patients’ preference.

The iHeartHelper serves as a health assistant who checks on
the health of the patient three times daily and records vital signs,
diet, fluid intake, weight, and any symptom that the patient
would like to report. The objective data are manually input by
the patient in the current development phase, with error checking
for a numeric format. Patients receive a push notification to
remind them to open the app when it passes the preset time.
Patients have the facility at any time to convey messages and
alerts to their health care provider and caregivers by reporting
issues to the iHeartHelper through audio recording. Two
representative screenshots are illustrated in Figures 3 and 4.

Audio files as well as other data can be periodically uploaded
by a reporting module to a central data repository, which allows
the health care provider to monitor the patient’s progress as
needed via a Web-based interface (Figure 5). The Web portal
for health care providers has also been developed and linked
with the iHeartHelper (Figure 6). The audio files and any
information (eg, vital signs and weight) recorded by the patient
can be accessed by the care team (eg, physician, physician
assistant, nurse, and disease manager). Once the patient’s data
exceed the predefined thresholds with respect to the clinical
guideline and physician’s suggestions, the health care provider
will be alerted. According to the severity of the situation, the
health care provider can send a message to the patient through
the portal to give him/her suggestions or schedule a phone call
or visit. The message is delivered to the patient by the
iHeartHelper. There are two-stage confirmations to ensure that
the message is delivered to the patient.

Figure 2. Example of the interface of iHeartHelper.
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Textbox 1. Sample scripts of the conversation scenarios between the virtual human assistant (iHeartHelper) and the patient.

Have you had anything to eat since we last talked?

• Yes - What did you have to eat?

• No - Please be sure to eat three times daily!

What fluids have you had to drink today and how much of each did you drink? Have you taken your medication for this meal yet?

• Yes - Great!

• No - Please remember to take your medications at every meal.

Have you done any exercise since our last session?

• Yes - what kinds of activities did you do?

• No - Alright, try to do a little bit of exercise every day.

Have you felt any shortness of breath since we last spoke?

• Yes - Can you please describe the shortness of breath and when it happened?

• No - Okay, good! Remember to always alert your doctor immediately if you feel any shortness of breath.

Do you have any other symptoms you would like your doctor to be aware of?

• Yes - What are the symptoms that are worrying you?

• No - Okay, please keep your doctor informed if you experience any unexpected symptoms.

Figure 3. Example of daily check-up and monitoring by the iHeartHelper.
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Figure 4. Example of follow-up and notifications by the iHeartHelper.

Figure 5. Data transfer structure for iHeartU patient-centered mobile self-management system. CG: caregiver.

Usability Assessment
Two panel meetings with all key stakeholder representatives,
including patients, family caregivers, and health care providers,
have already been conducted to collect inputs and suggestions
at the GHS Patient Engagement Studio before and during the
development of iHeartU. The feedback was also solicited from
a meeting with health care providers in the Department of
Internal Medicine and the Department of Cardiology at GHS.
The suggestions from the stakeholders and health care providers
were incorporated into the iHeartU development for usability
testing. Enrollment of study participants began in January 2018.

As of September 2018, the preliminary data collection in the
intervention phase has been completed. The follow-up phase is
expected to be completed and the entire usability testing is
expected to be concluded by the end of 2019. The data will be
analyzed accordingly, and the results will be submitted for
publication upon completion of the study. Two representatives
of health care providers will be invited to conduct a usability
assessment following the same process as patients and provide
inputs from their perspectives. Their feedback will serve as
important supplemental information to guide further
improvement on iHeartU. Thus far, testing has been completed
by a physician in the direct care team.
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Figure 6. Screenshot of the Web portal for health care providers.

Discussion

Uniqueness of iHeartU
The main contribution of this work is the development of an
HF patient–centered self-management system with a virtual
human interface, which may support patients’ self-care at home
and strengthen communications among patients, health care
providers, and family caregivers for better care transition and
coordination. To our knowledge, this is the first mobile phone
app with a virtual human interface for HF self-management.

There are several foreseeable advantages to this design of
iHeartU. First, the virtual human assistants can carry out
conversations proactively to record a daily log for patients’
self-management behaviors. Since most patients with HF are
older adults with relatively lower rates of technology adaption,
the intuitive voice-based data collection and easy-to-use features
are better than the features of traditional mobile apps that require
patients to manually input data. The interactive process aims to
resemble the clinical workflow in reality but be more proactive
with closer monitoring on patients. Second, the virtual human
interface may provide more psychological comfort and
companion to patients with HF by sharing news, weather, and
jokes with patients to make daily conversions more engaging
and socially motivating. Third, the virtual human interface
provides personalized health coaching through virtual
“face-to-face” communications using education materials
tailored for patients’ individual situation. Fourth, the virtual

human interface serves as a digital personal assistant to remind
patients of their daily medication use, which may improve
patients’ compliance to HF therapies. This virtual assistant can
also remind patients of their physician office visits and facilitate
their follow-up visits. This feature will be expected to expand
their accessibility to care, improve care coordination, and reduce
the cost incurred due to unnecessary emergency visits or
readmissions, especially for low-income patients with HF. Fifth,
data collection via this mobile self-management system in
community settings may lay the groundwork for future clinical
studies and big data analysis.

Further Development of iHeartU
Besides the embedded functions described above, the
Bluetooth-enabled devices (eg, weight scale and blood pressure
monitor) will be integrated into iHeartU. For patients with these
Bluetooth sensors, data will be automatically transmitted to
iHeartU. They can also choose to record their data with
validation and error checking. The manual input option will be
still available as a backup.

A personalized customization on the iHeartHelper such as
gender, race, and age will be developed. The entertainment
features will also be embedded in the app. The iHeartHelper
can talk about jokes and report the weather and news as per the
user’s commands. Such interaction may resemble the interaction
of the user with Alexa and Siri. The iHeartHelper will put on
an outfit according to the weather change as well, for instance,
wearing a rain coat when it is raining.
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During the usability assessment, besides testing the
close-to-finish product, a list of desirable features will be
obtained from the end users to know their thoughts and solicit
feedbacks. Thereafter, further development and improvement
will be undertaken and tailored to the needs of patients based
on the outcome of the usability testing.

The Web portal for health care providers will be further
enhanced. In addition, the mobile phone app for family
caregivers will be developed. The caregiver app will show the
real-time patient’s data (with the patient’s consent) and receive
messages from the patient’s health care providers, so that he/she
can help monitor the patient’s health. An overall assessment
will be conducted on the entire mobile self-management system
after its full development.

Conclusions
Findings from the standardized usability testing on iHeartU will
be used to refine its preliminary design and contents, which
may enhance its implementation and dissemination in the later
phases. Such a usability testing model can be translational and
adapted to other health management programs through
disease-specific customization with the involvement of patients
and key stakeholders. Further research is needed to establish a
standardized, systematic mHealth usability assessment for
chronic HF patient care, which can improve methodological
consistency and make it possible to compare findings across
different mHealth app evaluations [41].
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Abstract

Background: Previous research has reported that public-academic partnerships (PAPs) can effectively promote PAP leaders’
use of research evidence in improving youth outcomes. However, the existing literature has not yet clarified whether and how
PAP leaders’ use of research evidence evolves along the PAP life cycle and whether PAP partners’ concordant perceptions of
usefulness of their PAP has an impact on PAP leaders’ use of research evidence. Developing a conceptual framework that
recognizes the PAP life cycle and empirically identifying contexts and mechanisms of PAPs that promote PAP leaders’ use of
research evidence from the PAP life cycle perspective are imperative to guide researchers and policymakers to successfully lead
PAPs and foster policymakers’ use of research evidence for improving youth outcomes.

Objective: Utilizing an integrated framework of organizational life cycle perspective, a social partnership perspective, and a
realist evaluation, this study examines the extent to which PAP development and PAP leaders’ use of research evidence can be
characterized into life cycle stages and identifies PAP contexts and mechanisms that explain the progress of PAPs and PAP
leaders’ use of research evidence through life cycle stages.

Methods: Recruiting PAPs across the United States that aim to improve mental health and promote well-being of youth aged
12-25 years, the study conducts a document analysis and an online survey of PAPs to inform policymakers and academic researchers
on the contexts and mechanisms to increase PAP sustainability and promote policymakers’ use of research evidence in improving
youth outcomes.

Results: Fifty-three PAPs that meet the recruitment criteria have been identified, and document review of PAPs and participant
recruitment for the online survey of PAP experience have been conducted.

Conclusions: This paper will help policymakers and researchers gain a deeper knowledge of the contexts and mechanisms for
each PAP life cycle stage in order to optimize PAP leaders’ use of research evidence in achieving positive youth outcomes.
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Introduction

Background
This proposed project aims to develop a conceptual framework
to understand dynamic and complex public-academic
partnerships (PAPs) and reveal contexts and mechanisms for
each PAP life cycle stage in order to optimize PAP leaders’ use
of research evidence in improving youth mental health and
well-being. The proposed project defines a PAP as a partnership
between the state and county policymakers (administrators and
program directors) and researchers at academic institutes,
formed to promote evidence-informed policymaking and
practice. PAP leaders are policymakers who influence public
identification of problems, design and implement programs,
and make policy decisions as administrators and program
directors.

This project focuses specifically on PAPs that aim to improve
mental health and promote well-being of youth aged 12-25
years. Many psychiatric disorders such as mood disorders,
substance abuse problems, and schizophrenia develop during
adolescence [1]. About 20% of US youths aged 13-16 years
will experience a psychiatric disorder during their lifetime [2-4],
and the rates are higher among youth served by the public care
sector [5-7]. PAPs are vital to improve the health and well-being
of vulnerable populations [8-11]. PAPs seek to bridge the
historic divide and disconnect that has evolved among
researchers and policymakers and improve the degree to which
the knowledge generated by researchers is utilized for the benefit
of the individuals being served by the public care sector [12,13].
A critical means through which PAPs accomplish this aim is
the use of research evidence. Research evidence is defined as
relevant conceptual frameworks or reviews and empirical
findings from systematic qualitative, quantitative, or mixed
research methods projects [14]. Use of research evidence is
defined as acquiring, evaluating, and directly applying research
evidence [15,16] and conceptually using research [17,18] to
understand the nature of and frame social and community
problems; to design and implement public services and
programs; and to make policy decisions [19,20].

Previous research has reported that PAPs can effectively
promote PAP leaders’ use of research evidence in improving
youths’ outcomes [12,20,10]. However, the existing literature
has not yet informed the specific mechanisms of PAPs that
promote PAP leaders’ use of research evidence in improving
youths’ outcomes; whether and how PAP leaders’ use of
research evidence evolves along the PAP life cycle; and whether
PAP partners’ concordant perceptions of usefulness of their
PAP has an impact on PAP leaders’ use of research evidence.
Developing a conceptual framework that recognizes the PAP
life cycle, and empirically identifying contexts and mechanisms
of PAPs that promote PAP leaders’ use of research evidence
from the PAP life cycle perspective is imperative to guide
researchers and policymakers to successfully lead PAPs and
foster policymakers’ use of research evidence in improving
youth outcomes. This proposed project will examine the extent
to which PAP development and PAP leaders’ use of research
evidence can be characterized into life cycle stages, and identify

PAP contexts and mechanisms that explain the progress of PAPs
and PAP leaders’ use of research evidence through life cycle
stages.

Theoretical and Empirical Rationale
Although a number of empirical studies have helped identify
specific factors that are associated with PAP success and failure,
there is no research evidence that offers a framework of contexts
and mechanisms that should occur at each stage of PAP
development in order to maximize the chances of success and
increase PAP leaders’ use of research evidence. The present
project proposes an integrated framework of social partnerships,
organizational life cycle, and realist evaluation perspectives to
address the complex contexts and corresponding mechanisms
that result in successful sustainment of PAPs and foster PAP
leaders’ use of research evidence, for PAPs that serve youth in
the public care sector. This project classifies the PAP life cycle
stages into initiated/not initiated, formed/failed to be formed,
matured/not matured, and sustained/declined (Figure 1) [21-23].

The social partnership perspective [7,22-28] posits that
partnerships have common roots in their intended impact on
some societal problems such as education, poverty, and health
by building on the capabilities, resources, and expertise of each
partner [25,27,28]. This perspective aligns well with PAP
development, as PAPs are typically initiated to address social
issues such as youth mental health and well-being. A social
partnership perspective is that three key partnership processes
should occur concurrently to evolve through stages such as
initiation, formation, and maturity: issue crystallization; coalition
building through mutual benefits and trust, top management
support, convener’s role, and on-the-spot decision-making
power; and purpose formulation through determining structure,
goals, primary function, and process of setting agenda [20].
Although the perspective offers a compelling explanation for
factors that support successful PAP initiation, formation, and
maturity, the framework does not explain how PAP partnerships
sustain. The organizational life cycle perspective [29-34] offers
a longitudinal and sequenced approach to explain how PAPs
grow and change over time. Organizations go through stages
of birth, maturity, and decline and the goals, priorities, and
definitions of organizational effectiveness differ across not only
organizations but also these stages within organizations [29,34].
By applying this perspective, we can explain how PAP
partnerships transition through life cycle stages and the potential
presence of a sustained versus declined stage, which the social
partnership perspective is missing. An integration of aspects of
the organizational life cycle perspective with social partnership
perspective contributes to the conceptualization of PAP progress
by distinguishing specific life cycle stages relevant to the
progress of organizations. The realist-evaluation approach
[35-37] helps deepen the conceptualization of how the contexts
of PAPs are involved in both their sustainability and use of
research evidence. Realist evaluation focuses on three
concepts—context, mechanism, and outcomes—which link
together to form a context-mechanism-outcome (CMO)
configuration (Figure 1). This proposed project adapts the
definitions of context, mechanism, and outcome from the study
of Jagosh et al [38] who used the realist evaluation approach to
understand partnerships in community participatory research.
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Figure 1. Proposed conceptual framework to understand public-academic partnerships as social partnerships transitioning through life cycle stages.

Describing context, mechanism, and outcome relationships
based on the realist evaluation framework helps generate and
refine an explanatory theory, which, in this case, are the theory
of how PAPs evolve and what promotes or inhibits PAP leaders’
use of research evidence (Multimedia Appendix 1). The features
of a realist evaluation approach can be applied to PAPs to clarify
the nature and contributions of contexts and mechanisms to
PAP sustainability and PAP leaders’ use of research evidence
according to the PAP life cycle stage in real-world settings.

Neither social partnerships nor organizational life cycle
perspectives recognize the embedding of PAPs in a system and
do not offer a means to connect partnership contexts and
mechanisms with PAP leaders’ use of research evidence. The
realist evaluation approach is based on determining not just
what approaches work, but more specifically, “what works, for
whom, under what circumstances, and why and how” [35-37].
Thus, this perspective helps deepen the conceptualization of
how the contexts of PAPs are involved in both their
sustainability and use of research evidence.

Considering that PAP leaders’ perception of their academic
partners and coalition building with their academic partners can
have an impact on PAP sustainability [16,25,39], PAP
sustainability and PAP leaders’ use of research evidence are
likely to be associated. However, the lack of empirical findings
warrants further studies. The integrated conceptual framework
that includes a theory-building process will contribute to further
examination of the relationship between PAP sustainability and

PAP leaders’ use of research evidence. Extending the previous
research [16,25,39], this proposed project seeks to examine the
following aspects:

1. Do PAPs go through a life cycle of being initiated, formed,
matured, and sustained?
• Can the partnership processes (issue crystallization,

coalition building, and purpose formulation) be traced
through the PAP life cycle stages? If yes, how do
partnership processes differ by PAP life cycle stage?

2. Which factors promote or interfere in the progression and
ultimate sustainability of PAPs?
• Do PAP partners’ perceptions of alignment between

PAP purpose formulation and their own organizational
purpose formulation differ by PAP life cycle stage?

• Do PAP partners’perceptions of PAP coalition building
differ by PAP life cycle stage?

3. Are there different patterns of use of research evidence (in
terms of obtaining, evaluating, and using research evidence)
associated with each PAP life cycle?

4. Which PAP factors promote or inhibit PAP leaders’ use of
research evidence?
• Does PAP leaders’ use of research evidence differ by

PAP partners’ perceptions of alignment between PAP
purpose formulation and their own organizational
purpose formulation?
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• Does PAP leaders’ use of research evidence differ by
PAP partners’ perceptions of PAP coalition building?

Methods

Sampling and Participant Recruitment
PAPs that are comprised of at least one or more state or local
county child welfare or mental health agencies, and one or more
academic researchers will be eligible for inclusion. In the
proposed project, mental health includes both mental health and
substance abuse. The PAPs can be formed on a
project/program/intervention basis or as a consortium. PAPs
will be included if their aims include improving mental health
and well-being outcomes for youth aged 12-25 years. If multiple
academic researchers from one academic research institute are
working on separate projects/programs/interventions with the
same public care agency, these partnerships will be counted as
multiple PAPs, as the partnerships may be in different life cycle
stages with different contexts and mechanisms that affect PAP
leaders’ use of research evidence differently. If one academic
researcher has multiple projects with one public care agency,
multiple projects will be treated as a single PAP. PAPs that
were terminated before 2007 will be excluded. PAPs considered
to be in an “initiating” or “failed to be formed” stage will be
excluded from this recruitment stage, as members of these PAPs
are likely to be difficult to identify. PAPs situated outside the
United States or focusing on youth outside the United States
will be also excluded. A variety of strategies including online
search and contacting partners through emails and phone calls
will be undertaken to recruit as many eligible PAPs as possible
and collect consistent information from all PAPs. If only the
PAP leaders or the academic researchers of each PAP agree to
participate, we will still include the PAP in the study for
supplementary data.

Document Review and Online Survey of
Public-Academic Partnership Leaders and Academic
Researchers
The project team will invite all PAPs that meet the inclusion
criteria to participate and concurrently conduct PAP document
review and an online survey of PAP leaders and academic
researchers. We will seek PAP documents that include
information on PAP structure, goals, primary function, actor
roles, process of setting agenda, and funding sources for the
PAP processes. The document review will apply the iterative
CMO configuration process of the realist evaluation approach
[36,38]. An iterative CMO configuration process will be
conducted, in which the PAP documents are reviewed by the
project team utilizing a review protocol drafted to serve as the
guiding tool in the CMO configuration of PAP life cycle based
on the potential CMO of each PAP life cycle stage (Multimedia
Appendix 1). PAP mechanisms and PAP leaders’use of research
evidence by life cycle stage will be detailed through the
document review, and the protocol will be refined through
multiple rounds of review of PAP documents.

Online survey of PAP leaders and academic researchers will
collect data on partners’ PAP experience and PAP leaders’ use
of research evidence. The intent is to obtain over a 75% survey

response rate. PAP Survey 1: The Structured Interview for
Evidence Use (SIEU) scale [16] will determine PAP leaders’
engagement level of research evidence, which refers to the
frequency of using various types of sources for research
evidence; PAP leaders’ ratings of the importance of evaluating
the validity, reliability, and relevance of research evidence; and
various factors leading PAP leaders to use/ignore research
evidence in deciding to adopt a new program or intervention.
The original SIEU scale items will be used. The Input scale (20
items) assesses the source of the research evidence PAP leaders
obtain. The Process scale assesses how PAP leaders evaluate
the research evidence obtained and includes three subscales of
self-assessment for validity and reliability of research evidence
(10 items), reliance on others (5 items), and self-assessment for
relevance (5 items). The Output scale (20 items) assesses if PAP
leaders eventually use research evidence or ignore the evidence.
The measurement asks respondents to indicate responses using
a Likert-type scale ranging from 1 (not at all) to 5 (all the time)
for the items contained in the Input scale, and a 5-point
Likert-type scale ranging from 1 (not important) to 5 (very
important) for the items contained in the Process and Output
scales. The SIEU shows high internal consistency reliability
(α=.88) [16]. PAP Survey 2: PAP Experience (Multimedia
Appendix 2) will measure PAP leaders’ and academic
researchers’ most recent PAP experience through items that
address issue crystallization (clear issue pursued), purpose
formulation (structure, goals, primary function, and agenda
setting process), coalition building (mutual benefits and trust,
top management support, convener’s role, and on-the spot
decision-making power); PAP partners’ perceptions of their
PAP life cycle stage; and PAP leaders’use of research evidence.
The online surveys will be built in and administered through
the Research Electronic Data Capture, a secure Web-based data
collection tool that includes data entry forms and Web surveying
features.

Analysis
For the document review, the principal investigator and a
research assistant will first independently classify the life cycle
for each PAP (formed, but not yet matured; matured, but not
reached a sustained stage yet; and sustained/declined) by
applying the potential CMO of each PAP life cycle stage
(Multimedia Appendix 1) and then review the classification of
PAPs until a consensus is reached on the classification.
Information on PAPs such as partnership structure, goals, and
primary function can vary depending on the available
documentation. For missing or incomplete data during the
document review process, the project team will follow-up with
academic researchers and PAP leaders through emails and phone
calls to request and obtain the missing information. The online
survey data will also complement the missing data from the
document review as the domains of the survey questionnaire
are consistent with those of the document review protocol.

Concurrently, the online survey data on PAP leaders’ use of
research evidence and experience with PAPs will be analyzed
in relation to the CMO configuration process. For the online
survey, reliability of the SIEU will be calculated by using the
Cronbach α internal consistency for each of the subscales and
the total scale. We will descriptively test for mean differences

JMIR Res Protoc 2019 | vol. 8 | iss. 5 |e14382 | p.158http://www.researchprotocols.org/2019/5/e14382/
(page number not for citation purposes)

Kang-YiJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


in PAP leaders’ engagement level of research evidence by (1)
PAP partners’ rating of the level of alignment between PAP
structure, goals, primary function, and process of setting agenda
and their organizational structure, goals, primary function, and
process of setting agenda; (2) PAP partners’ rating of the level
of mutual benefit and trust, top management support, convener’s
role, and on-the-spot decision-making power; and (3) PAP life
cycle stage (formed, but not yet matured; matured, but not
reached a sustained stage yet; and sustained/declined).
Concordance levels of PAP leaders’ and academic researchers’
perceptions of PAP contexts and mechanisms will be calculated
according to the PAP life cycle stage using Cohen κ coefficients
and McNemar test [40]. Pearson product-moment correlations
of the concordance levels and SIEU subscale and total scores
will test the relationship between the concordance of partner’s
perceptions and PAP leaders’ use of research evidence. The
potential CMO of each PAP life cycle stage (Multimedia
Appendix 1) will be refined through multiple rounds of review
of PAP documents and quantitative data for the development
of a middle-range theory.

Results

Fifty-three eligible PAPs have been identified, document review
of 20 PAPs have been conducted, and 16 PAP researchers have

been reached out for additional information. The principal
investigator and the research assistant are in the process of
classifying the life cycle for each PAP based on the document
review by applying the potential CMO of each PAP life cycle
stage (Multimedia Appendix 1). The classification of PAPs will
be continued until consensus is reached on the classification.
Concurrently, the project team is recruiting PAP leaders and
academic researchers who will participate in the online survey
and will conduct analysis of CMO PAP life cycle stages and its
relationship to PAP leaders’ use of research evidence.

Discussion

The proposed project is expected to help policymakers and
researchers gain a deeper knowledge of the contexts and
mechanisms for each PAP life cycle stage in order to optimize
PAP leaders’ use of research evidence in achieving positive
youth outcomes. Although we will focus on youth mental health
and well-being, our findings are likely to be relevant to other
vulnerable populations. Future studies should include PAPs in
an “initiating” or “failed to be formed” stages, as the PAPs are
likely to provide valuable learning about attempted partnerships.
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Abstract

Background: Sedentary behavior is a major concern among patients with multiple sclerosis (MS), as it may accelerate disease
progression and exacerbate physical disability. This is especially concerning among African Americans, a segment of the MS
population who present with greater neurological disability and higher odds of physical comorbidities than their Caucasian
counterparts.

Objective: To date, researchers have not proposed interventions that focus on changing sedentary behavior in African Americans
with MS.

Methods: This paper describes a pilot study that examines the feasibility and efficacy of using text messaging along with
theory-driven newsletters and behavioral coaching for changing sedentary behavior in African Americans with MS. We herein
present the methods, procedures, and outcomes for our ongoing study.

Results: Enrollment began in February 2018 and is expected to conclude in April 2019. Study results will be reported in the
fall of 2019.

Conclusions: After completion of this pilot intervention, we will summarize our study results in manuscripts for publication in
peer-reviewed journals that will provide critical information on the feasibility and efficacy of our strategy. These results will
inform future studies and, potentially, larger interventions for remotely reducing sedentary behavior in African Americans with
MS.

Trial Registration: ClinicalTrials.gov NCT03671499; https://clinicaltrials.gov/ct2/show/NCT03671499 (Archived by WebCite
at http://www.webcitation.org/77MZnxyNy)

International Registered Report Identifier (IRRID): DERR1-10.2196/12973

(JMIR Res Protoc 2019;8(5):e12973)   doi:10.2196/12973

KEYWORDS

African Americans; multiple sclerosis; sedentary behavior; intervention

Introduction

Sedentary behavior is defined as any waking activity performed
in a seated or lying position with energy expenditure ≤1.5
metabolic equivalents of task (MET), with 1 MET being the
metabolic rate at rest [1]. Sedentary behavior represents a major
public health concern based on associations with morbidity and
mortality [2,3], independent of physical activity [1].

Sedentary behavior has recently received attention among
persons with the chronic, disabling disease, multiple sclerosis
(MS) [4]. Sedentary behavior is two times higher in MS than
in the general population, and sitting time increases across levels
of worsening MS-related mobility disability [5]. Such an
association likely involves sedentary behavior inducing
comorbid conditions [6] that can accelerate disease progression
[4] and ultimately worsen MS disability over time. This may
be particularly pertinent for African Americans with MS. This
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group demonstrates worse neurological disability [7] and
increased odds of physical comorbidities compared with
Caucasian counterparts [8]. There is evidence that African
Americans with MS experience a more aggressive disease course
and present a blunted response to disease modifying therapies
[9]. There are no data on racial differences in sedentary behavior
in MS, but evidence in the general population indicates that
African Americans spend more time sitting than Caucasians
[10].

We recently reported that only 1.7% of participants in studies
of exercise and physical activity in persons with MS were
African American [11]. Furthermore, there is no research on
the management of MS through reduction of sedentary behavior
in African Americans with MS [12]. This may be associated
with barriers toward implementing behavior change
interventions in African Americans, such as diminished health
care accessibility based on socioeconomic disparities and greater
likelihood of living in low-income neighborhoods [13,14] where
rehabilitation centers and facilities are often inaccessible. The
use of electronic technology may be part of a solution for this
problem and represents a strategy that can be applied for
increasing the reach of behavior change interventions by
allowing intervention delivery remotely, reducing participant
burden, offering access, and reducing implementation costs and
research personnel burden [15]. Accordingly, text messaging
represents a promising medium for reaching a large number of
persons remotely, as 94% of Americans own a mobile phone
[16]. This strategy has already been used for promoting changes
in health behaviors (eg, eating habits and medication use) and
preventing chronic diseases (eg, cardiovascular disease and
diabetes) in other populations [17-23]. We therefore believe
that change in sedentary behavior might be facilitated by text
messaging and newsletters, supplemented with one-on-one
behavioral coaching. Studies have further reported that text
messaging interventions have resulted in sedentary behavior
reductions and increases in physical activity in the general
population [17,18,24,25], yet we are unaware of any studies
using text messaging to reduce sedentary behavior in African
Americans with MS.

Text messaging is a promising strategy for reducing sedentary
behavior in MS, and the literature indicates that anchoring
intervention content with a behavior change theory likely
increases the chance of success [26]. Our group has
demonstrated that Social Cognitive Theory (SCT) has been
effective in promoting changes in sedentary behavior and
physical activity among persons with MS [27-29]. SCT provides
a good framework for guiding changes in health behavior, as it
includes well-tested principles and assumptions from different
fields that investigate human behavior, such as psychology,
anthropology, and sociology [30]. SCT further identified targets
of behavior change, for example self-efficacy, outcome
expectations, and goal setting, for designing the content of an
intervention.

In view of the current evidence and literature gaps, we developed
a technology-based behavior change intervention for reducing
sedentary behavior in African Americans with MS. The
intervention combines text messaging, print newsletters, and
telephone-based coaching, all informed by SCT for reducing

sedentary behavior in African Americans with MS. The
proposed intervention will consist of a 12-week program divided
into two phases: Phase 1 targets breaking up and reducing
sedentary behavior and Phase 2 aims to reduce sedentary
behavior by replacing it with light physical activity. To that
end, sedentary behavior is the primary outcome of our
intervention, but we will secondarily target increases in physical
activity as a means of replacing sedentary behavior. The strategy
of primarily focusing on a single behavior is based on the need
of having a well-defined target for a successful intervention
[26,31]. The project will examine the feasibility (ie, process,
resources, management, and science) and preliminary efficacy
(ie, changes in volume and patterns of sedentary behavior) of
this intervention approach for interrupting and reducing
sedentary behavior. The lessons learned from this study will
inform the development of future large-scale interventions
targeting reductions of sedentary behavior in African Americans
with MS. The current protocol paper reports on the development,
methodology, and outcome measures of this ongoing project.

Methods

Study Design and Overview
The proposed study takes place at the University of Alabama
at Birmingham (UAB), United States, and was designed based
on guidelines for feasibility studies [32]. The study will use a
single-group, pre-post intervention design that examines multiple
domains of feasibility, including scientific efficacy of a 12-week,
technology-based behavior change intervention for reducing
sedentary behavior among African Americans with MS (ie, the
Sit Less, Move More program). Feasibility will be assessed
under four distinct domains: process, resources, management,
and scientific metrics [33-35]. The primary scientific metric
will be a change in sedentary behavior, measured both
objectively with activity monitors and subjectively with
self-report questionnaires. Secondary outcomes will include a
change in physical activity and health-related quality of life.
We will recruit a sample of 30 African American adults with
MS. After being screened for eligibility, participants will be
sent the informed consent document and the baseline assessment
materials—questionnaires and activity monitors—via postal
mail along with a preaddressed, prestamped envelope for
returning the materials. After the baseline (T1) assessment,
participants will start the 12-week intervention, which is divided
into two phases: Phase 1 (weeks 1-6) targets breaking up and
reducing sedentary behavior and Phase 2 (weeks 7-12) targets
replacing sedentary behavior with physical activity. The
intervention itself was developed through stakeholder
involvement and consists of daily text messages and biweekly
newsletters and telephone calls with a behavioral coach. The
content of the text messages, newsletters, and coaching sessions
will include SCT-based strategies for behavior change, as these
approaches have successfully induced behavior change in
home-based programs among persons with MS [30,36,37].
Midpoint (T2) and postintervention (T3) assessments will be
conducted during week 6 and immediately after week 12,
respectively. Participant flow from recruitment through
completion of the program is depicted in Figure 1. Participants
will be compensated US $25 for completing each of the three
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outcome assessment periods. Ethical approval to undertake the
study has been obtained from the UAB Institutional Review
Board, and the study has been registered with ClinicalTrials.gov
(NCT03671499).

We will identify potential participants from those who have
contacted our laboratory regarding research opportunities and
who meet our inclusion criteria, outlined below, regarding race
and age. An email will be distributed among those potential
participants, followed by a phone call among those who do not
respond to the initial email. We will also recruit individuals
from the community at events sponsored by regional chapters
of the National MS Society and other local organizations. If
necessary, based on enrollment success, mass emails providing
information about the study will be sent through the National
MS Society, the North American Research Committee on
Multiple Sclerosis registry, and iConquerMS. Those who are
interested in participating will be instructed to call the
laboratory, and authorized personnel will describe the study
objectives and procedures. If a prospective participant continues
to express interest in the study, we will conduct a telephone
screening to ensure that the prospective participant satisfies the
inclusion and exclusion criteria. Based on previous feasibility
studies in persons with MS, we aim to recruit 30 individuals to
participate in this study [38,39]. As this study is designed to
assess the feasibility of conducting the Sit Less, Move More
program, rather than confirming the efficacy of the intervention,
an a priori power analysis for estimating sample size was not
performed.

Inclusion criteria for the proposed study are as follows: (1)
African American; (2) participant-reported MS diagnosis; (3)
relapse-free in the last 30 days; (4) ambulatory with or without
assistance based on a Patient-Determined Disease Steps (PDDS)
score of 0-5; (5) self-report daily engagement in sedentary
behavior of ≥480 minutes per day; (6) health contribution score
of <14 calculated from the Godin Leisure-Time Exercise
Questionnaire [40]; (7) absence of major musculoskeletal
problems and/or cardiovascular, cardiopulmonary, and/or
metabolic diseases that are contraindications for changing
physical activity and sedentary behavior levels; (8) living in the

United States; and (9) ownership of a mobile phone capable of
receiving text messages.

Feasibility Metrics
Feasibility will be assessed based on four domains: process (eg,
recruitment and retention rates), resources (eg, communication
and monetary requirements), management (eg, researcher
preparation and capacity), and science (eg, safety and efficacy
of the intervention). To assess process-related feasibility, we
will document recruitment, retention, and adherence rates.
Recruitment will be evaluated as the number of individuals who
initially expressed interest in participating and agreed to be
screened for eligibility after receiving more information about
the study. Retention will be evaluated as the number of
participants retained from enrollment through completion of
the study. We will maintain a log of the number of participants
who complete the biweekly behavioral coaching sessions to
determine adherence. To measure resource-related feasibility,
we will maintain logs of time spent communicating with
participants and of monetary costs involved in the conduction
of the study. Management-related feasibility will be evaluated
by maintaining a log indicating the efforts and time spent by
research personnel related to collecting and entering data,
maintaining equipment and research-related material, and
managing the study logistics. Safety and efficacy of the
intervention will be included as scientific feasibility metrics.
To assess safety, we will maintain records of any adverse or
serious adverse events and any medical concerns reported by
the participants. We will follow standard UAB protocols in the
reporting of any such events. The primary scientific outcome
is a change in sedentary behavior. Secondary scientific outcomes
include changes in physical activity and quality of life (see
Behavioral Outcomes section for more detail). After completing
the study, the participants will provide feedback regarding
satisfaction and personal experiences with the study using a
survey with both Likert scale questions and open-ended
questions. This information, along with the results of the
feasibility analysis, will be valuable for developing larger-scale
studies designed to establish the efficacy and effectiveness of
this treatment approach and to identify future strategies of
effective behavior change.
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Figure 1. Flowchart outlining the program timeline from recruitment through completion of the program. MS: multiple sclerosis; ICD: informed consent
document; T1: baseline; T2 midpoint; T3: postintervention.

Behavioral Outcomes
Participants will provide information on clinical and
demographic characteristics (eg, disease course and duration,
education level, and level of income) and disability status (ie,
PDDS) during the baseline (T1) assessment period. The primary
behavioral outcome will include a change in sedentary behavior,
with changes in physical activity and health-related quality of

life assessed as secondary outcomes. All outcomes will be
measured at three different time points: baseline (T1
assessment), midpoint (T2 assessment), and postintervention
(T3 assessment). Sedentary behavior and physical activity
behavior will be measured objectively with accelerometry, using
the activPAL activity monitor (PAL Technologies) and the
ActiGraph model GT3X+ activity monitor (ActiGraph LLC).
During each assessment time point, participants will wear both
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activity monitors for a 7-day period, only removing them for
sleeping or during water-based activities (eg, bathing and
swimming). The activPAL monitor will be worn at the middle
of the anterior aspect of the thigh and the ActiGraph will be
worn on an elastic belt around the waist at the nondominant hip.
Standardized instructions describing how to wear the activity
monitors, including picture references, will be provided at each
assessment time point. Data obtained from the activPAL will
be classified as time spent sitting or lying down, standing, or
during movement using a proprietary algorithm; these metrics
represent the primary sedentary behavior outcome [41]. The
activPAL data will further indicate how frequently sitting is
interrupted through the number of sit-to-stand transitions.
Sedentary behavior measures from the ActiGraph device will
supplement measures from the activPAL. The ActiGraph data
will be assessed as 60-second epochs and physical activity
behavior will be defined by established cut points for persons
with MS: sedentary behavior is <100 activity counts per minute,
light physical activity is between 100 and 1583 activity counts
per minute, and moderate-to-vigorous physical activity is ≥1584
activity counts per minute [42]. The number of minutes spent
at each activity level (ie, sedentary vs light physical activity vs
moderate-to-vigorous physical activity) will be the primary
outcome from the ActiGraph data. In addition, sedentary
behavior interruption rate will be assessed from ActiGraph data
as the number of transitions from <100 activity counts per
minute to ≥100 activity counts per minute. In addition to the
objective accelerometry measures, subjective self-report
measures of sedentary behavior and physical activity will be
completed using the Godin Leisure-Time Exercise Questionnaire
[40,43] and the International Physical Activity Questionnaire
short version [44,45]. The 36-item Short Form Health Survey
(SF-36) [46] will be completed at each measurement time point
for self-reported measurement of physical and mental indices
of health-related quality of life.

Behavioral Intervention
The intervention will be 12 weeks in duration and divided into
two, 6-week phases. Phase 1 (weeks 1-6) will focus on
interrupting long periods of sedentary behavior, and Phase 2
(weeks 7-12) will focus on replacing sedentary behavior with
light physical activity. Participants will be mailed biweekly (ie,
all odd-numbered weeks) SCT-based newsletters that highlight
ways of overcoming difficulties in effectively interrupting
sedentary behavior and replacing sedentary behavior with
physical activity; see Figure 1 for a week-by-week list of
SCT-based themes. For example, newsletters focus on
anticipating outcomes and setting goals, which are characteristic
features of human agency, one of the primary tenets of SCT
[30]. We further highlight self-efficacy within the newsletters,
as it is a focal determinant of health behavior change within
SCT [47,48]. Within 5 days of receiving the newsletter, a trained
behavioral coach will call the participant via telephone to discuss
the information provided in the newsletter and review strategies
for behavior change. Throughout the 12-week intervention
period, participants will receive two daily text messages,
Monday through Friday, which will be sent in the morning and
the afternoon and contain content relevant to the topic being
reviewed that week. For example, a week 1 (Outcome

Expectations and Self-Monitoring) text message will read,
“Expectations are important for sticking with your plan to reduce
sitting time. Remember to look up the benefits of sitting less,”
and a week 7 (Moving More) text message will read, “Try to
walk around the house during TV commercials.” Text messages
will be standardized across participants. At the outset of the
intervention, participants will be provided with a journal to log
behavior and monitor progress. This journal is provided as a
self-monitoring tool rather than a method of strictly tracking
all sedentary behavior and physical activity. The purpose of the
journal is to help the participant (1) recognize how much time
is spent sitting, (2) identify opportunities to reduce sitting, and
(3) track progress throughout the program. During the first phase
of the study (weeks 1-6), participants will be encouraged to
record time spent sitting. Immediately following the first phase
of the study (ie, beginning of week 7), participants will be
provided with a Digi-Walker SW200 pedometer (Yamax) for
tracking daily step counts. This is an important study aspect,
given that the second phase of the study involves the program
transitioning from sitting less to moving more. To that end,
during the second phase of the study (weeks 7-12), participants
will be encouraged to record time spent physically active,
including the number of steps per day, in the provided journal.

Of note, while developing the study materials, we engaged in
the process of stakeholder feedback through an informal focus
group with five African American members of a local MS
support group. We presented the study materials (ie, text
messages, newsletters, and journals) to the focus group members
and asked them to provide comments and suggestions for
improving the material content. We obtained direct feedback
on the content and vocabulary of the text messages, newsletters,
and journals. Participants reached a consensus that the materials
needed lay vocabulary. In terms of the text messages, each
message was inspected for sensitive content and suitability to
daily routine. The focus group suggested modifications to
wording of some messages and to the feasibility of some
activities that were deemed impractical (eg, “Eat while standing
at the restaurant”). The suggestions were incorporated into the
development of the patient-informed and culturally tailored
final study materials.

Data Analysis
Feasibility data for process, resources, and management will
be examined via percentage, frequency analysis, and descriptive
statistics. Regarding scientific outcomes, data normality will
be verified using the Shapiro-Wilk test and descriptive statistics
will be computed for all variables per each assessment point.
The influence of the intervention on sedentary behavior, physical
activity, and physical function—a component of the SF-36—will
be evaluated using repeated-measures linear mixed models,
respecting the interdependence of measures over time.
Point-by-point improvements in quality of life related to
reductions in sedentary behavior and increases in physical
activity will be assessed using estimates at each measurement
time point, adjusted for sociodemographic and clinical
covariates. We will further conduct other exploratory analyses
as permitted by the data.
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Results

Enrollment began in February 2018 and is expected to conclude
in April 2019. Intervention delivery will conclude in August
2019. Data analysis with full study results is expected in the
fall of 2019.

Discussion

This study will identify the demands and procedures of the
proposed intervention strategy (ie, text messaging, newsletters,
and behavioral coaching) for changing sedentary behavior in
African Americans with MS. The knowledge acquired from this
intervention will be valuable in designing future studies for
reducing sedentary behavior in a larger number of African
Americans with MS. We expect that our intervention will
promote reductions and changes in the volume and pattern of
sedentary behavior and, by extension, an increase in light
physical activity in the study participants. It is important to
highlight that, even though the intervention focuses on both
sedentary behavior and physical activity, we purposefully place
the emphasis on the former, as the literature indicates that
intervention success requires a well-defined target [26,31].

The target criterion for considering the intervention a success
will be a reduction in sitting time of 60+ minutes per day, as
there is evidence that replacement of one hour per day of sitting
with physical activity of any intensity can improve quality of
life [49]. Studies have further adopted this same volume of
sedentary behavior reduction, indicating that it is a reasonable
goal for an intervention [24,50]. If the data analyses indicate
that this intervention is both feasible (ie, adequate results for
process, resources, management, and science) and efficacious
(ie, sedentary behavior reductions of 60+ minutes per day), the
study results may provide practical and scientific support for
applying such an approach in subsequent, large-scale studies
that can efficiently target a large number of African Americans
with MS who engage in high levels of sedentary behavior (ie,
go/no-go decision for a subsequent trial).

The use of technology for reducing sedentary behavior
represents an important step for reaching persons with MS
remotely [27] and for promoting behavior changes that may
improve health [21,51,52]. As of 2018, almost every American
(ie, 94%) owned a mobile phone [16], and this makes text
messaging an optimal medium for disseminating health
information, including information that is directed toward
educating people about changing behaviors. The examination
of whether text messaging, coupled with the provision of
SCT-based newsletters and behavior coaching, may help change
sedentary behavior in African Americans with MS is central
for scaling up the intervention among a larger number of persons
from this population group who might not have access to
resources for engaging in regular interventions and/or in-person
behavioral intervention. Furthermore, such an approach is
advantageous for optimizing the intervention based on the
socioeconomic and cultural reality of African Americans with
MS. For example, all the intervention materials were designed
based on specific characteristics of the target population, as per
the recommendations and feedback from a focus group of

African American persons with MS (ie, stakeholder
engagement). This process contributed toward creating cultural
awareness among the researchers and developing strategies
appropriate for the target population to maximize the potential
to reduce sedentary behavior with the intervention.

There is evidence of the increasing use of technology in
theory-based behavior change interventions in people with
disabilities, including MS [15]. These strategies have
demonstrated promising results in increasing exercise and
physical activity levels in such groups of people [15]. The use
of technology is ideal for promoting behavior change remotely
in large groups of people, given its affordability, reduced
personnel burden, and lack of reliance on physical space
[20,51,52]. The use of technology can further minimize or even
eliminate in-person attendance at specific physical spaces (eg,
gyms and recreational clubs) [27-29]. By reducing the burden
on both researchers and participants, remote interventions
enhance the feasibility and likelihood of successful uptake and
adoption of interventions that reduce sedentary behavior. To
date, researchers have used computer software [53],
DVD-delivered interventions [27,28], and text messaging [24]
for promoting reductions in sedentary behavior in the general
population and persons with MS. Our study will be a further
step in amplifying the possibilities of promoting changes in
sedentary behavior remotely in large groups of underserved
persons with MS, such as African Americans.

Another advantageous tenet of our intervention involves the
particularly high frequency of stimuli for promoting the intended
changes in behavior, as text messages can be sent more than
once per day over different time periods. This is critical in
reminding individuals about continually monitoring sitting
behavior and identifying ways to interrupt it. Sedentary behavior
is a highly prevalent behavior during a regular day that is
difficult to self-monitor. It is usually easier to remember
activities that are more intense and less frequent during the day
(eg, sports, dance, and recreational activities) [54]. As such,
increased frequency of stimuli may be important for effectively
reducing sedentary behavior. The results may provide further
directions to more efficaciously target this health behavior in
future studies.

One strength of this study is the use of both the activPAL and
ActiGraph monitors to assess sedentary behavior and physical
activity. We will be able to cross-examine the estimates for
agreement as well as provide sedentary behavior estimates based
on both posture and lack of movement. The inclusion of both
devices might further provide data on acceptability and
preferences for a device for future trials. Some limitations of
this study are noteworthy. The study sample will not be
representative of all African Americans with MS since we will
only recruit a small number of participants (ie, 30 participants).
Nevertheless, the results will provide an indication of whether
the proposed strategy has the potential to be delivered and
efficacious in a larger sample of African Americans with MS.
Another limitation is the short intervention duration; the entire
intervention will last for only 3 months. Yet, behavior change
is usually considered stable when maintained for longer than 6
months. Funding limitations did not permit collection of such
data, but we may be able to obtain data regarding behavior
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change maintenance (ie, 6+ months) if funding opportunities
arise. The study will not include a control condition. This would
be important for ensuring that any behavior changes are due to
our intervention itself and not due to other factors; this will be
important for future, larger-scale interventions. Another
possibility would be to include a comparison group comprised
of Caucasians with MS, as this would provide insight regarding
differences in responses between African Americans and
Caucasians with MS. One final limitation of the study is the
lack of a double baseline assessment week. This would be
important for assessing reactivity to wearing the activity
monitors and, therefore, to better isolate the effects of the
intervention on the primary study outcomes. Lastly, we did not
examine, in depth, the level of familiarization of participants
with portable electronic technology. If more complex electronic
strategies are used for prompting behavior change, then
researchers need to consider participants’prior history of mobile

technology usage for expanding the use of such technology in
changing behavior in MS.

In summary, this paper describes the methods and outcomes of
interest of a technology-based intervention aimed at reducing
sedentary behavior in African Americans with MS. This pilot
study will provide data on the feasibility and efficacy of our
strategy in promoting sedentary behavior reductions in the
aforementioned group and we anticipate the results will be
important for researchers investigating strategies for reducing
sedentary behavior in MS. After completion of this pilot
intervention, we will summarize our study results in manuscripts
for publication in peer-reviewed journals that will provide
critical information on the feasibility and efficacy of our
strategy. These results will inform future studies and, potentially,
larger interventions for remotely reducing sedentary behavior
in African Americans with MS.
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Abstract

Background: Men who have sex with men (MSM) in the United States experience a disproportionate burden of HIV and
bacterial sexually transmitted infections (STIs), such as gonorrhea and chlamydia. Screening levels among MSM remain inadequate
owing to barriers to testing such as stigma, privacy and confidentiality concerns, transportation issues, insufficient clinic time,
and limited access to health care. Self-collection of specimens at home and their return by mail for HIV and bacterial STI testing,
as well as pre-exposure prophylaxis (PrEP) adherence monitoring, could be a resource-efficient option that might mitigate some
of these barriers.

Objective: Project Caboodle! is a mixed-methods study that explores the acceptability and feasibility of self-collecting and
returning a bundle of 5 different specimens for HIV and bacterial STI testing, as well as PrEP adherence monitoring, among
sexually active HIV-negative or unknown status MSM in the United States aged 18 to 34 years.

Methods: Participants will be recruited using age, race, and ethnicity varied advertising on social networking websites and
mobile gay dating apps. In Phase 1, we will send 100 participants a box containing materials for self-collecting and potentially
returning a finger-stick blood sample (for HIV testing), pharyngeal swab, rectal swab, and urine specimen (for gonorrhea and
chlamydia testing), and hair sample (to assess adequacy for potential PrEP adherence monitoring). Specimen return will not be
incentivized, and participants can choose to mail back all, some, or none of the specimens. Test results will be delivered back to
participants by trained counselors over the phone. In Phase 2, we will conduct individual in-depth interviews using a video-based
teleconferencing software (VSee) with 32 participants from Phase 1 (half who returned all specimens and half who returned some
or no specimens) to examine attitudes toward and barriers to completing various study activities.

Results: Project Caboodle! was funded in May 2018, and participant recruitment began in March 2019. The processes of
designing a study logo, creating advertisements, programming Web-based surveys, and finalizing step-by-step written instructions
accompanied by color images for specimen self-collection have been completed. The boxes containing 5 self-collection kits
affixed with unique identification stickers are being assembled, and shipping procedures (for mailing out boxes to participants
and for specimen return by participants using prepaid shipping envelopes) and payment procedures for completing the surveys
and in-depth interviews are being finalized.
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Conclusions: Self-collection of biological specimens at home and their return by mail for HIV and bacterial STI testing, as well
as PrEP adherence monitoring, might offer a practical and convenient solution to improve comprehensive prevention efforts for
high-risk MSM. The potentially reduced time, expense, and travel associated with this approach could facilitate a wider
implementation of screening algorithms and remote monitoring strategies.

International Registered Report Identifier (IRRID): PRR1-10.2196/13647

(JMIR Res Protoc 2019;8(5):e13647)   doi:10.2196/13647

KEYWORDS

HIV infections; sexually transmitted diseases; pre-exposure prophylaxis; social networking; sexual minorities

Introduction

Background
Despite representing a small fraction of the US population [1,2],
men who have sex with men (MSM) account for 58.95%
(648,500/1.1 million) of all people living with HIV [3] and
66.79% (26,570/39,782) of all new HIV diagnoses annually [4].
According to the Centers for Disease Control and Prevention
(CDC), HIV diagnoses among MSM increased from 25,155 in
2005 to 26,612 in 2014 [5]. The rate of incident diagnoses in
this risk group is more than 44 times that of other men [3], and
the rate of prevalent diagnoses is more than 57 times greater
[6]. MSM in the United States also face a high burden of
bacterial sexually transmitted infections (STIs), such as
gonorrhea and chlamydia. Prevalence proportions for
pharyngeal, rectal, and urethral gonorrhea among MSM are
estimated to be 7.90% (1,144/14,484), 10.24% (1,136/11,092),
and 11.14% (2,056/18,460), respectively, and those for
pharyngeal, rectal, and urethral chlamydia are estimated to be
2.86% (199/6,961), 14.14% (1,427/10,091), and 8.35%
(1,495/17,898), respectively [7]. These data are concerning
because bacterial STIs acting through biological mechanisms,
in addition to behaviors associated with their acquisition and
transmission, are well-established risk factors for HIV [8-12].

The CDC currently recommends at least annual screening for
HIV, gonorrhea, and chlamydia for all sexually active MSM
[13,14]. More frequent screening for HIV (eg, at 3- to 6-month
intervals) could be offered to those at increased risk based on
an assessment of their individual risk factors, local HIV
epidemiology, and local testing policies [13,15]. Testing is the
first step in offering pre-exposure prophylaxis (PrEP) for HIV
prevention to those who test negative or initiating treatment for
HIV and other STIs among those who test positive. However,
screening levels among MSM remain inadequate [16,17] owing
to barriers to testing such as stigma, privacy and confidentiality
concerns, transportation issues, insufficient clinic time, and
limited access to health care [18-30]. In 2014, 71.14%
(5,864/8,243) of MSM participating in the National HIV
Behavioral Surveillance reported testing for HIV in the past
year [17], and 46.98% (8,984/19,124) reported testing for
gonorrhea or chlamydia in the past year [31]. Novel strategies
are needed to increase current rates of HIV and other STI
screening among MSM. Self-collection of specimens at home
and their return by mail for laboratory testing could be a
resource-efficient option [32] and has the potential to reduce
both personal and logistical barriers to regular testing [33].

Oral PrEP with tenofovir (TFV) disoproxil fumarate and
emtricitabine (FTC) significantly reduces the risk of HIV among
MSM but relies on adequate adherence for effectiveness [34-38].
Measuring biomarkers in biological specimens for assessing
PrEP adherence played a key role in the interpretation of
landmark placebo-controlled randomized clinical trials [39-41].
The delivery of proven biomedical interventions needs to be
accompanied by complementary strategies for measuring and
increasing adherence to optimize their effectiveness [42-46].
Although recent demonstration projects have reported high
levels of PrEP use and adherence in the context of known
efficacy [38,47], adherence biomarkers need to be incorporated
into PrEP implementation and roll-out programs to assess its
effectiveness in real-world settings and to tailor adherence
interventions [48,49]. Hair samples can be used for PrEP
adherence measurement [48-58], both in daily and in
event-driven PrEP users. As distance along the hair shaft serves
as a marker of time, the segmental analysis of hair samples
allows for an objective assessment of event-driven PrEP
adherence at various time points over previous months [59,60].
Self-collection at home and return by mail of this
nonbiohazardous, easy-to-ship specimen that is stable at room
temperature might facilitate remote PrEP adherence monitoring
and thereby allow for the appropriate identification of MSM
facing adherence difficulties for intervention.

Numerous studies on biological specimen self-collection have
been conducted in clinical settings, wherein patients immediately
return their samples to clinic staff for subsequent testing in a
laboratory. For example, self-collected nasal swabs have been
used to diagnose respiratory tract infections [61-63],
self-collected vaginal swabs have been used for bacterial STIs
and cervical cancer screening among women [64-71], and
self-collected genital specimens have been used for human
papillomavirus screening among men [72-74]. This approach
prioritizes patient comfort and facilitates clinic flow, but it
cannot reach individuals who do not come to the clinic for
testing. Recently, there has been an increase in research focusing
on home specimen self-collection for HIV and other STI testing
among diverse populations, including sexual minorities [75-87].
Several of these studies involved either cross-sectional surveys
or focus group discussions to assess the acceptability of this
approach but few studies have also examined feasibility, that
is, whether MSM would actually return individual specimens
and whether these specimens would be adequate for laboratory
testing. To our knowledge, no study has evaluated the
acceptability and feasibility of self-collecting at home and
returning by mail a bundle of different types of biological
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specimens that can be used for HIV and bacterial STI screening
(eg, a finger-stick blood sample, pharyngeal swab, rectal swab,
and urine specimen) and for potential PrEP adherence
monitoring (eg, a hair sample) among young sexually active
MSM.

Objectives
Combining the self-collection of biological specimens from
different anatomical sites for HIV and bacterial STI testing
along with the self-collection of a hair sample, a specimen that
has been shown to have utility in PrEP adherence measurement
[48-58], could hold promise as a remote monitoring strategy
for individuals at risk. Gathering and evaluating data on the
specimens that MSM are willing to self-collect at home, the
ones they actually mail back, and the adequacy of returned
specimens for laboratory testing are critical to developing
interventions to help increase HIV and other STI screening
rates, as well as adherence to PrEP in this high-risk group. The
purpose of this paper is to describe the protocol for an innovative
mixed-methods study seeking to evaluate the acceptability and
feasibility of biological specimen self-collection and return from
a diverse sample of young sexually active HIV-negative or
unknown status MSM in the United States. The procedures
described below have been reviewed and approved by the
Institutional Review Board at the University of Michigan in
Ann Arbor (HUM00153673) and have been deemed to pose no
more than minimal risk to study participants.

Methods

Study Overview
Project Caboodle! is an exploratory 2-year study to obtain both
quantitative and qualitative data regarding the acceptability and
feasibility of biological specimen self-collection and return from
sexually active HIV-negative or unknown status MSM aged 18
to 34 years residing in the United States or dependent areas. In
Phase 1, we will send 100 participants a box containing
instructions and materials for self-collecting and potentially
returning a finger-stick blood sample (for HIV testing),
pharyngeal swab, rectal swab, and urine specimen (for gonorrhea
and chlamydia testing), and hair sample (to assess adequacy for
potential PrEP adherence monitoring in the future). Specimen
return is not incentivized, and participants can choose to mail
back all, some, or none of these 5 specimens. In Phase 2, we
will conduct individual in-depth interviews using a video-based
teleconferencing software (VSee) with 32 participants from
Phase 1 to examine attitudes toward and barriers to
self-collecting and returning each type of specimen.

Guided by the theoretical constructs of the
Information-Motivation-Behavioral skills (IMB) model [88,89],
the specific aims of our study are as follows:

1. Aim 1: Explore the acceptability and feasibility of
self-collecting at home and returning by mail all, some, or
none of the following biological specimens: (1) finger-stick
blood sample, (2) pharyngeal swab, (3) rectal swab, (4)
urine specimen, and (5) hair sample, among 100 sexually
active HIV-negative or unknown status US MSM (aged 18
to 34 years, 50 black and 50 white including those of

Hispanic ethnicity) recruited through social media
platforms.

2. Aim 2: Collect qualitative data via individual in-depth
interviews conducted using VSee from 2 subsamples of 16
MSM each, including participants who (1) returned all 5
specimens and (2) returned some or no specimens to
examine attitudes toward and barriers to completing various
study activities.

Theoretical Approach
Our study is grounded in the IMB model of HIV prevention
[88] that describes pivotal constructs pertaining to health
self-management [89]. Theoretical constructs of the IMB model
will be applied to explore the acceptability and feasibility of
self-collecting and potentially returning the 5 different types of
specimens by MSM. Information will be assessed through a
baseline survey in Phase 1, measuring pre-existing awareness
of commercially available self-collection kits using questions
adapted from our past research on rapid home HIV testing using
oral fluid and finger-stick blood samples [90,91]. The survey
will also assess participants’ knowledge of transmission and
prevention of HIV and other STIs using the Sexually
Transmitted Disease Knowledge Questionnaire (STD-KQ) [92].
Motivation will be examined through questions in the baseline
survey on participants’ theoretical willingness to self-collect
and return each type of specimen, expanding upon our previous
study focusing exclusively on dried blood spot specimens [86]
and by calculating the proportions of each type of specimen
actually returned for laboratory testing. Depending upon their
inclination, participants can choose to mail back all, some, or
none of the 5 specimens. Behavioral skills will be measured by
assessing the adequacy of returned specimens for current and
future laboratory testing, thereby evaluating the ability of
participants to self-collect and return useful specimens without
supervision. Theoretical constructs of the IMB model will also
be explored through qualitative in-depth interviews in Phase 2,
which will focus on familiarity with the concept of biological
specimen self-collection (information) and attitudes toward
self-collecting and returning each type of specimen (motivation),
as well as personal and logistical barriers encountered while
performing study activities (behavioral skills).

Participant Recruitment
Project Caboodle! will recruit and enroll 100 young (aged 18
to 34 years), sexually active HIV-negative or unknown status
MSM residing in the United States. Participants will be recruited
online using age-appropriate, racially and ethnically diverse
advertising on social networking websites (eg, Facebook and
Instagram) and mobile gay dating apps (eg, Grindr and Scruff).
We will aim to ensure that our sample includes equal numbers
of black and white MSM including those of Hispanic ethnicity.
Our advertisements will include images of men hugging, kissing,
or holding hands, the study logo, and call-to-action text. These
will appear as posts on social networking websites and will be
targeted to profiles reflecting gay interests, that is, topics users
have accessed (eg, same-sex marriage), and pages they have
liked (eg, pride events).

Individuals who click on our advertisements will be directed to
our study’s landing page (programmed in Qualtrics, a secure
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Web-based platform approved by the University of Michigan)
that will provide a brief overview of the study protocol, in
addition to basic information on the burden of HIV and bacterial
STIs among MSM in the United States. Those who are not
interested can exit by closing the landing page in their browser.
Interested individuals can click a button to continue, which will
direct them to a comprehensive informed consent document.
This document will provide information regarding our study’s
purpose, contents of the eligibility screener, the baseline survey,
and the posttest survey, study procedures in Phases 1 and 2,
potential risks of participation, and the right to refuse
participation or withdraw at any time. Individuals will be asked
to provide consent to (1) be screened for eligibility, (2) be asked
for their contact information, (3) participate in the biological
specimen self-collection activities (ie, Phase 1) if they meet the
eligibility criteria, and (4) be potentially asked to participate in
an in-depth interview (ie, Phase 2).

Individuals who consent will be asked to complete an 8-question
eligibility screener, programmed in Qualtrics. The eligibility
criteria include the following: (1) assigned male sex at birth,
(2) currently identify as male, (3) aged 18 to 34 years (owing
to the high burden of HIV and bacterial STIs among MSM in
this age group [4,5]), (4) currently reside in the United States
or dependent areas, (5) are a legal adult in their state of
residence, (6) report HIV-negative or unknown status, (7) had
≥2 male sex partners in the past 3 months, and (8) are willing
to receive a box containing instructions and materials for
specimen self-collection at their preferred mailing address.
Eligible MSM will then be asked to register by providing their
full name, email address, and mobile phone number. They will
also be asked to indicate whether they prefer being contacted
by email, phone call, or text to remind them to complete Phase
1 surveys (baseline and posttest) and to be potentially invited
to participate in Phase 2 in-depth interviews. Finally, they will
be asked to provide a mailing address where they would be
willing to receive a box containing instructions and materials

for self-collecting and potentially returning different types of
biological specimens.

Potential participants’ identities will be verified using 3 steps.
First, the Internet Protocol (IP) address of the device that was
used to complete the eligibility screener will be recorded within
Qualtrics and checked by the study staff to verify that (1) the
IP address location is within the United States and (ii) there are
no duplicate entries from the same IP address. Second, each
potential participant will be asked to reply to an email sent to
their preferred email address to confirm its accuracy and
functionality. Third, the email address, mobile phone number,
and mailing address provided will be validated using Spokeo,
a Web-based search platform that aggregates publicly available
social media and archival data. Spokeo will be used to further
authenticate that the email address and mobile phone number
provided by a potential participant correctly links to their
provided full name and key demographic eligibility criteria (eg,
cisgender male identity). To continue as a participant in the
study, one needs to (1) have their IP address located in the
United States, (2) reply to the confirmation message sent to
their provided email address, (3) have at least 1 aspect of their
provided contact information (email address, mobile phone
number, and mailing address) be linked to their provided full
name or key demographic eligibility criteria. Individuals whose
identities cannot be verified will be sent an email informing
them that they cannot continue in the study and thanking them
for their interest. Such email notifications will take place on an
ongoing basis immediately after the verification process is
complete.

Individuals who do not consent, do not meet the eligibility
criteria, or do not provide valid contact information will be
excluded from participating any further and will be directed to
the CDC HIV Risk Reduction Tool website containing links to
sexual health information, PrEP, and other HIV and STI
prevention resources [93]. Those who consent, who meet the
eligibility criteria, and whose identities have been verified will
be registered as study participants (see Figure 1).
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Figure 1. Participant recruitment process for Project Caboodle!. CDC: Centers for Disease Control and Prevention.

Phase 1 Procedures
Registered participants will be sent an email containing a link
to the baseline survey, programmed in Qualtrics. The survey
will include questions pertaining to the following domains—
demographic characteristics: data on age, race and ethnicity,
educational level, sexual orientation, employment status, history
of incarceration, history of homelessness, health insurance
coverage, and access to health care will be collected [94]; HIV

testing history: participants will be asked about whether they
have ever been tested for HIV, the time frame of their most
recent test, the location of their most recent test, and their annual
frequency of testing or their reasons for never testing [81,86,94];
home-based HIV testing: data will be collected on whether
participants have ever used a commercially available
self-collection kit (eg, Home Access HIV-1 Test System and
OraQuick In Home HIV Test) and the type of test kit they have
used or their reasons for never using a self-collection kit; PrEP
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knowledge, use, and intentions: questions will be adapted from
recent studies of PrEP attitudes among MSM [95-97] to collect
data on whether participants have heard about PrEP, are
currently using PrEP, their previous use of PrEP, reasons for
never using or discontinuing PrEP, access to PrEP, and
intentions for future use of PrEP; bacterial STI testing history:
participants will be asked about whether they have ever been
tested for bacterial STIs, the time frame of their most recent
tests, the location of their most recent tests, different anatomical
sites at which they have been tested, whether they have ever
been diagnosed with any STIs in the past, and if so, whether
they received treatment or their reasons for never testing [98,99];
sexual behavior: data will be collected on relationship status,
the number of sex partners with whom participants have had
condom-less anal or oral sex in the past 3 months, and whether
any of those partners were known to be positive for HIV or
other STIs [100,101]; knowledge of transmission and prevention
of HIV and other STIs: the 27-item STD-KQ will be used to
assess participants’ knowledge about different STIs [92];
perceived risk of contracting HIV and other STIs: participants
will be asked to indicate how concerned they are about
contracting HIV and other STIs on a 10-point scale ranging
from not concerned at all to very concerned [102]; experiences
with medical care: the Group-Based Medical Mistrust Scale
will be used to assess participants’previous experiences of racial
discrimination and feelings of discomfort and suspicion they
might have toward health care personnel and medical treatments
[103]; theoretical willingness and perceived ability to self-collect
and return biological specimens: Likert-item questions will be
used to assess participants’ intentions to self-collect and return
each of the 5 different types of biological specimens similar to
previous studies [81,90], as well as their confidence to complete
these activities using simple step-by-step written instructions
accompanied by color images; substance use and psychological
distress: participants will be asked about their alcohol, tobacco,
and other drug use in the past 6 months and to self-report
depressive symptomology on the revised Center for
Epidemiologic Studies Depression Scale [104]. The baseline
survey will take approximately 30 min to complete, and
participants will receive an incentive of US $40 in the form of
an Amazon gift card.

After participants have been sent the original email containing
a link to the baseline survey, they will receive up to 3 reminders
at weekly intervals using their preferred communication method
indicated during registration (email, phone call, or text). The
final reminder will advise participants that noncompletion of
the survey within the next 7 days will suggest that they are no
longer interested in continuing, unless they contact the study
staff and ask for an extension. They will be also be advised that
they will no longer qualify to receive a specimen self-collection
box in the mail after that time has lapsed. Participants who do
not complete the baseline survey within 7 days of receiving the
final reminder (ie, by the end of 4 weeks after the original email
has been sent) will be thanked for their interest in the study and
emailed information about the CDC HIV Risk Reduction Tool
website.

Participants who complete the baseline survey will be shipped
a box containing instructions and materials for self-collecting

and potentially returning 5 different types of biological
specimens (ie, a finger-stick blood sample, pharyngeal swab,
rectal swab, urine specimen, and hair sample). Each box and
its components will be affixed with a unique identification
sticker to enable specimen identification upon return. Boxes
will be shipped from the University of Michigan School of
Nursing (UMSN) in Ann Arbor using United Parcel Service
(UPS) in plain unmarked packaging, and their delivery will be
tracked by the study staff on an ongoing basis. Contents of the
box will include the following:

General Instructions
Participants will be provided with a brief overview of the study
procedures and a description of the 5 specimen self-collection
kits contained in the box. They will be informed that they can
choose to self-collect and return all, some, or none of the
specimens depending on their comfort levels. They will also be
informed that the box includes 2 prepaid shipping envelopes
affixed with FedEx labels—#1 for biological specimens to be
returned to the Emory University Clinical Virology Research
Laboratory in Atlanta for HIV, gonorrhea, and chlamydia testing
(ie, a finger-stick blood sample, pharyngeal swab, rectal swab,
and urine specimen) and #2 for a hair sample to be returned to
the Hair Analytical Laboratory (HAL) at the University of
California, San Francisco (UCSF).

Specific Instructions
Each specimen self-collection kit will contain simple
step-by-step written instructions accompanied by color images
provided by the laboratories.

1. Finger-stick blood sample self-collection kit (for HIV
testing): Participants will be instructed to wash their hands
with soap and warm water, clean their middle or ring finger
from their nondominant hand using the alcohol wipe,
stimulate blood flow by shaking their hand below the waist
for 15 seconds, prick their chosen finger using the safety
lancet, wipe away the first drop of blood using the sterile
gauze, collect blood using the capillary into the transport
tube marked with a fill line, secure the transport tube’s cap,
apply the bandage to their finger, gently mix the blood with
the anticoagulant in the transport tube by flipping it upside
down, and finally place the tube in the provided biohazard
bag.

2. Pharyngeal swab self-collection kit (for gonorrhea and
chlamydia testing): Participants will be instructed to open
their mouth wide, wipe the swab around their tonsils on
both sides of their throat, place it in the transport tube, screw
the transport tube’s cap back on securely, and finally place
the tube in the provided biohazard bag.

3. Rectal swab self-collection kit (for gonorrhea and chlamydia
testing): Participants will be instructed to apply 1 drop of
lubricant to the tip of the swab, insert it approximately 1.5
inches into their rectum, gently rotate it for 5 to 10 seconds
in a circular motion, withdraw it carefully and place it in
the transport tube, screw the transport tube’s cap back on
securely, and finally place the tube in the provided
biohazard bag.

4. Urine specimen self-collection kit (for gonorrhea and
chlamydia testing): Participants will be instructed to collect
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the first part of their urine stream into a sample collection
cup marked with a fill line, use a pipette to transfer urine
from the cup into the transport tube, repeating the process
until the tube is filled between the minimum and maximum
fill lines, screw the transport tube’s cap back on securely,
and finally place the tube in the provided biohazard bag.
Once all specimens (intended to be returned by a
participant) have been placed in the biohazard bag,
participants will be informed that they should seal it and
place it in the prepaid shipping envelope #1 to be returned
to the Emory University Clinical Virology Research
Laboratory.

5. Hair sample self-collection kit (to assess adequacy for
potential PrEP adherence monitoring in the future):
Participants will be instructed to clean scissor blades with
the alcohol wipe, cut a segment of hair (about 20 to 30
fibers) from the side of their head as close to their scalp as
possible, tape the hair sample to the piece of aluminum foil
with an adhesive label placed on the hair end furthest from
the scalp, fold the foil shut, and finally place it in the clear
plastic bag provided.
Once the hair sample (intended to be returned by a
participant) has been placed in the clear plastic bag,
participants will be informed they should seal it and place
it in the prepaid shipping envelope #2 to be returned to the
HAL at UCSF.

Specimen return is completely voluntary, and no incentives will
be provided to participants for completing this step. Returned
finger-stick blood samples, pharyngeal swabs, rectal swabs, and
urine specimens will be tested for HIV, gonorrhea, and
chlamydia at the Emory University Clinical Virology Research
Laboratory and returned hair samples will be visually inspected
for adequacy for PrEP drug level testing at the HAL at UCSF.
HAL staff have analyzed tens of thousands of hair samples for
TFV and FTC concentrations and can readily determine by
visual inspection if the self-collected specimens are adequate
for potential PrEP adherence monitoring. No identifiable
information will be provided to laboratory personnel at Emory
University or UCSF, and the specimens will be connected to
the results solely on the basis of the box ID. Results will be
returned to the study staff at UMSN through a
password-protected file shared over Box, a secure cloud storage
and collaboration platform approved by the University of
Michigan.

HIV, gonorrhea, and chlamydia test results will be delivered
back to participants by trained counselors over the phone. Each
of the counselors will have experience in the provision of HIV
Counseling, Testing, and Referral. They will therefore have
experience in answering participants’ questions about the HIV
and STI testing processes, addressing concerns around sexual
risk behaviors, and initiating linkage to care. For anyone testing
positive for HIV, gonorrhea, or chlamydia, the study staff will
compile a list of local treatment providers in their area using
resources such as United Way 2-1-1 [105] and Emory
University’s AIDSVu testing and treatment locator [106].
Participants with positive test results will be counseled about
the importance of accessing treatment, notifying their sexual
partners, and sexual risk reduction measures. Within 24 hours

of delivering the positive test results, the study staff will send
them an email including a list of local treatment providers.
Participants will be contacted by phone 2 more times: (1) 2
weeks after the initial delivery of positive test results to confirm
whether or not an appointment was made and (2) 4 weeks after
the initial delivery of positive test results to assess engagement
in care and provide any additional resources requested.
Participants testing negative for HIV, gonorrhea, and chlamydia
will be counseled about the importance of regular screening and
engaging in safe sexual behaviors. For anyone testing negative
for HIV and not on PrEP, the study staff will provide more
information about this prevention option. During the phone call
to return HIV and STI test results, participants will also be
informed about whether the self-collected hair samples they
returned were of adequate quality for potential PrEP adherence
monitoring. If a participant’s hair sample quality analysis results
have not been received before their HIV, gonorrhea, and
chlamydia results, the study staff will follow-up with participants
as soon as they are available (ie, the return of HIV and STI test
results will be prioritized).

Participants will be given 6 weeks from box delivery to collect
their biological specimens and return them by mail for laboratory
processing. Those who have returned some or all of their
specimens will be emailed a link to a short posttest survey,
within 24 hours of the results delivery phone call. The survey,
programmed in Qualtrics, will assess any change in their
previous willingness and perceived ability to self-collect and
return different types of specimens since using the specimen
self-collection kits. Participants who have not returned any
specimens within 6 weeks of box delivery will also be emailed
a link to the posttest survey at that time point to assess any
change in their previous willingness and perceived ability to
self-collect and return specimens after seeing or attempting to
use the 5 different types of specimen self-collection kits. The
survey will also include questions to elicit reasons for not
returning each type of specimen using lists of pre-specified
options, as well as open-ended response fields. The posttest
survey will take approximately 10 min to complete, and
participants will receive an incentive of US $10 in the form of
an Amazon gift card.

Similar to the baseline survey, after participants have been sent
the original email containing a link to the posttest survey, they
will receive up to 3 reminders at weekly intervals using their
preferred communication method indicated during registration
(email, phone call, or text). The final reminder will advise
participants that noncompletion of the survey within the next 7
days will suggest that they are no longer interested in continuing,
unless they contact study staff and ask for an extension.
Participants who do not complete the posttest survey within 7
days of receiving the final reminder (ie, by the end of 4 weeks
after the original email has been sent) will no longer be
contacted.

Phase 1 Outcomes
Specific outcomes to be measured during this phase include—
Information: (1) Pre-existing awareness of commercially
available self-collection kits for home-based HIV testing, (2)
Knowledge of transmission and prevention of HIV and other
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STIs, and (3) Variations in knowledge levels across categories
of selected characteristics (eg, age, race and ethnicity,
educational level, sexual orientation, HIV and bacterial STI
testing history, relationship status, sexual behaviors, experiences
with medical care, substance use, and psychological distress);
Motivation: (1) Theoretical willingness to self-collect and return
each of the 5 different types of biological specimens, (2) Actual
return of each type of specimen, defined as the receipt of prepaid
shipping envelopes back at the laboratories within 6 weeks of
box delivery to participants, and (3) Reasons for not returning
certain types of specimens; and Behavioral skills: (1) Perceived
ability to self-collect and return each of the 5 different types of
biological specimens and (2) Adequacy of specimens to conduct
actual laboratory testing for HIV, gonorrhea, and chlamydia
(determined by testing returned finger-stick blood samples,
pharyngeal swabs, rectal swabs, and urine specimens) and
potential laboratory testing for PrEP drug levels (determined
by visually inspecting returned hair samples).

Phase 1 Analytic Plan
Descriptive statistics (means, medians, and interquartile ranges
for continuous variables, and counts and proportions for
categorical variables) will be used to characterize the
demographic and behavioral characteristics of the sample
(including HIV and bacterial STI testing history) using software
for quantitative data analysis (SAS). Analyses paralleling the
IMB model include— Information: (1) Proportions of
participants who are aware of commercially available
self-collection kits for home-based HIV testing will be
estimated, (2) Scores for the knowledge of transmission and
prevention of HIV and other STIs will be formulated for each
participant, and (3) Variations in knowledge levels across
categories of selected characteristics will be assessed using
chi-square tests for homogeneity; Motivation: (1) Frequency
distributions of participants’ theoretical willingness to
self-collect and return each of the 5 different types of biological
specimens will be plotted, (2) Proportions of each type of
specimen actually returned will be calculated and compared
with theoretical willingness using Fisher exact tests across
categories of selected characteristics (eg, age, race and ethnicity,
educational level, sexual orientation, HIV and bacterial STI
testing history, relationship status, sexual behaviors, experiences
with medical care, substance use, and psychological distress),
and (3) Reasons for not returning certain types of specimens
will be tabulated, including manually reviewing and reassigning
open-ended responses to appropriate pre-specified options; and
Behavioral skills: (1) Frequency distributions of participants’
perceived ability to self-collect and return each of the 5 different
types of biological specimens will be plotted and (2) Proportions
of each type of returned specimen that are deemed adequate for
actual laboratory testing (for HIV, gonorrhea, and chlamydia)
and potential laboratory testing (for PrEP drug levels) will be
calculated. Frequencies and proportions of positive and negative
HIV, gonorrhea, and chlamydia test results and linkage to care
statistics will also be aggregated.

Phase 2 Procedures
The study staff will review participant records to identify 2
subsamples of individuals including those who (1) returned all

5 specimens and (2) returned some or no specimens. Up to 16
participants from each group (32 total) will be invited to
participate in individual in-depth interviews to be conducted
using VSee, a video-based teleconferencing software. VSee
uses Federal Information Processing Standard Publication 140-2
certified encryption and does not stream data through a third
party, promoting compliance with the Health Insurance
Portability and Accountability Act. Within each subsample of
16 participants, quota sampling will be used to ensure equal
numbers of black and white MSM including those of Hispanic
ethnicity.

Invitations will be extended via email, phone calls, or texts
depending upon participants’preferred communication methods
indicated during registration. Participants will receive up to 3
reminders at weekly intervals requesting participation in an
in-depth interview. The final reminder will advise participants
that not contacting study staff within the next 7 days will suggest
that they are no longer interested in continuing, unless they ask
for an extension. Participants who do not respond within 7 days
of receiving the final reminder (ie, by the end of 4 weeks after
originally being requested to participate in an in-depth interview)
will be thanked for their interest in the study and emailed
information about the CDC HIV Risk Reduction Tool website.

Participants who agree to an in-depth interview will be given a
range of dates and times to choose from and be emailed
instructions to download the VSee app on their computers (to
be used with a webcam) or their mobile phones (to be used with
their phone’s front-facing camera). One-on-one interviews will
be conducted by the study staff using a desktop computer
equipped with a webcam, and each session will be
audio-recorded using a digital device to allow for verbatim
transcription. Audio recordings of the interviews will be deleted
on an ongoing basis as soon as the transcription is complete.
Each in-depth interview will take approximately 45 min to
complete, and participants will receive an incentive of US $40
in the form of an Amazon gift card.

Phase 2 Outcomes
Besides obtaining feedback on box packaging and its contents
(including instructions for each specimen self-collection kit),
specific domains that will be discussed in the in-depth interviews
include— Information: (1) familiarity with the concept of
biological specimen self-collection and (2) differentiating
between rapid home HIV tests and specimen self-collection kits
for laboratory testing; Motivation: (1) attitudes toward
self-collecting and returning each type of biological specimen
and (2) factors influencing the actual return or the failure to
return certain specimens; and Behavioral skills: (1) ease of
self-collection from different anatomical sites and (2) personal
and logistical barriers (both perceived and actual) encountered.

Phase 2 Analytic Plan
Transcribed in-depth interviews will be checked for accuracy,
formatted, and imported into software for qualitative data
analysis (MAXQDA). After reading some transcripts, initial
codes will be created and categorized under the following
theoretical constructs— Information: (eg, familiarity with the
concept of biological specimen self-collection); Motivation:
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(eg, willingness to return a finger-stick blood sample); and
Behavioral skill s: (eg, ease of self-collecting a hair sample).
The coding scheme will be systematically reviewed, compared,
and refined in team meetings, until we establish an intercoder
reliability of ≥0.90. All transcripts will be coded using our
agreed-upon coding scheme, and inductive codes will be added
throughout the iterative analytic process. New themes that
emerge under each construct of the IMB model will be
discussed, and the codebook will be adapted as necessary.
Although our qualitative analysis will be primarily led by a
phenomenological approach (inductive), it will be guided by
an underlying conceptual framework (deductive). Thematic
analysis will be used to continue analyzing the data until
theoretical saturation and redundancy across relevant domains
are reached.

Results

Project Caboodle! was funded by the National Institutes of
Health (NIH) in May 2018, and participant recruitment began

in March 2019. The study team has completed the process of
designing a study logo and creating advertisements for social
media platforms (see Figure 2).

The Web-based informed consent document, eligibility screener,
baseline survey, and posttest survey have been programmed in
Qualtrics and are being tested for any inadvertent errors. The
step-by-step written instructions accompanied by color images
have been finalized by the laboratories that will be conducting
biological specimen testing (Emory University Clinical Virology
Research Laboratory and the HAL at UCSF). The boxes
containing 5 specimen self-collection kits (finger-stick blood
sample, pharyngeal swab, rectal swab, urine specimen, and hair
sample) affixed with unique identification stickers are being
assembled at UMSN in Ann Arbor. UPS shipping procedures
(for mailing out boxes to participants), FedEx shipping
procedures (for the return of specimens by participants using
prepaid shipping envelopes), and payment procedures for
completing the incentivized surveys and in-depth interviews
(involving Amazon gift cards) are being finalized.

Figure 2. Sample advertisements for Project Caboodle!. STI: sexually transmitted infection.

Discussion

Principal Findings
Project Caboodle! seeks to explore the acceptability and
feasibility of self-collecting at home and returning by mail a
bundle of 5 different types of biological specimens by young
sexually active MSM residing in the United States. The
potentially reduced time, expense, and travel associated with
this strategy could facilitate a wider implementation of HIV
and bacterial STI testing algorithms, as well as PrEP adherence
monitoring in this high-risk group. Although some recent studies
have focused on the acceptability of self-collecting and returning
individual specimens for HIV or other STI testing (as opposed
to a bundle) [75-87], none have incorporated PrEP adherence
monitoring using hair samples. As hair is nonbiohazardous,
easy-to-ship, and stable at room temperature, this specimen is

particularly adaptable to self-collection. As PrEP moves from
clinical trials into routine practice, these preliminary data can
guide the future development of remote monitoring strategies
for MSM. Our study will fill a critical gap in knowledge
regarding feasibility by comparing the theoretical willingness
and perceived ability to self-collect each of the 5 different types
of biological specimens with the proportions of specimens
actually returned and their adequacy for laboratory testing,
respectively. High levels of theoretical willingness may overstate
the actual rates of self-collection and return of certain specimens
(eg, finger-stick blood, which is invasive to collect) because
intentions do not always translate into behavior [107,108].
Obtaining this information is important, as naively assuming
that positive intentions would translate into meaningful action
could result in an inefficient deployment of limited resources
in larger research studies and public health programs. Finally,
gathering qualitative data on attitudes toward and barriers to
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self-collecting and returning both invasive and noninvasive
specimens is critical to developing novel prevention
interventions for MSM, with the ultimate goal of reducing their
disproportionate burden of HIV and other STIs.

The potential challenges and limitations associated with our
study do not outweigh the importance of conducting this
research. Using social media platforms to recruit a convenience
sample of young, high-risk MSM will reduce the generalizability
of our findings. However, given the increasing use of websites
and mobile apps by MSM to find sex partners [109-113], we
believe this is an important starting point. We recognize practical
issues with survey completion such as low or nonresponse, the
potential for nondelivery of study boxes, and the reengagement
of participants who returned some or no biological specimens
for our qualitative phase. Black MSM’s general distrust of the
research community and heightened perceptions of stigma [114]
could result in differential return of specimens. We will not be
able to validate the veracity of returned samples (ie, whether
they belong to an enrolled participant), but we do not anticipate
this to be a major issue as MSM can choose to not return some

specimens if they so desire. Finally, although we are confident
about our ability to collect data on acceptability and potential
return, we acknowledge that assessing specimen adequacy for
laboratory testing is dependent solely upon their actual return.
We recognize that baldness or very short cropped hair may limit
the ability of a participant to self-collect an adequate hair sample
but hope to capture this information in our posttest survey that
includes questions to elicit reasons for not returning each type
of specimen.

Conclusions
Despite these limitations, the self-collection of biological
specimens for HIV and bacterial STI testing as well as PrEP
adherence monitoring and their return by mail for laboratory
testing might offer a practical and convenient solution to
improve comprehensive prevention efforts for high-risk MSM.
Our results will provide formative data that can be used to plan
HIV and bacterial STI prevention programs and remote PrEP
monitoring strategies for other minorities at risk, such as
transgender men and women, as well as cisgender women [115].
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Abstract

Background: Digital health programs, which encompass the subsectors of health information technology, mobile health,
electronic health, telehealth, and telemedicine, have the potential to generate “big data.”

Objective: Our aim is to evaluate two digital health programs in India—the maternal mobile messaging service (Kilkari) and
the mobile training resource for frontline health workers (Mobile Academy). We illustrate possible applications of machine
learning for public health practitioners that can be applied to generate evidence on program effectiveness and improve
implementation. Kilkari is an outbound service that delivers weekly gestational age–appropriate audio messages about pregnancy,
childbirth, and childcare directly to families on their mobile phones, starting from the second trimester of pregnancy until the
child is one year old. Mobile Academy is an Interactive Voice Response audio training course for accredited social health activists
(ASHAs) in India.

Methods: Study participants include pregnant and postpartum women (Kilkari) as well as frontline health workers (Mobile
Academy) across 13 states in India. Data elements are drawn from system-generated databases used in the routine implementation
of programs to provide users with health information. We explain the structure and elements of the extracted data and the proposed
process for their linkage. We then outline the various steps to be undertaken to evaluate and select final algorithms for identifying
gaps in data quality, poor user performance, predictors for call receipt, user listening levels, and linkages between early listening
and continued engagement.

Results: The project has obtained the necessary approvals for the use of data in accordance with global standards for handling
personal data. The results are expected to be published in August/September 2019.

Conclusions: Rigorous evaluations of digital health programs are limited, and few have included applications of machine
learning. By describing the steps to be undertaken in the application of machine learning approaches to the analysis of routine
system-generated data, we aim to demystify the use of machine learning not only in evaluating digital health education programs
but in improving their performance. Where articles on analysis offer an explanation of the final model selected, here we aim to
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emphasize the process, thereby illustrating to program implementors and evaluators with limited exposure to machine learning
its relevance and potential use within the context of broader program implementation and evaluation.

International Registered Report Identifier (IRRID): DERR1-10.2196/11456

(JMIR Res Protoc 2019;8(5):e11456)   doi:10.2196/11456

KEYWORDS

machine learning; mobile health; IVR messaging

Introduction

Machine learning is an application of artificial intelligence that
aims to allow computers to learn automatically from the analysis
of large, highly granular datasets, with minimal human
intervention [1]. In machine learning, models are created using
existing data to make predictions about future events.
Applications of machine learning in global public health are
emerging, particularly in the context of digital health solutions,
which have the potential to generate “big data.” Digital health
encompasses the subsectors of health information technology,
mobile health (mHealth), electronic health (eHealth), telehealth,
and telemedicine.

Machine learning approaches in digital health have been mainly
in the area of analyzing data generated by wearable sensors and
accelerometers including efforts to predict and personalize
monitoring systems for mobile patients [2], predict physical
activity type and energy expenditure [3-5], and falls [6]. Beyond
analyses of accelerometer data, studies have explored user
engagement with different apps on mobile phones and tablets
[7], and responses to patient feedback on health services [8].
Similar applications to social media data have sought to improve
the detection of online illegal drug sales [9], depression [10,11],
as well as explore vaccination sentiment trends and improve
disease identification [12]. Analyses of geographic information
system data have been used to map risk of exposure to disease
[13]. Collectively these varied applications of machine learning
have been classified by Mooney et al in three broad categories
of (1) surveillance, including systems to monitor trends in
disease incidence, health behaviors, and environmental
conditions, (2) hypothesis-generating research, and (3) causal
inference [1].

Evidence gathering on the effectiveness of digital health
solutions is a growing field [14]. However, very few evaluations
have sought to incorporate machine learning algorithms [8],
and broader guidelines on the monitoring and evaluation of
digital health solutions have stopped short of outlining options
for predictive modeling [15]. Appropriate implementation of

machine learning methodologies can facilitate dynamic,
real-time interventions to improve data collection to assess
program effectiveness and can also inform how data are used
prospectively to improve program implementation.

In this paper, we outline methods proposed for the application
of machine learning to the evaluation of two large-scale mHealth
initiatives in India, which have scaled up to over 13 states in
India since their initiation in 2012-2013. Kilkari is an outbound
service that delivers weekly gestational age–appropriate audio
messages about pregnancy, childbirth, and childcare directly to
families on their mobile phones, starting from the second
trimester of pregnancy until the child is one year old. Accredited
social health activists (ASHA) mobilize women in the
community to attend outreach and primary health center
activities where auxiliary nurse midwives collect and register
details of mothers and their pregnancies and, after delivery,
children born in their catchment areas. Mobile Academy is an
interactive voice response (IVR) audio training course for
ASHAs in India. The training material delivered over the phone
is designed to refresh their knowledge of life-saving preventative
health behaviors and improve their interpersonal
communications skills.

Through the use of these two digital health examples—the
maternal mobile messaging service (Kilkari) and the mobile
training resource for frontline health workers (Mobile
Academy)—we illustrate possible applications of machine
learning that can be applied to generate evidence on
effectiveness, as well as to more broadly improve program
implementation. We intend this paper to be an easy reference
for public health practitioners considering the applicability of
machine learning for digital health solutions, rather than a
comprehensive review of the field of machine learning. In the
course of the paper, we seek to provide an explanation in
layman’s terms of the methods under consideration, for an
audience unfamiliar with machine learning algorithms or
advanced statistical methodologies. We also provide references
throughout the text for further in-depth reading. Textbox 1
outlines the possible research questions that can be addressed
by the study.
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Textbox 1. Study aims.

Aim 1: Describe subscriber losses at different points during pregnancy and postpartum period from the program

Objective 1a. Determine differences in subscribers who remain subscribed to Kilkari throughout the duration of service versus those lost at different
points along the continuum of program databases.

Objective 1b. Develop a classifier for identifying different categories of losses.

Aim 2: Facilitate the program’s ability to identify and target ASHAs likely to perform poorly on digital health training programs and knowledge
assessments

Objective 2a. Determine predictors of training course completion (overall and time to completion) by ASHAs based on performance on early modules
of the course and other characteristics including reported motivation, knowledge, individual characteristics, and mobile literacy.

Objective 2b. Develop a classifier for the routine identification of ASHAs likely to perform poorly.

Aim 3: Understand the factors underpinning successful receipt of calls (are calls received?)

Objective 3a. Determine what proportion of calls successfully reach the end-user’s device for Kilkari.

Objective 3b. Identify the proportion of content specific to infant feeding and family planning received by end-users for Kilkari.

Aim 4. Determine how users are listening to messages

Objective 4a. Determine predictors for exposure to Kilkari content based on user characteristics.

Objective 4b. Measure exposure to Kilkari content based on technological and behavioral (end-user engagement) performance.

Objective 4c. Develop a classifier for measuring listening levels.

Aim 5: Understand optimal message delivery options for maximal impact

Objective 5a. Determine message delivery options with the most success in engaging client and assess patterns of listening.

Objective 5b. Determine the effect of early listening patterns (time of day of listening, duration and frequency of listening, content listening patterns)
on postpartum engagement and overall exposure.

Methods

Summary
We present the methods section in parts. We first present a
detailed description of the data we plan to use as our source
including the architecture of the databases and data elements.
Program data are currently held in different databases located
in Gurugram and call data records are held in the Mobile
Network Operator’s datacenter in Delhi. Next, we provide a
description of the data munging (ie, data wrangling) and analysis
methods including a brief description of the various machine
algorithms under consideration.

Data Sources and Flow
Auxiliary nurse midwives collect and register details of pregnant
women and, after delivery, of postpartum women and children
born in their catchment areas. These data are captured in print
registers and uploaded at the block level by data entry operators,
forming the data in the pregnancy tracking databases. The data
collected include personal identifiers such as geographic
location, names of women and a mandatory mobile phone
number, and where available, details of the pregnancy and
childbirth. Data capture happens at two key time points: (1) the
earliest is the registration of the woman at the time of the
identification of pregnancy, and (2) following childbirth, when
the details for delivery care are available. In actual practice,

these events may happen many days or months after the event
(pregnancy registration or birth of child) has happened.

Figure 1 summarizes the databases and flow of data for both
Mobile Academy and Kilkari. The following are existing
databases:

1. State-based databases that pre-date existing Mother-Child
Tracking System (MCTS) and are integrated with MCTS

2. MCTS database at the national level
3. Reproductive Child Health (RCH) database at the national

level
4. Call data records captured by Mobile Network Operator

stored separately in their databases and used mainly for
billing purposes

5. Call data records of Kilkari subscribers and ASHAs’ usage
of Mobile Academy captured by the IVR system and stored
in the IVR database in a data center contracted by the
government

6. Mobile Technology for Community Health (MOTECH)
database, which is integrated with the RCH and MCTS
databases and integrates information from call data records
with a small set of MCTS and RCH data for each user

7. Management Information System database, which extracts
data from MOTECH and generates reports. The sampling
frame for both Mobile Academy and Kilkari are derived
from the MCTS and RCH data. Data from the RCH and
MCTS databases are pulled into the MOTECH database
on a predetermined schedule every day.
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Figure 1. Summary of data flow for Kilkari and Mobile Academy.

Ethical Considerations
The registration data on pregnant women and ASHAs are
collected by the Ministry of Health and Family Welfare of the
Government of India and the ministries of health of the states
participating in the program. The data will be analyzed under
a data sharing agreement with the Bill & Melinda Gates
Foundation and Johns Hopkins University, University of Cape
Town, and BBC Media Action. The Institutional Review Boards
of Johns Hopkins School of Public Health, Sigma in New Delhi,
India, and the University of Cape Town have provided the
ethical certification for the study.

Data Processing
For the Kilkari program, the pregnant women or postpartum
women’s data are captured in the RCH and MCTS systems, or
in state-based systems that then pass data to RCH or MCTS,
and from there to the MOTECH system. Before the data are
accepted by MOTECH, the system automatically runs
validations to check that the mobile numbers are in the correct
format, locations match location masters in the MOTECH
database, and last menstrual period and date of birth are within
the Kilkari timeframe. The MOTECH system uses the last
menstrual period or the delivery date to determine the schedule
of messages to be delivered. The MOTECH engine provides
the list of phone numbers (clients) to be called each day to the
IVR system, which then calls the numbers and plays the
appropriate pre-recorded message, which is stored in the IVR
system’s content management system. If the call is not answered,
then the IVR system attempts to call again at least 3 times every
day for 4 days until the call is answered.

For the Mobile Academy program, details on ASHAs including
their names, phone numbers, geographic location, and age are
contained in either the RCH or MCT databases, or in state-based
databases integrated with MCTS and used to register them to
Mobile Academy. The MOTECH engine captures these data
on ASHAs from the RCH or MCTS databases and following
registration to Mobile Academy, ASHAs are eligible to call in

to the IVR system using the same phone number provided in
the RCH database. The IVR system validates the phone number
against the MOTECH system and then retrieves the “bookmark”
information that details the status of the ASHA and her progress
on the list of content expected to be covered. Based on this
information, the appropriate content is delivered to the ASHA
via the IVR system and the updated data return to the MOTECH
database.

Analysis
The data from the databases (Figure 1) will be extracted onto
secure password-protected hard drives from each server storage.
Merging data files will be complex given the nature of identifiers
across databases. An MCTS record does not have a beneficiary
ID. Instead, it has a “Mother” (pregnancy) ID or a “Child” ID.
In other words, MCTS tracks pregnancies and births, rather than
women. When Kilkari first went live in October 2015, it
mirrored the MCTS approach and generated subscription IDs
for each pregnancy and then birth. However, the new RCH
database does have a unique beneficiary ID, which enables the
system to track an individual woman through her multiple
pregnancies and the births of children. The architecture of the
MOTECH database and Kilkari was changed in December 2016
to introduce a unique beneficiary ID and MOTECH was then
integrated with RCH in mid-2017. There is an additional
complexity, namely that MOTECH used to allow multiple
Kilkari subscriptions on one mobile number, assuming a single
phone could be shared by a number of women in a joint family.
However, a decision was made to remove this feature in 2017
(July 28 for RCH and October 6 for MCTS) due to the
complexity it created in analyzing system-generated data. Hence
the analytic time horizon assumed in the analysis may span
from 2017-2018 after the MCTS-RCH integration occurred and
the aforementioned changes were made. The merging of datasets
will occur in India, and only de-identified data will be stored
on the hard drives and used in this analysis. As part of Study
Aim 1, we will examine the quality of the data for completeness,
including patterns and any geographic clustering in missingness.
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Additional Data From Baseline Surveys of Evaluation
of Kilkari and Mobile Academy
Analyses described in this section are being carried out as part
of a larger external evaluation of Kilkari. We describe
concurrent efforts to undertake a randomized controlled trial
(RCT) in the state of Madhya Pradesh (MP) for Kilkari,
inclusive of baseline surveys with pregnant and postpartum
women, and ASHA workers. Once identified as part of baseline
survey activities and randomized to receive Kilkari content (or
no content at all), phone numbers will be fed directly into the
MOTECH database for provision of program services. For
pregnant women, additional data collected as part of baseline
household surveys include demographic factors (age, education,
parity, literacy), socioeconomic characteristics (household
assets, conditions), health care seeking and practices, as well
as data on digital literacy and phone access. These data can be
linked to MOTECH, IVR, and call center records to provide
additional data elements. Overall, these data as well as data on
technology performance (receipt of messages) and user
engagement (behavioral performance) with content will help
estimate exposure to Kilkari used in the assessment of causality
as part of the RCT. For ASHAs, baseline survey data will
include similar data elements on demographic, socioeconomic,
and mobile literacy and phone access as well as knowledge and
work-related variables linked to reported motivation and
satisfaction. Overall, these added data elements can be linked
to IVR and call record data for this subpopulation of Mobile
Academy and Kilkari users in four districts of MP where the
RCT is underway.

Data Processing and Analysis
Descriptive statistics, including univariate plots like histograms,
will be used to understand the distribution of each variable,
including skewness and outliers. Multivariate plots like
scatterplots and

locally weighted scatterplot smoothing (LOWESS) lines will
be used to understand the relationships between different
variables. Efforts to prepare the data are divided into two parts:
splitting data into training and testing groups, and data
processing.

Splitting Into Training and Testing
To avoid overfitting models that work well for the data in hand
but fail to predict well with other datasets, the data will be split
into three components. This is possible due to the large size of
the dataset. The training set will comprise 60%, the test dataset
20%, and the validation dataset 20% of the data. The test set
will be used to test and fine-tune the accuracy of predictive
models, and the final selected model will be applied to the
validation dataset. We anticipate having data from 2017, 2018,
and 2019 and will ensure equal representation by random
sampling. To ensure that the data are controlled for time as a
confounder, subsets will be equally represented across different
time periods.

Processing
Data processing is the act of preparing the data from its raw
format into a usable format by the machine learning models.

Indications for data processing will include (1) making the data
easier to use; new indicators will need to be created to facilitate
their use as predictors, (2) reducing computational cost of many
algorithms by decreasing the number of variables, especially
correlated and collinear variables, (3) removing noise due to
outliers, and (4) making the results easier to understand.

Algorithms
The most common methods by which algorithms learn about
data to make predictions are supervised, unsupervised, and
semisupervised learning [1]. Supervised learning trains
algorithms using example input and output data, previously
labeled by humans. Data may be labeled—a term used to denote
that the outcome (or class) is known (eg, ASHA has completed
the training module or not completed the training module)—or
unlabeled. In contrast, unsupervised learning is concerned with
uncovering structure and patterns within complex datasets based
on information that is neither classified nor labeled. In
unsupervised machine learning, the algorithms learn to infer
structure based on unlabeled input data using clustering
techniques. Semisupervised learning is a hybrid analytic
technique, applied in contexts where the majority of data points
are missing outcome information and yet prediction remains
the goal [1].

In this program context, supervised machine learning algorithms
are expected to be the primary analytic method employed
because analyses are focused on classification using predictors
and available data are expected to be labeled. The transformation
of variables may be achieved by a variety of techniques
including the creation of composite indicators and box-cox
transformations. Unsupervised machine learning techniques,
including dimensionality reduction techniques such as principal
components analysis or K-means clustering, will be carried out
as appropriate. Principal component analysis uses an orthogonal
transformation to convert a set of observations of possibly
correlated variables into a set of values of linearly uncorrelated
variables called principal components. The first principal
component has the largest possible variance and accounts for
the highest proportion of the variance in the data, with each
succeeding component accounting for the highest variance
possible after accounting for the previous components. K-means
clustering is a way to use data to uncover natural groupings
within a heterogeneous population (Table 1). To uncover
patterns, the algorithm starts by first assigning data points into
random groups. The group centers are then calculated, and the
group memberships are re-assigned based on the distances
between each data point and the group centers. This process is
repeated until there are no changes in the group memberships
from the previous iteration [16]. In its application to Mobile
Academy, K-means clustering will be used to detect patterns
in ASHA engagement with training content, including training
initiation and completion. Among Kilkari users, K-means
clustering will be used to assess patterns in exposure to content
by user characteristics based on data elements available in the
RCH, including parity, age, and geographic area.
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Table 1. Sample of data elements by source for Kilkari & Mobile Academy.

Boxes with reference
to Figure 1

VariablesSample of data elements anticipated
for use in analyses

DescriptionDatabase

DB2, DB3MCTS and RCH
databases

••• Geographic identifiersDistrict, Mother & child
unique IDs

National databases on reproduc-
tive, maternal newborn and
child health care seeking
among mothers and children
<5 years of age

• Unique episode / benefi-
ciary identifier• Pregnancy IDs

• ASHA IDs
• Last menstrual period

• Physically located in the NIC
data center in Delhi

• Date of birth of child

DB4Kilkari:Kilkari:MOTECH
database

• Program database containing
data on women and children as
well as registered ASHAs

•• Duration of enrollment
in the program

Activation date
• Deactivation date

•• Status of enrolleeDatabase works in conjunction
with two algorithms, Kilkari
and Mobile Academy, which
function as “engines” for run-
ning the program

• Calls answered

Mobile Academy:
• Duration of content heard per

message
• Time taken to finish

courseMobile Academy:
• Performance score of

ASHA
• Course start date• Physically located in Railtel

data center, Gurugram,
Haryana

• Course completion date
• Number of tries by

ASHA to complete
modules

• Chapter wise scores
• Notification retry count
• Course passing date

DB6Kilkari:Kilkari:IVR database • Records when calls are trig-
gered, what happens after the
call is triggered (ie, does it get
answered or does it fail, and if
it fails why has it failed, eg,
network errors, device errors)
and whether the call needs to
be retried; if yes, how many
times. Records similar data for
incoming calls.

•• Message identifierContent file name
•• Duration of listening to

message
Message duration

Mobile Academy:
Mobile Academy:• Content identifier
• Content identifier• Duration of listening
• Duration of listening

• Physically located in Railtel
data center, Gurugram,
Haryana

DB7Call records
database

••• Duration of listening to
content

Call statusOperator database on call han-
dling • Call failure reasons

• Physically located in the Re-
liance data center, New Delhi

• Call start time
• Call stop time
• Additional elements

Training of Algorithms
Once data have been processed, testing of algorithms will be
carried out. Table 2 summarizes the algorithms proposed for
training along with their intended applications to Mobile
Academy and Kilkari. To determine the model with the best fit,
we will explore several machine learning approaches in turn.
Models will be fit on the training set, and the fitted model used

to predict the responses for the observations in the validation
set. The preferred analytic approaches will be selected based
on their ability to minimize the total error of the classification,
where the latter is defined as the probability that a solution will
classify an object under the wrong category. We describe each
approach considered below in lay terminology, along with
indications for use, and its proposed application in the
evaluations of Mobile Academy and Kilkari.
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Table 2. Summary of algorithms proposed for testing and their intended application to Mobile Academy and Kilkari.

Intended evaluation applicationDescriptionAlgorithm

KilkariMobile Academy

Supervised

User characteristics associated with
exposure to messaging content and
duration in MP where face-to-face
survey data have been collected

Classification of ASHA workers by
user characteristics and patterns of
training initiation by ASHAs

Classification (nonlinear model)1 Logistic regression

User characteristics associated with
exposure to messaging content and
duration

Classification of ASHA workers by
user characteristics and patterns of
training initiation, completion, and
performance

Classification (linear model). It is a
linearization of Gaussian naïve
Bayes.

2 Linear discriminant analysis

User characteristics associated with
exposure to messaging content and
duration

Classification of ASHA workers by
user characteristics and patterns of
training initiation and completion

SVMs are techniques based on the
calculation of the maximum margin
hyperplane for the classification
problems

3 Support vector machines
(SVMs)

User characteristics associated with
exposure to messaging content and
duration

Classification of ASHA workers by
user characteristics and patterns of
training initiation and completion

Predictive model that consists of
leaves that represent the target and
branches that represent conjunctions
of inputs features. Considered a
subset of decision trees. Random
forests operate by constructing
multiple decision trees during train-
ing and aggregating their results to
avoid overfitting by single trees.

4 Classification and regression
trees

User characteristics associated with
exposure to messaging content and
duration

Classification of ASHA workers by
user characteristics and patterns of
training initiation and completion

Classification model based on
probabilities

5 Naïve Bayes

User characteristics associated with
exposure to messaging content and
duration

Classification of ASHA workers by
user characteristics and patterns of
training initiation and completion

NNs are powerful models for ma-
chine learning. They are a general-
ization of linear and nonlinear
models

6 Neural Networks (NNs)

Unsupervised

User characteristics associated with
exposure to messaging content and
duration

Grouping of ASHA workers by user
characteristics and patterns of train-
ing initiation and completion

K-means clustering is a way to use
data to uncover natural groupings
within a heterogeneous population

7 K-means

Our choice of methods will include a mix of algorithms based
on their strengths and weaknesses and the objective of the
process. A comprehensive comparison of supervised learning
methods is provided in literature [17,18]. SVM and NNs are
expected to perform better with continuous data while the Naïve
Bayes method and decision trees perform better with
discrete/categorical variables. Naïve Bayes and decision trees
have good tolerance to missing values, while NNs and SVM
do not. NNs and Naïve Bayes have difficulty handling irrelevant
and redundant attributes (ie, extra variables with no useful
information or variables with too many categories and too few
numbers), while SVM and decision trees are insensitive towards
them. Variables with high correlation negatively affect the
performance of both Naïve Bayes and NNs, whereas SVM are
relatively robust to correlated variables. While Naïve Bayes is
robust to noise, NNs are sensitive to poor measurement of
variables and susceptible to overfitting. NNs and SVM perform
well with multidimensional data and when there is a nonlinear
relationship between predictor and outcome. Naïve Bayes
requires less memory for both training and validation phase,

whereas NN requires large memory allocation across all phases.
SVM and NNs usually outperform other methods while Naïve
Bayes may yield less accurate results. Table 3 compares the
strengths and weakness of different supervised machine learning
methods.

Testing and Validation
To facilitate decision making on the optimal analytic approach,
three steps will be undertaken: (1) develop the correct model
for each algorithm using the training dataset, (2) apply the final
model for each algorithm on the test dataset, and (3) apply the
best performing algorithm on the validation dataset.

In Step 1, algorithms will be run using the training dataset
comprising 60% of the total sample from across all states for
which data are available. For each algorithm, iterative testing
will be run to select the best model that fits the data. The
emerging results will then be assessed for model fit and
accuracy. Table 4 summarizes the four proposed metrics for
assessing the performance of each model.
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Table 3. Performance comparisons of learning algorithms modified from Kotisiantis et al [17,18] (++++ represents the best and + the worst performance).

Logistic re-
gression

Linear dis-
criminant
analysis

SVMNaïve BayesNNsDecision
trees

Model attributes

+++++++++++++++Accuracy in general

++++++++Speed of learning with respect to number of attributes and number
of instances

++++++++++++++++++++++Speed of classification

++++++++++++++Tolerance to missing values

++++++++++++++Tolerance to irrelevant attribute

+++++++++++Tolerance to redundant attributes

++++++++++++Tolerance to highly interdependent attributes

++++++++++ (not
discrete)

+++ (not
continuous)

+++ (not
discrete)

++++Dealing with discrete/ binary/ continuous attributes

++++++++++++++Tolerance to noise

+++++++++++Dealing with danger of overfitting

+++++++++++Attempts for incremental learning

++++++++++++Explanation ability/ transparency of knowledge/ classification

++++++++++++Model parameter handing

Table 4. Metrics for assessing the performance of each model.

DescriptionFormulaaModel metrics

Proportion of cases correctly classified(TP+TN)/(TP+TN+FN)Accuracy

Fraction of relevant instances among the retrieved instancesTP/(TP+FP)Precision or positive predictive
value

Fraction of relevant instances retrieved over total amount of relevant instancesTP/(TP+FN)Sensitivity or recall

The curve is plotted and area between the curve and the 45° line is multiplied by
2 to give the AUROC. A value of 1 represents perfect accuracy while 0.5 means
the prediction is worthless.

Area covered by the function
of true positive rate/ false posi-
tive rate

Area under receiver operating
characteristic curve (AUROC)

aTP: true positive, TN: true negative, FP: false positive, FN: false negative

To illustrate the definition of performance metrics for Mobile
Academy, we define true positives (TP) as the number of
correctly classified ASHAs who have completed the training,
and true negatives (TN) as the number of correctly classified
ASHAs who have not completed the training. False positives
(FP) are defined as the number of ASHAs incorrectly classified
as having completed the training, while false negatives (FN)
are the number of ASHAs incorrectly classified as not having
completed the training.

Results from the performance metrics will help define the final
model for each algorithm. In Step 2, these final models for each
algorithm will be applied to the test dataset, which comprises
approximately 20% of the total data. Using the same
performance metrics, the models with the best fit and accuracy
will be applied to the validation dataset as part of Step 3.
Ultimately, predictions for Mobile Academy will aim to
determine the probability of the ASHA finishing the course in
a predetermined time frame and the possible score/performance
of the individual ASHAs. For Kilkari, we will determine
predictors for exposure to Kilkari content based on user

characteristics, as well as explore the effect of early listening
patterns on postpartum engagement and overall exposure.

Results

The project has obtained the necessary approvals for the use of
data in accordance with global standards for handling personal
data. The results are expected to be published in August 2019.

Discussion

Principal Considerations
This paper presents the testing of a range of machine learning
approaches to be incorporated as part of the evaluation of two
large digital health programs in India—Mobile Academy and
Kilkari. By utilizing machine learning approaches, we aim to
improve the use of data for generating evidence on program
reach and exposure as well as factors underpinning uptake for
both programs. We will start by measuring dropped cases and
missing data along the continuum of the databases. As part of
this analysis, we aim to understand differentials in the
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characteristics of individuals lost along the continuum of
databases and in turn, missed by the Mobile Academy or Kilkari
programs. We then consider the technological performance as
captured by four stakeholders: (1) government data systems
(MCTS, RCH, webservices), (2) program’s call delivery and
receipt systems, (3) mobile network operator (network coverage
and quality), and (4) user device characteristics (switched on,
within range of network). Finally, we explore user engagement
with the program (behavioral performance) including patterns
in the data that could predict key program performance metrics,
including training completion for Mobile Academy and user
coverage and exposure for Kilkari.

Analyses to measure dropped cases and missing data along the
continuum of the databases, starting with the MCTS and RCH
databases, are anticipated to generate insights into user relay of
information to the Government of India including the provision
of phone numbers by health workers and women. At present,
there are no reliable estimates of the proportion of pregnant
women with accurate mobile numbers, last menstrual periods,
or dates of birth (for themselves or child) covered by the
databases. More broadly, these analyses will help improve
understanding of the quality of the RCH and MCTS data and
underlying sampling frames used for Mobile Academy, Kilkari,
and a range of other programs, including the characteristics of
individuals included compared to those excluded. The predictors
identified will help identify groups of women who are more
likely to be missed by the program and ASHAs less likely to
complete their course. These findings will also be used to inform
the sampling of respondents for qualitative research to explore
issues in depth and possibly identify opportunities for improving
program targeting like registration of users.

Analyses to understand the technological performance of the
program will build off of those conducted on the MOTECH
platform in Ghana [19] and of MomConnect in South Africa
[8]. In the former, IVR message delivery trends suggested that
25% or less of expected mobile health information messages
were received by pregnant women [19]. While 20% delivery
rates of successful outbound dialing calls are standard in the
mobile industry, limitations in the timeliness of problem
identification represent a missed opportunity for improving
program exposure using, for example, call retry logics and
systems. In South Africa, over 80% of short messaging service
(SMS) messages were successfully delivered as part of
MomConnect. SMS as a delivery channel has a much higher
success rate than outbound dialing calls but suffers from other
weaknesses in countries where illiteracy rates are high and local
language fonts are not widely available on devices. In the case
of MomConnect, however, challenges in the use of unstructured
supplementary service data meant that 26% of initiated
registrations did not convert into successful registrants [8].
These two examples reinforce the need to understand the user
journey and follow the flow of data to understand whether the
technology performs as intended.

Beyond understanding the technological performance of the
program, and the wider telecommunications network and device
landscape that it operates within, analyses will aim to measure
user engagement, including predictors for exposure to content
based on user characteristics. In the context of Kilkari, we will

additionally plan to explore the effect of early listening patterns
(eg, time of day of listening, duration and frequency of listening,
content listening patterns) as a predictor for postpartum
engagement and overall exposure. For Mobile Academy, we
will use a mixture of unsupervised and supervised machine
learning techniques to generate predictors of training course
completion by ASHAs based on performance on early modules
of the course. These will be externally validated using a range
of data elements on other ASHA characteristics obtained from
the broader evaluation, including reported motivation,
knowledge, individual characteristics, and mobile literacy.

Overall, the proposed analyses are anticipated to complement
primary data collection activities proposed as part of the
summative evaluation of Kilkari and Mobile Academy. Findings
emerging from this analysis will provide program implementers
with tools for improving predictions of success and performance
and provide insights into strategic use and collection of data.
Elsewhere, deployments of similar programs including
MomConnect in South Africa, Aponjan in Bangladesh, as well
as other maternal messaging programs may be able to apply
some of the same approaches described [8].

Limitations
Ethical issues related to identifiers are important considerations
for analyses described here. We will de-identify the databases
at the point of data download, and all data will be secured in a
password-protected hard storage device with access controlled
by the Principal Investigator of the study. Once data are
accessed, we note that findings will be only as reliable as the
quality of underlying data. Completeness of the coverage of
data and the data elements can be limited in low-resource
settings. In recognition of this challenge, we will assess the
quality of data for completeness and timeliness. The inherent
design of the messaging program means that only those with
mobile phones can be part of the sample, which could introduce
selection bias in the association between outcome and predictors.
Confounding will be an issue due to the many unmeasured
variables associated with exposure such as mobile phone
ownership, and registration into the pregnancy tracking database,
and outcomes such as active listening to messages and adoption
of healthy behaviors. Call answering does not automatically
mean listening to the message by the intended client (eg, ASHAs
or pregnant women) and as such, our analyses will be limited
in its ability to identify the listener (information bias). However,
the potential benefits of having other family members listen to
information content could be immense. Beyond challenges with
the measurement of exposure, the absence of a complete set of
predictors will be present due to the limitations of such
large-scale data gathering processes (incomplete model).

Conclusions
This paper aims to provide a survey of approaches to the
applications of machine learning to improve the implementation
and evaluation of digital health programs. The two digital health
examples described represent two of the largest digital health
programs, based on number of active users, currently being
implemented globally. Developing classifiers based on the above
machine learning approaches will help identify gaps in data
(Aim 1), target potential slow learners (Aim 2), measure

JMIR Res Protoc 2019 | vol. 8 | iss. 5 |e11456 | p.196https://www.researchprotocols.org/2019/5/e11456/
(page number not for citation purposes)

Mohan et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


exposure to program (Aim 3), characterize exposure levels in
the population (Aim 4), and evaluate program impact (Aim 5).
The scale of implementation and associated generation of data
on user engagement with program content provides opportunities

for big data analytics and more specifically, the use of machine
learning approaches to improve the generation of evidence on
program reach and exposure as well as factors underpinning
uptake for both Mobile Academy and Kilkari.
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Abstract

Background: Many clinical questions arise during patient encounters that clinicians are unable to answer. An evidence-based
medicine approach expects that clinicians will seek and apply the best available evidence to answer clinical questions. One
commonly used source of such evidence is scientific literature, such as that available through MEDLINE and PubMed. Clinicians
report that 2 key reasons why they do not use search systems to answer questions is that it takes too much time and that they do
not expect to find a definitive answer. So, the question remains about how effectively scientific literature search systems support
time-pressured clinicians in making better clinical decisions. The results of this study are important because they can help clinicians
and health care organizations to better assess their needs with respect to clinical decision support (CDS) systems and evidence
sources. The results and data captured will contribute a significant data collection to inform the design of future CDS systems to
better meet the needs of time-pressured, practicing clinicians.

Objective: The purpose of this study is to understand the impact of using a scientific medical literature search system on clinical
decision making. Furthermore, to understand the impact of realistic time pressures on clinicians, we vary the search time available
to find clinical answers. Finally, we assess the impact of improvements in search system effectiveness on the same clinical
decisions.

Methods: In this study, 96 practicing clinicians and final year medical students are presented with 16 clinical questions which
they must answer without access to any external resource. The same questions are then represented to the clinicians; however,
in this part of the study, the clinicians can use a scientific literature search engine to find evidence to support their answers. The
time pressures of practicing clinicians are simulated by limiting answer time to one of 3, 6, or 9 min per question. The correct
answer rate is reported both before and after search to assess the impact of the search system and the time constraint. In addition,
2 search systems that use the same user interface, but which vary widely in their search effectiveness, are employed so that the
impact of changes in search system effectiveness on clinical decision making can also be assessed.

Results: Recruiting began for the study in June 2018. As of the April 4, 2019, there were 69 participants enrolled. The study is
expected to close by May 30, 2019, with results to be published in July.

Conclusions: All data collected in this study will be made available at the University of Queensland’s UQ eSpace public data
repository.

International Registered Report Identifier (IRRID): DERR1-10.2196/12803

(JMIR Res Protoc 2019;8(5):e12803)   doi:10.2196/12803
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Introduction

Clinicians are routinely faced with medical questions related to
their patient interactions [1]. Studies conducted with primary
care physicians show that on average between 0.07 and 1.85
questions are generated per patient encounter [2], or a little
under 1 question per hour [3]. Of these questions, many are
often left unanswered, as demonstrated by 3 studies in the United
States [3-5] where 63.76% (702/1101), 44.91% (477/1062), and
70.2% (207/295) of the medical questions raised by the
clinicians were left unanswered. Clinicians are expected to seek
and apply the best evidence to answer their clinical questions,
according to an evidence-based-medicine approach to clinical
decision making [6,7]. Search engines provide a means for
clinicians to access scientific literature while on the job.
However, physicians suggest that lack of time and the belief
that the system will not provide a definitive answer are 2 of the
primary barriers to pursuing an answer [4,5]. So, the question
remains: how effective are scientific literature search engines
at supporting clinicians in making better clinical decisions. This
study aims to address this question.

Study Aims
The overall aim of this study is to examine the suitability of
using a search engine to search scientific literature to enable
time-pressured clinicians to make better clinical decisions. To
support this assessment, the following 3 research questions
(RQs) will be addressed:

RQ1: Does the use of a Web-based scientific literature
search system enable clinicians to make better clinical
decisions?

RQ2: How does time pressure impact clinical decision
quality?

RQ3: Does a significantly better search system, as
measured by standard information retrieval (IR)
evaluation measures, translate to better and faster
clinical decisions?

Significance of This Study
This study will inform both health care providers, with regard
to system selection to suit their use case, and system designers,
with regard to evidence selection and search effectiveness
requirements. It will also contribute a rich data collection for
future research purposes, including specifically:

• Clinician query sets to analyze the impact of query quality
on clinical decision making.

• Clinician evidence sets (ie, actual text selected from the
literature by clinicians to provide evidence for their clinical
answers) to analyze their relationships with clinical
questions, clinician queries, search retrieval snippet cues,
clicked documents, and answer quality.

• Clinician document relevance ratings to analyze the
relationship with snippet design, clicked documents, judged
relevance, selected evidence, and answer quality.

• Clinician search engine results page (SERP) interaction,
including read time and clicks to help identify patterns of
search behavior and how this relates to clinical decision
quality.

• Search and answer time breakdown to identify where time
is spent during search for evidence.

Sources of Evidence
IR systems can use one or more of many different sources of
evidence to help clinicians answer their clinical questions,
including scientific literature, best practice information,
guidelines, or synthesized information, such as that generated
by UpToDate (Wolters Kluwer) [8]. Haynes identified the 5S
levels of organization of evidence from health care research [9],
which depicts a pyramid of health care evidence with journal
studies at the base followed by syntheses, synopses, summaries,
and finally systems, such as computerized decision support
systems, at the top. Of interest to this research is the use of
scientific medical literature (SML), such as that found in the
MEDLINE (US National Library of Medicine) [10] database
or accessed via PubMed (US National Library of Medicine). It
includes original research and meta studies, such as systematic
reviews, and is represented by the bottom 2 layers of Haynes’
pyramid of evidence. SML is widely used across the medical
research community and the public [11], but it is also a common
source of evidence used by clinicians [12,13] to support their
clinical queries.

Physician Preference Versus Suitability?
Although SML is used widely by clinicians, larger studies
conducted across medical institutions suggest that it is not a
preferred source of evidence for busy clinicians. In particular,
Ellsworth et al [14] found in a survey of 450 clinicians across
the Mayo Clinic that 56.8% (255/450) of respondents preferred
synthesized information sources versus 12.9% (58/450) who
preferred original research. Hoogendam et al [15] studied the
clinical evidence preferences of 70 clinicians in a Dutch
academic medical center over the course of 18 months. Their
study found that while answering 1305 patient-related questions,
clinicians chose to use UpToDate 78.49% (883/1125) of the
time rather than PubMed. Hoogendam et al asserted that the
time required to find an answer was the most likely explanation
for this bias, noting that clinicians spent, on average, less than
5 min pursuing a question.

Clinician preference for synthesized evidence, rather than SML,
is at best an implicit indicator of the suitability of SML search
systems for their clinical needs. However, the time clinicians
have available for answering their questions, and therefore the
time needed to search for a definitive answer, is likely to be an
important facet of SML system suitability to be incorporated
within our study.

Previous Search System Studies
It is difficult to find conclusive evidence supporting SML as
the sole source of evidence for clinicians under strict time
constraints. Dunn et al [12] analyzed surveys from 14,544
clinicians examining the impact of evidence search on patient
care. They found that 75.33% (10,956/14,544) of respondents
used more than one evidence source and that journals (print and
Web) and MEDLINE were the top 2 sources used. They
concluded that these sources are an effective component in
providing clinical answers; however, the use of UpToDate and
other evidence sources made it difficult to evaluate MEDLINE
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in a stand-alone context. McKibbon et al [13] assessed the
successful answering of 46 clinical questions across 23
clinicians. The physicians took on average 13 min to answer
each question and could reference multiple data sources of their
choice, including PubMed and MEDLINE; however, their
correct answer rate only improved from 18 (39% [18/46])
questions correct presearch to 19 (41% [19/46]) correct after
using a search system. Westbrook et al [16], on the contrary,
found more extensive improvement with the use of a search
system. They studied the answer accuracy of 8 clinical questions
presented to 75 clinicians, including nurses and doctors. The
study was designed to simulate realistic time pressures, so
participants were given 10 min per question; however, this limit
was not enforced. Although participants completed the 8
questions within 80 min, it was unclear whether some questions
took longer than 10 min to complete. The study showed that
the introduction of a clinical evidence search system improved
the correct answer rate from 174 (29.0% [124/600]) correct
questions without the system to 298 (49.7% [298/600]) correct
with the system. The search system comprised 6 sources of
evidence, PubMed included.

These studies show that an evidence search system can be
effective to help clinicians make better clinical decisions and
that SML may be a helpful component of a broader range of
evidence sources; however, they do not confirm whether an
SML search system is suitable as a stand-alone system for the
same task. Studies conducted where SML was the sole source
of evidence include the ones by Hersh et al [17,18]. In their first
study, 19 medical students and 8 nursing students answered 3
medical questions each [17]. The correct answer rate improved
from 39 (45% [39/87]) correct answers to 66 (76% [66/87])
after searching MEDLINE alone. This is a much higher increase
than found in the study by Westbrook et al; perhaps attributable
to the questions asked, some of which were examination style,
and the 1-hour timeframe to complete the questions. In the
second study, 45 medical and 21 nurse practitioner students
answered a total of 324 questions [18]. The use of
MEDLINE-only search improved correctness from 104 (32.1%
[104/324]) correct to 150 (46.3% [150/324]) overall; however,
the nursing students showed a small improvement of just 3
percentage points. These studies [17,18] do focus on SML alone;
however, the longer allowable answer timeframes and the
conflicting results motivate the authors of this study to more
tightly control the user study, similar to Westbrook et al, but
with enforced time limits and a single evidence source.

Time Constraints and Time Pressure
According to Ordonez and Benson [19], time constraints exist
whenever there is a deadline for a task; however, for the task
performer to be time pressured, the time constraint must induce
stress such that they feel the need to cope with the limited time.
In our study, time pressure will be induced by specifying to the
participant, and enforcing, a time limit for searching the SML
for an answer.

In the field of psychology, experiments have revealed many
coping mechanisms that impact the task performer’s decisions
[20-23]. Many of these coping mechanisms are relevant to
clinical decision making, for example, Wright [23] found that

under significant time pressure, subjects changed their
decision-making strategy, used fewer information attributes to
make their decision and were more reliant on negative attributes,
that is, those that had negative consequences. In Edland and
Svenson’s review of the literature of time-pressured decision
making [21], they noted that time pressure can lead to a
shallower search for information across alternatives. Svenson
and Benson found that task performers will also change their
decision strategy when put under time pressure [20].

Some of these behaviors have been explored in the IR field.
Chang and Wei explored the impact of time constraints on users’
search strategy [24] and found significant differences between
users with or without a time constraint: users under time
constraints tended to view less documents and spend more time
on the search engine results page. Crescenzi et al [25,26]
confirmed that searchers under time-constrained conditions
reported significantly greater time pressure, felt that the tasks
were more difficult, and felt less satisfied with their
performance. This outcome prompts the question of whether or
not this lower satisfaction in performance correlates to poorer
decisions. The influence of time pressure within the clinical
setting has been studied by Tsiga et al [27]. In their study of 34
general practitioners, practicing within a town in Greece. They
found that under time pressure, clinicians asked less questions
regarding symptoms and conducted less thorough physical
examinations for a given clinical scenario. This study will
examine the impact of time pressure on clinical decisions. Time
pressure is a major barrier to using an evidence search system
[4,5], and the time-consuming nature of using an SML system
[28], such as PubMed, may suggest it is inappropriate under
certain time constraints. By varying the time available to search
for evidence, this study will explore the relationship between
the time a clinician has available to search for answers and the
quality of their clinical decisions.

Search System Effectiveness
A less obvious factor that may also impact the suitability of
SML search systems for time-pressured clinicians is the
effectiveness of the search engine. Intuitively, a more effective
system that provides more relevant literature for the clinician’s
question is more likely to speed up the answer process and,
therefore, present SML as a more suitable evidence source.
Studies conducted outside of health have shown that search
system effectiveness can impact user search behavior,
performance, and satisfaction [29-32]. In particular, Allan et al
[31] varied the system effectiveness, as measured by binary
preference, and captured the time it took participants to find
answer facets to specific questions. They found that for specific
bands of improved system effectiveness, user performance also
improved, including reduced time on task, less errors, and an
increased rate of finding new, correct answers. This is in contrast
with the study by Turpin et al [29] who found no significant
relationship between system effectiveness, as measured by mean
average precision (MAP) and user performance for a simple
precision-based task and only a weak relationship for a simple
recall-based task.

System effectiveness was implicitly excluded in the health
domain studies above by using the same search system
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throughout each study [17,18,33]. To our knowledge, our study
will be the first to research the impact of search system
effectiveness on clinician decision making.

In summary, the aim of this study is to examine the suitability
of using a search engine to search scientific literature to enable
time-pressured clinicians to make better clinical decisions. The
impact of both time pressure and search system quality on
clinical decision making will be assessed.

Methods

Study Design
A total of 96 participants consisting of practicing clinicians and
final year medical students are provided with 16 clinical
scenarios, each with a single question. Figure 1 depicts the study
steps. The participants must firstly answer the questions without
any supporting evidence. In the second stage of the study, the
same set of clinicians are provided with the same 16 clinical
scenarios and an SML search system. A bespoke best-match

SML search system, called Taskiir, was used to avoid any
experience variation from using the well-known PubMed
interface, as described by Yoo and Mosa [34]. The participants
will be constrained to one of 3, 6, or 9 min to search for suitable
evidence and complete the task. The time allocated to each user
for each task will change depending on the timing cohort they
are assigned to (see Task Order and System Rotation section
for details). In total, 2 SML search systems with the same user
interface, but with significantly different search performance,
will be provided to the participants for alternating questions. In
this way, the presearch and postsearch correct answer rate by
participant and by system will be captured.

To enable comparison with previous studies, much of the
method employed by Westbrook et al [33] is replicated,
including the use of 6 of the 8 clinical questions used in that
study. The main differences with the Westbrook et al study are
(1) the varied and strict time limits set to search and answer
each question; (2) the use of medical literature only for evidence,
rather than the 6 sources they used; and (3) the use of 2 search
systems with different search performance.

Figure 1. Process flow diagram of study shows both stages of the study. Stage 1 is untimed and the clinician has no access to any support resource. In
stage 2, each question is timed and the participant is allocated a search engine to use for each question. If time runs out, the participant is brought directly
to the task completion page.
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Participants
A convenience sample of 96 practicing clinicians and final year
medical students, including nurses, general practitioners, and
hospital physicians, will be asked to participate. The practicing
clinical participants must be Australian registered clinicians
residing in Australia. All participants must have access to a
computer with an internet connection. Participants will be
offered a small honorarium (Aus $50 gift card) to complete the
assessment and will be recruited via mail, email, and Web-based
noticeboards directed to medical student societies, clinical
departments in hospitals, public health area networks, and
medical faculties at Australian universities.

Procedures
Participants will be asked to complete a 2-hour, Web-based
assessment of a medical SML search system called Taskiir.
After voluntary consent is received, the participants are allocated
their login details via email. In the email, the participant is
advised that they can perform the study in multiple sittings,
within a 2-week period, at a time to suit them and that they must
use their laptop/computer (not iPad) to access the study on the
Web. They were also encouraged to ask for help, via email, if
they had any queries or problems. After testing the system with
clinicians, we found that trying to complete all 16 questions in
a single sitting was too onerous for some people, either because
they did not have 2-hour time blocks available or they found
the workload too mentally fatiguing. The system was
reconfigured so that after completing any task, the participant
could stop and resume again at the next task. All such pauses
were recorded by the system.

After Initial Login
The participant is asked 7 questions to capture demographic
data, search, and medical experience (see Multimedia Appendix
1) as well as sleep information. A 5- to 10-min video tutorial
follows where the study is described in more detail and the
participant is shown how to use the SML search engine. The
tutorial emphasizes that the participant must answer the question
without the aid of other people or by looking at other resources.
Once complete, the participant is shown specific instructions
(provided in Multimedia Appendix 2 that again reinforce the
participant’s obligation to perform the test alone, before they
are permitted to move onto the 2-stage assessment.

In Stage 1
A total of 16 clinical tasks are presented to the participant, one
at a time. To complete each task, the clinician must answer a
single question within a few minutes, although this time limit
is not enforced. In addition, 14 of the 16 tasks require the
participant to select 1 of 4 answers (yes, no, conflicting
evidence, and do not know) and the other tasks require a 1- to
2-word answer. At the end of the last task, the system will move
the participant to stage 2 of the study.

In Stage 2
The participant must complete the same 16 tasks in the same
order as stage 1; however, the participant must now use Taskiir
to help them answer the question and to find evidence to support
their answer. Evidence is collected by the participant selecting

text, images, or both from the source documents they read. The
time allocated to search for each task is set according to the
timing cohort the participant belongs to and will be one of 3, 6,
or 9 min. The participant is told of the time allocation at the
start of each question and a minute-by-minute countdown timer
is always visible to the participant; warnings are given 30
seconds before time-out. At time-out, the screen is blocked, and
the participant is taken to the task completion screen to enter
their final details. Other methods of communicating the time
limit were trialed during development of the system. In the end,
the above method was chosen because it provided a balance
between (1) making the participant aware of the time allocated
for each question, (2) avoiding time anchoring (where the
participant incorrectly assumed all questions are allocated the
same time as the first question), (3) keeping them updated with
the time remaining so they do not run out of time without
warning, and (4) not distracting the participant with time
information (eg, using a second-by-second countdown timer
that diverted too much attention away from the task).

As this is the first such study measuring the impact of time
variation, a few time limits covering a wide range are required
to generate significant differences in the outcomes. A useful
starting point to establish these time limits is the average
completion time of 6.1 min per question, reported in the
Westbrook study [33]. From the same study, the SD, based on
the average completion times for each of the 8 questions, across
2 systems, is 3.1 min. Therefore, time limits are set at the
average question answer time (6 min) and approximately 1 SD
either side of this (3 and 9 min). These limits should induce
time pressures for 84% of questions with a 3-min time limit,
50% of questions with a 6-min time limit, and 16% of questions
with a 9-min time limit. From previous studies, realistic answer
timeframes for busy clinicians should be below 5 min [3,15,35],
so the 3 proposed time limit cohorts will encompass this
pragmatic indicator of search time suitability.

The timer is stopped during the system search for documents
to eliminate the system search time variation or other
network/system delays that may bias the overall search time
available. System search time starts when the participant clicks
the search button and ends when the screen is populated with
the search results and is available for use. The question timer
will be stopped for each search conducted, including a Move
Next or Move Previous on the search screen. Participants will
be told that search time is excluded from the timing to alleviate
any additional time stress they may feel because of a perceived
or actual slow system.

A control group of participants that could use the information
system without time constraints was considered; However, it
was decided that numerous similar previous studies, such as
that of Westbrook [16], had already generated results that could
be compared with the outcomes of this study. Allocating test
participants to a control group without time constraints would
reduce the statistical power of any test results achieved here
and expanding the participant set was not feasible for time and
cost reasons.
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Data Capture
Immediately after initial login, participant information is
captured as per the table in the Multimedia Appendix 1. Data
capture then occurs on both the presearch and postsearch answer
screens, as listed in Table 1. All system interactions will also
be captured including (1) overall time spent searching for and
answering each question; (2) dwell times before first query, on
the SERP screen, on the document viewing screen, and on the
answer screen; (3) the participant’s search query terms and
resulting SERP; (4) documents selected from the SERP; (5)
evidence selected by the participant from the documents they
are viewing; and (6) relevance ratings by the participant of the
documents they view (essential, helpful, duplicate-essential,
duplicate-helpful, and not helpful). Multimedia Appendix 3
itemizes the search interaction times and how these relate to the
study timings. Although desirable, it is not possible to question
the participant regarding the utility of each search system
because the user is not made aware of which search system is
in use for each task.

Anonymity of the data collected is maintained by (1) identifying
users and all of their interactions with a random user
identification within the data capture system, (2) having no
participant identification information stored in the same system
database, and (3) capturing only generic participant information
(see Multimedia Appendix 1) that could not be used to identify
an individual.

Availability of Data and Material
The datasets generated and/or analyzed during this study as well
as access to the software for the Taskiir search system are
currently not publicly available because the study is still
underway and therefore not complete.

At the completion of the study, the following research data will
be made available on the University of Queensland’s publicly
accessible eSpace data repository [36]:

1. Excel spreadsheet containing all data reported by the user
(as specified in the Data Capture section above) by task
including answers to all study questions and task responses.
Overall task timings will also be provided here.

2. mySQL database (anonymized) containing the raw data
captured, including detailed user-task interaction timings,
search terms, SERP results, SERP clicks, document
selections, document relevance selections, and evidence
selection text.

3. Auxiliary Excel/text files containing summarized subsets
of (2), as required for further research and analysis.

Clinical Tasks
The criteria for task selection was that each task must (1) have
answers able to be found in the literature, (2) be able to be
answered with yes/no/conflicting information or a
single-term/phrase response, (3) be credible to a practicing
clinician, and (4) have nonobvious answers. Overall, 6 of the
16 clinical questions are those produced and used by Westbrook
et al [16] and are reproduced here in Table 2. The tasks consist
of real-life scenarios and a clinical question for each scenario.
Westbrook et al derived the tasks using clinical experts and
designed them to be clinically relevant and of mixed complexity.
In addition, 4 questions are sourced from Hersh et al [18], which
are also clinical questions and used for the same purposes as
this study. Overall, 3 questions are modified from the text
retrieval conference (TREC) 2015, clinical decision support
(CDS) topic set [37]. These questions were provided with
diagnoses, which our medical physician (DA, MBBS), modified
into a question of a similar format to the other questions. Finally,
our medical physician also devised a further 3 other clinical
questions for the purposes of this test. Moreover, 2 general
practitioners trialed all questions for suitability.

Table 1. Data capture on the presearch and postsearch answer screens.

PostsearchPresearchMeasurementData: purposeNo

YesYesSelect (Yes/no/conflicting evidence/do not know) or type answer depending
on the question

Answer: Decision quality1

YesYesHow confident are you in your answer? (1=no confidence, 2=a little con-
fident, 3=moderately confident, 4=very confident, and 5=certain)

Confidence in answer: impact of the
system on answer confidence

2

YesYesHow would you rate the difficulty of this clinical question? (presearch)
and How would you rate the difficulty of the search for evidence for this
task? (postsearch). (1=very easy, 2=easy, 3=neither easy nor difficult,
4=difficult, and 5=very difficult)

Perceived difficulty: relationship
with time constraints and answer
quality

3

YesN/AHow would you rate the time you had available to make your decision?
(1=not nearly enough time, 2=nearly enough time, 3=just enough time,
4=more than enough time, and 5=much more than enough time)

Perceived impact of time constraint
on decision: relationship with deci-
sion quality and confidence

4

YesN/AHow would you rate the time you had available to collect evidence? (1=not
nearly enough time, 2=nearly enough time, 3=just enough time, 4=more
than enough time, and 5=much more than enough time)

Perceived impact of time constraint
on decision: relationship with deci-
sion quality and confidence

5

YesN/AHow much stress did you feel due to time pressure? (1=none, 2=a little,
3=a moderate amount, 4=a lot, and 5=more than a lot)

Perceived impact of time constraint
on participant’s stress level: relation-
ship with decision quality and confi-
dence

6
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Table 2. Task specifications including the full task scenario supplied to the participant as well as the relevant reference from the corpus that supports
the answer.

SourceQuestion

[38,39]aCytobrush Pap Smear: Is the Cytobrush superior to a spatula for obtaining cells for Pap smears, in terms of technical quality
(eg, percentage of interpretable smears)? [18]

[40]Glue Ear: A mother brings her 15-month-old son who has been seen three times in the past year for glue ear. She has heard
that this can lead to learning and developmental problems and thinks her child may need surgery. His hearing is normal. Does
current evidence support the need for the insertion of tympanostomy tubes to avoid developmental problems in this child? [16]

[41]Asthma Inhaler: What is the best delivery device for effective administration of inhaled medication to a 5-year-old child during
a moderately severe acute asthma attack? [16]

[42,43]Nicotine Replacement Therapy after heart attack: A patient staying in hospital had a myocardial infarction two days ago and
is now threatening to sign himself out. You suspect this is due to nicotine withdrawal. The patient wishes to stop smoking and
seeks your advice on whether he can start nicotine replacement therapy. Is nicotine replacement therapy appropriate for this
patient? [16]

[44]Glucosamine sulfate: A 58-year-old woman with long-standing pain of osteoarthritis in knees, hips, and hands asks about the
benefits of glucosamine sulfate. Does existing evidence demonstrate that glucosamine has a disease modifying role in osteoarthri-
tis? [16]

[45,46]Brown snake: A man is bitten by a brown snake and is taken to the hospital emergency department. There is clear evidence of
envenoming (poisonous effects of venom). The hospital has run out of brown snake antivenom, so the patient must be given
polyvalent snake antivenom (which contains antivenom for all Australian snakes). Should epinephrine be given with the an-
tivenom to prevent anaphylaxis? [16]

[47]aOsteomyelitis diabetic foot: What anaerobic microorganism is most commonly found in osteomyelitis associated with diabetic
foot? [16]

[48,49]aUltrasound for Deep Vein Thrombosis (DVT): Is ultrasound the best diagnostic test available to exclude the presence of lower
extremity deep vein thrombosis? [18]

[50,51]aProtein-losing nephropathy: Does dietary protein effect the level of proteinuria in patients with diabetic (a type of protein-losing)
nephropathy? [18]

[52]aBladder Cancer: Is there evidence of an association between petroleum product exposure and bladder cancer? [18]

[53,54]aLoin pain: A 48-year-old man presents with severe right sided loin pain and is diagnosed with a 4 mm distal ureteric calculus.

Has Tamsulosin been shown to increase the chances of the calculus passing?b

[55]aBreast cancer: Is oestrogen receptor positivity a better prognostic factor than human epidermal growth factor receptor 2 (HER2)

overexpression for patients with breast cancer?b

[56]aDementia: Are the clinical effects of Mematine, when used as a sole agent in the treatment of Alzheimer’s Dementia, greatest

in the “mild” stage of the disease?b

[57,58]aParoxysmal nocturnal hemoglobinuria: Is flow cytometry the most accepted laboratory investigation to confirm a suspected
diagnosis of Paroxysmal Nocturnal Hemoglobinuria? [AD modified TREC CDS 2015 [37], Q14].

[59]aAnaemia: Is the efficacy and side effect profile of oral iron polymaltose and oral ferrous sulfate equivalent when used for the
treatment of iron deficiency anaemia among children? [AD modified TREC CDS 2015 [37], Q27].

aAnswer provided by author, Dr AD (MBBS).
bQuestion derived by author, Dr AD (MBBS).

In Westbrook et al’s study, 6 sources of evidence were available
to search by the clinicians; however, only medical literature
was provided in this study, as this was the source of evidence
under investigation. To ensure that at least 1 relevant document
existed in the corpus for each task, our medical physician
searched through the corpus, using the search system, to identify
1 or more relevant documents. The resulting relevant PubMed
sources are listed for each question in Table 2. The answers are
excluded in this protocol to avoid any chance of participants
viewing the answers before completing the study. However,
they will be provided together with the results data.

Corpus
The clinical information corpus used is the TREC 2014 and
2015 document collection [37,60]. This consists of a snapshot

of the Open Access Subset of PubMed Central taken on January
21, 2014. It contains a total of 733,138 articles. The corpus was
preprocessed according to the method employed by [61],
including the removal of all HTML/XML tags, all numbers and
all nonalphabetical characters. The corpus was then indexed
with Galago (the Lemur Project) [62] version 3.12 using a Porter
stemmer and stop words removal. After indexing, all very rare
terms were also removed, that is, all terms with 3 or less
occurrences in the corpus.

Custom Search System
A custom search engine and interface, together called Taskiir,
is employed for the evidence search process (see Figure 2).
Similar to normal commercial search engines, Taskiir allows
the participant to write their query and perform a best match
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search of documents in the corpus. A snippet, highlighting
matching query terms, is then provided in the SERP, which
shows up below the query. Users can then select documents of
interest to view the full text. While viewing the full text
document, the participant can also select (with their mouse) any
text or graphics that they want to use as evidence for their final
answer. The participant can view their evidence or complete
the task at any time. Instructions on using the system are
provided on each page, and a mandatory walk-through tutorial
is provided before starting the study.

To investigate the impact of search system effectiveness on
clinical decision making (RQ2), Taskiir utilizes 2 search
algorithms: (1) A state-of-the-art system, which is an improved
version of the TREC 2015 CDS Task A winning system [61].
The TREC 2015 CDS track was targeted to identify the
state-of-the-art IR system because the topics in Task A were of
a similar clinical nature to the Westbrook tasks and the search
corpus was the same as that used in this study. The 2
improvements made over the winning system include the
removal of negated Unified Medical Language System (UMLS)
terms from the UMLS query expansion terms as well as a change
to the pseudorelevance feedback term weighting (from 0.75 to
0.5). All improvements resulted from tuning parameters on the
CDS 2014 test collection and testing on the 2015 collection to
avoid data overfitting. (2) A baseline document retrieval system
consisting of a BM25 algorithm, which is a widely adopted
best-match retrieval method. It is the default, out-of-the-box
method employed by many search engines, including the very
popular Elasticsearch (Elasticsearch BV) [63] and Lucene
(Apache) systems [64]. The parameters were set to default
values (K=1.2; b=0.75).

Information Retrieval Evaluation Measures
Document retrieval performance figures for both systems are
shown in Table 3. The measures depicted were the standard set
chosen for the TREC 2014 and 2015 CDS task. IR system
performance measures are usually calculated for a ranked
retrieval of 1000 documents MAP, for example, is the average
of all precision values taken at each rank where a relevant
document is found. Precision at a given rank is the number of
relevant documents found up to that rank divided by the rank.
MAP is useful because it provides a single measurement of
system performance across all queries. However, because MAP
is only averaged across relevant rank positions, results can be
biased toward a system retrieving fewer relevant documents but
at lower rank positions. Precision at rank position 10 is simply
the precision calculated at rank position 10. It is useful to
identify high-precision systems that provide many relevant

documents in the first 10 documents retrieved. This is often
pertinent to a clinical search where clinicians have little time
to view many documents. R-precision (R-prec) is the ratio r/R
where r is the number of relevant documents retrieved by the
system up to ranking R and R is the number of judged relevant
documents for that query. Unlike MAP, R-prec takes into
consideration the number of relevant documents that could be
found and, therefore, is helpful for search tasks where recall is
important. R-prec is a useful measure for systems that need to
return many or all of the relevant documents, for example, in
clinical cases that require physicians to seek alternatives, say
for treatments. Discounted cumulative gain (DCG) sums the
gain at each rank position (ie, the relevance grading value)
multiplied by a discount factor that takes into consideration that
lower ranked documents are less likely to be read. Normalized
discounted cumulative gain (nDCG) compares the DCG with
an ideal DCG for each rank, so that scores are normalized
between 0 and 1. nDCG is designed to promote systems that
provide more relevant documents higher up in the ranking.

One problem with all these standard measures is the underlying
assumption that all relevant documents within the test collection
are identified for each query. This is rarely the case because of
cost limitations. In the measures above, unjudged documents
are considered as nonrelevant; however, this may not be the
case. To account for unjudged documents, Aslam et al derived
2 new measures, inferred nDCG and inferred average precision,
which have become accepted methods of evaluating system
retrieval performance when relevance judgements are
incomplete [65].

Sample Size
The 2 largest and most similar studies [16,18], both commenced
with a presearch correct answer rate of around 30% (29% and
32%) and a postsearch rate around 50% (50% and 46%). Using
this as our basis, we wanted to be able to discriminate between
the postsearch correct answer rate between each of the 3
time-constrained cohorts. Therefore, to derive the sample size,
we estimated that the correct answer rates might vary evenly
by 10 percentage points between each group, starting at no
improvement. This creates 3 datasets with average correct
answer rates of 30%, 40%, and 50% for the 3-, 6- and 9-min
cohorts, respectively. Applying a 2-proportion statistical
comparison (ie, a 2-sample, 2-sided equality) [66], between
each pair of answer rates and setting statistical power to 90%,
error rate to 5%, and equal sample sizes per cohort, the minimum
sample size required is 514 per cohort, which equates to 32
people per cohort sitting 16 tasks or 96 people in total.
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Figure 2. Screenshot of the Taskiir custom search system interface. Shows the task in the top left, search query box in the top right, and search results
below.

Table 3. Comparison of document retrieval performance figures, across the text retrieval conference (TREC) 2015 test collection, for systems used in
this study and the winning TREC 2015 system.

Mean average preci-
sion

R-precisionPrecision at rank po-
sition 10

Inferred average
precision

Inferred normalized
discounted cumulative
gain

System

0.18510.23290.46330.07770.2928Wayne State University (WSU)

systema

0.19300.24010.48000.08490.3159State-of-the-art system

0.11140.17170.36000.04610.2168BM25 system

+73b (P=7.9E-05)+40b (P=4.3E-05)+33b (P=4.1E-04)+84b (P=0.0056)+46b (P=1.2E-05)State-of-the-art versus BM25 (%)

aAs per TREC 2015 CDS, task A, automatic runs listed in [37] for task summary.
bSignificance using paired t test

Task Order, System Rotation, and Task Timing
Task order and system rotation is set as per the table in
Multimedia Appendix 4 for each participant to minimize
confounding factors. The design is as follows:

1. A Latin square experimental design is constructed for 16
tasks and 16 participants to minimize the impact of user
fatigue on specific tasks.

2. To minimize task order effects, each column of the square
is randomized.

3. To incorporate a within-subject design across the system
variable, 2 sets of the Latin square derived in (2) are
required with alternating use of systems. The first tranche
of 16 participants will start their first task with the

state-of-the-art system, whereas the second tranche will
start with BM25 system. In this way, across the 32
participants, each system will be used equally across all
tasks and will experience the same task-order pattern.

The search time allowed for each task is controlled by applying
a time limit for each task the participant performs. Participants
are randomly assigned to 1 of 3 timing cohorts. The time
constraint by task number is specified for each cohort in
Multimedia Appendix 5. The rotation of task timing ensures
that:

1. the maximum duration for search in stage 2 is fixed to 96
min for all participants
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2. each task is conducted under all time constraints an equal
number of times (32 per cohort)

3. a within-subject design across the time constraint variable
such that each participant performs 4 to 6 tasks per time
constraint

4. task time constraints are applied in the same random order
according to the task order rotation Latin square, specified
above

Statistical Analyses
To assess the impact of introducing the SML search system on
clinical decision quality (RQ-1), each participant’s answer, both
presearch and postsearch, will be coded to right (R) or wrong
by comparing the participant’s answer with an expert judged
assessment (gold answer) of each task. Samples for which (1)
no evidence is captured and (2) no relevant documents are
marked (either as essential or helpful), by the participant for
their postsearch answer, will be discarded, as the value of the
search system cannot be confirmed in these cases. Therefore,
the decision quality is defined by the correct answer rate
(number of right answers/total sample count (N)). A further
detailed analysis will be performed of the collected evidence to
identify tasks where the literature may contradict the gold
answers. Where this occurs, the task answers will be reviewed
by experts and overall correct rates adjusted.

To assess the significance of any change in the proportion of
right or wrong answers, the McNemar test will be employed
because it is a nonparametric test suited to a binary result, with
samples taken at 2 points in time. Nonparametric is a better
model to assume, given that the data distribution is unlikely to
be regular because of the different medical groupings of
participants. The sign test, which is also a nonparametric test,
will be used to identify any significant changes to the correct
rate. To assess any differences between the participant groups
(nurses, doctors, and students), a Chi-square analysis will be
performed. The participant’s confidence in their answers will
be assessed presearch and postsearch to identify any significant
changes relating to search intervention, also using chi-square
analysis.

To assess the impact of time constraints on clinical decision
quality (RQ-2), the analyses above will be repeated with a
breakdown by time constraint category, that is, 3, 6 and 9 min.
In addition, an analysis of time-outs by constraint category will
be conducted to assess the impact of time constraints on task
completion. Time-outs are defined as samples where at the
postsearch answer stage (1) the task timer reaches the constraint
duration and (2) the participant provides no evidence to support
their answer. It is assumed that in a time-out scenario, the
participant was unable to complete the task. Significant
differences by time-constraint category will be analyzed using
the chi-square analysis. An analysis of variance (ANOVA) will
be performed across confidence, difficulty, participant-perceived

time impact assessments (impact of time on answer, evidence
capture, and stress), and search behaviors, such as SERP dwell
time, number of queries issued, number of documents opened,
and the quantity of evidence items selected. To gain an
understanding of the impact of providing a time constraint on
the decision-making process, both the average time to search
and the average proportion of available search time used will
be evaluated and compared for the different task-timing samples.
Tombros et al [67] used this proportional figure as a further
gauge of participant stress and it can be compared with the
reported stress by the participants.

To assess the impact of search engine performance on clinical
decision quality (RQ-3), a similar set of analyses will be
performed as that for RQ-1, except broken down by search
system (state-of-the-art and BM25). In addition, the same
ANOVA methods employed for time-constraint categories in
RQ-2 analysis will be performed. In addition, an ANOVA will
be performed across system categories and system time
constraints to identify cases where system performance effects
may matter most. The impact of search engine performance on
clinical decision time (RQ-3) will also be assessed by evaluating
the postsearch task completion times for those tasks that were
completed (ie, relevant documents and/or evidence identified).
This is measured in 2 ways: (1) search time only and (2) search
time plus time spent filling in the answer form. Differences in
search times between the systems will be assessed using the
chi-square analysis. Finally, a participant-derived performance
assessment of the 2 systems can be constructed by building a
graded query relevance (QREL) listing (standard format for
representing relevance assessments in IR), by query, based on
all participants’ relevance ratings. Using this QREL, a
recomparison of the 2 systems can be evaluated and compared
using the formal TREC evaluation results to provide better
insight into any changes observed (or not) in the clinical decision
and timing results for the 2 systems.

There are a number of potentially confounding factors within
the experimentation. A covariant analysis (repeated measure
ANOVA) will be performed on the task number, task at total
duration point (for fatigue), and time transitions (eg, 3-min task
to 6-min task and 3-min task to 9-min task).

Results

Recruiting began for the study in June 2018. As of April 4,
2019, there were 69 participants enrolled. The study is expected
to close by May 30, 2019, with results to be published in July
2019.

Discussion

The study is currently underway, and results will be reported
at the conclusion of participant testing.
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Multimedia Appendix 1
Pre-task questions and answer options.
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Multimedia Appendix 2
Post tutorial instructions provided to the user prior to task assessment.
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Multimedia Appendix 3
User interaction time capture . Taskiir user-interaction data capture detail for Stage two of the study, when the participant can
use a search engine to help them to complete their task. Column 2 identifies all captured variables as either time-stamped events
or calculated variables. Column 3 identifies where the event is triggered or how the variable is calculated.
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Multimedia Appendix 4
Task Presentation Order : Latin square design of task presentation order. The presentation order is from left to right. The numbers
in the table represent the task numbers. The subjects are denoted in the first column from S1 to S16. Two such squares (32 subjects)
form a timing cohort. System selection is alternated for each column of the square starting with the State of Art system in column
one. Note that the task order for the first 16 subjects are the same as for the second 16 subjects, however the search system used
for each task is switched, i.e., so that the BM25 system is used for column 1 questions.
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Multimedia Appendix 5
Task timing selection for each question. Timing cohorts of 32 people are identified in the top row as C1, C2 and C3. Each cohort
will conduct the search for each task, as listed in the first column (T1, T2...T16), within the time constraint specified in minutes
in the table.
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Abstract

Background: New electronic health technologies are being rapidly developed to improve the delivery of mental health care for
both health professionals and consumers and better support self-management of care. We developed a Web-based platform (the
InnoWell Platform) that supports the prevention, early intervention, treatment, and continuous monitoring of mental health and
maintenance of well-being in people aged 2 years and older. The platform is a customizable digital tool kit that operates through
existing service providers who utilize the system to provide their consumers with access to evidence-based assessments and
feedback, intervention options, and outcome monitoring. It does this by collecting, storing, and reporting personal and health
information back to consumers and their health professionals to promote collaborative care partnerships that aim to improve the
management of mental ill health and maintenance of well-being

Objective: The aim of this study was to describe the research protocol for a naturalistic prospective clinical trial wherein all
consumers presenting for care to a traditional face-to-face or Web-based mental health service in which the InnoWell Platform
is being offered as part of standard clinical care will be given the opportunity to use the platform.

Methods: The Web-based platform is a configurable and customizable digital tool that assists in the assessment, monitoring
and management of mental ill health, and maintenance of well-being. It does this by collecting, storing, and reporting health
information back to the person and his or her clinician to enable transformation to person-centered care. The clinical trial will be
conducted with individuals aged 2 years and older presenting to participating services for care, including persons from the veteran
community, Aboriginal and Torres Strait Islander people, people from culturally and linguistically diverse backgrounds, the
lesbian, gay, bisexual, transgender, and intersex community, and those from broader education and workforce sectors, as well as
people with disabilities, lived experience of comorbidity, complex disorders, and suicidality.

Results: Project Synergy was funded in June 2017, and data collection began in November 2018 at a youth mental health service.
At the time of this publication, 5 additional services have also begun recruitment, including 4 youth mental health services and
a veteran’s service. The first results are expected to be submitted in 2020 for publication.

Conclusions: This clinical trial will promote access to comprehensive, high-quality mental health care to improve outcomes
for consumers and health professionals. The data collected will be used to validate a clinical staging algorithm designed to match
consumers with the right level of care and reduce the rate of suicidal thoughts and/or behaviors and suicide by suggesting pathways
to care that are appropriate for the identified level of need, while simultaneously enabling a timely service response.

Trial Registration: Australian New Zealand Clinical Trial Registry ACTRN12618001676202;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=374632 (Archived by WebCite at
http://www.webcitation.org/78TOi5jwl)

International Registered Report Identifier (IRRID): DERR1-10.2196/13955

(JMIR Res Protoc 2019;8(5):e13955)   doi:10.2196/13955
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Introduction

Background
As we move further into the twenty-first century, major
revolutions in technology are transforming the way we live our
lives—from the way we socialize, work, access information,
and receive services. The mental health sector, like many others,
is undergoing immense change in the face of this revolution,
whereby new technologies are being developed at a rapid pace,
many of which challenge the way people receive and manage
their health care [1]. This is evident in the dramatic increase in
the number of mobile apps, internet-based resources, and
platforms that target mental health problems [2]. Although it
remains a major priority to develop and assess effective
Web-based interventions, an equally important task is to
determine how these technologies can effectively integrate with
existing health services in ways that improve the delivery of
mental health care for the service, consumers’ health
professionals, and presenting consumers [3].

The Australian Federal Government initiated the National
Mental Health Strategy in 1992 [4], promoted by 5-yearly
government plans outlining priority areas for investment and
reform [5-9]. Despite the efforts of the last 25 years, the most
recent report from the National Mental Health Commission
(NMHC) continues to highlight fundamental shortcomings
within the mental health system, including persistent stigma,
poor experiences of care by individuals with lived experience,
families and support people, delays in service provision,
fragmented services, and inefficient and ineffective use of
resources [10]. The NMHC review emphasizes the key concepts
of person-centered care, personalized care options,
regionalization of mental health services and suicide prevention,
adoption of new technologies, and systematic evaluation to
drive future investments [11]. In relation to the latter, the Fifth
National Mental Health and Suicide Prevention Plan now
includes 24 national key performance indicators that can be
reported on to track the progress of the plan [9], including
prevalence of mental illness, changes in mental health
consumers’ clinical outcomes, rates of employment and social,
community, and family participation among individuals with
mental illness, and rates of suicide. Technology is increasingly
recognized as a way to support and drive mental health service
reform. Electronic health (eHealth) is broadly defined by the
World Health Organization as the use of information and
communication technologies for health-related purposes, such
as service delivery [12]. Various models of eHealth services
have been shown to be successful, including stand-alone systems
for symptom prevention and self-help, consumer-assisted care,
such as peer support, virtual clinics offering professional care,
and stepped-care systems for integrated care [13]. The Australian
Government published its “E-mental health strategy for
Australia” in 2012 to promote its broader mental health reform
agenda, emphasizing the ability of eHealth apps, etools, and
platforms to deliver evidence-based interventions on the Web
as a complement to traditional face-to-face services to improve

health outcomes [14]. Importantly, eHealth services can improve
access to mental health care by overcoming issues of distance,
cost, and stigma.

Stage-Based Stepped Care
In addition to revolutions in technology to support service
delivery, there have also been advances in service models that
aim to match consumers to the right level of care (ie, right care,
right time). Clinical staging models are commonly employed
in medical settings for this purpose, and they have more recently
been implemented in clinical psychiatry [15]. Staging models
consider the spectrum of mental ill health, and they aim to place
consumers on that continuum, from those with risk factors with
symptoms or impairment through to those with persistent and
recurrent syndromes [15]. The emphasis is then on matching
consumers at various stages to interventions that are appropriate
to that stage [16]. As highlighted in Textbox 1, a staged-based
stepped-care model combines the principles of clinical staging
with the objectives of stepped care, including the use of
low-intensity interventions for those at early stages and offering
more intensive interventions to consumers at higher stages,
while monitoring outcomes to increase or decrease service
intensity as needs change [3].

Suicide Prevention
The Zero Suicide in Health Care International Declaration was
developed collaboratively by international leaders in mental
health and addiction services with the aim of making suicide a
“never event” [17]. This global initiative includes crucial
recommendations and targets to promote suicide prevention
worldwide, including fostering a safety-oriented culture to
reduce the rates of suicide for consumers under care, employing
an evidence-based approach to enhancing routine care and
driving system changes that will result in improved outcomes
and better care for those identified as being at risk, investing in
training for health professionals aimed at improving
identification, assessment, and management of suicidal thoughts
and/or behaviors and risk factors thereof (eg, chronic pain,
substance misuse), and systematically identifying, assessing,
and monitoring suicidality in the broad consumer base for a
service for the purposes of triaging individuals to the appropriate
intensity of care. The abovementioned goals are synonymous
with the core principles of the InnoWell Platform, which include
increasing access to standardized, broad-based assessment,
identifying and tracking consumer needs, matching those needs
with personalized care options without having to wait for an
appointment, enhancing the quality of the care provided to
consumers, and supporting and guiding health professionals at
all levels of experience to foster skill and professional
development. Furthermore, the platform’s suicide escalation
protocol is specifically designed to facilitate the detection of
suicidal thoughts and/or behaviors and suggest pathways to care
that are appropriate for the identified level of need, while
simultaneously enabling a timely response from health
professionals for those consumers reporting high suicidality
[18]. Suicide prevention was highlighted as one of the priority
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areas in the Fifth National Mental Health and Suicide Prevention
Plan [9]. Government agencies, service providers, and
community agencies have all been identified as being key to

reducing suicide rates and improving health outcomes. Despite
efforts to improve suicide prevention in Australia, there has
been no reduction in suicide rates over the past decade [19].

Textbox 1. Key features of stage-based stepped care.

• Provide broad and holistic initial screening, followed by more targeted mental health assessment for those who endorse screening questions

• The intensity of the intervention should be matched to the consumer’s level of need as determined by clinical stage

• Provide parallel interventions for risk factors associated with poor outcomes (eg, unemployment, alcohol, and/or other substance misuse)

• Employ proactive monitoring of treatment progress and outcomes

The InnoWell Platform
Through a process of participatory design with lived experience,
health professionals, and service staff (including administration
and management), we have developed a Web-based platform
(the InnoWell Platform) that supports the prevention, early
intervention, treatment, and continuous monitoring of mental
ill health and maintenance of well-being in people aged 2 years
and older [20]. The platform is a customizable digital tool kit
that operates through existing service providers who utilize the
system to provide their consumers with access to evidence-based
assessments and feedback, intervention options, and outcome
monitoring. It does this by collecting, storing, and reporting
personal and health information back to consumers and their
health professionals to promote collaborative care partnerships
that aim to improve the management of mental ill health and
maintenance of well-being. This platform uses multiple sources
of information to develop a comprehensive understanding of
the consumers’ needs and track their progress over time. This
primarily involves Web-based self-reported psychometric
measures from both consumers and their health professionals,
as well as objective behavioral data collected via third-party
integrations. Textbox 2 highlights the functionality built into
the InnoWell Platform.

Specifically, in relation to suicide prevention, the InnoWell
Platform employs a suicide escalation protocol derived from
previous work [18]. In the current platform, suicidal thoughts
and/or behaviors are assessed using 2 self-report surveys:
Suicidal Ideation Attributes Scale [21] and Columbia-Suicide
Severity Rating Scale [22]. Suicidal ideation without plan or
intent in the past month triggers a pop-up for the consumer in
the platform, providing details for crisis support services.

Self-report of suicidal ideation with a plan and/or intent and/or
a suicide attempt within the past 3 months triggers both the
pop-up for the consumer and sends a notification to the
consumer’s health professional, requiring a clinical care action
(eg, telephone contact, action safety plan).

Primary Objective
The primary objective of this clinical trial (Australian New
Zealand Clinical Trial Registry ACTRN12618001676202) is
to validate the algorithms used to derive stage-based stepped
care on data collected by the platform and previously published
staging criteria [15]. To do this, 4 independent ratings of
stage-based stepped care will be compared: (1) platform
generated, (2) health professional, (3) multidisciplinary team
via consensus, and (4) expert-clinician reference group
(comprising 3 or more academic health professionals with “area
of research expertise” in stage-based stepped care for mental
ill health). This expert group will review the clinical data of a
subset of randomly generated consumers and independently
allocate clinical stage.

Secondary Objective
In accordance with the Fifth National Mental Health and Suicide
Prevention Plan [9], the secondary objective of this clinical trial
is to reduce the rate of suicidal thoughts and/or behaviors by
promoting access to comprehensive services and reducing
barriers to care, as well as improving service quality and
evidence-based clinical interventions. It is hypothesized that
use of the platform within traditional mental health services
will facilitate earlier identification and rapid service response
(eg, earlier appointment with a health professional) to high
levels of suicidal thoughts and/or behaviors.
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Textbox 2. InnoWell Platform functionality.

• Multidimensional assessment across a range of domains (eg, sleep, anxiety, mood, physical health)

• Suicidal thoughts and/or behaviors and at-risk mental state identification and subsequent escalation to required intervention

• Dashboard of results across the range of biopsychosocial domains

• Algorithms to determine severity of needs across these biopsychosocial domains

• Algorithms to allocate clinical stage and suggested levels of care

• Real-time data tracking and interactive progress report

• Shared care planning between treating health professional and consumer

• Video-visit with a health professional

• Support person input and health information sharing

• Coordination of care across multi-disciplinary services

• Aggregate service performance indicator dashboard

Methods

Study Design
This paper employs a naturalistic prospective clinical trial design
wherein all consumers presenting for care to a service utilizing
the InnoWell Platform as part of their standard clinical care will
be offered the opportunity to use the platform.

Trial Site and Participating Centers
The InnoWell Platform is a Web-based app, and all data are
collected electronically. As the sponsor and locality of the
research team, the University of Sydney is considered the
physical trial site. At the time of this publication, participants
were being recruited from the following participating centers:
headspace services (Camperdown, Coffs Harbour, Lismore, and
Port Macquarie in New South Wales, and Edinburgh North in
South Australia) and Open Arms—Veterans and Families
Counselling in Surry Hills, New South Wales. Future
participating centers may include services for children and their
families, adult staged-care services, older persons mental health,
general practice, as well as Aboriginal and Torres Strait Islander
designed and controlled services.

Participants

Eligibility Criteria
All consumers aged 2 years and older presenting for care to a
traditional face-to-face or Web-based mental health service
utilizing the platform as part of their standard clinical care will
be eligible to participate in the clinical trial. This will include
persons from the following populations: children and their
families, young people, adults, older adults, the Veteran
community, Aboriginal and Torres Strait Islander peoples,
people from culturally and linguistically diverse backgrounds,
the lesbian, gay, bisexual, transgender, and intersex community,
and those from broader education and workforce sectors, as
well as persons with disabilities, lived experience of comorbidity
(including alcohol or other substance misuse), complex
disorders, and/or suicidality. Owing to the nature of its research
design, this clinical trial does not have defined exclusion criteria.

Sample Size
The clinical trial does not have an upper or lower limit on the
number of participants.

Screening Procedures
It will be standard clinical care for all consumers presenting to
a traditional face-to-face or Web-based mental health service
utilizing the InnoWell Platform to be directed to the platform
for assistance in assessment, management, and monitoring of
their mental ill health and maintenance of well-being.

On contacting the service either by telephone (or short message
service), on the Web (eg, email, chat), or in person, the
consumer will be introduced to the clinical trial via an
ethics-approved script. Although this script is generic and
adaptable to different populations, settings, and services, it
informs the consumer of what is involved in using the platform
and notifies them that the data collected by the platform will be
shared with their service provider to promote person-centered
collaborative care and shared decision making. If the consumer
is interested and responds “Yes,” they will receive a unique
email invitation to sign up to the platform. When the participants
receive the email invitation, they will be required to accept the
invitation and be directed to “Sign up” by creating an account.
If they do not sign up immediately, they will be sent a reminder
via short message service. The participants will be required to
review and accept both the “Privacy” and “Terms of use” within
the platform before proceeding to a “Research data sharing”
screen, which is where details about this clinical trial are
contained.

Informed Consent

Opt Out Process

As part of the standard “Terms of use” of the platform,
participants aged 14 years and older will be informed that their
deidentified health data collected by the platform will be used
for research purposes unless they “opt out.” If participants
decide to “opt out,” they can indicate this by ticking a box. This
action will be noted in the platform’s database, and it will
automatically switch their access to the platform to read only,
preventing them from entering any new data. If participants do
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not “opt out,” their deidentified data will be accessible by
members of the research team. Importantly, participants will
be able to edit their data sharing permissions at any time, such
that any future data collected about them will not be accessible
to researchers if, for example, they choose to withdraw from
the clinical trial. The “opt out” consent approach described
above is an efficient procedure without violating the option of
providing choice. The approach taken considers a participant’s
willingness rather than refusal to participate in the clinical trial
and provides the necessary information to make an informed
decision. Finally, the risk to the participants can be considered
very low, as their data are deidentified (ie, all personal identifiers
removed, including name, date of birth, and email address).

Parental Consent Requirements and Process

For children between the ages of 2 and 11 years, consent for
the deidentified data to be used for research purposes will be
provided solely by the parents/guardians. Child assent will not
be sought. The parents/guardians will also serve as the
“consumer” in these instances, answering the surveys in relation
to the child. For consumers aged 12 and 13 years,
parents/guardians will again be required to provide consent for
the young person’s deidentified data to be used for research
purposes. In addition, as per the standard process described
above, the young person will be given the option to “opt out”
of sharing his or her data through the standard “Terms of use”
provided when participants access the platform. For deidentified
data to be used for research purposes, both parents/guardians
and the young person (if aged 12 or 13 years) need to have
provided permission to do so (ie, if the parent consents but the
young person “opts out,” the data will not be used and vice
versa). Parents/guardians of children aged 13 years or younger
will receive a standard introduction email to the platform sent
by the service, which will include brief information regarding
the research, as well as a link to further details, and a page where
parents/guardians can indicate consent (or not) for the use of
their young person’s data for research purposes. This parental
consent is specifically related to the storage and use of their
young person’s data for this clinical trial. Thus, if a

parent/guardian chooses not to consent to the use of data for
this clinical trial, there will be no impact on the young person’s
standard clinical care; however, their access to the platform will
be automatically switched to read only.

The InnoWell Platform Description
The InnoWell Platform is being embedded within traditional
face-to-face and Web-based mental health services, and it is
being offered to consumers presenting to those services as part
of standard clinical care. It is a Web-based platform, and it can
be accessed via traditional computing and mobile devices. As
outlined in Textbox 2, the platform allows consumers to
complete Web-based clinical assessments to understand their
needs; explore their personalized dashboard of results, including
current symptoms, level of functioning, and health history (see
Figure 1); select from recommended care options (eg, fact
sheets, apps, etools, and other Web-based systems) to support
their mental health and well-being (see Figure 2); track their
progress (in real time); share their dashboard and plan with their
health professional(s) to support care.

Participant Procedures
Participants will use the platform of their own accord as part of
their standard clinical care with the mental health service. No
other participation is required. All survey data are part of the
functionality of the platform, which participants complete as
part of standard clinical care through their service. The surveys
provide assessment across a range of biopsychosocial domains,
including psychological distress, suicidal thoughts and/or
behaviors, social and occupational functioning, depressed mood,
anxiety, sleep-wake cycle, social connectedness, psychosis-like
experiences, mania-like experiences, alcohol use, tobacco use,
self-harm, physical health, posttraumatic stress, eating behaviors,
and body image. These domains, along with the associated
surveys configured in the platform, are determined by services,
in conjunction with the researchers to meet the needs of their
consumers. Table 1 provides an example of the surveys that
may be included across a sampling of biopsychosocial domains.
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Figure 1. Sample personalized dashboard of results.

Figure 2. Sample clinical and nonclinical care options.
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Table 1. Example domains and surveys.

SurveyExample domain

Anxiety • Overall Anxiety Severity and Impairment Scale [23]
• Generalized Anxiety Disorder Scale [24]

Depression • Quick Inventory of Depressive Symptomatology [25]
• Patient Health Questionnaire [26]

Functioning • Instrumental Activities of Daily Living and Physical Self-Maintenance Scale [27]
• Activities of Daily Living Index [28]

Trauma • Primary Care Posttraumatic Stress Disorder Screen for Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition [29]

• Posttraumatic Stress Disorder Checklist [30]

Suicide behaviors • Columbia-Suicide Severity Rating Scale [22]

Completion of the surveys serves to populate a participant’s
dashboard, which comprises health cards reflecting the scores
(eg, mild, moderate, and high) generated from the participant’s
responses (see Figure 1). The abbreviations under the scores
reflect the time since the survey was last completed by the
participant. For example, “1M” indicates the survey was
completed one month earlier, and “14m” indicates the survey
was completed 14 min earlier. By clicking on a health card in
their dashboard, the participants can learn more about the
biopsychosocial domain (eg, This card tracks your symptoms
of depression. Some signs of depression include feelings of
worthlessness or losing interest in enjoyable activities.). Links
to psychoeducational resources are also available for further
details about symptoms and treatment options. Each health card
also contains a range of different care options, commonly known
as interventions, to help the participant in managing a particular
area of health. Care options are divided into 2 types: clinical

and nonclinical (Figure 2). Clinical care options require a health
professional’s involvement, such as individual therapy and
group therapy. In contrast, a participant can immediately access
and begin using nonclinical care options, such as apps, etools,
or other systems, without the support of a health professional.

Given the emphasis on suicide prevention, the InnoWell
Platform has been built to include immediate access to crisis
support options. At any time when engaging with the platform,
a participant has access to the “I need help now” button (see
Figure 3), which provides contact details for crisis services (eg,
Lifeline, Beyond Blue, and Kids Helpline). As described
previously, these support options also appear as a pop-up
directly after the participant scores low, moderate, or high on
the suicidal thoughts and/or behaviors health card. When a
participant scores high on this health card, a notification of
suicide risk is also triggered for the treating health professional
requiring clinical action.
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Figure 3. The “I need help now” button.

Configuration
The InnoWell Platform is highly configurable, allowing each
service to adapt the technology to the needs of its consumer
base. Although there is a set of core biopsychosocial domains
that all services will be encouraged to assess (ie, psychological
distress, suicidal thoughts and/or behaviors, psychosis-like
experiences, mania-like experiences, social and occupational
functioning, self-harm, tobacco use, alcohol use, social
connectedness, depression, anxiety, and posttraumatic stress),
the measures used to evaluate these areas can be tailored to the
service. Similarly, the algorithms used to derive the thresholds
for each domain will be based on the most appropriate
psychometrics for that population (eg, young people, veterans,
and older adults). As the platform is implemented across
multiple health services and accumulates more data, these
algorithms will become digitally smart.

Education and Training Requirements
As stated previously, the implementation of clinical staging
models is relatively new to clinical psychiatry [15], and therefore
the education and training requirements of health professionals
will need to be scoped to ensure consistency of application in
each health service. As required, the training will cover the
theoretical and scientific underpinnings of the model, the clinical
assessment requirements, detailed criteria used to assign
stage-based stepped care, the application of the model to
subsyndromal, prodromal, or mixed syndromes, and the clinical
utility of the model for the purposes of planning, implementing,
and monitoring treatment. The method of training delivery may

vary from service to service to ensure access and broad
distribution.

Outcomes

Primary Outcome
The platform-generated assignment of stage-based stepped care
derived from an algorithm calculated from data collected by the
platform will be compared with that allocated by the health
professional working directly with the consumer, the
within-service multidisciplinary consensus team, as well as by
an independent expert-clinician reference group, all of which
will rely on previous published clinical staging criteria [15].
For example, to meet criteria for Stage 2 or higher for
depression, the disorder needs to have features indicative of
more severe disorders, including psychomotor retardation,
agitation, impaired cognitive function, severe circadian
dysfunction, psychotic features, brief hypomanic periods, severe
neurovegetative changes, or severe suicidality. Although a
clinician will assess these features as part of standard clinical
care to assign clinical stage, the platform will rely on the scores
on several health cards (ie, depression, mania-like experiences,
psychotic-like experiences, alcohol use, and eating behaviors
and body image) for this purpose. The primary outcome will
be the reliability of the ratings across these 4 methods of
assigning clinical stage as assessed using Cohen kappa
coefficient.

Secondary Outcome
Service-level performance data regarding improvements in
safety and clinical quality will be derived from the platform,
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with an emphasis on identification and rapid response to
consumers endorsing suicidal thoughts and/or behaviors (see
Figure 4). Outcomes will include the percentage of consumers
endorsing suicidal thoughts and/or behaviors across 4 severity
levels (ie, none, low, medium, and high) at service entry, the
number of suicide escalations (ie, notifications to health
professionals) for a specific period and during an entire episode
of care, and time between suicide escalation and an action by
a health professional (eg, call to consumer, schedule follow-up
appointment, and contact emergency services).

Data Collection, Management, and Security
All collected data are stored in the platform database that resides
in the Google Cloud Platform (in Sydney, New South Wales)
and the encrypted backup database that resides in the Amazon
Web Services platform (in Sydney, New South Wales). The
researchers’ access deidentified clinical trial data using
straight-through digital processing methods such that a copy of
clinical trial data (at any point in time) can be automatically
moved from the platform database to a specified secure
University of Sydney network server in one go.

This trial will be conducted in accordance with the Privacy Act
of 1988 [31]. Upon consenting to participate in the clinical trial,
participants will be assigned a unique identifier (Version 4
UUID), which is automatically generated by the platform and
stored within its database. A Version 4 UUID is a universally
unique identifier that is generated using random numbers.
Importantly, the unique identifier will be used to identify a
participant in all research studies of the InnoWell Platform
should they be a consumer at more than 1 participating center.
In addition, researchers will assign all participants with a Study
ID number within deidentified clinical trial datasets. These
Study ID numbers will be maintained separately from the data

collection process and used for statistical analysis purposes
only. All data are backed up hourly in a secure, long-term
storage on Google’s Infrastructure.

Data Analysis
Scientific validity will be evaluated using interrater reliability
statistical methods, such as Cohen kappa coefficient, to quantify
the degree of agreement within and among the 4 ratings of
stage-based stepped care (ie, platform-generated, health
professional allocated, in-service multidisciplinary consensus,
and independent expert-clinician reference group). The clinical
performance, including aspects of safety, of the platform will
be evaluated using aggregate data derived from clinical rating
scales completed by the consumer and health professional to
measure and track health domain intensity, frequency, quality,
and change over time, and aggregate service-level performance
data, including safety and clinical quality (eg, time to first
assessment, service accessibility, wait time for clinical
intervention, service efficiency, and user satisfaction). Within-
and between-group analyses using multivariate statistics (eg,
multivariate analyses of variance, Kruskal-Wallis test) will be
computed to evaluate differences in clinical outcomes among
services and among population groups. In addition, reliable
change and effect-size scores will be calculated to determine
clinical improvement over time for consumer data and then
aggregated for service-level outcome data. Analytical validity
will be assessed using trends only (ie, descriptive statistics) as
a means to determine user engagement and overall effectiveness
of the technical performance of the platform.

Ethics Approval
This trial has been approved by the Northern Sydney Local
Health District Human Research Ethics Committee (NSLHD
HREC), reference number HREC/17/HAWKE/480.

Figure 4. Hypothetical service-level performance data related to safety.
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Results

InnoWell is a for-profit-business that has built the technology
platform underpinning this clinical trial. InnoWell is a joint
venture between The University of Sydney and
PricewaterhouseCoopers (PwC) Australia that aims to transform
mental health through person-centered care. Beyond June 2020,
InnoWell will support this clinical trial financially, as it
represents the core research and development work necessary
to continuously and iteratively evolve the platform. The first
results are expected to be submitted for publication in 2020.

Discussion

Person-Centered Care
At its core, the InnoWell Platform is designed to promote
person-centered health care and assist clinical practices that
place consumers as equal partners in health care decision
making. The platform is also intended to help minimize the
variability in care provision between health professionals and
services by supporting clinical judgement with data. In addition,
the platform aims to maximize the use of available resources
and minimize duplication of services and wastage of time for
all users, including consumers, health professionals, and service
staff.

Feasibility of Implementation With Service
Before implementing this clinical trial, a thorough assessment
of the feasibility of deploying the platform within each service
(or participating center) is required [32,33]. This includes an
understanding of the basic service attributes (eg, type of service,
qualifications of health professionals, service location(s), and
information and communication technology systems), as well
as the identified needs of the organization that will be met by
the platform. In other words, what problem(s) will the
technology address? The fit of the InnoWell Platform to the
values, priorities, and strategic plan for the service and the
readiness of the service to adopt the technology also need to be
examined. As the platform is customizable, it is necessary to
identify in what way the technology needs to be modified or
adapted to fit the service and its consumers. Finally, key to this
process is the engagement of critical stakeholders who can drive
the adoption of the platform, identify facilitators, mitigate
barriers to implementation, and champion the technology among
frontline staff whose practice will be most affected. The
effective deployment of the platform will be supported by

implementation officers embedded within the services. These
people will ensure that research protocols are adhered to and
report any adjustments that might be necessary; they will
monitor, catalogue, and report on the progress of the
implementation to key trial leads; they will collect data at the
participating center, relating to facilitators or barriers of
implementation from clinical and administrative staff; they will
assist with preparation of and delivery of training to relevant
personnel regarding information essential to site-specific
implementation; they will ensure that the platform accurately
and consistently reflects the research data; they will ensure that
all participants’ safety and well-being are first priority, by
liaising with technology specialists, the researchers, and the
relevant participating center, and by following established
ethical protocols.

Ongoing Development of Functionality
Qualitative and quantitative data will be gathered from all users
of the platform, including consumers, as well as health
professionals and service staff, to inform the iterative
redevelopment of the platform, including site-specific
customization of any new required functionality, as well as
(re)configuration of content, questionnaires, and algorithms.
Furthermore, the data collected during iterative user-testing
sessions (covered under site-specific ethics approvals from
relevant Human Research Ethics Committees) will help to
monitor, evaluate, and provide ongoing feedback about the
quality, acceptability, and usability of the platform for
continuous improvement of the platform.

Future Research
This clinical trial will be run in parallel with a series of
participating center-specific impact evaluation studies. These
adjunctive studies will focus on gathering data through
Web-based questionnaires, as well as workshops and
semistructured interviews with service staff (ie, health
professionals, managers, and administrators) relating to the
impact of embedding the InnoWell Platform in their service.
Topics to be covered will include digital readiness and
competence, the impact of the platform on the service, the social
return on investment, and the quality, usability, and acceptability
of the platform. In addition, workshops will also offer the
opportunity for researchers to introduce and provide brief
training to service staff relating to new functionality that will
be incorporated into the platform at quarterly intervals. Separate
ethics approvals will be sought for these studies.
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Abstract

Background: Little is known about the effect of a splenic rupture on the quality of life (QOL) of patients, although the spleen
is one of the most frequently injured organs in blunt abdominal trauma. It is essential to obtain more knowledge about QOL after
traumatic spleen injury so that this can be taken into account when choosing treatment.

Objective: The primary objective of the SPLENic Injury and Quality of life (SPLENIQ) study is to determine QOL after
treatment for traumatic spleen injury. The secondary objective is to investigate clinical and imaging outcome in relation to QOL.

Methods: A combination of a retrospective single-center and a prospective multicenter observational cohort study will be
conducted. Patients in the retrospective study have had a splenic injury after blunt abdominal trauma and were admitted for
treatment to the ETZ Hospital (Elisabeth-TweeSteden Ziekenhuis) in Tilburg between January 2005 and February 2017. Concerning
the prospective cohort study, patients with splenic injury admitted to 1 of the 10 participating hospitals between March 2017 and
December 2018 will be asked to participate. The follow-up period will be 1 year regarding QOL, clinical symptoms, and imaging.
Patients in the retrospective study will complete 2 questionnaires: World Health Organization QOL assessment instrument-Bref
(WHOQOL-Bref) and 12-Item Short-Form Health Survey (SF-12). Patients in the prospective study will complete 5 questionnaires
at 1 week, 1 month, 3 months, 6 months, and 12 months after treatment: WHOQOL-Bref, SF-12, Euroqol 5-Dimensional 5-Level
(EQ-5D-5L) questionnaire, Institute for Medical Technology Assessment (iMTA) Productivity Cost Questionnaire (iPCQ), and
iMTA Medical Consumption Questionnaire (iMCQ). In both the retrospective and prospective study, patients treated with splenic
artery embolization will undergo magnetic resonance imaging (MRI). The retrospective group will undergo MRI once, and the
prospective group will undergo MRI 1 month and 1 year after treatment. Treatment of splenic injury depends on the severity of
the splenic injury, the hemodynamic condition of the patient, and the hospital’s or doctor’s preference. This study is observational
in nature without randomization. Concerning the retrospective data, multivariate analysis of covariance will be done. With regard
to the prospective data, mixed linear modeling will be performed.

Results: This project was funded in April 2015 by ZonMw. The results of the retrospective study will be expected in March
2019. With regard to the prospective study, inclusion of patients was completed in December 2018 and data collection will be
completed in December 2019. The first results will be expected in 2019.

Conclusions: To our knowledge, this is the first study that examines QOL in patients with a traumatic spleen injury. The
SPLENIQ study responds to the shortage of information about QOL after treatment for traumatic spleen injury and may result
in the development of a patient-oriented protocol.
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Trial Registration: ClinicalTrials.gov NCT03099798; https://clinicaltrials.gov/ct2/show/NCT03099798 (Archived by WebCite
at http://www.webcitation.org/714ZKV6A0).

International Registered Report Identifier (IRRID): DERR1-10.2196/12391

(JMIR Res Protoc 2019;8(5):e12391)   doi:10.2196/12391
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quality of life; QOL; spleen; trauma; injury; splenic artery embolization; SAE; embolization; magnetic resonance imaging;
observational study

Introduction

Background
Morbidity and mortality are the most commonly used outcome
parameters in trauma care literature. However, most patients
survive their trauma, and depending on the severity of the
trauma, they will be limited in daily life, both physically and
mentally. Although quality of life (QOL) is recognized as an
important outcome measure, it is still a highly neglected aspect
in trauma care studies, including studies with splenic injury
patients. Multiple studies that did measure QOL have shown
that severely injured patients suffer from psychological
complaints and decreased QOL [1-3]. These factors have a
major social and economic impact because trauma often involves
young patients who frequently are unable to return to work, to
reintegrate back into society, or to retrieve their previous activity
level [4-11]. In case of splenic injury, treatment choices have
to be made in which it is currently unknown what the effects
for these patients will be in the short, medium, and long term.
When more knowledge becomes available about QOL, it will
be useful to determine the choice of treatment.

In blunt abdominal trauma, where the spleen is one of the most
frequently injured organs, much is known about morbidity and
mortality [12]. Internal bleeding caused by abdominal organ
injury is one of the main causes of death after trauma, and a
missed splenic rupture is the most common cause of preventable
death in trauma patients [13,14]. Presently, the standard of care
in hemodynamically stable patients is nonoperative management
(NOM), involving close observation of the patient, with success
rates up to 90% [12]. A recent study among adults with blunt
splenic injury suggests that there are prognostic factors for
failure of NOM. Strong evidence exists for prognostic patient
factors such as age of 40 years or above, Injury Severity Score
of at least 25, and American Association for the Surgery of
Trauma splenic injury grade of 3 or higher [15]. Failure of
therapy leads to more interventions, longer hospital stay, and
higher mortality rates, resulting in increased costs and
presumably decreased QOL. When NOM fails, angiography
and splenic artery embolization (SAE) can be used as a
supplement to NOM. The success rate of SAE ranges between
73% and 100%, with an overall success rate of NOM combined
with SAE ranging between 86% and 100% (most studies
reporting success rates greater than 90%) [16]. Despite this
success rate, much remains unknown about splenic function
after SAE, although it is speculated that there is a relationship
between splenic volume and the immunologic status of the
patient [17-20]. Preservation of splenic function might be one
of the biggest advantages of NOM and SAE. However, patients

treated with SAE have a risk of developing splenic infarction,
abscesses, or cysts, with distal embolization having a
significantly higher association with major complications
compared with proximal embolization [21,22]. Surgery is
indicated when a patient is hemodynamically unstable and does
not respond to transfusion or when associated intraabdominal
injuries require surgical management. Possible disadvantages
of surgery are postsplenectomy complications, such as sepsis,
thrombocytosis, and a lifetime risk of invasive infections
(overwhelming postsplenectomy infection) [23,24]. All
complications may have a major impact on patients’ QOL.

Cost-effectiveness is important in the choice of treatment.
Published study results on hemodynamically stable patients
with splenic injury favored nonsurgical management over
surgery with better clinical and cost results. SAE as a
supplement to NOM trended toward being more cost-effective
with a shorter hospital stay, despite comparable failure rates.
Procedure-related costs were higher for surgery than for SAE,
but total hospital costs were not significantly different [25].

Objectives
There is a growing demand for a (national) guideline or protocol
for clinical decision making in traumatic spleen injury.
Therefore, it is important to determine the optimal selection
criteria for the appropriate management strategy. To achieve
this, the entire process surrounding a patient with splenic injury
must be considered. Even today, it remains unclear what the
impact of QOL is on the entire process. Therefore, the primary
objective of this project is to examine the QOL of patients after
therapy (NOM, SAE, and surgery) for traumatic spleen injury
using a retrospective and prospective group of patients. The
secondary objective is to investigate the clinical outcome (eg,
complications, reinterventions, and additional therapy), imaging
outcome (diagnosis and magnetic resonance spleen imaging
after SAE), and cost outcome (cost-effectiveness) and their
relation to QOL.

Finally, the data and results acquired from this study may result
in the development of a patient-oriented protocol for the
management of traumatic spleen injury.

Methods

Study Design
A combination of a retrospective single-center and a prospective
multicenter observational cohort study will be conducted,
assessing the effects of NOM, SAE, and splenectomy in patients
with splenic injury after blunt abdominal trauma.
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Participants and Centers of Recruitment

Retrospective Study
The study population comprises patients who had a splenic
injury after blunt abdominal trauma and were admitted for
treatment in the ETZ Hospital (Elisabeth-TweeSteden
Ziekenhuis) in Tilburg, the Netherlands, between January 2005
and February 2017. It concerns both men and women who were
18 years or older at the time of screening (February 2017).

Prospective Study
The prospective study will be performed in 10 selected Dutch
hospitals containing experienced interventional radiologists and
trauma surgeons qualified to perform SAE and splenectomy,
respectively. The group includes 7 level-1 trauma centers
(Erasmus MC, ETZ Hospital, Leiden University Medical Center,
Amsterdam University Medical Center, Radboud University
Medical Center, Hospital Medisch Spectrum Twente, and Isala
Hospital) and 3 level-2 trauma centers (Maasstad Hospital
Rotterdam, Albert Schweitzer Hospital Dordrecht, and Amphia
Hospital Breda). The study will be organized in a network
infrastructure in which radiologists and trauma surgeons
collaborate.

All patients with a splenic injury after abdominal trauma
confirmed by ultrasound/focused assessment with sonography
in trauma (US/FAST) and/or computed tomography (CT) at the
primary trauma screening at the 10 participating hospitals
between March 2017 and December 2018 will be asked to
participate.

Inclusion and Exclusion Criteria

Retrospective Study
The inclusion criteria are patients (1) diagnosed with splenic
injury after trauma; (2) who underwent NOM, SAE, or surgery
at the ETZ Hospital; (3) diagnosed between January 2005 and
February 2017; and (4) who were aged 18 years or older at the
time of screening (February 2017). Patients will be excluded
from questionnaires in case of (1) insufficient knowledge of the
Dutch language (verbal and writing) or (2) obviously, death.
Patients treated with SAE will be excluded for magnetic
resonance imaging (MRI) when they do not want to or are not
able to undergo an MRI abdomen (eg, pregnancy or other
contraindications).

Prospective Study
To be eligible to participate, patients (1) must be aged 18 years
or older, (2) have splenic injury after abdominal trauma
(confirmed by US/FAST and/or CT), and (3) must be treated
in 1 of the 10 participating hospitals between March 2017 and
December 2018. Exclusion criteria are identical to those of the
retrospective study.

Sample Size Calculation
As the World Health Organization QOL assessment
instrument-Bref (WHOQOL-Bref) comprises multiple facets,
the retrospective data will be analyzed using a multivariate
analysis of covariance (MANCOVA). This technique is more
powerful than a univariate analysis of variance, resulting in a
required sample size of 135 patients giving a medium effect
and power of 0.80. Previous research [26] indicates that the
minimal clinically important difference (MCID) of the
WHOQOL-Bref slightly varies across its domains. Table 1
shows for each domain the MCID and standard deviation. On
the basis of these statistics, the Cohen d effect sizes were

calculated and transformed via Cohen f to the f2 effect sizes
required in the MANCOVA power analysis. It turns out that

138 participants are required to detect the average f2 of 0.061
with a power of 0.80, given a significance level of .05.

With regard to the prospective data, mixed linear modeling will
be used. Power analysis is performed for a repeated measures
design investigating the interaction between treatment and time.
We assumed a significance level of .05 and a medium effect
size of partial eta squared of 0.05 and an average correlation of
0.50 among the 5 repeated measurements. On the basis of this,
we require 33 participants to test with a power of 0.80, whether
the 3 treatment groups differ in their change in QOL over the
follow-up time. When assuming an effect size similar to the
MCID’s reported in the table above, 27 participants are required
to detect the medium effect of f=0.248 with a power of 0.80.

Study Procedures

Retrospective Study
The clinical and imaging data of all splenic injury patients will
be collected from the electronic patient files and registered
anonymously. To measure QOL, all patients who are still alive
will receive a written letter explaining the study, an informed
consent form, the questionnaires, and a prestamped return
envelope by mail. When a patient is willing to participate, he/she
will sign the consent form and send it back in the return
envelope, together with the completed questionnaires, assessing
QOL and health status. When patients do not complete or return
the questionnaires within 2 weeks, they receive a phone call as
a reminder. When patients do not want to participate, the reason
will be noted if the patient wants to let it be known. The patients
who underwent SAE will be called for a voluntary single MRI
abdomen at the ETZ Hospital in Tilburg.

This study has been reviewed and approved by the Medical
Ethical Committee Brabant (METC Brabant, protocol number:
NL54339.028.15) on January 27, 2016. The study has also been
approved by the local ethical committee of the ETZ Hospital
on February 9, 2016.
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Table 1. Minimal clinically important difference (MCID) per WHOQOL-Bref domain.

Effect size f2Cohen fCohen dSDMCIDDomain

0.0620.2490.4983.11.545Physical

0.0630.2520.5042.51.259Psychological

0.0600.2450.4902.61.274Social

0.0620.2480.4972.31.142Environmental

0.0590.2430.4871.80.876General

0.0610.2480.4952.4601.219Average

Prospective Study
In each participating hospital, an interventional radiologist and
a trauma surgeon will be designated as principal investigators.
Each hospital will also have a research assistant, most likely a
radiology technologist or a member of the research team. The
daily work will be carried out by the research assistant under
the supervision of the principal investigator at the ETZ Hospital
(CR). The research assistant will check daily whether potential
eligible patients were admitted to the hospital. This will be done
by checking the subscription list, verbally checking with the
attending (resident) radiologist and trauma surgeon, and
verifying the data in the electronic patient record. The
subscription list will be placed at the dictation station of the
radiologist, where the trauma diagnoses are reported. If a patient
is treated for a traumatic spleen injury, baseline characteristics
will be collected and he/she will be screened for the inclusion
and exclusion criteria. The clinical data of all eligible patients
will be collected anonymously in the database. As soon as the
patient can talk and is lucid, the assistant will visit the patient
to provide a verbal and written explanation about the study. The
time for consideration of participation is 1 week. When a patient
is willing to participate, he/she will sign a consent form. If not,
the reason will be noted if the patient wants to let it be known.
Each inclusion will be reported to the principal investigator
(CR). Total follow-up time is 1 year after treatment with time
points at 1 week and 1, 3, 6, and 12 months after treatment.

Patients will complete the questionnaires at all time points. The
questionnaires of time point 1 will most likely be handed out
to the patients at the hospital ward (intensive care, medium care,
or general ward), usually by the research assistant of that
hospital. At the other time points, patients will be sent an email
to complete the questionnaires, assessing QOL, quality of care,
health care consumption, and return back to work (if applicable).
These questionnaires will be completed by the patient using a
secure Web-based program: Data Management by Research
Manager [27]. If a patient does not have internet, the
questionnaires will be provided on paper with a prestamped
return envelope. When patients do not complete or return the
questionnaires within 2 weeks, they will receive a phone call
as reminder. When patients no longer want to participate, the

reason will be noted if they want to let it be known. Patients
treated with SAE will receive an MRI abdomen 1 month and 1
year after treatment.

This study has been reviewed and approved by METC Brabant
(protocol number: prospective study NL54542.028.16) on May
18, 2016. The study has also been approved by the local ethical
committees of the ETZ Hospital (6-13-2016), Maasstad Hospital
(7-28-2016), Erasmus MC (9-21-2016), Albert Schweitzer
Hospital (10-31-2016), Amphia Hospital (2-23-2017), Leiden
University Medical Center (10-17-2017), Amsterdam University
Medical Center (VUmc) (1-11-2018), Hospital Medisch
Spectrum Twente (1-25-2018), Radboud University Medical
Center (5-3-2018), and Isala Hospital (5-17-2018).

Data Collection
Data of the retrospective and prospective study will be recorded
in a secure online database (Data Management by Research
Manager, Health Solutions Deventer) [27]. In the prospective
study, the database will be available to every research assistant.
The program complies with the new legislation for collecting
and processing personal data in medical scientific research:
General Data Protection Regulation dated May 25, 2018.

Clinical Data
For both the retrospective and prospective study, data will be
collected from the electronic patient records and trauma registry
(Network Emergency Care Brabant). The trauma registry
compiles prehospital and hospital data of all trauma patients
admitted after presentation to the emergency department.
Patients with splenic injury will be identified by the International
Statistical Classification of Disease and Related Health Problems
(ICD-10) and Abbreviated Injury Scale (AIS) diagnosis codes
starting with S36.x and 5442, respectively.

The collected data concern the following: age, sex, systolic
blood pressure, hemoglobin, Glasgow coma scale (at arrival),
intubation (Yes/No), imaging (US and/or CT), grading spleen
injury (American Association for the Surgery of Trauma; see
Table 2)[28], type of treatment (NOM/SAE/splenectomy),
complications, hospital stay (days), spleen in situ at discharge
(Y/N), reinterventions (Y/N), rehospitalization (Y/N), and
mortality.
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Table 2. American Association for the Surgery of Trauma spleen injury scaling (1994 Revision).

Injury descriptionGradea

I

Subcapsular <10% of surface areaHematoma

Capsular tear <1 cm parenchymal depthLaceration

II

Subcapsular 10%-50% of surface area; or intraparenchymal <5 cm in diameterHematoma

1-3 cm parenchymal depth, which does not involve a trabecular vesselLaceration

III

Subcapsular >50% of surface area or expanding; or ruptured subcapsular or parenchymal hematoma; or intraparenchymal hematoma
>5 cm or expanding

Hematoma

>3 cm parenchymal depth or involving trabecular vesselsLaceration

IV

Involving segmental or hilar vessels producing major devascularization (>25% of the spleen)Laceration

V

Completely shattered spleenLaceration

Hilar vascular injury with devascularized spleenVascular

aAdvance one grade for multiple injuries, up to grade III.

Questionnaires
Patients in the retrospective study will complete the
questionnaires once. Patients in the prospective study will
complete questionnaires at 1 week and 1, 3, 6, and 12 months
after treatment (see Table 3).

World Health Organization Quality of Life Assessment
Instrument-Bref

QOL will be assessed with the World Health Organization
Quality of Life Assessment Instrument-Bref (WHOQOL-Bref)
[29]. This 26-item questionnaire is a short version of the
WHOQOL-100, and it assesses 4 domains (physical health,
psychological health, social relationships, and environment) as
well as 1 general facet, Overall QOL and General Health. The
questions in the domains are derived from the 24 facets of the
WHOQOL-100, with 1 item from each of the facets. Each item
is rated on a 5-point rating scale. Higher scores indicate a better
QOL [29,30]. The WHOQOL-Bref has good psychometric
properties [30-33].

12-Item Short-Form Health Survey

The 12-Item Short-Form Health Survey (SF-12) is a shorter
version of the 36-Item Short-Form Health Survey (SF-36),
which will be used for evaluating individual patients’ health
status, researching the cost-effectiveness of a treatment, and
monitoring and comparing disease burden. The SF-12 covers
8 domains: physical functioning, role limitations because of
physical problems, bodily pain, general health, vitality, social
functioning, role limitations because of emotional problems,
and mental health [34,35]. From these domains, summary scores
for the physical component (PCS) and mental component (MCS)
can be computed. The 12 items for the SF-12 were selected such
that the SF-12 component scores explain 90% of the variability
in PCS and MCS scores of the SF-36 [34]. The SF-36 was used

as a criterion for validation of the SF-12. The SF-12 and the
SF-36 components and scales are scored with the algorithms
specified by the developer [35]. The minimum possible score
is 0 and the maximum possible score is 100. The SF-12 has
good reliability and validity [36-42].

Euroqol 5-Dimensional 5-Level Questionnaire

The Euroqol 5-Dimensional 5-level questionnaire (EQ-5D-5L)
is a generic health status instrument that measures health-related
QOL [43]. The descriptive system of the instrument comprises
5 dimensions (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression), which can be scored
with 5 levels (ranging from no problems to severe problems).
For the purpose of cost-effectiveness studies, health status is
expressed in utilities, with a scale from 0 (death) to 1 (perfect
health). The EQ-5D-5L can be used to derive utilities; the Dutch
tariff can be used for this purpose [44]. Moreover, the EQ-5D-5L
has good psychometric properties [45-50].

iMTA Productivity Cost Questionnaire

The impact of disease on the ability of a person to perform work
should be part of an economic evaluation when a societal
perspective is applied. The iMTA Productivity Cost
Questionnaire (iPCQ) is a generic, nondisease-specific
questionnaire, and it is applied in national and international
studies [51]. The questionnaire is currently available in more
than 10 languages, including Dutch. Both indirect cost because
of absenteeism and the productivity losses because of
presenteeism (ie, sick, but working) are taken into account. A
manual is available, containing information on the modular
structure of the iPCQ and its scoring and valuation methods
that are used for cost calculations. By applying productivity
costs, the answers of the iPCQ can be monetized and, as such,
used in health economic evaluations.
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Table 3. Timeline of the prospective study concerning measurements.

ImagingQuestionnairesDemographicsTiming and settingTime point

—eQuality of life (WHOQOL-Brefa); health

status (SF-12b); and health-related QOLc

(EQ-5D-5Ld)

Demographic factors and
clinical data

After treatment, during ad-
mission

T1

MRI (SAEj patients only)Quality of life (WHOQOL-Bref); health
status (SF-12); health-related QOL (EQ-5D-

5L); productivity costs (iPCQh); and medi-

cal consumption (iMCQi)

—g1 month after treatment, at

home (MRIf: outpatient
clinic)

T2

—eQuality of life (WHOQOL-Bref); health
status (SF-12); health-related QOL (EQ-5D-
5L); productivity costs (iPCQ); and medical
consumption (iMCQ)

—g3 months after treatment, at
home

T3

—eQuality of life (WHOQOL-Bref); health
status (SF-12); health-related QOL (EQ-5D-
5L); productivity costs (iPCQ); and medical
consumption (iMCQ)

—g6 months after treatment, at
home

T4

MRI (SAE patients only)Quality of life (WHOQOL-Bref); health
status (SF-12); health-related QOL (EQ-5D-
5L); productivity costs (iPCQ); and medical
consumption (iMCQ)

Clinical data1 year after treatment, at
home (MRI: outpatient clin-
ic)

T5

aWHOQOL-Bref: World Health Organization Quality of Life assessment instrument-Bref.
bSF-12: 12-Item Short-Form Health Survey.
cQOL: quality of life.
dEQ-5D-5L: Euroqol 5-Dimensional 5-Level questionnaire.
eAt this time point, no MRIs have been completed.
fMRI: magnetic resonance imaging.
gAt this time point, no demographic or clinical data have been collected.
hiPCQ: iMTA Productivity Cost Questionnaire.
iiMCQ: iMTA Medical Consumption Questionnaire.
jSAE: splenic artery embolization.

iMTA Medical Consumption Questionnaire

The iMTA Medical Consumption Questionnaire (iMCQ) is a
generic, nondisease-specific instrument for measuring (direct)
medical costs [52]. The instrument is a standardized
self-reported questionnaire. The iMCQ includes questions
related to frequently occurring contacts with health care
providers and can be complemented with extra questions that
are relevant for specific study populations. A manual is available
for a structured use of the questionnaire. For the valuation of
resource use, as obtained from the iMCQ, reference unit prices
can be used. These reference prices can be derived from the
Dutch manual for costing studies. The manual was
commissioned and published by Zorginstituut Nederland and

authored by the Institute for Medical Technology Assessment
(iMTA) [53].

MRI Abdomen After Splenic Artery Embolization
Patients in the retrospective study will undergo MRI once at
the ETZ Hospital in Tilburg, and patients in the prospective
study will undergo MRI 1 month and 1 year after treatment at
the hospital where the treatment took place. Not all hospitals
have the same MRI scanner. However, the same scan protocol
will be used at all locations, leading to comparable images and
assessments (see Table 4).

Only patients treated with SAE will receive an MRI of the upper
abdomen to evaluate the spleen morphologically (volume,
necrosis, splenosis, calcifications, and chronic infarction) and
dynamically (diffusion and enhancement).
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Table 4. Magnetic resonance imaging scan protocol.

Prospective studyRetrospective study

Axial Dual FFE/GRE (in-out phase); Coronal T2-weighted TSE/FSE;
Axial T2-weighted TSE/FSE; Axial BFFE/BGRE Volume (5 mm slices,
no gap); Axial DWI with b value=0/400/800

Axial Dual FFEa/GREb (in-out phase); Coronal T2-weighted TSEc/FSEd;

Axial T2-weighted TSE/FSE; Axial BFFEe/BGREf Volume (5 mm slices,

no gap); Axial DWIg with b value=0/400/800

Axial dynamic T1-weighted noncontrast with fat sat; Axial T1-weighted
3D magnetic resonance angiography contrast-enhanced; Axial dynamic
T1-weighted contrast-enhanced (2 time points) with fat sat

3Dh (noncontrast)

aFFE: Fast Field Echo.
aGRE: Gradient Echo.
cTSE: Turbo Spin Echo.
dFSE: Fast Spin Echo.
eBFFE: Balanced Fast Field Echo.
fBGRE: Balanced Gradient Echo.
gDWI: Diffusion Weighted Images.
h3D: three-dimensional.

Statistical Analysis
All analyses will be conducted using SPSS V24.0 (Statistical
Package for Social Sciences, Chicago Illinois, USA).
Frequencies and descriptive statistics will be calculated to
provide an overview of the characteristics of the study
population. Statistical test results will be considered significant
at a level of P<.05.

Concerning the retrospective study, a MANCOVA will be done
after correcting theoretically important covariates to assess the
differences between treatment groups on the 4 WHOQOL-Bref
domains and the general facet. For each type of treatment, a 1
sample t test will be performed for each WHOQOL-Bref scale
to compare the QOL scores with reference data.

For both the retrospective and prospective studies, a logistic
regression analysis will be performed on the outcome variables’
(1) need for reintervention (yes/no) and (2) for each
complication (yes/no), assessing the effect of treatment after
correcting for theoretically important covariates. With regard
to hospital stay in days, a Kruskal-Wallis test will be performed
with the group (type of treatment) and days in hospital. Analysis
of covariance will be used to compare proximal versus distal
SAE, thereby correcting the effect for theoretically important
covariates. To confirm/find prognostic factors for failure of
NOM, a logistic regression analysis will be performed if NOM
is a failure quickly after treatment. Otherwise, a survival analysis
will be performed.

Regarding the prospective study, to assess the differences
between groups in their change in QOL over time, a linear mixed
model analysis will be conducted. To answer our research
question, we will focus on the interaction effect between
measurement occasion and treatment group, while correcting
for theoretically important covariates. For the repeated measures,
an unstructured covariance matrix will be used. Item-level
missing values will be imputed according to the guidelines of
the questionnaires. Scale-level missing values will be handled
directly through maximum likelihood estimation, because the
mixed model procedure makes use of all available data for each
participant over all time points.

To conduct the cost-effectiveness analysis, a cost-effectiveness
model will be developed. This model will comprise 2 treatment
arms; SAE will be compared with splenectomy. The
cost-effectiveness study will be conducted according to the most
recent Dutch guidelines for health economic research [54]. As
such, the study will be performed from the societal perspective,
which means that all costs and benefits should be considered,
regardless of by whom the costs are borne or to whom the
benefits accrue.

Effects will be expressed in quality-adjusted life years, which
constitute a combination of QOL and length of life. QOL will
be measured in utilities. Utilities express QOL on a scale from
0 (death) to 1 (perfect health). Utilities can be derived from the
EQ-5D-5L [44]. Survival will be derived from international
clinical literature. Costs will be estimated according to the Dutch
Manual for Costing in Economic Evaluations, update 2015,
using a societal perspective [54]. A bottom-up methodology
will be used to compute costs; the total number of medical
contacts will be multiplied with unit costs. Direct medical costs
comprise all costs directly relating to the prevention, diagnostics,
therapy, rehabilitation, and care of the intervention. Health care
utilization will be derived from the iMCQ [52]. The iPCQ will
be used to assess productivity losses [51]. The friction cost
method will be used for the calculation of costs because of
production losses [55]. This method is the expertise of the
iMTA; it is its standard method and has been widely used.

Regulation Statement
The study will be conducted according to the principles of the
Declaration of Helsinki (7th revision, 64th World Medical
Association General Assembly, Fortaleza, Brazil, October 2013)
and in accordance with the Medical Research Involving Human
Subjects Act (WMO).

Results

For the retrospective study, the data collection has taken place
and the database is complete. Results will be reported in March
2019. Enrollment of participants in the prospective study began
in March 2017, and it was completed in December 2018. Data
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collection will be completed in December 2019. The first results
will be reported in 2019.

Discussion

The SPLENic Injury and Quality of life (SPLENIQ) study is
the first study that examines the effect of traumatic spleen injury
on patients’ QOL in both a retrospective and prospective
observational study design. It also examines clinical and imaging
outcome as well as cost-effectiveness. For several reasons, these
studies add relevant information to the existing literature. First,
there is a need for research into QOL after traumatic spleen
injury, because this is an important but neglected factor in the
trauma care literature. If more knowledge becomes available,
this can be taken into account when choosing treatment. Second,
the prospective study will be conducted in a multicenter context
in 10 hospitals, involving a trauma surgeon and interventional
radiologist in each hospital. This creates a strong collaboration
between the participating hospitals and medical specialties,
which hopefully adds to the inclusion rate. Third, it is still
unknown what impact different SAE techniques and materials
have on the morphology and volume of the spleen. To
investigate this, using MRI is innovative and will provide
interesting images containing important and necessary
information.

Several factors related to the design and execution must be taken
into account. First, patients will be treated with NOM, SAE, or
surgery for a specific clinical condition. It may be the clinical
situation that determines the long-term outcome, although that
outcome is not or partially the result of the treatment. This risk
is confounding by indication: the risk that the groups are in fact
not easily comparable (ie, selection bias). To keep this to a
minimum, the reason for choosing a particular treatment will
be registered. In our analysis, we will correct for these
confounding factors using propensity score analysis. Correction
is only possible when adequate and good-quality information
is available about the clinical condition of the patients, which
led to the decision. The patient’s record will be searched

thoroughly to find this information. Second, trauma patients
often have multiple injuries that can affect QOL and clinical
outcomes. We are not primarily interested in these additional
injuries, but these will be included as a covariate in the analysis.
Third, response bias may occur in the questionnaires group.
Patients may decline participation because they are not interested
or it may be too confronting to think/correspond about their
psychological state. Fourth, the severely injured patients may
be overrepresented in the nonresponse group concerning the
questionnaires. To limit this, these patients will be visited as
soon as they are approachable and, if necessary, will be provided
assistance to complete the questionnaires. Fifth, the absence of
randomization is a (strong) limitation and a potential source of
bias, but randomized comparison in managing trauma patients
is virtually impossible. Furthermore, it will have strong ethical
implications as it is well known that randomizing trauma patients
with intraabdominal bleeding, potentially unstable, is something
not feasible in clinical practice. Sixth, the sample size calculation
is based on the primary objective of the study. For the clinical
and cost-effectiveness analysis, this implies that because of the
small sample size, the uncertainty about the outcome is large.
Seventh, we are aware of response shift bias. Response shift is
a change in self-reported QOL that is a result of a change in
internal standards (ie, recalibration), values (ie, reprioritization),
or meaning of QOL (ie, reconceptualization) [56,57]. Thus,
response shift reflects psychological adaptation: we do not
consider this as a problem but as a fact of life. In addition, the
method to prevent response shift contains recall bias itself.
Considering this, and the fact that QOL is a generic outcome
measure, ensures that we use the chosen method. Moreover, the
retrospective patients will not be included in the prospective
study.

In conclusion, the SPLENIQ study responds to the shortage of
information about QOL after treatment for traumatic spleen
injury. With developing a patient-oriented protocol, a necessary
step is taken to customize standard care, which may contribute
to a positive effect on QOL and clinical outcome.
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Abstract

Background: Social media is a potential source of information on postmarketing drug safety surveillance that still remains
unexploited nowadays. Information technology solutions aiming at extracting adverse reactions (ADRs) from posts on health
forums require a rigorous evaluation methodology if their results are to be used to make decisions. First, a gold standard, consisting
of manual annotations of the ADR by human experts from the corpus extracted from social media, must be implemented and its
quality must be assessed. Second, as for clinical research protocols, the sample size must rely on statistical arguments. Finally,
the extraction methods must target the relation between the drug and the disease (which might be either treated or caused by the
drug) rather than simple co-occurrences in the posts.

Objective: We propose a standardized protocol for the evaluation of a software extracting ADRs from the messages on health
forums. The study is conducted as part of the Adverse Drug Reactions from Patient Reports in Social Media project.

Methods: Messages from French health forums were extracted. Entity recognition was based on Racine Pharma lexicon for
drugs and Medical Dictionary for Regulatory Activities terminology for potential adverse events (AEs). Natural language
processing–based techniques automated the ADR information extraction (relation between the drug and AE entities). The corpus
of evaluation was a random sample of the messages containing drugs and/or AE concepts corresponding to recent pharmacovigilance
alerts. A total of 2 persons experienced in medical terminology manually annotated the corpus, thus creating the gold standard,
according to an annotator guideline. We will evaluate our tool against the gold standard with recall, precision, and f-measure.
Interannotator agreement, reflecting gold standard quality, will be evaluated with hierarchical kappa. Granularities in the
terminologies will be further explored.
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Results: Necessary and sufficient sample size was calculated to ensure statistical confidence in the assessed results. As we
expected a global recall of 0.5, we needed at least 384 identified ADR concepts to obtain a 95% CI with a total width of 0.10
around 0.5. The automated ADR information extraction in the corpus for evaluation is already finished. The 2 annotators already
completed the annotation process. The analysis of the performance of the ADR information extraction module as compared with
gold standard is ongoing.

Conclusions: This protocol is based on the standardized statistical methods from clinical research to create the corpus, thus
ensuring the necessary statistical power of the assessed results. Such evaluation methodology is required to make the ADR
information extraction software useful for postmarketing drug safety surveillance.

International Registered Report Identifier (IRRID): RR1-10.2196/11448

(JMIR Res Protoc 2019;8(5):e11448)   doi:10.2196/11448
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Introduction

Background
The detection of new adverse drug reactions (ADRs) has been
based on postmarketing surveillance by government agencies
(national authorities) derived from spontaneous reporting by
health care professionals and patients. The US Food and Drug
Administration (FDA) and the European Medicines Agency
collect ADR case reports through the FDA’s Adverse Event
Reporting System (FAERS) [1-4] and the EudraVigilance
system, respectively. These systems are useful tools for drug
agencies, which mine these huge amounts of structured data to
look for new safety concerns that might be related to a marketed
product [5-8].

In the last 20 years, internet and social media have become an
integral part of people’s daily life. Social media is now often
used to communicate with other persons having the same health
concerns and share information regarding their health conditions,
feelings, medications, and many other aspects [9]. Social media
is, therefore, a potential provider of information on ADRs. In
2005, the International Society of Drug Bulletins already
recognized such a use: Patient reporting systems should
periodically sample and evaluate the scattered drug experiences
patients report on the internet [10]. This new source of
knowledge captured the interest from health informatics,
statistics, and public health researchers. Although in its infancy,
related scientific literature increased in the last decade [4,11-13].

Objectives
In this context, the French Ministry of Industry funded and
launched the Adverse Drug Reactions from Patient Reports in
Social Media (ADR-PRISM) project. The objective of
ADR-PRISM was to make available the contents about ADR,
informal and embedded in forums and discussions on the Web,
to the actors involved in drug safety (drug companies, agencies,

and pharmacovigilance experts). In the end, the tool developed
in the ADR-PRISM project should generate hypotheses about
new or poorly documented adverse events (AEs). To reach its
goals, the ADR-PRISM consortium gathers a company
developing text mining softwares (Expert System), a company
specialized in pharmaco-epidemiology (Kappa Santé), 3
academic research groups providing expertise in medical
informatics and statistics (National Institute of Health and
Medical Research & Cordeliers Research Centre: umrs 1138
team 22 dedicated to Information Sciences to support
Personalized Medicine and Laboratory in Medical Informatics
and Knowledge Engineering in e-Health, and Biomedicine
informatics, Service Catalogue and Index of French Language
medical websites SIBM-CISMeF), 2 experts in
pharmacovigilance (regional center of pharmacovigilance), as
well as Vidal group that supplies the drug database used in most
drug prescription systems in France.

From a natural language processing (NLP) perspective, we
considered ADR as relationships between drug and AE concepts.
On the basis of that, the NLP-based Skill Cartridge for
pharmacovigilance developed by Expert System for
ADR-PRISM includes a relation extraction module based on
(named) entity recognition combined with rules and regular
expressions. Before applying it to large collections of forum
discussions, we designed a protocol to assess the performance
of this ADR information extraction module. The objective of
this study is to present this protocol.

Methods

Synopsis
With the objective of sharing a methodology that guarantees
the confidence in the results in ADR-PRISM, we followed a
way of reasoning inspired by the standards widely adopted in
clinical research such as the Standards for Reporting Diagnostic
Accuracy studies [14]. These items are displayed in Textbox 1.
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Textbox 1. Synopsis of the protocol.

Rationale

• Nowadays, patients extensively use social media. They report on the adverse events they feel because of their medications (further called adverse
drug reaction [ADR]) on health forums. Promising studies exist on the extraction of ADR information from social media with natural language
processing (NLP) or machine learning tools.

• The consortium Adverse Drug Reaction from Patient Reports in Social Media (ADR-PRISM) has been constituted to create a tool extracting the
ADR information from social media. Teams specialized in text mining NLP and pharmacovigilance participate in the consortium.

• Before applying the ADR-PRISM’s tool on a larger scale (millions of posts) to draw conclusions on ADRs, our goal was to adapt the principles
adopted in clinical research to assess the ADR-PRISM. For example, evaluation was done against a gold standard based on manual annotation
of the posts.

Primary objective

• To estimate robustly the performance of the ADR information extraction tool against gold standard.

Primary expected results

• Precision, recall, and f-measure for ADR extraction.

Secondary objectives

• To verify the quality of the gold standard and to evaluate the impact of various conditions (eg, different granularities and sentence constraint of
the tool) on the performance of the ADR information extraction tool.

Secondary expected results

• Kappa metrics for interannotator agreement; and precision, recall, and f-measure for ADR extraction in various conditions.

Database

• Posts from the Kappa Santé Detec’t database published between January 1, 2007, and October 28, 2016.

Eligibility criteria

• Posts from the Kappa Santé Detec’t database that contain at least one drug’s or molecule’s (active substance) name, and posts randomly selected
from the rest of the Kappa Santé Detec’t database; a list of drugs and adverse events (AEs) of interest is established by drug safety experts; and
ADR: any explicit and positive relationship between a drug and a potential AE where either the drug or the AE or both belong to the list.

Index test method

• ADR information extraction tool: this tool classifies each co-occurrence of drug and AE in a post as positive ADR or negative ADR or no ADR,
and maps the drug and the AE expression to Racine Pharma and Medical Dictionary for Regulatory Activities (MedDRA), respectively.

Reference method

• Gold standard: manual annotations of the co-occurrence of drug and AE as positive ADR or negative ADR or no ADR including the mapping
of the drug and the AE expression with a Racine Pharma and a MedDRA entity, respectively. Manual annotations will be provided by 2 annotators
with experience in medical terminology.

Sample size

• A 95% CI, with a total width of 0.1, is used to determine the sample size.

Statistical analyses

• Recall, precision, and f-measure calculations for evaluation of the performances of the ADR extraction information tool and interannotator
agreement for the evaluation of the gold standard with a Cohen kappa.

Design and Ethics

Design
This project is based on retrospective data collected among
threads of discussion accessible on social media (messages from
French health forums). A total of 2 experts in pharmacovigilance
helped delineating the project. The objective is twofold: (1)
focus on certain pharmaceutical products of interest and identify

the related ADRs and (2) detect the emergence of general
potential problem in public health. On this basis, the extraction
of ADR information is expected to (1) perform well on specific
concepts for use case study and (2) be able to extract all potential
concepts correctly for screening purpose.

To evaluate the ADR information extraction, we therefore build
up the global process in 2 phases (Figure 1). In phase 1, we
implemented an iterative process of validation and improvement
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of the Skill Cartridge for pharmacovigilance. The objectives
were (1) to correct the most frequent errors and to train the ADR
information extraction module and (2) to estimate the
performance indicators and the time required for manual
annotation for phase 2 sample size determination. Then, in phase

2, we will conduct a definite assessment of the performance of
the ADR information extraction module.

In the rest of the paper, we use the term AE for medical events
that are present in text for a potential ADR, whereas the term
ADR is used when a relation between a drug and an AE is
established.

Figure 1. Study overview. ADR: adverse drug reaction.

Ethics
This research did not involve experiment on either humans or
animals. Ethics and guarantee of data privacy constituted an
integral and dedicated working group set up for the
ADR-PRISM project. To comply with national regulations, we
first registered data collection to the French Data Protection
Agency (CNIL for Commission Nationale Informatique et
Liberté), which is known as a normal notification in technical
terminology, on December 23, 2015. We later submitted an
authorization request on March 30, 2016, regarding data analysis
and validation of the approach adopted about ethics and
confidentiality to the same agency. ADR-PRISM’s consortium
detailed approach is explained in the study by Bousquet et al
[15].

The ADR-PRISM project was supported by an ethics advisory
board, which was composed of scientists with different scientific

expertise: drug safety, public health, and ethics. Their role was
to give independent advice regarding ethical issues to the project
consortium. The board approved the whole study design,
including the protocol presented in the paper.

Adverse Drug Reactions From Patient Reports in
Social Media Adverse Drug Reaction Extraction

Resources
We used 3 lexicons to represent drug information and AEs. We
codified AEs with the Medical Dictionary for Regulatory
Activities (MedDRA) v15.1 [16] classification. Racine Pharma,
maintained by the SIBM-CISMeF [17], provided an extensive
source of drug names that covered all medications available on
the French market, including brand names and active
ingredients. Racine Pharma entries were mapped to the
Anatomical Therapeutic Chemical (ATC) system [18], which
was used as a classification system for drugs.
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The corpus of messages was extracted from the Detec’t database
[19], a database developed by Kappa Santé that collects
messages from several French forums using a Web crawler. We
limited ourselves to a list of 5 major health forums in French
obtained using netscoring [9]. Message extraction was based
on a named entity recognition module using a drug lexicon
designed by Kappa Santé and a fuzzy matching algorithm. The
lexicon was based on Racine Pharma, the ATC classification,

and a list of medications extracted from the French National
Health Insurance database.

Drugs, Adverse Events, and Adverse Drug Reaction
Extraction
ADR extraction was performed in 2 steps: first, named entity
recognition modules were used to identify drug names and AEs
in posts, and then, a relation extraction algorithm was applied
to these entities (Figure 2).

Figure 2. Adverse drug reaction pipeline. ADR: adverse drug reaction; ATC: Anatomical Therapeutic Chemical (in ATC classification); MedDRA:
Medical Dictionary for Regulatory Activities.

Drugs and Adverse Events Extraction
Regarding drugs, Expert System has developed a named entity
recognition module capable of identifying words or tokens
(occurrences) listed in Racine Pharma and extracting their
positions from forum posts.

We mapped the extracted expressions from Racine Pharma to
the chemical substance level (5th level) of the ATC (last updated
version: December 19, 2016) [18]. Considering that the same
active ingredient could be found under different trade names,
we pooled all mapped expressions within the same ATC
chemical subgroup (4th level) to define the drug concepts.

Expert System has developed another module based on
MedDRA to identify the AEs and extract their position in the

posts. Fuzzy-matching and enrichment of thesaurus with
colloquial terms enabled to take into account the characteristics
of the posts on health forums.

Drug and Adverse Event Relationship Extraction (Skill
Cartridge for Pharmacovigilance)
An NLP module has been developed by Expert System to
capture the specific information regarding the relationship
established between a drug and an AE by the post’s author. The
module combined a set of rules and regular expressions, with
a Patient lexicon constituted to ensure that the post’s author set
out a situation of a person taking the drug and experiencing the
symptom and excludes general information regarding a drug or
an AE. This lexicon contains terms such as I, me, my, cause,
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test, take, feeling, because of, provoke, intolerance, and
allergies. This NLP module also included negation detection.

The algorithm can be summarized as follows:

1. Text was split into sentences based on the punctuation mark.
2. For each sentence, (named) entity recognition modules

extracted drugs and AEs.
3. For each pair of drug and AE co-occurring in a sentence,

if the NLP module extracted specific information regarding
a relation, then the co-occurrence was classified as follows:
• Explicit and positive ADR (eg, Abilify causes me such

fears that I cannot concentrate to read, work, etc...);
• Explicit and negative ADR (eg, I took some Doliprane

and I didn’t feel any nausea);
• If no specific information was identified, the

co-occurrence was classified as no ADR (eg, Usually,
Focalin’s adverse effects are loss of appetite, insomnia,
and naso-pharyngitis).

Phase 1: Iterative Improvement of the Adverse Drug
Reaction Information Extraction Module
Phase 1 consisted of an iterative process of validations and
improvements of the tool. The review on the corpus was
constituted by manual annotation of the messages by 2 experts
in pharmacovigilance. The manual annotation process used a
tool developed by Expert System for in-house testing purposes
[20]. This tool did not integrate functionalities for blind manual
annotation. No gold standard was established at this step. All
along the process, both annotators could see the drugs, AEs,
and ADRs extracted by the tool, and their task consisted of
validating or invalidating these extractions and, if needed,
complementing the annotations performed by the system. The
annotators were asked to (1) check all drugs and all AEs in the

post, irrespective of whether they have been involved in an ADR
relationship, and (2) identify all drug-AE relationships in the
same sentence. The output of phase 1 was a first estimation of
precision, recall, and f-measure, assessing the capacity to extract
information regarding drugs, AEs, and ADRs. More details
about the corpus construction, evaluating concept selection,
sample size determination, and the preliminary results of this
phase were reported in the study by Chen et al [21].

Phase 2: Evaluation

Corpus for Evaluation

Evaluation Dataset

For phase 2, the selection of datasets is given in Figure 3.

On October 28, 2016, Kappa Santé Detec’t database contained
about 23 millions of posts, and approximately 21 million posts
were published after January 1, 2007. Messages about drugs,
for which marketing authorization has been withdrawn before
the cut-off date, were considered as some AEs might appear at
long term or patients might discuss about old drugs and their
safety.

The software developed by Kappa Santé for purpose of Web
discussions collection offered the possibility of preidentifying
the posts containing at least one pharmaceutical or molecule
name. We considered the dataset of all posts containing at least
one preidentified compound or brand name and combined it
with a complementary set of posts randomly sampled from the
remainder of the Kappa Santé Detec’t database.

The drug, AE, and ADR extraction modules developed for
ADR-PRISM were executed on both sets of posts, and the output
of the extraction module was considered as the evaluation
dataset.
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Figure 3. Phase 2 messages selection flowchart. ADR: adverse drug reaction; ATC: Anatomical Therapeutic Chemical (in ATC classification); MedDRA:
Medical Dictionary for Regulatory Activities.

Drug Selection

The evaluation focused on 3 categories of drugs: (1) the most
frequently extracted drugs in the corpus, (2) the most sold drugs
in France, and (3) the drugs of interest of pharmacovigilance
because of recent safety alerts. For the last 2 categories, the
frequencies of the recognized named entities were also taken
into account to cope with the necessary sample size.

The most sold drugs in 2013 in France are listed below, in their
French commercial names, including the 10 most sold drugs
with mandatory medical prescription for dispensation and the
10 most sold drugs with optional medical prescription for
dispensation [22]:

• Mandatory medical prescription for dispensation:
Levothyrox, Uvedose, Lamaline, Dafalgan codéiné,
Méthadone, Crestor, Pivalone, Seresta, Emla patch, and
Seroplex

• Optional medical prescription for dispensation: Doliprane,
Dafalgan, Efferalgan, Kardégic, Spasfon, Gaviscon,
Dexéryl, Météospasmyl, Biseptine, and Eludril.

The 2 experts additionally worked out a list of pairs of 1 drug
concept and 1 AE concept corresponding to alerts that emerged
in the last years (Table 1). This list of use cases has been further
employed as a basis for the concept selection for evaluation.
The concept selection in phase 1 (iterative improvement) [21]
was based on the same consideration; therefore, those concepts
on which the extraction tool performed well should be excluded
from the selection for evaluation.
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Table 1. List of drug and adverse event concepts selected as pharmacovigilance use cases.

Media coverage or
alert date

Corresponding Medical Dictionary for
Regulatory Activities term

Adverse events of interestActive drug ingredient: French names
(date of marketing in cases where drug
has been withdrawn)

2013Autoimmune disorders (HLGTa) +

complex regional pain syndrome (PTb)
+ postural orthostatic tachycardia syn-
drome (PT)

Autoimmune disease, complex regional
pain syndrome, and postural orthostatic
tachycardia syndrome

Gardasil

2015All termsQuality defect and any adverse eventMeningitec

2009 (recommenda-
tion)

Cardiac disorders (SOCc) + nervous
system disorders (SOC)

Neurological and cardiac effectsMethylphénidate: Ritaline, Concerta,
Medikinet, Quasym, and Ritaline

2012 (alert)Embolism and thrombosis (HLGT)Thromboembolic riskAcétate de cyprotérone: Diane 35,
Cypropharm (2010-2013), Elleacnelle
(2010-2013), Evepar, Holgyme (2002-
2015), Lumalia (2003-2013), Minerva,
and Arielle (1997-2011)

Mostly 2013All termsAll adverse eventsFluoxétine: Prozac, Elindra (2001-2008),
Fluctine (1998-2008), and Fontex (2001-
2008)

2007QT interval prolongationProlonged time from the start of the Q
wave to the end of the T wave during
electrocardiogram (approximates the
time taken from when the cardiac ventri-
cles start to contract to when they finish
relaxing)

Méthadone

2013Bradycardia (PT)BradycardiaSofosbuvir: Harvoni, Epclusa, and Soval-
di

2012 re-evaluationRespiratory disorders (HLGT)Respiratory disordersCodeine: Codenfan, Codoliporane, Mi-
gralgine, and Néocodion et Prontalgine

2014Cardiac arrhythmias (HLGT)Rhythm disordersHydroxyzine: atarax

2012Skin ulcer (HLTd)Skin ulcerationNicorandil: Adancor and Ikorel

2013Blood pressure increased (PT)HypertensionMidodrine: Gutron

2014Skin and subcutaneous tissue disorders
(SOC)

Skin reactionGalantamine: Reminyl, Galanthen (2012-
2015), and Galema (2011-2015)

2014Heart failures HLGTHeart failureCrizotinib: Xalkori

2012?Congenital, familial, and genetic disor-
ders (SOC)

Teratogenic effectsValproate de sodium: Depakine, Imaslav,
and Micropakine

2002Congenital, familial, and genetic disor-
ders (SOC) and psychiatric disorders
(SOC)

Teratogenic effects + psychiatric disor-
ders

Isotrétinoine: Curacné, Acnetrait, Con-
tracné, Procuta, and Roaccutane

2014Toxic leukoencephalopathy (PT)LeukoencephalopathyFingolimod: Gilenya

2013 (words of warn-
ing: 2016)

Suicidal and self-injurious behavior
(HLGT)

Suicidal behaviorAripiprazole: Abilify

aHLGT: high-level group term.
bPT: preferred term.
cSOC: system organ class.
dHLT: high-level term.

Adverse Event Concepts Selection

The AE concepts for evaluation corresponded to preferred term
(PT) level in the MedDRA hierarchy, and we focused similarly
on 2 categories: (1) the most frequent extracted PTs and (2) the
PTs of interest of pharmacovigilance (Table 1), guided also by

the frequencies of the recognized entities in the corpus to cope
with the necessary sample size.

Adverse Drug Reaction Definition

We defined an ADR as any explicit and positive relationship
between a drug and an AE where the drug (respectively the AE)
belonged to the list of concepts previously selected.
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Corpus for the Evaluation (Random Sample From
Evaluation Dataset)

Finally, a random sample from the evaluation dataset (ie, among
all the ADR extracted by the ADR information extraction
module) constituted our corpus for evaluation.

Gold Standard

Adverse Drug Reactions From Patient Reports in Social
Media Manual Annotation Platform
We developed a Web application dedicated to manual
annotations valuable as gold standard, for the project purposes
in phase 2.

This application was based on Java Servlets and JavaScript
libraries and connected in Java Database Connectivity to the

dataset of posts selected for the gold standard annotation. We
used a self-completion mechanism to attach portions of message
to Racine Pharma and MedDRA terms. We used drag-and-drop
operations to fill in a table containing the manual review of the
co-occurrences, where each line was dedicated to 1
co-occurrence. For each co-occurrence, the drug and the AE
were dragged-and-dropped in the first and the second column,
respectively. In the third column, the manual annotator was
given a drop-down menu that presented 3 possibilities for
defining the co-occurrence: explicit positive ADR, explicit
negative ADR, or no ADR. We finally offered the possibility
to export this table containing the manual annotations obtained
via the application. The interface of this application is shown
in Figure 4.

Figure 4. Interface of the manual annotation platform. ID: identifier; MedDRA: Medical Dictionary for Regulatory Activities.

Gold Standard Construction
An annotator guideline has been established to standardize
manual annotations. A total of 2 experts in medical
terminologies have annotated all ADR relationships for each
post in the evaluation corpus, and then, the manual annotation
was considered as gold standard. Different from phase 1, here
we expected that the annotators annotated all causal relationships
between a drug and an AE, even if the drug and AE were not
in the same sentence, which will allow us further evaluate the
impact of the sentence boundary constraint of the extraction
tool.

Each annotator annotated 55.1% (261/474) of the posts in the
evaluation corpus; thus, a subset of 10.1% (48/474) of the posts
was annotated by both of them. The interannotator agreement
could be assessed on these double-annotated posts. In case of
disagreements, the 2 annotators discussed to achieve a
consensus. If a lot of disagreements had occurred, the annotators

would have been asked to learn again the guideline and revise
their annotations. All along the process, both annotators were
double-blinded: first, from the ADRs identified by the ADR
information extraction module, and second, from the other
annotator’s annotations.

Statistical Analyses

Primary Analysis
To assess the efficacy of the ADR information extraction module
as compared with the gold standard, we will globally calculate
the recall, precision, and f-measure.

In a post, if the ADR information extraction module identifies
the same expression from Racine Pharma at the same position;
and the same AE expression at PT level from MedDRA
hierarchy at the same position; and the same type of relationship,
as did the gold standard, then we will count the extracted ADR
as a true positive (Figure 5).
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Figure 5. Recall, precision, and f-measure definitions. ADR: adverse drug reaction; ADR-PRISM: Adverse Drug Reaction from Patient Reports in
Social Media; FN: false negative, manually annotated ADR by the gold standard that is not extracted by the ADR information extraction tool; FP: false
positive, positive explicit relationship extracted by the ADR information extraction tool that is not manually annotated by gold standard; TN: true
negative; TP: true positive.

F-Measure Gold Standard’s Evaluation
The interannotator agreement will be assessed by a hierarchical
Kappa [23]. A hierarchical Kappa will enable to take into
account the situation where the 2 annotators will disagree in
either the level or the expression in ATC or MedDRA
terminologies but will agree on higher levels than the annotated
ones. Separate calculations for interannotator agreements by
hierarchical Kappa on drug and AE expressions will be provided
as well.

Secondary Analyses
We will complete these principal results with the following
analyses.

We will take into account MedDRA and ATC granularities by
reproducing precision, recall, and f-measure at each level of the
hierarchies (system organ class [SOC], high-level group term
[HLGT], high-level term [HLT], and preferred term [PT] of
MedDRA and anatomical main group, therapeutic subgroup,
pharmacological subgroup, and chemical subgroup of ATC).

We will provide a relaxed definition of true-positive ADRs
combining the following 3 conditions: (1) the positions in the
post of the extracted expressions for drug and AE both match
the positions of the drug and AE expressions manually
annotated, (2) the extracted and the manually annotated
expressions for AE from MedDRA hierarchy are found in the
same SOC levels, and (3) the classification of the identified
relationship match the classification of the manually annotated
relationship. We will calculate recall, precision, and f-measure
with this definition for ADRs, drug, and AE identification
separately.

We will provide a global estimation of the performance of ADR
information extraction module by taking into account other

types of messages. These messages are those without
information on at least one ADR concept, that is, messages in
which (1) ADR information is extracted but is not concerned
by the drug- or AE-selected concepts, (2) no ADR information
is extracted but only co-occurrences of information about 1 drug
and 1 AE, (3) only AE information is extracted, (4) only drug
information is extracted, and (5) neither drug nor AE
information is extracted. After having sampled each type of
message described above, we will then calculate global recall
or precision or f-measure on all types of messages by marginal
calibration.

All analyses will be performed in R software [24].

Sample Size Calculation
Recall can be estimated from a random sample of ADR concepts
annotated by the gold standard, whereas precision can be
estimated from a random sample of ADR concepts extracted
by the ADR information extraction module. However, creating
the gold standard on the whole evaluation dataset before
sampling in it for the recall was an overwhelming task. At the
same time, a vast majority of messages did not contain any
information on the drug concept. Thus, we expected a very low
proportion of ADR concepts identified by the ADR information
extraction module in the evaluation dataset. Therefore, the recall
estimated from a random sample of ADR concepts annotated
by the gold standard was mathematically approximated by the
recall estimated on ADR concepts sampled for the precision.

The sample size required for different expected precision or
recall is provided in Table 2. By hypothesizing a global recall
of 0.5, we needed at least 384 identified ADR concepts to obtain
a 95% CI, having a total width of 0.1. The final determination
of sample size was based on the previously estimated precision
and recall.

Table 2. Sample size required according to the expected precision and recall and total width of confidence intervals (CIs).

Expected precision or recall valuesRange of CI

0.90.80.70.60.50.40.30.20.1

35618192969281613590% CI

13824632336938436932324613895% CI
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Differences Between Phase 1 and Phase 2
The main differences between phase 1 and phase 2 are threefold
(Table 3). First, in phase 1, the annotations targeted all drugs
and AEs even if not involved in an ADR relation, whereas in
phase 2, annotation focuses on the ADR relations. Second, in
phase 2 (and only in phase 2) a gold standard based on blind
manual annotation by 2 experts in medical terminologies was
established and the interannotator agreement was measured. In
contrast, the manual annotations of phase 1 were not blind, and

most of the work consisted of validating the automatic
annotations; thus, the interannotator agreement was not
addressed. Finally, in phase 2, additional parameters such as
the granularity and the segmentation of the messages (sentence
boundaries) will be analyzed. The precision, recall, and
f-measure will be calculated with a gold standard at the message
level and might be compared with precisions, recalls and
f-measures calculated at the sentence level and for all MedDRA
and ATC granularities.

Table 3. Common features and differences between phase 1 and phase 2.

Phase 2Phase 1Issues

Adverse drug reaction relationships recognitionDrugs and adverse events entity recognitionEvaluation focus

BlindNot blindGold standard (manual annotations)

Experts in medical terminologiesPharmacovigilance expertsGold standard annotators

YesNoInterannotator agreement

YesNoGranularity issue

YesNoSentence boundary issue

Results

At the time of publishing this evaluation protocol, several steps
of this project would have been completed. The corpus for
evaluation has been constituted, and the NLP tools have
identified and extracted the information about ADR inside this
corpus. We selected the ADR concepts and constituted the
samples of the entities necessary to set up the gold standard.
The 2 annotators completed the annotations process.

Data analyses for assessing the interannotator agreement and
the performance of the ADR information extraction module as
compared with the gold standard are ongoing, and the study
results are expected internally before the end of 2018.

Discussion

Summary
With the objective of using messages on health forums as a new
source for drug safety, the systems developed to mine the
messages must follow strict evaluation rules. This is even more
important as these systems might be used to support decision
making. The protocol presented in this paper has been designed
to evaluate the ADR information extraction Skill Cartridge
developed in ADR-PRISM in a pharmacovigilance perspective.

Study Strengths
The protocol presented in this paper is an attempt to apply
clinical research–level guidelines [14] to the assessment of such
systems.

First, we paid particular attention to the establishment and the
validation of the gold standard. The gold standard was
established by 2 trained specialists of medical terminologies
who annotated selected messages. Manual annotation was
performed in a double-blind manner, namely, from both the
other annotator and the ADR identified by the ADR information
extraction module. The annotated corpus, therefore, constituted

a valuable gold standard. On the basis of the study by Sarker et
al [4] (see Multimedia Appendix 1), we could find 13 studies
where a gold standard, that is, manual annotations used for
evaluation, was implemented [25-37]. Conversely, in 8 studies,
there was no gold standard [38-45], and the extracted ADRs
were compared with already known AEs from FAERS
[39-41,43,44] or drug label declared to FDA [38,45] or even
AE described in websites [42]. Moreover, in the ADR-PRISM
protocol, a common subset of randomly selected messages was
annotated in a blind manner by the 2 experts; interannotator
agreement evaluation will also ensure ourselves about the quality
of this gold standard. In most of studies, the authors gauged the
interannotators agreement [25,27,30-32,34,35]. However, it is
not systematic [26,28,29,33,36,37].

Second, by calculating a sample size of messages collected from
social media, to assess recall, precision, and f-measure, we
guaranteed the statistical power to place reliance on our study
results.

The chosen terminologies are another crucial aspect of this
work. On the one hand, the Racine Pharma thesaurus, with
5164 entries, exhaustively covers a large range of drug names
and active ingredients. On the other hand, the MedDRA
hierarchy is used daily by drug safety experts and considered
expressive for this task. By using these terminologies, we expect
to increase the sensitivity of the ADR-PRISM Skill Cartridge
for pharmacovigilance. Our choice to map Racine Pharma to
ATC was guided by 2 aspects. First, ATC like MedDRA has a
hierarchical structure. Thus, we will be able to evaluate the
ADR information extraction tool based on different hierarchical
levels of these terminologies. Second, ATC and MedDRA are
widely used and internationally agreed reference terminologies.
Hence, we expect to provide strong and reproducible results.

The ADR information extraction module was not only based
on drug and AE information identification but also on rules and
regular expressions. As such, we expect to discard
noninformative sentences, addressing general information about
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the drug or drug indications. We would also be able to identify
unexpected positive effects, as for example, headaches that
would be reduced by a drug without indication for the treatment
of this kind of pain. Only few studies have been able to take
this aspect into account [27,29,30,32,34,46].

Study Limitations
Despite its positive aspects, the study exhibits several
limitations.

The mapping between the terms listed in the drug thesaurus
Racine Pharma and the terms referenced in the chemical
substance in the ATC hierarchy was incomplete. Among the
5164 terms in Racine Pharma, 852 (16.5%, 852/5164) could
not be mapped to ATC, for example, some phytotherapies (St
John’s wort herbal tea, Silver birch juice, extract of licorice
root, arum triphyllum compound, arnica, etc). This could have
a negative impact on the recall scores calculated according to
the ATC levels.

In social media’ posts, slangs and colloquial languages are
frequent; likewise, syntactic rules are approximate. We chose
to use fuzzy-matching and thesaurus enrichment to take into
account this bias. However, this approach is inherently
nonexhaustive with negative impact on the recall of the ADR
information extraction module.

Regarding the gold standard, 2 experts in medical terminologies
trained in drug safety performed manual annotations. However,
contrary to the phase 1 manual review, none of them could be
considered as a pharmacovigilance expert.

The medical informatics community needs shared open corpora
to evaluate their methods and tools. Recent efforts have led to
making several datasets more accessible and the evaluation of
the methods more standardized, for example, the Multiparameter
Intelligent Monitoring in Intensive Care corpus [47] and the
Informatics for Integrating Biology and the Bedside challenges
[48]. Drug safety could benefit from open-access validation
datasets made available for research purposes [25,35]. However,
several obstacles remain. For example, the ADR-PRISM
consortium got approval to reuse posts for research purposes,
but the approval is restricted to the project.

Conclusions
The objective of this study is to present the scientific approach
developed in the first stage of the ADR-PRISM project. At this
stage, our principal objective was to evaluate the performance
of the ADR information extraction Skill Cartridge against a
gold standard constituted by human annotations. To address
this question, our goal was to adapt the principles adopted in
clinical research to assess sound and trustworthy measurements
of precision, recall, and f-measure.

With the statistical theory, we calculated a sample size. This
guaranteed enough ADR information and sufficient narrowness
of the confidence interval, to scientifically conclude on our
principal objective. We also avoided unnecessarily large
extractions for which the process of manual annotations is
nothing but both wasteful and time-consuming.
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Abstract

Background: Although well-designed instruments to assess communication during medical interviews and complex encounters
exist, assessment tools that differentiate between communication, empathy, decision-making, and moral judgment are needed to
assess different aspects of communication during situations defined by ethical conflict. To address this need, we developed an
assessment tool that differentiates competencies associated with practice in ethically challenging situations. The competencies
are grouped into three distinct categories: communication skills, civility and respectful behavior, clinical and ethical judgment
and decision-making.

Objective: The overall objective of this project is to develop an assessment tool for ethically sensitive scenarios that measures
the degree of respect for the attitudes and beliefs of patients and family members, the demands of clinical decision-making, and
the success in dealing with ethical conflicts in the clinical context. In this article, we describe the research method we will use
during the pilot-test study using the neonatal context to provide validity evidence to support the features of the Assessment
Communication Tool for Ethics (ACT4Ethics) instrument.

Methods: This study is part of a multiphase project designed according to modern validity principles including content, response
process, internal structure, relation to other variables, and social consequences. The design considers threats to validity such as
construct underrepresentation and factors exerting nonrandom influence on scores. This study consists of two primary steps: (1)
train the raters in the use of the new tool and (2) pilot-test a simulation using an Objective Structured Clinical Examination. We
aim to obtain a total of 90 independent assessments based on the performance of 30 trainees rated by 15 trained raters for analysis.
A comparison of raters’ responses will allow us to compute a measure of interrater reliability. We will additionally compare the
results of ACT4Ethics with another existing instrument.

Results: This study will take approximately 18 months to complete and the results should be available by September 2019.

Conclusions: ACT4Ethics should allow clinician-teachers to assess and monitor the development of competency of trainees’
judgments and communication skills when facing ethically sensitive clinical situations. The instrument will also guide the provision
of meaningful feedback to ensure that trainees develop specific communication, empathy, decision-making, and ethical
competencies.
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Introduction

Importance of Ethics and Communication Education
in Medicine
Clinicians face ethically challenging situations such as limiting
care, engaging in collective or shared decision-making and
surrogate decision-making, and participating in end-of-life
discussions. In order to engage in successful clinical
decision-making during these situations, specific competencies
must be identified, education milestones should be established,
and learning needs must be monitored. Given the complexity
and ubiquity of these cases requiring tactful communication,
high-stakes moral and ethical judgment, and mindfulness,
training must start early during undergraduate and continue into
postgraduate health care professional education [1-4]. The
development of these competencies requires the promotion of
skills associated with shared decision-making, increased
empathetic accuracy of clinicians, and a focus on decreasing
psychological distress for severely ill patients and their families
[5-7].

Although all health care professions involve difficult situations,
neonatology presents a diverse set of considerations including
a wide range of ethically sensitive situations and frequent inter-
and intradisciplinary communication. Supporting this, there is
a growing recognition that Neonatal-Perinatal Medicine (NPM)
trainees require a greater understanding of ethical features of
clinical situations and that there is a need to increase the
availability and efficacy of ethics and communication programs
[8]. Our team implemented a neonatal ethics teaching program
that integrates knowledge of ethics acquisition and provides
opportunities to practice communication skills in a safe,
structured environment [9]. This program helps develop ethical
competencies by providing constructive feedback and promoting
self-reflection [10]. Our neonatal ethics teaching program and
other neonatal ethics published curricula focus on helping
trainees refine their knowledge of ethics and learn competencies
relevant to professionalism and communication [11,12]. While
multiple approaches based on adult learning theory support
trainees’education, pedagogical methods best suited to teaching
ethics and communication have yet to be identified. Assessment
methods that can differentiate specific features of these
situations need to be developed. These assessment tools can be
used to support three important objectives: monitoring the
development of a clinician’s knowledge and skills over the
course of their career, supporting the evaluation of teaching
methods, and guiding the design of effective education programs
[13]. We considered these objectives in the development of our
assessment tool.

Need for a Communication Assessment Tool for
Ethically Sensitive Clinical Situations
Studies focusing on NPM residency training have identified the
need to develop tools supported by empirical evidence that
assess knowledge and behavioral learning [8,14]. In addition
to NPM, many other subspecialties in medicine need such

assessment instruments. While knowledge tests in medical ethics
competency and attitudes have been described for pediatrics
and internal and neonatal medicine [15-18], they are not
sufficient in and of themselves; assessment of general
competencies such as communication skills must also be
considered [9,11,19-21]. Our literature review identified several
well-designed tools to assess communication skills during
medical interviews. They were typically designed for medical
encounters exploring symptoms or providing difficult news to
patients and their family members. We failed to identify any
that were directly related to medical ethical situations [22-27].
For instance, the Gap-Kalamazoo Communication Skills
Assessment Form (GKCAS), which is used to assess
communication competencies during complex encounters across
medical subspecialties, includes domains such as building
relationships, understanding the family perspective, sharing
information, demonstrating empathy, and reaching agreement,
but we believe it lacks important topics such as moral judgment
and ethical conflicts [28].

Foundation of the Communication Assessment Tool
for Ethics Framework
Against this background, we created an assessment instrument
designed to differentiate competencies related to ethical
judgment and decision-making, respect and empathy, and
communication skills during ethically sensitive situations.
Although developed in the context of NPM, the Assessment of
Communication Tool for Ethics (ACT4Ethics) can be applied
to a wide range of ethically challenging situations encountered
in many fields in the health care professions. This assessment
instrument includes key milestones in the roles of medical
professional, communicator, and collaborator [11]. It includes
competencies aligned with verbal and nonverbal communication
skills adapted to medical interviews [23]; communication skills
included in delivering bad news [26], demonstrating awareness
of ethical features of a situation including virtue ethics;
bioethical principles and communicative ethics [29]; ethical
judgment and decision-making [30]; and engaging patients in
a decision-making process [31]. We used the academic literature
to guide the construction of the ACT4Ethics scale. We grouped
our assessment criteria into three broad domains reflecting a
proposed set of distinct competencies: communication, civility
and respectful behavior, and clinical and ethical judgment and
decision-making.

The communication skills subscale evaluates basic verbal and
nonverbal skills, while also addressing more complex skills
such as conversational pragmatics that might arise during a
clinical encounter [22,32]. Given the often ambiguous nature
of the clinical setting as well as differences in clinicians’ and
patients’knowledge, this communication subscale also assesses
whether a learner effectively closed the loop (ie, sought explicit
confirmation that they shared an understanding) during critical
periods throughout the encounter as well as at the end of the
encounter [33]. Ethically sensitive scenarios regularly include
elements such as presenting affectively charged information
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that would reasonably disappoint patients and requires the
consideration of empathy [26] and respect for their values and
beliefs.

The civility and empathy subscale assesses empathy-related
skills and overt social cues associated with respect. Civility has
become a growing concerning in professional environments
[34,35] and clinical settings [36-38]. In contrast to respectful
and disrespectful behaviors, incivility reflects actions wherein
the intentions of the communicator lack clarity. This lack of
clarity can lead to negative consequences over lengthy periods
[34]. Similarly, empathy can be defined along two separate
dimensions. Whereas cognitive empathy requires understanding
another’s thoughts and beliefs in order to predict behavior [39],
affective empathy involves sharing the emotional response for
another’s joy and pain [40]. These appear to have a distinctive
neurological basis [41,42]. Crucially, in the context of a clinical
encounter, patients and family members might not disclose
relevant information or consider clinical alternatives if they do

not believe that clinicians respect their emotional responses,
beliefs, or choices.

The judgment and decision-making subscale assesses clinical
and ethical features of judgment and decision-making. Judgment
and decision-making require consideration of a clinician’s
awareness of the situation [43] and whether the clinician gathers
and assesses evidence and considers diagnostic and treatment
alternatives in an unbiased manner [44] given the constraints
of the situation [45]. In the clinical context, this involves
considering multiple sources of information such as that
provided by other health care professionals, patients, and family
members. Even if a clinician is an effective communicator and
has demonstrated respect and empathy with a patient, failure to
integrate the available information will ultimately undermine
the clinical encounter.

The Communication Assessment Tool for Ethics Scale
Figures 1 and 2 present the structure of the ACT4Ethics scale.

Figure 1. Assessment Communication Tool for Ethics (ACT4Ethics), page 1.
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Figure 2. Assessment Communication Tool for Ethics (ACT4Ethics), page 2.

The ACT4Ethics scale includes 12 competencies aligned to the
three domains included in the framework. The tool includes a
5-level rating scale for each competency with examples of
milestones and stages in accordance with the continuum base
by design model [11] to guide the rating. A red flag is added to
the rating scale to allow the assessing clinicians to note concerns
severe enough that a trainee should not currently be permitted
to talk to patients or family members without supervision. The
tool allows capturing the clinical context of the interaction and
the relevant situational factors that might have justifiably
interfered with the ethical judgment and decision-making
processes. Such qualifications are necessary in order to account
for any variability introduced by atypical features of clinical
encounters likely to occur outside the simulation context. In the
end, ACT4Ethics includes an overall assessment scale. Ideally,
ratings on this overall scale should positively correlate with the
averages obtained from the individual subscales.

The pilot study will present the tool without displaying the
hypothesized targeted competencies depicted in subscale labels
in order to ensure that raters will not be biased in assigning their
ratings. For instance, while we have grouped certain items within
a specific subscale, raters might assign ratings that do not
support organizing ACT4Ethics in this manner.

Aim of the Study
The objective of this study is to pilot-test ACT4Ethics. This
study will be divided into two parts—part A: training the raters

to use the tool and part B: obtaining validity evidence to support
the scale construction [46].

Methods

Setting and Participants
The study will take place between February and June 2019 at
the University of Ottawa Faculty of Medicine adjacent of the
Children’s Hospital of Eastern Ontario (CHEO) and the Ottawa
Hospital General Campus. CHEO is a tertiary pediatric center
that houses a 3B neonatal intensive care unit, and the Ottawa
Hospital General Campus is equipped with a birthing unit and
a level 3A neonatal intensive care unit. The University of Ottawa
Faculty of Medicine’s NPM training program is a 2- to 3-year
residency accredited by the Royal College of Physicians and
Surgeons of Canada.

The teaching tool used in the context of an Objective Structured
Clinical Examination (OSCE) session is designed to test clinical
skill performance that trainees in health care professions are
expected to acquire [47]. The one-station OSCE will consist of
a case focusing on antenatal findings of multiple congenital
anomalies without a specific genetic syndrome identified. It
will be divided into two parts for a total of 30 minutes. The first
15 minutes of the session will be videotaped and include one
trainee and one standardized patient. One of the two coauthors
(TD or EF) who directly observed the interaction will provide
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confidential formative feedback in the second 15 minutes of
the session, which will not be videotaped.

The pilot group will consist of a purposive sample [48] of former
and current trainees from the NPM, Maternal-Fetal Medicine,
Obstetrics, Pediatric Palliative Care, Genetics, and General
Pediatrics residency programs (n=30). Our recruitment strategy
intends to obtain a wide distribution of performances to ensure
that raters will use the full range of the scale. We will recruit
and train academic staff (n=15) to review the videos of the pilot
group. Standardized patients (n=2) will be recruited to play-act
the patient in the OSCE.

Ethical Considerations
Academic staff members from a variety of medical fields
including collaborators who have participated in the creation
of ACT4Ethics will also be piloting the tool. A research assistant
or one of the authors (ALR) will approach academic staff,
trainees, and standardized patients for consent. We will inform
trainee participants that their choice will not affect their
residency training assessment. Each academic staff participant
will receive an incentive. The standardized patients, from the
University of Ottawa Health Science Faculty, will be reimbursed
for administration, training, and parking fees. The CHEO and
Ottawa Health Science Network research ethics boards have
approved this study.

Study Design
This pilot cohort study is part of a multiphase project designed
according to modern validity principles—content (phases 1 and
2: creation of a blueprint), response process (phase 3: pilot test),
internal structure, relation to other variables, and consequences
(phase 4: implementation) [46]—where evidence that supports
a particular interpretation of the results is collected [49,50]. The
design also considers threats to validity such as construct
underrepresentation and factors exerting nonrandom influence
on scores.

Part A: Train the Raters
We will invite 15 academic staff members for training on
ACT4Ethics and the GKCAS clinician/faculty form. A 45- to
60-minute video-based session developed by members of the
project team (TD, EF, JS, and ALR) will be used to train
academic staff/future raters on ACT4Ethics and help them
achieve and promote consistency in assessment [51]. Future
raters will test the tool on three short videos depicting a typical
clinical scenario.

The short videos (approximatively 15 minutes in length) will
be developed with the participation of one of the coauthors
(ALR) acting out three levels of competence: transition to
discipline, core of discipline, and advanced expertise [11], while
interacting with a parent played by a standardized patient. A
half-day session will involve at least three coauthors (TD, EF,
ALR) or collaborators defining and standardizing the script for
the videos. Each video will correspond to different levels of
competence. They will include a number of key decision points
where future raters should be able to identify and address
specific features of a situation concerning communication (eg,
ambiguous statements that require closing the loop),

decision-making (eg, essential diagnostic information not
presented), and respect/empathy (eg, family behavior or
personal/religious beliefs affecting interaction).

Part B: Obtain Validity Evidence
The pilot-test will be conducted using 30 distinct 15-minute
videotaped interactions between a trainee and a standardized
patient. We will ask the trainees to provide information on their
previous experience in ethical encounters in their practice and
ethical training, level of confidence in navigating an ethically
charged situation, and basic demographics (eg, gender, age,
year, and subspecialty of training). We will also ask them to
complete an evaluation survey of the session.

Each trained rater will receive the videos of 6 different
encounters, and they will use ACT4Ethics and GKCAS
clinician/faculty form [27] to score trainee performance. The
scores and debriefing will not be included in current trainees’
final subspecialty training evaluation. After providing their
ratings, trained raters will provide feedback on a standardized
satisfaction survey. Their feedback will allow comparison of
rater views between ACT4Ethics and the GKCAS
clinician/faculty form.

Data Analysis
The research assistant or coauthor will enter all data into SPSS
Statistics (IBM Corp). Descriptive statistics (mean and standard
deviation or median and interquartile range) will be used to
characterize participant demographics, responses to the survey,
and the scores obtained with ACT4Ethics and compare them
to the GKCAS clinician/faculty form.

Trainees’ prior experience with regard to ethical situations will
allow us to measure its effect on their performance and
interaction with the standardized patient, as well as on their
overall scores from the ACT4Ethics and GKCAS tools.

To compare the scales, we will examine (1) the order of
individual participants in terms of their aggregate performance
for each scale and (2) the correlation between items from each
subscale that should show a high degree of correspondence (eg,
items that assess empathy in the civility and respect subscale).
We anticipate that the trained raters will use the complete range
of response scale and have their ratings correspond to the issues
presented in the training videos. Each rater will assess a total
of 6 videos to determine the interrater reliability of ACT4Ethics.
This process will result in 90 independent evaluations assessed
by 15 trained raters with each encounter being evaluated three
times—three nested scores within participants. We will conduct
a generalizability analysis with rater nested within video and
crossed with item. This analysis will allow us to determine the
proportion of variance accounted for by each variable as well
as allowing us to generate reliability coefficients related to both
interrater reliability and the internal consistency of the items
on the scale. We will use the conventional level of reliability
of .8 or higher for the overall subscale to analyze our results.
We will additionally obtain correlations of ratings for items
between subscales and within a subscale. The scores from raters
using both assessment instruments will allow an evaluation of
the correlation between ratings.
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Responses from the satisfaction survey completed by the trained
raters will be used to assess the acceptance and usability of
ACT4Ethics and explore facilitators and barriers for future
implementation. We will review feedback on the experience
and on the tool to adapt ACT4Ethics as appropriate.

Implementation Phase
The team will seek funding first to support the translation of
ACT4Ethics into an electronic format ready for the one45
software platform, which supports the performance assessment
of learners [52], and second, to facilitate the implementation of
the tool in NPM, Pediatric, Maternal-Fetal Medicine, Medical
Genetics, and Pediatric Palliative Care residency training
programs. During this phase, the coauthors will continuously
examine the construct validity of the assessment instrument.

Results

We anticipate this project will take a total of 18 months to
complete and expect the results to be available by September
2019.

Discussion

Assessment of Communication Tool for Ethics to
Maximize Learning of Communication Skills
Engaging in conversations with patients and families facing
ethically challenging situations requires well-trained staff with
advanced communication skills to support them. These skills
also facilitate shared decision-making about the provision of
care that is in the patient’s best interest [53,54]. Physicians need
to be taught these skills during their training. Without a
well-designed assessment instrument specifically adapted to
ethically sensitive situations, assessment of communication
relies on subjectivity [55]. Such assessments will not maximize
the learning of communication skills adapted to these
encounters, leaving future physicians with underdeveloped skills
potentially increasing the risk of conflict between patients,
families, and the physician [56]. Although we are using an
OSCE in the context of neonatology for the validation of our
assessment instrument, the principles included in ACT4Ethics
are also applicable in many other areas in health care
professions. Our tool considers the specific affective,
interconnected elements of verbal and nonverbal communication
and cognitive features of ethically challenging clinical sets of
circumstances encountered in medicine [24].

Assessment Scale Construct Validity
ACT4Ethics was created through a multiphase process to
develop a valid and reliable assessment tool [57]. Using an
integrated knowledge translation model [58] to facilitate the
implementation phase of ACT4Ethics into different medicine
subspecialty residency programs, the project engaged key
collaborators from different medical fields [49] with expertise
in physician-patient communication, clinical ethics, and/or
medical education. They participated in focus groups, dyadic
interviews, and Web-based surveys to define the goals, use, and
content of the assessment tool.

The instrument was developed to be (1) comprehensive, (2)
easily applied within the clinical context, and (3) capable of
adapting to many subspecialties across the health care
professions while providing expedient assessment. The overall
goal of ACT4Ethics is to guide specific, meaningful feedback
to facilitate trainee identification of the ethical affordances of
communication regarding complex clinical situations that arise
in NPM and many medical subspecialties.

During scale development, collaborators identified components
of unique competencies that would enable clinicians to balance
the demands of rigorous clinical decision-making with the need
to ensure that they address the ethically sensitive features of
these scenarios. While related, we think that each of the 12
competencies used within the scale should allow us to examine
how they might independently contribute to a successful clinical
encounter. As an important determinant of the construct validity
of an assessment instrument [46], each of the three subscales
should assess distinct features of a clinical scenario and show
minimal overlap in terms of the ratings. For instance, items on
ACT4Ethics that assess a learner’s civility and respectful
behavior should only show a weak relationship with items
related to clinical judgment and communication. Ratings for
items within individual subscales (eg, all communication items)
should correlate with each other. Differentiating responses for
items within one subscale from those in a different subscale
will validate the internal structure of ACT4Ethics. Ratings
should increase following a training session in a pre- and posttest
design. Such a pattern would suggest that the scale captures the
response processes associated with trainee acquisition of these
skills [46].

Our study will attempt to demonstrate how ACT4Ethics is an
improvement over other communication assessment scales. For
instance, while ACT4Ethics and GKCAS [28] both assess
empathy, our scale breaks down empathy in cognitive (eg,
perspective-taking) [39] and affective (eg, feelings) [40]
components, whereas GKCAS does not make this distinction.
These constructs reflect an important distinction that is likely
to be relevant in clinical practice: while a clinician might be
able to understand a family member’s concerns, they might not
be adequately emotionally responsive. Similarly, while GKCAS
addresses relationship building, this construct is somewhat
ambiguous. We instead assume that relationship building should
be assessed by looking at the clinician’s ability to adapt,
demonstrate sensitivity to differences in perspective by different
individuals within a clinical encounter, engage family members
in the decision, and manage disagreement and ethical conflicts.
Our analyses will examine how ACT4Ethics and GKCAS relate
to one another.

The logic and thoroughness behind the creation of ACT4Ethics
support our belief that it will improve the assessment of trainees
and positively contribute to providing objective, meaningful
feedback on communication skills during challenging ethical
situations. Nonspecific in-training rotation evaluations and other
tools lack this type of feedback. By assessing competencies
associated with communication skills, civility and empathy,
along with clinical and ethical judgment and decision-making,
we should be able to identify specific strengths and weaknesses
of a particular trainee. Feedback from the ACT4Ethics scale
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can then be used by learners to promote self-reflection and
strengthen their competencies in specific domains of practice.
Overall, trends in ACT4Ethics scores of multiple trainees could
allow program directors to readily identify teaching deficiencies
and allow them to adjust their curriculum accordingly.

Curriculum and Accreditation Needs
ACT4Ethics will assist with local curriculum and program
development. We are currently evaluating the effect of our local
neonatal ethics teaching program. Our evaluation follows
Guskey’s levels of training program evaluation [13]. We have
already evaluated reactions (Guskey level 1) and demonstrated
that the neonatal ethics teaching program sessions were
well-received by trainees and participants, with an overall
satisfaction score of 5.8 out of 7 [2]. Currently, we are running
our pre- and posttraining knowledge test with our ongoing
cohorts to evaluate the acquisition of knowledge related to ethics
(Guskey level 2) [18]. The support received from the University
of Ottawa to implement the program and develop our tools and
the expansion to other residency programs indicates that the
organization supports our model (Guskey level 3: organization
support and change). ACT4Ethics will allow our research team
to evaluate learning and use of skills (Guskey level 4). For
example, this tool may help to evaluate the efficacy of neonatal
ethics teaching programs and other specific teaching strategies
to improve learning and use of both knowledge and skills to

navigate ethically challenging clinical situations. We believe
that this tool can also provide other education and research
teams with a means to evaluate the success of their educational
interventions and programs.

The ACT4Ethics scale addresses a need identified by
accreditation bodies. With an overarching goal of contributing
to and improving the means through which the milestones
included in the Royal College of Physicians and Surgeons
Canada 2015 CanMEDS roles of communicator, professional,
and collaborator are assessed, ACT4Ethics will allow mentors
and supervisors to assess and monitor competency levels of
trainees. Although the validation evidence will be obtained
using the context of neonatology, the creation of videos
depicting typical ethically sensitive scenarios encountered in
other areas in health care professions can be used to demonstrate
its generalizability. We anticipate that ACT4Ethics will guide
clinician-teacher supervisors, making explicit which
communication skills to assess and how to rate them according
to a clear range of competence. The tool can provide trainees
with a clear sense of what the expectations are for their
communication skills during difficult and ethically sensitive
conversations. Consistent and relevant feedback is more likely
to affect trainees’ learning of skillful behaviors and
communication skills [59], potentially improving patients’ and
parents’ satisfaction relationship with the physician-trainee.
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Abstract

Background: Philip Morris International (PMI) has developed a novel heat-not-burn tobacco product, Tobacco Heating System
(THS), which is marketed under the brand name of IQOS with HEETS (IQOS). The aerosol generated by THS has substantially
fewer toxicants than combustible cigarette smoke, although the extent of the reduction of harmful and potentially harmful
constituents reported varies between studies. To evaluate the potential harm reduction associated with IQOS use, the assessment
of the uptake and continued use of IQOS in the context of all other tobacco- and nicotine-containing products is crucial. In March
2018, PMI launched cross-sectional surveys in Germany, Italy, and the United Kingdom (Greater London) to estimate the
prevalence and use patterns of IQOS and other tobacco- and nicotine-containing products use in these 3 markets following the
commercialization of IQOS. This study describes the protocol of the surveys.

Objective: The objectives of these surveys are to estimate the prevalence of tobacco- and nicotine-containing products use;
describe past and current patterns of use; and explore their associations with self-reported health, motivation to use, risk perceptions,
and perceived aesthetic changes.

Methods: The overall design of the surveys is similar in all 3 countries. Repeated cross-sectional surveys are being conducted
annually over 3 consecutive years (2018 to 2020) and in 2 samples: a representative sample of the general population and a sample
of IQOS users. A total of 6085 adults per year will be selected from the general population for each survey through multistage
stratified sampling, and participants will respond to face-to-face computer-assisted personal interviews. In addition, 1404, 1384,
and 1246 IQOS users per year in Germany, Italy, and Greater London, respectively, will be randomly selected from the PMI
IQOS user database and will be invited to complete the Web-based survey using computer-assisted self-interviews. The Smoking
Questionnaire is used to assess the tobacco use patterns of the participants.

Results: The recruitment of the general population sample began in March 2018 and that of the IQOS user sample began in
April 2018. The data collection is ongoing, and the results of the first year data analysis are expected to be available by June
2019.

Conclusions: As the design of the 3 surveys is similar, the results will allow for cross-countries comparison of the prevalence
of IQOS and other tobacco- and nicotine-containing products use as well as patterns of use and associated factors.

International Registered Report Identifier (IRRID): DERR1-10.2196/12061

(JMIR Res Protoc 2019;8(5):e12061)   doi:10.2196/12061
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Introduction

Background
Tobacco smoking is the leading cause of preventable disease
and is responsible for about 6 million deaths across the world
each year [1]. Smokers are far more likely than nonsmokers to
get heart disease, lung cancer, chronic obstructive pulmonary
disease, and other diseases [2]. For smokers, the best way to
reduce the harm and risks of smoking-related disease is to quit.
However, nicotine is addictive, and smoking cessation has
proven difficult for many smokers [2,3]. Although there is little
evidence that nicotine itself causes smoking-related diseases
when decoupled from smoke [4,5], in getting nicotine from
smoking, smokers are exposed to enormous harm because of
the inhalation of toxic components resulting from the
combustion of cigarettes. When a smoker does not want to stop
all nicotine use, harm minimization implies striving for the
complete elimination of smoked tobacco exposure by
substituting it with the use of less harmful noncombusted forms
of nicotine instead of smoking [4]. Tobacco harm minimization
and reduction have been increasingly recognized by the
scientific society and health authorities as a valuable and
promising strategy to decrease smoking-related population harm
[4,6]. One of the Food and Drug Administration’s (FDA) new
tobacco strategy is to recognize and clarify the role that
potentially less harmful tobacco products could play in
improving public health [4,5].

Toward this end, Philip Morris International (PMI) has
developed a novel heat-not-burn product, Tobacco Heating
System (THS). THS was designed to generate an aerosol that
has substantially fewer toxicants than combustible cigarette
smoke by heating the tobacco at a temperature that avoids
combustion. To assess the potential health benefit of THS, a
multistep assessment plan has been developed by PMI to
demonstrate that (1) THS reduces harm and the risk of
tobacco-related disease to individual tobacco users and (2) THS
benefits the health of the population as a whole. To address the
individual risk reduction associated with THS use, premarket
assessment studies including aerosol chemistry, in vitro and in
vivo toxicity studies, and clinical studies coherently demonstrate
that switching from cigarette smoking to THS use consistently
and significantly reduces the exposure to harmful and potentially
harmful constituents (HPHCs) to levels that approach the
reductions associated with smoking abstinence [7-15]. Numerous
independent studies [16-19] and government-affiliated labs
including the FDA’s Southeast Tobacco Laboratory [20], UK
Committee on Toxicity [21], German Federal Institute for Risk
Assessment (BfR) [22], Japan National Institute of Public Health
[23], New Zeeland CRL Energy Ltd [24], and Dutch National
Institute for Public Health and Environment (RIVM:
Rijksinstituut voor Volksgezondheid en Milieu ) [25] have
evaluated the aerosol chemistry of THS and confirmed the lower
levels of HPHCs in the emissions of THS. Public Health of
England [26] has systematically reviewed the existing evidence
on THS and concluded that THS is likely to expose users to

lower levels of HPHCs. However, higher quantities of several
components other than HPHCs have been reported [27]. Auer
et al [28] reported a much higher concentration of the polycyclic
aromatic hydrocarbon acenaphthene for THS relative to
cigarettes. According to the FDA (FDA briefing document,
Meeting of the Tobacco Products Scientific Advisory
Committee, 2018), the data published by Auer et al [28] are not
considered adequate for comparing the levels of HPHCs between
THS and combustible cigarettes. Personal communication
between FDA reviewers and the paper’s authors indicated that
Auer et al [28] used a smoking device designed in their facility
to capture mainstream aerosol with a modified International
Organization for Standardization smoking regimen to perform
the analysis. In addition, the identity of some of the compounds,
such as acenaphthene, cannot be confirmed as the method used
is not selective. PMI premarket consumer perception and
behavior evaluations on the intensity of THS use, such as abuse
liability, product appeal, and consumer perception, have shown
that THS is not only an acceptable alternative to cigarettes for
at least part of the adult cigarette smoker population but is also
properly understood by adult smokers and nonsmokers [29,30].
To address THS benefit to the health of the population as a
whole, a comprehensive postmarket program including
cross-sectional surveys has been established to collect relevant
data on the prevalence of products use, patterns of use, and
product perception. One key determinant of population harm
is the assessment of the prevalence, uptake, and continued use
of THS and in the context of all other tobacco- and
nicotine-containing products [4,31,32]. It has been pointed out
that population net exposure to harmful toxicants depends on
the actual patterns and prevalence of product use [4]. The
potential population health benefit of THS use would be
achieved if, in addition to reduced toxicity, THS is widely
accepted by smokers, does not attract nontobacco users, and
does not negatively influence smokers who intend to quit.

THS, which is commercialized under the brand name of IQOS
with HEETS (IQOS), was first launched in Nagoya, Japan, in
2014. Shortly after national expansion and commercialization
in Japan in 2016, PMI initiated a 3-year cross-sectional survey
to assess tobacco use prevalence and patterns of tobacco product
use in the Japanese population [33]. The first-year survey results
show that among the Japanese population, the prevalence of
current use was 18.5% for any tobacco product, 17.6% for
cigarettes, 1.8% for IQOS, and 0.7% for electronic cigarettes
(e-cigarettes) [34]. IQOS is commercialized in more than 40
markets worldwide at present. In Italy and Germany, the product
was launched in November 2014 and June 2016, respectively.
In the United Kingdom, IQOS was launched in Greater London
in November 2016 as a test market. To estimate the prevalence
of tobacco use including IQOS and assess product use patterns
in these 3 markets, PMI launched the repeated cross-sectional
surveys in 2018. As in the Japanese survey, these cross-sectional
surveys are being conducted in 2 samples: a representative
sample of the general population and a sample of IQOS users.
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Objectives
The objectives of these surveys are to (1) estimate the prevalence
of current tobacco- and nicotine-containing products use
including IQOS; (2) describe product use patterns, that is, never
use, initiation, product use transition, cessation, reinitiation, and
relapse; (3) explore the associations between self-reported health
status and use of tobacco- and nicotine-containing products in
the general population as well as in a targeted sample of IQOS
users in each country; and (4) among the targeted samples of
IQOS users to explore the associations between patterns of
tobacco- and nicotine-containing products use (including
misuse) and motivation to use novel tobacco products, perceived
quality attributes of IQOS (eg, risk aesthetic changes), and
consumer satisfaction.

Methods

Survey Setting
The surveys are performed in accordance with ethical principles
that have their origin in the Declaration of Helsinki [35] and
are consistent with Good Epidemiological Practice [36] and
International Ethical Guidelines for Epidemiological Studies
[37]. Before the start of the surveys, a confirmation that approval
is not required according to local laws has been obtained from
the ethics committee of each market.

In all 3 markets, the cross-sectional surveys are being conducted
annually in 2 samples over 3 consecutive years from 2018 to
2020: a representative sample of the general population and an
IQOS user sample drawn from registered users in a PMI IQOS
user database. The general population sample serves to estimate
the prevalence of current tobacco- and nicotine-containing
products use. The latter is chosen to be able to describe the
patterns of IQOS use with an acceptable precision that is deemed
to be hardly possible, with an anticipated low IQOS use
prevalence in the representative general population sample
shortly after product launch.

General Population Sample
The general population samples in the 3 markets are adults older
than 18 years, living in Germany, Italy, and Greater London.
The inclusion criteria are listed in Table 1. In Germany and
Greater London, the subjects are randomly sampled from the
general population in 3 steps: area sampling (primary sampling
point), household selection, and selection of target persons
(Table 1).

In Germany, census data of the Work Group of German Market
and Social Research Institutes (Arbeitskreis Deutscher Markt-
und Sozialforschungsinstitute e. V. ADM-Sampling-System for
face-to-face surveys) are used to draw a stratified random
sample. Using the ADM-Sampling system, a stratified random
sample of 258 sample points is selected, taking into account the
region and size of the community. From each sample point, the
target households are randomly selected. Within each household,
the target respondent is identified through the next birthday
method, that is, the person in the household whose birthday is
next.

The primary sampling points in Greater London are output areas
(OA; the smallest administrative unit). A stratified random
sample of 305 OAs is selected with probability proportionate
to size among 32 Boroughs. From each OA, a total of 55
addresses are randomly chosen from the Postal Address File, a
database that contains all known “Delivery Points” and
postcodes in the United Kingdom. The target respondent in the
household is selected based on the next birthday method.

In Italy, a stratified random probability sample is drawn
according to a set of 3 different subpopulations or strata: (1)
municipalities (140 in total), (2) electoral wards within the
municipalities, and (3) individuals within the lists of the electoral
wards. The sizes of the random samples from each stratum are
proportional to the strata population sizes (proportionate
stratification).

For each market, 6085 participants per year are to be
interviewed. On the basis of initial results from the Japanese
cross-sectional survey [33], assuming 1% IQOS uptake in each
market, this sample size is sufficient to estimate the prevalence
with a 95% confidence and a precision of ±0.25 percent points.

In Germany and Italy, the surveys are conducted as part of a
face-to-face computer-assisted personal interviews (CAPI)
omnibus. The omnibus is a syndicated survey with multiple
participating clients, the questionnaires being divided into
sections. Annually, the data are collected over 6 to 7 waves,
with over 1000 participants per wave.

In Greater London, face-to-face interviews of the target
participants are performed with CAPI. The annual data
collection comprises 4 waves with a minimum of 1250
interviews per wave.
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Table 1. Inclusion criteria and sample frames of the general population and IQOS users in cross-sectional surveys in Germany, Italy, and Greater
London.

Survey methodsInclusion criteriaSample frameSamples

Face-to-face omnibus computer-as-
sisted personal interviews (Germany
and Italy) and face-to-face comput-
er-assisted personal interviews
(Greater London)

Aged ≥18 years; currently residing in Ger-
many, Italy, or Greater London; able to
read, write, and understand German, Italian,
or English; and consent to participate in the
survey

Area sampling (primary sampling point):
258 regions sample points in Germany, 140
municipalities in Italy, and 305 output areas
in London; household (Germany and
Greater London) or electoral ward selection
(Italy) within the primary sampling point;
and identify target persons from the house-
hold (Germany and Greater London) or
from the lists of the electoral wards (Italy)

General population

Web-based; computerized assisted
self-interviews

In addition to the above criteria, has used

more than 100 THSb tobacco sticks in his
or her lifetime, is currently using IQOS, has
access to the internet, and is currently not
employed by PMI or any of its affiliates

Random sample from PMIa Germany, Italy,
and UK IQOS user database

IQOS users

aPMI: Philip Morris International.
bTHS: Tobacco Heating System.

IQOS User Sample
In all 3 markets, the PMI IQOS user database consists of adult
smokers who purchased the IQOS devices either via a website,
by telephone, or from IQOS retail stores; registered their IQOS
devices in the database; and are willing to be contacted for
market research purposes. IQOS users are randomly sampled
from the database among those who did not participate in PMI
market research panel. The participants are invited to participate
in the study by email with a link to the study questionnaire. The
Web-based surveys on the IQOS user sample are conducted
with computerized assisted self-interviews. The inclusion criteria
are listed in Table 1. As a token of appreciation, the participants
receive a gift voucher of EUR 10 or GBP 10.

On the basis of initial results from the Japanese cross-sectional
survey [33] that 63.4% of IQOS users fully converted to
exclusive IQOS use, 1404, 1384, and 1246 IQOS users per year
in Germany, Italy, and Greater London, respectively, will be
surveyed. This sample size will be sufficient to estimate the
proportion of fully converted IQOS users with a 95% confidence
and a precision of ± 2.5 percent points.

The annual data collection of IQOS user samples is conducted
in 4 waves coinciding with the waves for the general population
survey.

Survey Questionnaire
The survey questionnaire (Multimedia Appendices 1 and 2),
consisting of 3 parts, was developed to address the survey
objectives.

Part 1 comprises a multidimensional Smoking Questionnaire
(SQ) [38,39], which was developed to standardize the
assessment of cigarette smoking exposure covering the major
dimensions of cigarette smoking. SQ is used to assess cigarette
smoking history and behavior. Test-retest reliability of the SQ
and concurrent validity with the Behavior Risk Factor
Surveillance System 2011 questionnaire have demonstrated that
the SQ is reliable and easy to use [39]. Most importantly, the
information collected using SQ allows for classification of

smoking behavior and history according to the World Health
Organization (WHO) definitions [40]. It can also address
dimensions of smoking behavior and history that are not covered
by WHO definitions, for example, on the duration of smoking
or cessation, on smoking intensity, and on smoking patterns,
with regard to occasional smoking. In addition, the SQ is
flexible, and it can be easily adapted to assess the exposure to
other novel tobacco products such as IQOS, e-cigarettes,
PLOOM, and glo. To ensure that the information related to each
product is correctly understood, a description together with the
pictures of each product is presented to the participants before
displaying the questionnaires. Directly after the SQ for cigarette
smoking, questions related to IQOS use are asked. Before
assessing other novel tobacco- and nicotine-containing products,
a specific question is asked to distinguish between e-cigarettes
and other products such as PLOOM and glo. Information on
the current use behavior regarding smokeless tobacco and other
tobacco- or nicotine-containing products such as cigars,
cigarillos, pipes, and water-pipes as well as nicotine-replacement
therapy (NRT) products is also collected. In addition, first
product use, age of initiation, and quit attempt are included in
the survey questionnaire. The motivation to use IQOS and/or
any other emerging tobacco products is collected according to
the German Study on Tobacco Use (DEBRA: “Deutsche
Befragung zum Rauchverhalten”) questionnaire [41].

The second part assesses self-reported health status, which is
included to explore associations with patterns of tobacco product
use. Participants are asked to rate the overall state of their health,
how their health compares with the average person of their age,
and how much they are worried about their health [42]. The
type and extent of comorbidities are measured with a validated
instrument for epidemiological studies based on self-reported
outcomes [43]. In addition, the Self-Reported Changes
Questionnaire, which records changes since starting using the
product in a number of relevant domains where IQOS may have
potential benefits (eg, teeth coloring, breath smell, exercise
capacity, and skin appearance), is included for IQOS user
survey.
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The third part is specific to assess IQOS users’ use experience
and perceived risk. The degree to which participants experience
the reinforcing effects of using IQOS compared with cigarette
smoking, such as satisfaction, psychological rewards, aversion,
enjoyment of respiratory tract sensations, and craving reduction,
is assessed with the Tobacco/Nicotine-containing Product
Evaluation Questionnaire (ToNiPEQ). ToNiPEQ is an adapted
version of the validated Modified Cigarette Evaluation
Questionnaire [44], as proposed for smokeless tobacco [45].
Information on the type and frequency of potential misuse of
THS tobacco sticks and frequency of potential misuse of the
IQOS electronic device is collected with a misuse questionnaire
developed by PMI. The perceived health risk of getting 18
diseases/conditions associated with smoking and using IQOS
is assessed with the Perceived Risk Instrument-general version
(PRI-G). PRI-G is a self-report instrument with a unidimensional
scale that has been developed by PMI based on Rasch
Measurement Theory and traditional psychometric methods
[46].

Along with the above 3 components, the demographic
characteristics of the participants including age, sex, income,
education, occupation, and ethnicity are collected. In Greater
London, social grade based on occupation, which is widely used
for social classification in both official statistics and academic
research, is rated by the interviewer for the general population
survey.

In all 3 countries, the survey questionnaires are translated into
local languages to minimize systematic biases because of
differences in linguistic expression.

Outcome Measures
To estimate the prevalence and describe product use patterns,
the product use behavior will be categorized based on individual
product use or combined product use, changes in product use
behavior, and status of product use for each tobacco- and
nicotine-containing product.

IQOS use patterns are classified according to the current
consumption as either exclusive (no other product than IQOS),
dual (IQOS and 1 more product), and poly (IQOS and ≥2
products) use, irrespective of relative consumption levels.

For the changes in product use behavior, the following behaviors
will be analyzed: initiation (start using a tobacco product for
the first time), relapse (start using a tobacco product again after
stopping for less than 12 months), reinitiation (start using a
tobacco product after having stopped for more than 12 months),
and product use transition (change of consumption from 1
tobacco product to another different tobacco product), in which
the transition can be further categorized based on the numbers
of products use after the transition, for example, complete
transition (exclusive use of switched product) or partial
transition (combined use of switched product with other
products).

The status of each product use will be categorized as current
use, former use, and nonuse based on WHO definitions or
adapted definitions. For example, for IQOS use, a current IQOS
user is defined as a person who uses HEETS tobacco sticks
either every day or occasionally at the time of the survey and

has used 100 or more HEETS tobacco sticks in his/her lifetime.
A former IQOS user is defined as a person who was formerly
using IQOS either daily or occasionally but does not use IQOS
at the time of the survey and has used 100 or more HEETS
tobacco sticks in his/her lifetime. A non-IQOS user is a person
who, at the time of the survey, does not use IQOS at all. For
each status of individual product use, the use pattern will be
further subcategorized according to WHO definitions. Current
individual product use is subcategorized as daily or occasional
use. Occasional use is subcategorized as reducer, experimenter,
and continuing occasional user. Nonuse is subcategorized as
ex-use, never use, and ex-occasional use. For example, a never
IQOS user is a person who has never used IQOS at all or has
never used IQOS daily and has used less than 100 HEETS
tobacco sticks in his/her lifetime.

In addition, years between quitting cigarette smoking and
initiation of IQOS, reasons for using IQOS together with
subjects’ level of interest to quit, and quit attempt will be
analyzed. Although the results might not be able to provide
direct information on the differences between IQOS users who
would not have quit smoking cigarettes and those who would
have had if IQOS had not been on the market, it will allow for
assessing the impact of IQOS on cigarette smoking behavior.

Data Analysis
Response rates will be computed in accordance with the
American Association for Public Opinion Research guidelines
[47]. As the surveys are carried out with all households units
that are contacted and are willing to participate, unit nonresponse
can be distributed disproportionally and may cause biases in
the sample. To account for these distortions, data will be
standardized to the 2010 world population [48] and the
population of each country, that is, 2011 German population,
2011 Italian population, and census data of 2011 UK population,
Greater London population. Three standardizations will be
performed: (1) by age, (2) by sex, and (3) by age-sex
combinations. Standardized prevalence will be calculated as
follows:

DSRk=(∑i=1NiPki)/ (∑i=1Ni) [1]

Where DSRk is the directly standardized prevalence of
characteristic k (use of a certain tobacco product), pki is the
observed prevalence of k in subgroupi, and Ni is the size of the
population in subgroupi. The direct standardization weights the
stratum-specific estimates by the size of the corresponding strata
in the population.

Nonstandardized and standardized data will be analyzed and
summarized descriptively. For continuous data, summary
statistics will include the number and percent of subjects (n),
the number of subjects with missing data, the arithmetic mean
with 95% CIs, SD, median, first and third quartiles, minimum,
and maximum; for log-normal data, the geometric mean and
coefficient of variation will be presented. For categorical data,
frequency counts, percentages, and 95% CIs will be presented.
For the calculation of summary statistics and statistical analysis,
unrounded data will be used.
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Analyses will be stratified by the following factors: tobacco
product used, sex, age, time since product initiation, intensity
of use, and socioeconomic parameters (eg, income, education,
and occupation). The trends in prevalence, initiation and
cessation rates, as well as user behaviors will be presented based
on annual data. The associations between patterns of tobacco
product use and self-reported health status will be analyzed. In
addition, for the population of IQOS users, the association
between patterns of use (including misuse) with motivations to
use, risk perceptions, perceived aesthetic changes, and
consumer’s satisfaction will be explored.

Results

In all 3 regions, the first-year data collection began in March
2018 for the general population and in April 2018 for IQOS
users. We have planned to complete the first-year data collection
by the end of 2018 for Germany and Italy and by the beginning
of 2019 for Greater London.

Directly after the completion of the first-year data collection,
the second-year data collection will start. In total, the annual
data collection will be repeated for 3 consecutive years from
2018 to 2020.

The results of the first-year data analysis are expected to be
available by June 2019.

Discussion

Strengths
The cross-sectional surveys in Germany, Italy, and Greater
London, following the design of an on-going Japanese
cross-sectional survey, are being conducted in representative
samples of the general population and in nonrepresentative
samples of registered IQOS users. Additional improvements
have been implemented, including (1) sampling methods, (2)
sample size calculation, and (3) survey questionnaire. For the
general population sample, a random probability
population-based sampling approach is employed instead of
nonprobabilistic quota sampling as in the Japanese
cross-sectional survey. Thus, the samples are more likely to be
representative of the population. The sample size calculation
of the surveys in 3 markets takes into account the results of the
Japanese survey, that is, the IQOS use prevalence is about 1%
IQOS in the general population and 63.4% IQOS users use
IQOS exclusively in the IQOS sample. This sample size is
sufficiently large to allow for the accurate estimates of tobacco
use prevalence at the national level. Furthermore, we have
implemented a new survey questionnaire. The SQ included in
the surveys allows for a comprehensive characterization of
tobacco use histories and behaviors according to WHO
definitions [40]. By adapting the SQ, the exposure to other novel
tobacco products available on the local markets such as IQOS,
e-cigarettes, PLOOM, and glo can be assessed. However,
measuring the use of novel tobacco products is challenging. As
these products have not been on the market long enough, there
is no established history of these novel products in surveillance
surveys, and often, product-specific nomenclature and measures
are not standardized. Most of the ongoing population-based

smoking surveys either do not include these products yet and/or
do not include exhaustive lists of tobacco products available to
the public. In the these surveys, the participants have the
opportunity to report all novel tobacco- and nicotine-containing
products used, allowing a comprehensive assessment of the
exposure to any type of tobacco- and nicotine-containing
products. Although the accuracy of the SQ for cigarette smoking
has been assessed, the adapted version for other novel tobacco
products has not been validated. For the novel products that use
tobacco sticks, such as IQOS and glo, the use behavior is
quantified in a similar way as cigarette smoking. However,
assessing exposure of vaporing products, either with electronic
liquid such as e-cigarette or tobacco capsule such as PLOOM
tech, is challenging. Vaporing behavior is different from
cigarette smoking, as it is not bounded by the time it takes to
burn a cigarette. Puffing number, frequency, and duration vary
among the users. For e-cigarettes, different device designs and
numerous varieties in nicotine levels and compositions are
making the use pattern comparisons with other tobacco products
even more difficult. Currently, there is no standard tool for
assessing vaporing products exposure, although core items for
assessing e-cigarette use in population-based surveys have been
recommended by Pearson et al [49]. Our survey results on the
use behavior of different products will provide valuable
information regarding the feasibility of the adapted SQ.

In addition to measuring tobacco use patterns, these surveys
will also collect information on motivation to use IQOS and
intent to quit, which will allow for establishing the impact of
IQOS on cigarette smoking behavior. The surveys will provide
data on the attractiveness and acceptability of IQOS in current
IQOS users as well as the potential effects of IQOS use on the
intention of adult smokers to quit smoking. To assess the role
of IQOS in harm reduction, evidence is needed to determine if
IQOS has the potential to successfully compete with and replace
smoking. Furthermore, these surveys will characterize the profile
of dual IQOS users. According to a large, nationally
representative, longitudinal study of tobacco use and health in
the United States [50], more than a quarter of adults are current
users of at least one type of tobacco product. There have been
concerns that dual use, for example, dual use of cigarette and
e-cigarette, may undermine cigarette smoking cessation, or
worse, increase smoking and nicotine dependence [51,52].
However, more and more evidence indicates that e-cigarette
use may promote smoking cessation and reduction among dual
users [53-56], and dual use of tobacco and e-cigarettes does not
necessarily perpetuate or exacerbate smokers’ tobacco addiction
and use [54]. Currently, we do not know if IQOS use is
associated with quitting or reducing smoking in current smokers
or dual IQOS users and contributing to relapse prevention in
former smokers. If IQOS use has a similar effect as e-cigarettes
on smoking cessation and relapse [26,53,57-63], the potential
role of IQOS on smoking cessation intervention might be
inferred.

In the surveys, the perceived health risk associated with IQOS
use will be compared with that of smoking. Risk perceptions
related to emerging products possibly have an important
influence on how emerging nicotine products are used and by
whom [64]. Currently, there are misperceptions of emerging
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nicotine products, such as e-cigarettes, regarding the relative
harmfulness. It has been shown that in the United Kingdom,
only half of the adult smokers believe that e-cigarettes are less
harmful than smoking and a majority of smokers and ex-smokers
do not think that completely switching from cigarettes to
e-cigarettes would lead to major health benefits [26]. The
misperception is most likely linked to the perception that most
adverse health effects are caused by nicotine [26]. It has been
shown that half of the smokers even overestimate the
harmfulness of NRTs [26]. Lack of knowledge about the
products’ health effects may contribute to the misperceptions
[64]. Other studies have shown that misperceptions vary
consistently by indicators of socioeconomic status, with more
disadvantaged smokers and recent ex-smokers having higher
rates of misperceptions [26]. The consequence of overestimating
the harmfulness of NRTs and e-cigarettes is that smokers may
be discouraged from using them in an effort to quit smoking
[64]. Public Health England has pointed out that future research
should aim at assessing the causes and effects of misperceptions
of the relative harmfulness of e-cigarettes and NRTs compared
with cigarettes [26]. Compared with e-cigarettes, which contain
mainly nicotine liquids, the aerosol generated from THS contains
not only nicotine but also other HPHCs, although significantly
reduced, compared with cigarette smoke. Consequently, it is
likely that the perceived harmfulness of THS will be
overestimated, which could impact the acceptance and usage
of the product. The survey results will provide evidence on risk
perceptions of IQOS users under real-world conditions, although
our premarketing assessment has demonstrated that the
perceived risk associated with THS is lower than that associated
with cigarettes, which is the most hazardous tobacco product,
and higher than that associated with NRTs or cessation. The
higher risk perception of THS compared with NRTs [29] is
consistent with existing literature on risk perception of novel
products compared with NRTs [65,66].

Although the weight of evidence that IQOS significantly reduces
the exposure to HPHCs is compelling [7-15], higher levels of
several components other than HPHCs are found in the aerosol
generated by THS. Currently, there is no direct evidence
available on the risk reduction of IQOS, and the health impact
of the components other than HPHCs is unknown. Recently,
Public Health England conducted a systematic review of
available evidence and concluded that heated tobacco products
may be considerably less harmful than tobacco cigarettes [26].
Our survey results on the perceived general health status [42],
self-reported comorbidity [43], and, in particular, the
self-reported changes in a number of relevant domains where
IQOS users may have potential benefits since starting using the
product will allow for exploring the potential health benefits of
IQOS.

Limitations
These surveys have some limitations. The cross-sectional studies
will not collect prospective data on product-use transition such
as changes in the frequency and intensity. However, the SQ,
which captures tobacco use history from past 3 months to more
than 20 years ago, can provide useful retrospective information
on tobacco use. Caution should be taken when evaluating the
data, as recall bias and self-reporting bias could impact the data
quality and limit the conclusiveness of the results. As IQOS
was launched very recently in these 3 markets, a low IQOS use
prevalence in the general population sample is expected. The
sample size calculation is based on the assumption of 1% IQOS
uptake. In case of even lower IQOS use prevalence, the studies
are underpowered. However, reasonable inferences can still be
made by incorporating information from CIs. The surveys are
not designed to claim any causal effects of using tobacco- and
nicotine-containing products on self-reported health. The
assessment of self-reported, perceived aesthetic changes and
current health status will rather allow to characterize different
user populations accordingly. Nevertheless, the results of the
surveys will provide useful information on the associations
between patterns of tobacco product use and associated factors.
Furthermore, the limitation of the IQOS user database is that it
is most likely not representative of the IQOS user population
in each country, as not all IQOS users who purchased the
devices are registered in the database. There is also a chance of
unintended over-representing of IQOS enthusiasts in the
consumer database. Thus, the findings from the IQOS samples
cannot be generalized to populations outside the samples, and
across-country comparisons are limited. The comparison of
IQOS user profiles sampled from the database with those
sampled from the general population will provide valuable
information regarding the extent of the nonrepresentativeness.
However, this comparison is possible only when the IQOS use
prevalence in each market has reached a sufficient level. In
addition, the number of potential IQOS participants in the IQOS
sample is highly dependent on the size of the PMI IQOS
database. This might be critical for the Greater London survey,
in particular for the first few waves, as the IQOS database in
Greater London is currently relatively small compared with
those in Italy and Germany. The risk of not being able to enroll
a sufficient number of IQOS participants during the first few
waves cannot be fully excluded.

Conclusions
The surveys aim to assess the prevalence of tobacco use and
will provide insights into use patterns and associated factors.
As the surveys will be conducted in 3 markets with similar
design and at regular intervals, the results will allow for
cross-regional and trend assessments. Most importantly, the
results will provide relevant information allowing for assessing
the potential health benefit of IQOS in the population.
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Abstract

Background: Cardiovascular disease (CVD) is the leading cause of death globally and in Canada. Diabetes and hypertension
are major risk factors for CVD events. Despite the increasing availability of effective treatments, the majority of diabetic and
hypertensive patients do not have adequate blood pressure and glycemic control. One of the major contributors is poor treatment
adherence.

Objective: This study aims to evaluate the impact of treatment adherence for patients with both diabetes and hypertension on
acute severe CVD events and intermediate clinical outcomes in Canadian primary care settings.

Methods: We will conduct a population-based retrospective cohort study of patients living with both diabetes and hypertension
in Ontario, Canada, between January 1, 2008, and March 31, 2018. The Social Cognitive Theory will be used as a conceptual
framework by which to frame the reciprocal relationship between treatment adherence, personal factors, and environmental
determinants and how this interplay impacts CVD events and clinical outcomes. Data will be derived from the Diabetes Action
Canada National Data Repository. A time-varying Cox proportional hazards model will be used to estimate the impacts of treatment
adherence on CVD morbidity and mortality. Multivariable linear regression models and hierarchical regression models will be
used to estimate the associations between treatment adherence of different medication categories and intermediate clinical
outcomes. Our primary outcome is the association between treatment adherence and the risk of acute severe CVD events, including
CVD mortality. The secondary outcome is the association between treatment adherence and intermediate clinical outcomes
including diastolic and systolic blood pressures, glycated hemoglobin, low-density lipoprotein cholesterol, and total cholesterol.
Owing to data limitation, we use medication prescriptions as a proxy to estimate treatment adherence. We assume that a patient
adhered to medications if she or he had any prescription record in the 4 preceding quarters and 1 quarter after each quarter of
interest. Acute severe CVD events are defined based on the World Health Organization’s Monitoring Trends and Determinants
in Cardiovascular Disease Project, including acute coronary heart disease, stroke, and heart failure. As causes of death are not
available, the number of CVD deaths will be computed using the most recent systolic blood pressure distributions and the
population attributable risks related to systolic blood pressure level.
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Results: The project was funded by Diabetes Action Canada (reference number: 503854) and approved by the University of
Toronto Research Ethics Board (reference number: 36065). The project started in June 2018 and is expected to be finished by
September 2019.

Conclusions: The findings will be helpful in identifying the challenges of treatment adherence for diabetic and hypertensive
patients in primary care settings. This will also help to develop intervention strategies to promote treatment adherence for patients
with multi-morbidities.

International Registered Report Identifier (IRRID): DERR1-10.2196/13571

(JMIR Res Protoc 2019;8(5):e13571)   doi:10.2196/13571

KEYWORDS

treatment adherence; cardiovascular disease; primary care

Introduction

Background
Cardiovascular disease (CVD) is the leading cause of death in
Canada, accounting for one-third of deaths nationally [1].
Diabetes and hypertension are major risk factors for CVDs
[2-4]. In 2017, approximately 7.3% and 17.8% of Canadians
aged 12 years and older reported being diagnosed with diabetes
and hypertension, respectively [5]. Diabetes and hypertension
are the 2 most common comorbid chronic diseases seen in
primary care consultations. Hypertension is reported in over
two-thirds of patients with type 2 diabetes [6], whereas nearly
50% of patients with hypertension are diabetic [7]. Despite the
increasing availability of effective treatment regiments and
guidelines, approximately half of the treated patients do not
have adequate blood pressure and glycemic control [8,9]. One
of the major contributors to inadequate control is poor treatment
adherence [9,10]. Treatment adherence is defined as the degree
to which the patient’s behavior corresponds with the agreed
recommendations from a health care provider [11]. Adherence
to antihypertension and antidiabetes medications is proven to
reduce CVD morbidity and mortality, hospitalizations, and
health expenditure [11-17]. Given the potential impacts of
treatment adherence on CVD morbidity and mortality,
quantifying treatment adherence and its impacts will help in the
development of intervention strategies to improve treatment
adherence for patients in primary care settings. This includes
the use of patient-centered approaches such as concordance,
where doctors elicit patients’ views, inform patients of the pros
and cons of taking medicine, and involve patients in treatment
decision making [18]. This type of informed and shared decision
making is believed to improve patient satisfaction, adherence,
and treatment outcomes [19]. Unfortunately, the process of
patient-doctor communication is often not recorded and cannot
be quantified using traditional medical records to understand
adherence behaviors.

Treatment adherence can be measured using either subjective
or objective methods. One of the most frequently used subjective
measures is the Morisky Medication Adherence Scale [20],
which is a patient self-reported tool with 8 items related to
medication-taking behaviors that can be transformed into an
adherence score [21,22]. Morisky scale heavily relies on
patient’s attitudes toward their medications rather than actual
medication-taking behaviors and is vulnerable to significant
recall bias [21,22]. Patients tend to underreport their

nonadherence to avoid disapproval from their physicians or
researchers administering the test [17]. A major limitation of
conducting objective measures of adherence is that
administrative databases often do not record medication taking.
Proxy measures such as prescription refills are used [17] with
the assumption that prescription refill patterns correspond to
medication-taking behavior [23-25]. However, medication refill
patterns can vary substantially across different health care
providers and settings.

Up to now, there were limited studies investigating medication
treatment adherence and its association with CVD events [26-35]
and clinical outcomes [35-40] (Multimedia Appendix 1). Using
refill adherence, previous studies have reported that lower
adherence (<80%) levels were associated with higher risk of
CVD [26], all-cause mortality, and hospitalization for CVD
after adjusting for demographic, socioeconomic status (SES),
and baseline clinical characteristics [29]; higher adherence to
statins (>80%) was associated with significant reduction in
low-density lipoprotein cholesterol (LDL-C) in patients with
diabetes [36]. In these studies, refill adherence was measured
by the medication possession ratio (MPR), reporting the
proportion of days with medications on hand during the
follow-up. In Canada, there have been 12 studies that were
investigated for treatment adherence of patients with diabetes
[41-44], hypertension [30-32,34,45,46], or both [47]
(Multimedia Appendix 1). Of these studies, 5 reported a negative
association between treatment adherence and chronic heart
failure [30,31], end-stage renal disease [31], mortality [32], a
composite of all-cause death and hospitalization for acute
myocardial infarction, heart failure, or stroke [33], and combined
CVD events (coronary artery disease, cerebrovascular disease,
and chronic heart failure) and hospitalization costs [34]. Using
refill adherence, previous studies have showed that lower
treatment adherence (<80%) was associated with higher risk of
coronary disease [36], cerebrovascular disease [36], and chronic
heart failure [36], after adjustment for demographic and SES
[30]. These studies had several common limitations. First, few
studies examined treatment adherence among patients with
multimorbidities, such as both diabetes and hypertension, which
accounted for the majority of these patients and is in line with
studies showing that multimorbidity and medical complexity
increase with age [48]. Second, most studies examined only
one type of medication adherence, not considering the combined
benefits of adhering to multiple medications in preventing CVD
events and mortality [49,50]. Third, many studies were
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cross-sectional in design and relied on survey- or hospital-based
electronic medical records (EMRs) or had a relatively shorter
follow-up time (<10 years), which limited the studies’ ability
to inform clinical practice at the primary care level.

Theoretical Framework
Treatment adherence is largely viewed, and measured, as a
behavior at the individual level [51]. However, adherence is
multifactorial and influenced by a host of environmental
determinants [52-54]. Although often neglected in adherence
studies, environmental determinants have been reported as
barriers to adherence at the individual level [55]. Thus, we
intend to use Social Cognitive Theory as a lens through which
to conceptualize both personal-related factors and environmental
determinants that may influence treatment adherence. Social
Cognitive Theory explains a reciprocal relationship between
that behavior, personal factors, and environmental determinants,
and in the case of health, this interplay impacts health outcomes
(Figure 1) [56,57].

Other studies of adherence at the individual level have employed
the Health Belief Model or Theory of Planned Behavior to
understand how individuals may engage in adherence behavior;
however, these frameworks are limited in application at the
population level and do not adequately explicate environmental
determinants of adherence behaviors [58-60]. Similarly,
theoretical frameworks that include environmental determinants
at the population level, such as the Social-Ecological Model,
while useful in revealing the environmental, organizational, and
social factors influencing health, are limited in ability to
highlight the behavioral mechanisms underpinning adherence
[61]. Thus, the Social Cognitive Theory, which explicitly
includes environmental determinants and personal factors as
contributing to behavior, is well placed to investigate the
population factors that impact adherence.

Our study seeks to examine the ways in which medication
prescription, as proxy for adherence, impacts on CVD events
and clinical outcomes. As shown in our conceptual framework

(Figure 1), the behavior of treatment adherence operates not
only at the individual level but also cumulatively at the
population level. Similarly, health system touchpoints exist and
exert impact at the population level as part of the environmental
determinants of treatment adherence. These factors also interact
with and are influenced by personal factors; however, in our
analysis, we are controlling for these personal-level elements
to highlight the role of medication prescription as an
environmental determinant. We hypothesize that these
environmental factors, measured by primary care provider
characteristics, medication prescription, and medication regimen
complexity over time, in turn, would impact on individual CVD
events and clinical outcomes. Ultimately, this lens allows us to
consider how population-level considerations, such as health
system touchpoints, impact adherence at the population level.
The results will provide evidence that may inform health policy
and specific health service interventions.

Objectives and Hypotheses
Objective 1: The first objective was to assess the impacts of
treatment adherence on acute severe CVD events in Ontario
between January 1, 2008, and March 31, 2018 (10 years).

Hypothesis 1: Patients with a lower adherence rate
of one or more medications (antihypertension,
antidiabetes, statins, and aspirin) are more likely to
develop acute severe CVD events (including death
from CVD), adjusting for potential confounding
factors.

Objective 2: The second objective was to assess the impacts of
treatment adherence on intermediate clinical outcomes in
Ontario between January 1, 2008, and March 31, 2018.

Hypothesis 2: Patients with a higher adherence rate
are associated with significant improvements in
clinical outcomes including diastolic blood pressure,
systolic blood pressure, glycated hemoglobin (HbA1c),
LDL-C, and total cholesterol (TC), adjusting for
potential confounding factors.

Figure 1. Theoretical framework. CVD: cardiovascular disease.
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Methods

Study Design and Participants
This is a retrospective cohort study using primary care EMR
data. A cohort of patients who were medically diagnosed with
both diabetes and hypertension between January 1, 2008, and
March 31, 2018, will be included in this study.

Inclusion and Exclusion Criteria for Participants

Time to Enter the Cohort
Cases entered the cohort when a medical diagnosis of both
diabetes and hypertension was present and when a prescription
for any antihypertensives or antidiabetic medication was
provided in the EMR. The exclusion criteria included (1)
patients with a past history of any acute severe CVD event, (2)
patients who developed CVD events during follow-up where
no date of CVD event was present, and (3) patients whose
follow-up period was below 6 quarters as we cannot estimate
its treatment adherence. A total of 15,642 eligible participants
are identified in the finial study population (Figures 2 and 3).

Follow-Up
We will retrospectively follow-up all eligible participants until
March 31, 2018 (by months). Follow-up ends when a participant
dies, has any acute severe CVD event, or by the end of the study
(March 31, 2018). For hypotheses related with clinical outcome,
follow-up ends with the participant’s latest diastolic blood
pressure, systolic blood pressure, HbA1c, LDL-C, and TC
outcomes. The follow-up period will be measured approximately
in months and treated as an independent variable.

Data Source
We will utilize the Diabetes Action Canadian National Diabetes
Repository as the data source. The Repository contains
deidentified data from over 100,000 patients living with
diabetes, currently from 4 Canadian provinces (Ontario,
Manitoba, Quebec, and Alberta). Data are extracted from
primary care EMRs of consenting family physicians and nurse
practitioners by regional Practice Based Research Networks
who are members of the Canadian Primary Care Sentinel
Surveillance Network (CPCSSN) and are managed using
previously described processes developed through CPCSSN
[61]. The Repository provides a Secure Analytic Virtual
Environment, which is a privacy compliant research platform
in a high-performance computing center. Approved researchers
access the Secure Analytic Virtual Environment remotely to
analyze datasets derived from Repository data. All projects are
reviewed by the Repository’s Research Governing Committee,
composed of at least 50% patients, to ensure the project’s values
are consistent with those of patients living with diabetes and of
their caregivers. This project was reviewed and approved by
the Research Governing Committee.

Deidentified patient data from contributing practices in the
Diabetes Repository include the following: (1) patient
demographic characteristics, (2) patient health conditions, (3)
physical and laboratory examinations, (4) medication
prescriptions, (5) risk factors, and (6) comorbidities. A data
dictionary that provides information on data elements is
available at the Diabetes Action Canada website.

Figure 2. Cohort participant selection for the association between treatment adherence and cardiovascular disease (CVD) morbidity and mortality.
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Figure 3. Cohort participant selection for the association between treatment adherence and clinical outcomes. CVD: cardiovascular disease; SBP:systolic
blood pressure; DBP: diastolic blood pressure; HbA1c: glycated hemoglobin; LDL-C: low-density lipoprotein cholesterol.

Exposure and Study Outcomes

Treatment Adherence Rate
Medication adherence rate is considered the exposure of interest.
Medications will be classified as (1) antidiabetic medications,
including metformin, sulfonylurea, and insulin, inhibitors of
dipeptidyl peptidase 4, meglitinide, sodium-glucose
cotransporter-2 inhibitors, thiazolidinedione, and
alpha-glucosidase enzymes, (2) antihypertensive medications,
including angiotensin converting enzyme inhibitors, thiazide
diuretics, beta-blockers, calcium channel blockers, and
angiotensin II receptor blockers, (3) statins, and (4) aspirin. We
will measure patient adherence to each type of prescription if
prescribed. Theoretically, the adherence rate could be calculated
based on the prescription date and refills. However, we cannot
depend on the refills as this information varies highly among
primary care physicians (eg, some refilled every 3 months,
others provided multiple repeats) [62]. Previous research
indicated that lag-lead approach is feasible to estimate adherence
based on time-dependent associations between different
variables (or the same variable) in longitudinal data analysis
[63]. We will use this approach to account for the variation in
refills. Based on a study using the CPCSSN database, we assume
that patients adhered to medications if they had any prescription

record in the 4 preceding quarters and 1 quarter after each
quarter of interest (lag4, lead1) [64].

Cardiovascular Disease Morbidity and Mortality
The primary outcome is the risk of any acute severe CVD events
including mortality to identify cohort members who developed
acute severe CVD events or who died from acute severe CVD
events during the follow-up. Acute severe CVD events are
defined based on the World Health Organization’s Monitoring
Trends and Determinants in Cardiovascular Disease Project,
including acute coronary heart disease (ICD-9 code 410-412,
414), stroke (ICD-9 code 430-438), and heart failure (ICD-9
code 428) [26,65,66].

We could not access the cause of mortality among patients in
this cohort owing to data limitation. Thus, we estimate the cause
of mortality based on previous research by Bundy et al who
offer a method to estimate the association between systolic
blood pressure and CVD mortality [67]. We will apply this
method to identify cohort members who died from CVD events
during the follow-up. This method assumes that the number of
CVD deaths could be increased if the population developed
higher systolic blood pressure treatment levels. The number of
CVD deaths will be computed using systolic blood pressure
distributions and the population attributable risks (PARs) related
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to systolic blood pressure level. A given PAR represents the
proportion of CVD deaths that could be increased by higher
systolic blood pressure levels. We will divide the most recent
systolic blood pressure level into 8 categories (<130, 130-134,
135-139, 140-144, 145-149, 150-154, 155-159, and ≥160
mmHg). The PARs will be calculated using the formula given
in Figure 4, where pi is the proportion of the systolic blood
pressure category i, HRi is the hazard ratio of CVD deaths in
the systolic blood pressure category i, and k is the total number
of systolic blood pressure categories. To estimate hazard ratios
for CVD mortality comparing each of the 8 systolic blood

pressure categories, Bundy et al conducted a network
meta-analysis of 42 antihypertensive clinical trials [68]. We
will use the hazard ratio of CVD death from the meta-analysis
study conducted by Bundy et al. For patients who died during
the follow-up period, we assume that the patient died from CVD
events if the PAR was higher than 50%.

Clinical Outcomes
The secondary outcomes are the most recent clinical treatment
outcomes, including diastolic blood pressure, systolic blood
pressure, HbA1c, LDL-C, and TC.

Figure 4. Formula for population attributable risks (PARs).

Baseline Covariates and Other Covariates
Based on data availability, we will include the following
personal-related factors: (1) patients’ demographic and
socioeconomic characteristics (ie, sex, age, body mass index,
SES, and rurality), (2) risk factors (ie, smoking history, and
alcohol history), (3) comorbidities and its duration by the end
of the follow-up period (ie, chronic obstructive pulmonary
disease, depression, dementia, and Parkinson), and (4) clinical
outcomes at baseline (ie, diastolic blood pressure, systolic blood
pressure, HbA1c, LDL-C, and TC). Environmental determinants
contributing to treatment adherence include those related to
primary care physicians and health systems: (1) physicians’
demographic characteristics (ie, sex, age, and location type) and
(2) complexity of prescription (ie, the types of medication). All
covariates will be treated as baseline covariates except that we
will measure the incidence of comorbidities and the time to
follow-up.

SES is defined according to the Canadian Material Deprivation
Index [69]. The Canadian Material Deprivation Index, a proxy
for individual-level SES based on the most recent 6-digit
residential postal code, is calculated by the average income,
percentage without high school graduation, and the employment
ratio [70]. SES will be categorized into high, average, and low
SES groups.

Statistical Analysis
The analyses will be described separately for objective 1 and
objective 2. We will include participants with nonmissing
information on treatment adherence. Multiple imputations will
be used to replace missing data for baseline covariates, SES,
and comorbidities. Finally, a practice site will be used as a
random effect in each model. All analyses will be performed in
Stata version 13.0 (Stata Corp LP).

Objective 1
For hypothesis 1, a time-varying Cox proportional hazards
model will be performed to evaluate the hazard ratio between
treatment adherence and the incidence of acute severe CVD and
mortality, adjusting for all potential covariates. In addition, the
interactions of adherence to multiple medications will be
included as a block [71] in the Cox proportional hazards model

to examine the combined benefits of adherence in preventing
CVD events and mortality (model 1). Treatment adherence and
acute severe CVD risk is considered as the exposure of interest
and outcomes, respectively. We will measure follow-up time
(in months) from the date of entry into the cohort until the date
of incident acute severe CVD events, died, or the end of the
follow-up period. Kaplan-Meier survival curves for any acute
severe CVD and mortality by treatment adherence level will be
generated by pooling the survival estimates.

Objective 2
For hypothesis 2, 4 multivariable linear regression models will
be used to test the association between treatment adherence and
the most recent clinical outcomes after adjusting for all potential
covariates (model 2-model 5). An adjusted risk ratio with 95%
CI will be generated. We will build the hierarchical regression
[71] into the linear regression models by including the adherence
to different type of medications as a block to test the aggregated
contribution of adherence to clinical outcomes, including
diastolic blood pressure, systolic blood pressure, HbA1c, LDL-C,
and TC.

Sensitivity Analysis
Previous evidence has also indicated that there is no single
correct lag and lead for estimating time-dependent association
[63]. Lag and lead choices are a significantly important issue
in the generalizability of results [62,72]. Therefore, we will
conduct a sensitivity analysis using lag1 and lead 4 (Multimedia
Appendix 2). Additionally, we will examine the consistency of
the results regarding the following: (1) at different treatment
adherence categories (ie, ≥80%, 60% to 80%, 40% to 60%, and
≤40%) and (2) with and without multiple imputation of missing
data on all covariates.

Ethics Approval
The study was approved by the University of Toronto Research
Ethics Board (reference number: 36065). Data were deidentified
when analyzed.
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Results

The project was funded in July 2017 under Diabetes Action
Canada (reference number: 503854). The study was approved
by the University of Toronto Research Ethics Board (reference
number: 36065). The project was started in June 2018. The
results are expected to be finished by September 2019.

Discussion

Strengths
CVD events represent a heavy disease burden on individuals
and their families, the health system, and society in general.
Improving treatment adherence to antihypertensive and
antidiabetic medication has been well documented as an
effective strategy to prevent CVD events. Compared with
previous research, our study has several strengths. First, we will
contribute new knowledge on the association between treatment
adherence, acute CVD events, and clinical outcomes among
patients with both diabetes and hypertension in the primary care
setting. Second, we will examine the combined benefits of
adhering to multiple medications in preventing CVD events and
mortality and clinical treatment outcomes. Finally, our study
provides further knowledge by addressing the limitations of
previous studies, such as inclusion of important potential
confounders such as comorbidities, their duration, and
follow-up. For example, previous research reported that mental
health conditions (ie, depression, anxiety, and dementia) were
important factors when analyzing treatment adherence and CVD
events but lacked the ability to identify such mental conditions
[73,74]. Many studies have used the Charlson Comorbidity
Index [27-29] to explore the combined effects of comorbidities
(ie, chronic obstructive pulmonary disease, depression, chronic
kidney disease, and dementia), but this approach does not reflect
the role of individual comorbidities. Furthermore, these studies
did not control for duration of comorbidities. Finally, baseline
clinical characteristics such as HbA1c, lipids, blood pressure,
and body mass index are also important confounding factors,
which may have a direct impact on CVD risk and clinical
treatment outcomes [75]. However, few studies control for these
factors. We will address the limitations by controlling body
mass index, diastolic blood pressure, systolic blood pressure,
HbA1c, LDL-C, and TC. Owing to the data availability, the
percentage of missing data at baseline is as follows: body mass
index (25.25%), diastolic blood pressure (23.54%), systolic
blood pressure (18.27%), HbA1c (28.09%), LDL-C (46.21%),
and TC (45.92%). We will use multiple imputation and
consequently carry out a sensitivity analysis with and without

imputation of missing data on all covariates. Our study will be
the first population-based cohort study that systematically
investigates the impacts of treatment adherence for patients with
both diabetes and hypertension on CVD morbidity and mortality,
and clinical treatment outcomes using a longitudinal and
large-scale primary care EMR data. Our findings will help to
identify challenges in treatment adherence for patients with
diabetes and hypertension in primary care settings. Through
this study, we hope to provide valuable evidence for policy and
practice to inform the design and implementation of primary
care health services to support adherence among patients living
with diabetes and hypertension.

Limitations
Several limitations should be noted in our study. First, this study
is a retrospective study. All data were recorded from routine
EMRs with possible errors and omissions. Thus, CVD may not
be captured in full. As recording the medical diagnosis of
diabetes, hypertension, and CVD is the responsibility of primary
care physicians, there may be delays in EMR input. Second,
treatment adherence is measured using a proxy, not a real
measure. Theoretically, patients with both diabetes and
hypertension are regarded as having a high risk of CVD events
and should take prescribed medications consistently. We assume
that prescription patterns correspond to medication-taking
behavior. Third, owing to data limitations, we estimate CVD
mortality using systolic blood pressure distributions and the
population attributable risks related to the systolic blood pressure
level. Fourth, aspirin is an over-the-counter medication that
patients can obtain from pharmacies without a prescription.
Thus, we may underestimate the adherence rates for aspirin.
Finally, we employed the Social Cognitive Theory to explore
the reciprocal relationship between that treatment adherence
and diabetes/hypertension management outcomes (such as
CVD), in the context of personal factors and environmental
determinants. However, there were many factors not recorded
in our database. For example, there were no variables such as
primary language, ethnicity, health literacy, employment status,
and marital status, which are factors contributing to patient
understanding of the treatment or related to their daily
management. There were no process variables recorded such
as patient’s level of involvement in the treatment
decision-making process, understanding of their disease, and
family and social support. In addition, there was a lack of
reporting on physician-specific variables, such as the level of
communication to patients on the benefits and adverse effects
of a prescription nor did we have variables related to the health
system such as access to primary care and primary care models
[15]. These limitations may lead to potential bias.
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Abstract

Background: Young men who have sex with men (YMSM) are disproportionately at risk for HIV and sexually transmitted
infections. Adapting and testing the effectiveness of the Young Men’s Health Project (YMHP), an efficacious intervention
designed to reduce substance use and condomless anal sex (CAS) among YMSM, at clinics in Miami, Detroit, and Philadelphia
has the potential to reduce HIV and STI disparities among urban YMSM.

Objective: This study (Adolescent Medicine Trials Network for HIV/AIDS Interventions [ATN] 145 YMHP) aims to adapt
YMHP for clinic and remote delivery by existing clinic staff and compare their effectiveness in real-world adolescent HIV clinics.
This protocol is part of the ATN Scale It Up program described in a recently published article by Naar et al.

Methods: This is a comparative effectiveness hybrid type-2 trial of the YMHP intervention with 2 delivery formats—clinic-based
versus remote delivery—offered following HIV counseling and testing. Phase 1 includes conducting focus groups with youth to
obtain implementation feedback about the delivery of the YMHP intervention and intervention components to ensure culturally
competent, feasible, and scalable implementation. Phase 2 includes recruitment and enrollment of 270 YMSM, aged 15 to 24
years, 90 at each of the 3 sites. Enrollment will be limited to HIV-negative YMSM who report recent substance use and either
CAS or a positive STI test result. Participants will be randomized to receive the YMHP intervention either in person or by remote
delivery. Both conditions involve completion of the 4 YMHP sessions and the delivery of pre-exposure prophylaxis information
and navigation services. A minimum of 2 community health workers (CHWs) will be trained to deliver the intervention sessions
at each site. Sessions will be audio-recorded for Motivational Interviewing Treatment Integrity (MITI) fidelity coding, and CHWs
and supervisors will be given implementation support throughout the study period.

Results: Phase 1 focus groups were completed in July 2017 (n=25). Feedback from these focus groups at the 3 sites informed
adaptations to the YMHP intervention manual, implementation of the intervention, and recruitment plans for phase 2. Baseline
enrollment for phase 2 began in November 2018, and assessments will be at immediate posttest (IP)-, 3-, 6-, 9-, and 12-months
after the intervention. Upon collection of both baseline and follow-up data, we will compare the effectiveness and cost-effectiveness
of clinic-based versus remote delivery of YMHP in the context of health care access.
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Conclusions: We are conducting YMHP in 3 cities with high rates of YMSM at risk for HIV and STIs. When adapted for
real-world clinics, this study will help substance-using YMSM at risk for HIV and STIs and allow us to examine differences in
effectiveness and cost by the method of delivery.

Trial Registration: ClinicalTrials.gov NCT03488914; https://clinicaltrials.gov/ct2/show/NCT03488914 (Archived by WebCite
at http://www.webcitation.org/770WaWWfi)

International Registered Report Identifier (IRRID): DERR1-10.2196/11184

(JMIR Res Protoc 2019;8(5):e11184)   doi:10.2196/11184

KEYWORDS

HIV; motivational interviewing; men who have sex with men; adolescents; comparative effectiveness research

Introduction

Background
Young men who have sex with men (YMSM; aged 16-24 years)
are disproportionately at risk for HIV and sexually transmitted
infections (STIs). Although new HIV infections have fallen or
remained stable among other groups, YMSM have experienced
a 132% increase in new infections since 2002 [1]. From 2008
to 2011, YMSM aged 13 to 24 years had the greatest percentage
increase (22%) in new HIV infections [2]. YMSM of color are
especially at risk: in 2011, among YMSM aged 13 to 24 years
with HIV infection, 58% were black and 20% were Latino [2].

Young males aged 15 to 24 years are vastly overrepresented in
rates of STIs. In 2013, males aged 15 to 24 years accounted for
more than half (57%) of all male cases of Chlamydia trachomatis
(CT) infection and 46% of Neisseria gonorrhea (GC) [3]. Young
men aged 20 to 24 years had the highest rate of syphilis from
2008 to 2012 [3]. Furthermore, sexual orientation disparities
exist—for example, men who have sex with men (MSM)
accounted for 75% of all syphilis cases in 2013 [3]. Ethnic and
racial disparities exist in the incidence of other STIs among
YMSM [3]. Young black men aged 15 to 24 years have a rate
of CT infection 5.5-9.5 times higher and GC rates 10.4-13.0
times higher than white men [3]. A recent study of HIV-negative
MSM diagnosed with rectal CT or GC at STI clinics between
2008 and 2010 showed that such infections greatly increase
HIV incidence [4]. In 2013, MSM accounted for 3 quarters of
all primary and secondary syphilis cases diagnosed in the United
States—an increase of 10% since 2012 [3].

Location is also a risk factor. YMSM in large urban areas are
disproportionally affected. Detroit, Philadelphia, and Miami
have high rates of HIV and STIs among males. These cities are
geographically diverse and have large numbers of YMSM
receiving HIV counseling and testing annually by clinic sites
and community partners. This information points to the need
to study the effectiveness of the Young Men’s Health Project
(YMHP), for its significant public health potential in reducing
HIV/STI disparities among urban YMSM.

Evidence Base

Substance Use and HIV Risk Among Young Men Who
Have Sex With Men
MSM use substances at higher rates than the general population,
increasing HIV risk. High rates of drug and alcohol use among

MSM relative to the general population have been documented
[5-7], and our research has identified higher rates of drug use
among YMSM compared with heterosexuals [8-10]. Higher
rates of drug use have also been documented among MSM,
including YMSM in tandem with sexual activity [11,12].
However, drug-use patterns seem to differ among YMSM with
increased rates of cocaine among YMSM, which could have
implications for HIV risk given that stimulant use has been
linked to condomless anal sex (CAS) [13-16] and higher risk
of HIV infection and other STIs [17]. Nearly half of black MSM
with newly diagnosed HIV infection (48%) reported substance
use during their last anal sex encounter [11]. Substance use has
been found to increase sexual risk behavior among MSM [18],
placing them at high risk for CAS and HIV seroconversion,
exchange sex, and greater number of sexual partners [19]. Our
own research using event-level data for the previous 30 days
has shown that substance use strongly and significantly predicts
the odds of whether YMSM will use a condom [20]. A number
of other studies have looked at the impact of substance use on
sexual behavior and increased odds of seroconversion [11].
Different substances are associated with sexual risk behavior
among specific groups. Among Latino MSM, methamphetamine
use [21,22] and among black MSM higher rates of marijuana
use have been linked to sexual risk [23]. Therefore, there is a
critical need for brief, culturally appropriate, effective behavioral
interventions that improve self-management to reduce new HIV
infections among substance-using YMSM.

Effectiveness of Motivational Interviewing
Motivational interviewing (MI) has the potential to improve
self-management behaviors in terms of promoting sexual health
and reducing substance use among YMSM. There is strong
evidence that MI is a culturally appropriate and effective
approach for working with racial and ethnic minority
populations [24] who are disproportionately affected by HIV.
One meta-analysis of MI found a greater effect among minorities
[25]. MI has been recommended as particularly effective when
working with YMSM [26]. MI promotes increased intrinsic
motivation to change and, when paired with information
regarding health risk behaviors, reinforces the individuals’ right
and capacity to make well-informed health self-management
decisions for themselves [27].

YMHP, a manualized structured 4-session intervention using
MI and problem-solving skills building, has been listed as a
best evidence intervention by the Center for Disease Control
and Prevention (CDC) and is the only intervention to reduce
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both CAS and substance use among YMSM [28]. The CDC’s
endorsement of YMHP was informed by results of the National
Institutes of Health (NIH)-funded efficacy trial. A total of 143
HIV-negative YMSM (aged 18-29 years) who reported CAS
with a high-risk partner and at least 5 days of drug use in the
last 3 months were randomized to receive 4 sessions of YMHP
or 4 sessions of health education on sexual risk and substance
use. The majority [63%(90/145)] of the sample were YMSM
of color (black: 21%, Latino: 28.7%, or multiracial: 13.3%).
Retention rates were high: 79% at the 12-month follow-up and
88% completed at least 3 of the 4 sessions. Master’s level
therapists were trained in MI with ongoing fidelity monitoring
using the Motivational Interviewing Treatment Integrity (MITI)
coding system. YMSM who received YMHP reduced their
cross-time averaged odds of ever using any drug by 67% over
the 1-year follow-up. Within-condition analyses showed that
YMSM who received YMHP reduced their cross-time averaged
odds of ever having CAS by 83% over the 1-year follow-up.
YMSM in the YMHP condition were 21% less likely to report
CAS on days when they did report drug use relative to men
receiving education. This has been the first and only RCT with
HIV-negative YMSM to show significant reductions in both
CAS and substance use. As such, YMHP has the potential to
have a significant impact on YMSM seeking sexual health or
HIV counseling and testing services at clinics.

Remote Delivery
Research on telephone-based MI has consistently found that it
produces significant improvements in a wide range of physical
health challenges [29-31]. Furthermore, telephone-based MI
reduces mental health–related problems [32] and alcohol-related
problems [33] as well as sexual risk taking [31,34-36] among
HIV-positive individuals. Research comparing the effects of
telephone-based MI with face-to-face (clinic-delivered)
interventions has produced equivocal results. Across studies
examining physical activity, mental health, and substance use
outcomes, findings suggest no significant differences in delivery
method [34-37]. Carey et al examined the relative efficacy of
a telephone versus face-to-face intervention for alcohol use and
observed a significant interaction of delivery method with
gender [38]. Women on average had better outcome in the
face-to-face condition, whereas men responded equally well to
both delivery methods.

Notably, the issue of health care access has not yet been
examined as a moderator of relative effectiveness. One
advantage of telephone-based MI is that it significantly reduces
patient burden. It is, therefore, plausible that it will show
superior effects among YMSM who experience barriers to health
care access. However, it is also possible that remote delivery
(via phone or video chat using Skype or FaceTime) will decrease
engagement and the quality of the relationship between the
clinicians and the participant. This might result in clinic-based
delivery being superior among YMSM who have better access
to health care. Understanding how health care access intersects
with delivery method will substantially inform implementation
decisions at clinics and other agencies seeking to utilize YMHP.

Community Health Workers Intervention Delivery
Integrating implementation science into a comparative
effectiveness trial (CET) can minimize the science-practice gap
[39]. MI providers need not be clinicians—1 study conducted
by our team comparing community health workers (CHWs)
with clinicians found both were equally effective in providing
high-quality MI and that clients were more likely to be retained
in HIV care when working with CHWs [40]. CHWs are
commonly integrated into clinics and often play a central role
in providing HIV prevention services, including HIV counseling
and testing. Training CHWs to deliver evidence-based
interventions is a critical step toward realistic and cost-effective
implementation [41]. CDC has called for expanded use of CHWs
in services for chronic disease [42] with attention to
implementation and training [43-50].

Several steps can be taken in a CET of YMHP to promote
adoption and sustainability. First, using staff embedded in the
existing clinic setting can build capacity for implementation.
Second, CHWs have long been the cornerstone of integrating
support services into HIV-related prevention efforts [51].
Training CHWs to deliver interventions is a critical step toward
realistic and cost-effective implementation. Research has
documented the amount of training needed to obtain MI fidelity,
concluding that initial training followed by ongoing coaching
is required [52-55]. Such training can be costly when relying
on outside trainers. Thus, a train the trainer model where expert
trainers provide local supervisors with MI coaching skills might
be more sustainable [56]. Finally, CET designs help gain
information about implementation [57]. In a Hybrid 2 trial, the
goal is to dually determine which treatments work in which
settings and to simultaneously answer implementation science
questions about the potential barriers/facilitators to a treatment’s
widespread and continued implementation.

Aims
The aim of this paper is to describe Adolescent Medicine Trials
Network for HIV/AIDS Interventions (ATN) 145 YMHP to
study the scale-up of evidence-based practices in
multidisciplinary adolescent HIV care settings while balancing
flexibility and fidelity. The protocol is part of the Scale it Up
research program focusing on implementation of
self-management interventions to impact the adolescent HIV
prevention and care cascades [58]. The purpose of this study is
to adapt YMHP for clinic and remote delivery by existing HIV
clinic staff, CHWs, who work with YMSM aged 15 to 24 years.
This study also aims to (1) compare the effectiveness of
clinic-based versus remote delivery of YMHP in the context of
health care access by hypothesizing that remote-delivery will
yield significantly better results among youth who experience
barriers to health care access, whereas clinic-based delivery will
yield significantly better results among youth who do not, (2)
assess the cost-effectiveness of both formats of delivery to
increase the likelihood of uptake for this intervention, and (3)
assess the 5 components of the self-management model (ie,
problem solving, decision making, resource utilization, forming
of a patient and health care provider partnership, and taking
action) and how these components vary over time, are directly
improved by the interventions, and mediate intervention effects.
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Finally, a sustainable model of YMHP will be tested in
real-world adolescent clinics utilizing the Exploration,
Preparation, Implementation, Sustainment model (EPIS; see
ATN 153 EPIS protocol paper [59]).

Methods

Overview of Content and Delivery
This is a comparative effectiveness hybrid type-2 trial of the
YMHP intervention designed to achieve aims over 2 phases.
Phase 1 was completed by conducting focus groups with youth
as part of its formative research to obtain implementation
feedback about the delivery of the YMHP intervention and
intervention components to ensure culturally competent,
feasible, and scalable implementation both in the clinic setting
and via remote condition, when delivered by CHWs. For phase
2, the target sample size is 270 YMSM, aged 15 to 24 years, 90
at each of the 3 sites. Participants are randomized at the end of
their baseline assessment into 1 of the 2 intervention conditions:
(1) delivery of the YMHP intervention in person at the clinic
site or (2) delivery of the YMHP intervention by phone or video
chat using apps such as Skype or FaceTime. Everyone will
receive session 1 in person immediately upon completion of
the baseline assessment regardless of their randomization to the
2 intervention conditions. Those randomized to face-to-face
clinic-based delivery will schedule and complete their remaining
3 sessions in person, whereas those randomized to the remote
condition will schedule and complete the remaining 3 sessions
remotely.

The study will employ a stratified randomization procedure
based on city, minority status, and health care access, so that
within each city, youth who experience barriers to health care
access are distributed equally across conditions. We will also
stratify by interventionist and whether a youth has used
marijuana only versus other drugs in the past 3 months. Research
staff will complete a survey on Qualtrics that will randomize
participants into 1 of the 2 study groups with no masking to the
research staff or participant. Intervention sessions will occur
approximately once per week for 4 weeks beginning 1 week
after completion of the baseline assessment. There is a 12-week
window for intervention completion, that is, all 4 sessions must
be completed within 12 weeks of the baseline assessment. The
immediate posttest (IP) assessment will occur 3 months after
baseline and subsequent follow-ups will be scheduled 3 months
thereafter until the 12-month postintervention (ie, 15 months
postbaseline) assessment. Baseline, 3-month, and 9-month
assessments consist of self-report data collection (CASI) and
HIV and STI testing for CT, GC, and syphilis. The IP, 6-month,
and 12-month follow-up assessments require completing the
CASI only and can be completed remotely via email Qualtrics

link. All enrolled participants could receive up to US $275 by
the end of this study—US $50 for baseline, which includes
CASI, bio-testing, and session 1; US $30 for sessions 2 to 4;
US $20 as a bonus for completing all 4 sessions; US $25 for
CASI-only assessments (ie, for IP, 6-month, and 12-month
assessments); and US $50 for assessments with both CASI and
bio-testing (ie, for 3-month and 9-month assessments). The
participant flow diagram is presented in Figure 1.

Recruitment and Eligibility

Recruitment
The Center for HIV Educational Studies and Training (CHEST)
at Hunter College will use a variety of recruitment strategies to
recruit participants for this study. First, as a result of CHEST’s
role as the Management Core and Recruitment and Retention
Center (REC) for Scale It Up, we will utilize 3 Subject
Recruitment Venues (SRVs) in our network (Wayne State
University Prevention in Detroit, University of Miami, and
Children’s Hospital of Philadelphia) to complete clinic- and
field-based recruitment. All 3 SRVs, as well as CHEST, have
extensive relations with the gay, lesbian, bisexual, and
transgender communities; community service organizations;
health service organizations; and providers for MSM. In this
aspect, recruitment will occur from routine walk-in visits for
HIV testing. Partnering clinics will include offering this study
through outreach activities and through their HIV testing
services they provide in their clinics. Information about the
study will be included in the institutional review board
(IRB)-approved palm cards, brochures, and flyers at each clinic
site (see Figure 2). This information will be displayed in waiting
rooms and exam rooms at the clinic as well as at locations of
mobile testing events and outreach shifts to be passed to
potential participants to both encourage HIV testing and promote
the YMHP study. This method has worked well in the past for
numerous studies and takes advantage of when patients have
more idle time to learn about the study.

YMSM who test HIV negative at the 3 SRVs in Miami, Detroit,
and Philadelphia or through mobile testing efforts provided by
community collaborators will be offered the opportunity to
participate in YMHP. Those interested will be asked to complete
a brief Study Screener on a study iPad to collect demographic
and behavior questions related to eligibility criteria. Participant
ID numbers are generated and assigned through Qualtrics during
the screening process to all potential participants, including
those who screen ineligible. If eligible, a screen will be
displayed informing the potential participant of his eligibility,
and the site study staff person will then schedule the potential
participant for a baseline assessment. We anticipate enrollment
of 5 participants per month, per SRV, and have allocated staffing
resources to ensure this rate.
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Figure 1. Participant flow diagram. YMHP: Young Men’s Health Project.
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Figure 2. Young Men’s Health Project recruitment flyer.

In addition, CHEST will assist in referring potentially eligible
participants to the YMHP study through existing Web-based
recruitment efforts. CHEST utilizes the Hunter College
IRB-approved online master screener (OMS) used to
preliminarily screen individuals who are interested in
participating in studies being conducted through CHEST. If an
individual is preliminarily eligible for a study, the individual is
asked to provide contact information to CHEST for follow-up.
For the purposes of this study, the OMS will be used to refer
potentially eligible YMSM to HIV testing sites by sending them
an email referral informing them about the YMHP study and
where to go to determine eligibility after completing the OMS.
Potential participants will also be called by CHEST staff to
complete the Study Screener over the phone. If they meet the
study criterion, they will be scheduled by the study staff to
attend the clinic for HIV testing and YMHP enrollment. The
OMS, in this instance, will primarily be used as a referral
mechanism for the study, directing participants to which study
they might be eligible for, including YMHP.

Eligibility Criteria
All interested participants are assessed for eligibility by
completing a brief Study Screener. Study inclusion criteria
include (1) being aged between 15 and 24 years; (2) currently
identifying as male (regardless of birth sex); (3) receiving an
HIV-negative test result from a study site or mobile HIV testing

in the past 90 days; (4) having sex with men in the past 90 days;
(5) reporting at least 3 days of illicit drug use or heavy drinking
(5 or more drinks) in the past 90 days; (6) reporting at least one
episode of CAS with a male partner in the past 90 days or a
positive STI test result in the past 90 days; (7) living in the
Detroit, Miami, or Philadelphia metropolitan areas; and (8)
having the ability to communicate in English. Exclusionary
criteria include the following: (1) participants whose mental,
physical, or emotional capacity does not permit them to
complete the protocol as written; (2) currently taking Truvada
as pre-exposure prophylaxis (PrEP); and (3) 5 or more days of
injection drug use in the past 90 days.

Management and Tracking Study Visits
There are 2 different types of visits during the study timeline.
Research visits include all assessments including the baseline
visit, the posttest assessment, and all other follow-up
assessments. All participants, in either condition, are expected
to complete 6 research visits as part of full participation in the
study. Research visits will be tracked using REDCap, a secure
Web app for managing Web-based surveys and databases. This
system allows both SRV study staff and the REC staff to monitor
the completion of study visits and surveys and generate reports
on enrollment and retention as needed. SRV study staff will
track all completed study components in REDCap immediately
after completing an assessment no later than the end of the
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business day. Intervention visits include all YMHP sessions
between enrolled study participants and trained CHWs.
Intervention visits will be largely managed by the CHWs with
their individual study participants. CHWs will notify SRV study
staff of whether visits were completed for tracking purposes,
provide receipts for session compensation to SRV study staff,
and upload audio files to Dropbox Business as per study
procedures. CHWs will deliver the first YHMP session at the
completion of each baseline assessments immediately, regardless
of randomization, and will schedule the subsequent session in
person or remotely.

Intervention Design
YMHP has been listed as a best evidence intervention by the
CDC and is the only intervention to show significant effects on
both CAS and substance use among YMSM. MI techniques are
utilized to provide personalized feedback for reducing CAS and
substance use among YMSM. The YMHP intervention will be
delivered by MI-trained CHWs employed at SRVs, primarily
by former HIV counseling and testing counselors, health
educators, and trained program peers. Participants will be
randomized to receive the intervention either in person or
remotely by phone or via video chat using Skype or FaceTime.
Both conditions involve completion of the 4 YMHP sessions
and the delivery of PrEP information and navigation services
to interested participants.

Four Sessions of Young Men’s Health Project
In session 1, youth will choose which behavior to discuss first
(sexual risk or substance use), and the CHW will elicit the
participant’s view of the problem using standard MI techniques,
building motivation for change by eliciting and reinforcing
change talk and clarifying the youth’s own personal priorities
(through a structured card sorting activity). The CHW will assess
and reflect the participant’s readiness to make changes in target
behavior. If the participant is willing to proceed, goals on
healthy behaviors (ie, substance moderation, sex risk harm
reduction strategies) are set. The session ends with MI strategies
to evoke the youth’s ideas about how to take steps toward
change, consolidate the youth’s commitment to the plan, and
problem solving. Session 2 follows the same format as session
1 but revolves around the second target behavior. Session 3
includes a discussion about how PrEP might fit within a youth’s
goal for healthy behaviors. In sessions 3 and 4, the CHW will
review the change plan, continue to elicit and reinforce change
talk, problem-solve barriers, consolidate commitment, and
address maintenance of behavior change.

Training of Interventionists
YMHP intervention training will occur before the initiation of
phase 2, with ongoing coaching and supervision and training
of new interventionists, as required. The interventionist training
team includes 2 members of the Motivational Interviewing
Network of Trainers from the CHEST, and this training
procedure includes (1) an initial 3-day training for CHWs and
local supervisors; (2) a 2- to 3-month training period of role-play
practice, coding and feedback, and supervision modeling,
including mock sessions with standardized participants role
played by CHEST research assistants; (3) 1-hour weekly

supervision sessions between local supervisors and CHWs; (4)
monthly supervision calls between local supervisors, the
interventionist training team, and the protocol lead including a
quarterly Skype booster training; and (5) ongoing quality
assurance and feedback using MITI coding.

All materials (eg, slides, training exercises, supervisory tools)
will be packaged for potential dissemination. Before
dissemination, any copyrighted media will be removed from
these materials. The initial 3-day training was held for all CHWs
and their supervisors in Miami and followed a curriculum
developed from previous NIH-funded effectiveness trials. CHWs
and supervisors participated together in days 1 and 2 of the
training. The third day of training was split so CHWs could
have more practice with the YMHP protocol and supervisors
could focus on coaching MI. CHEST provided external MITI
coding for the supervisors to use as feedback. Following the
3-day training workshop, all CHWs and supervisors submitted
audio recordings of all intervention sessions. Mock sessions are
completed as in-person and remote delivery with mock
participants. These sessions were MITI coded and CHEST
trainers provided coaching and feedback. Once beginner
competency was met, the local SRV supervisor took over weekly
individual supervision of the CHWs. Throughout YMHP, the
interventionist training team will continue to provide support
to supervisors for assistance in supervision and will focus on
having them practice listening for skills and then model for
them how to use MITI feedback.

Fidelity Monitoring
All sessions (clinic-based and remote-based) will be
audio-recorded, and one recording per CHW will be randomly
selected for MITI coding by the research team on a regular
basis. For the full trial, a random selection of 10% of the
interviews will be independently coded. Supervisors will
complete fidelity checklists for the supervision session so the
team can monitor implementation. The protocol lead and the
interventionist training team will facilitate quarterly boosters
via group Skype for supervisors. Before the quarterly boosters,
supervisors will submit a recording of a supervision session for
review. Boosters will cover successes and challenges, MITI
scores, updated MI skill development plans for each CHW, and
role-plays of supervision skills. The protocol lead and the
interventionist training team will join supervision sessions via
Skype if MITI scores fall below competency without
remediation. They will also lead annual in-person booster
trainings covering MI skills and specific delivery of YMHP for
supervisors and CHWs. All boosters will be recorded and
qualitatively analyzed.

Results

Phase 1
Phase 1 was conducted in 2017, with site visits to Miami,
Detroit, and Philadelphia where focus groups were conducted
with youth. Focus groups participation breakdown is provided
in Table 1. The feedback from the focus groups at each clinic
has been used to modify the YMHP intervention before the
launch of phase 2. Phase 1 focus groups were conducted with
a total of 25 youth across the 3 SRVs to gather information that
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would be used to better implement YMHP. Youth were divided
into 2 age groups, 15 to 17 years and 18 to 24 years. The first
focus group was conducted in Detroit between June 7th and 9th
of 2017 with 14 scheduled potential participants. Out of those,
7 participants provided consent and participated in the group
discussion. The second focus group was conducted in

Philadelphia between July 10th and 11th with 23 scheduled
potential participants. Out of those, 8 participants provided
consent and participated in the group discussion. The final group

was conducted in Miami between July 12th and 14th with 20
scheduled potential participants. Out of those, 10 participants
provided consent and participated in the group discussion. A
total of 25 participants who reported their HIV status as negative
attended focus groups and provided their feedback on the YMHP
intervention.

Participants in focus groups were asked to provide feedback on
HIV testing and counseling experiences and how to incorporate
screening into the testing process, the YMHP intervention, and
barriers to completing participation in the study. Participants
reported positive experience working with the 3 sites and limited

negative experiences overall with testing and counseling. Many
participants expressed a lack of discussion about substance use
but a desire to engage in discussions about it with CHWs,
especially in the context of peer pressure from older partners.
Participants at all SRVs reported cocaine and ecstasy as
commonly used substances in their cities. When participants
were asked about the intervention, they expressed interest in
the remote delivery option. Many thought that the advantages
to sessions over the phone or video chat such as Skype and
FaceTime are that it eliminates transportation as a barrier to
session completion and the resistance of talking to a therapist
face-to-face. Participants also felt that individual characteristics
(eg, race, gender) of the CHW delivering the YMHP intervention
did not matter as long as they were confident with their
knowledge and the resources they are offering. In addition, they
perceived scheduling and discretion were the 2 biggest barriers
to completing sessions because of school and needing parents
to possibly transport them to and from appointments at the SRV,
while also having to explain the study to strict parents for youth
less than or equal to 18 years as an obstacle.

Table 1. Young Men’s Health Project focus groups.

ParticipantsDateSite

Age group 18-24 years (n=22)Age group 15-17 years (n=3)

70June 7-9, 2017Detroit

62July 10-11, 2017Philadelphia

91July 12-14, 2017Miami

Phase 2
On the basis of the results from phase 1, for phase 2 we will
enroll 270 YMSM, with 90 participants per site and 135
participants in each of the 2 conditions. Recruitment for phase
2 began in October 2018, and all participant components are
projected to end in December 2020.

Intervention Outcomes and Measures
This study examines 4 coprimary outcomes related to substance
use (1 outcome) and sexual health management (3 outcomes).
These are measured during baseline; immediate postintervention;
and 3-, 6-, 9-, and 12-months follow-up assessments.
Specifically, sexual health management is measured by 3
outcomes: (1) decreased STIs, (2) decreased CAS, and (3)
increased PrEP uptake/adherence. HIV/STI testing occurs after
immediate postintervention at 3- and 9-month follow-up
assessments.

Substance use is measured using the Alcohol, Smoking and
Substance Involvement Screening Test (ASSIST) [60]. ASSIST
is often utilized as a screener in primary care settings for
substance abuse. Specifically, ASSIST assesses participants’
use of alcohol, tobacco, cannabis, sedative, hallucinogens,
inhalants, opioids, and other drugs. The primary substance use
outcome will be substance use days during the past 90 days.

To measure CAS, participants complete a series of questions
pertaining to their sexual behavior with main and casual partners
[61]. Participants estimate their total number of sex partners in

the past 3 months. Participants also indicate if they had
unprotected, receptive or insertive, anal sex with partners who
were HIV positive or of unknown HIV status.

The Motivational PrEP Cascade is a series of 21 questions that
are designed to assess PrEP treatment uptake and adherence
[62-64]. Participants report their familiarity with PrEP;
experiences and acceptability; as well as PrEP contemplation,
preparation, action, and maintenance utilizing the
Transtheoretical Model of Change framework. This includes
assessing willingness and intentions for PrEP uptake. The
Motivational PrEP Cascade also assesses when participants
begin and stop taking PrEP [65].

Putative Moderators and Mediators of Intervention
Effects
Moderators and mediators of intervention effects will be
assessed with health care access and other self-management
constructs for decision making, problem solving, self-regulation,
and provider and health care relationship. Health care access is
a series of 9 questions adapted from Williams and Chapman’s
unmet health and mental health need [66]. Items included
whether youth were not able to get health care services (ie,
routine physical examination, see a provider for sexual health
care or get access to PrEP, psychological or emotional
counseling, and counseling for drug or alcohol use) in the past
year when they felt they needed those services.

Self-management constructs included the Behavior Rating
Inventory of Executive Function (BRIEF-A) [67] and the Patient
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Activation Measure [68]. BRIEF-A is a series of 22 questions
asking patients to rate whether certain problems (eg, bothered
by having to deal with changes, do not plan ahead for tasks, and
problems completing my work) occurred in the past month.
Responses included never, sometimes, and often. For patient
activation measure, participants were asked on a 4-point scale,
ranging from strongly disagree to strongly agree or not
applicable, a series of 10 questions related to their health.
Examples of some of the questions include, “When all is said
and done, I am the person who is responsible for taking care of
my health” and “I am confident that I can follow through on
medical treatments I may need to do at home.”

Quantitative Analysis Plan
The primary hypothesis is that, although the main effect of
YMHP delivery modality will be nonsignificant, there will be
a significant interaction between access to health care and
delivery modality. Specifically, it is hypothesized that
remote-based YMHP will demonstrate greater improvements
in sexual health management (as measured by decreased STIs,
CAS, and increased PrEP uptake/adherence) as well as greater
reductions in substance use, compared with clinic-based YMHP,
among YMSM who do report barriers to health care access. In
contrast, it is hypothesized that clinic-based YMHP will
demonstrate greater improvements in sexual health management
and reduced substance use among YMSM who do not report
barriers to health care access.

The protocol lead and analytic team will test the effect of
clinic-based versus remote-based delivery on STI rates, alcohol
and drug use behavior, CAS, and PrEP uptake through multilevel
growth mixture modeling (GMM). A separate model will be
run for each outcome. Each model will be a 2-level model in
which individuals (level I) are nested in clinics (level II). This
approach controls for the nonindependence of individuals within
clinics. As 3 sites provide extremely limited predictive power
at level II, no site covariates are included in the model. The
models are empty at level II.

In a GMM, a latent growth curve with an intercept and linear
slope factor is specified. Latent class analysis is applied to these
2 growth components (intercept and slope) to identify groups
of individuals who share trajectories. For example, with regard
to drug or alcohol use, immediate and sustained responders
might have the lowest postintervention intercept and a flat slope.
Meanwhile, non-responders might have the highest
postintervention intercept and a flat slope. In contrast, delayed
responders might have a high postintervention intercept but a
significant negative slope, indicating reductions in missed
medication over the follow-up period.

If modeling results indicate that discrete classes are not present,
we will proceed with analyses in which the growth factors
(intercept and slope) are predicted directly by intervention
condition (and demographic factors found to be associated with
condition after randomization or with attrition over follow-up).
GMMs can subsequently incorporate predictors of class
membership. These analyses can be conceptualized as a
multinominal logistic regression with the latent trajectory-class
membership constituting the outcome. The predictors of primary
interest will be intervention condition, the presence of any

barriers to health care access, and the interaction between
condition and barriers to access. We will include as covariates
any demographic variables that were associated with condition
after randomization or with attrition over the follow-up period.

Power Analysis and Sample Size
Power analysis was conducted based on the 4 outcomes of STIs,
PrEP uptake, alcohol and drug use, and CAS. First, we analyzed
power assuming independence of participant observations
(assuming that the nesting of people within clinic was
irrelevant). With regard to STIs, we utilized the repeated
measures module of PASS 13.0 [NCSS Statistical Software] to
examine power to detect odds ratio differences in a repeated
measures design. Specifying compound symmetry, we allowed
ρ to vary between .2 and .5. Assuming the prevalence of STIs
in remote delivery condition varies between .05 and .15, the
proposed design (N=270) has power .80 to detect an odds ratio
of 0.20 to 0.50. Similarly, with regard to the odds of PrEP
uptake, allowing the rate of uptake in the remote delivery
condition to vary between .05 and .20 and allowing ρ to vary
between .4 and .7, the proposed design has power of .80 to
detect an odds ratio of 1.9 to 2.3. With regard to number of
alcohol and drug use days, we utilized the Tests for Two Poisson
Means module in PASS 13.0. On the basis of the data from our
previous studies, we allowed the rate of heavy drinking in the
remote delivery condition to vary between 7 and 9 days during
a 30-day assessment. The study is adequately powered to detect
a 3% reduction in the number of heavy drinking days in the
in-person condition at any single follow-up point. Allowing the
rate of substance use in the remote delivery condition to vary
between 3 and 5 days during a 30-day assessment period, the
study is adequately powered to detect a 4% reduction in drug
use in the in-person condition. A similar analysis was conducted
with respect to CAS. On the basis of our previous research, we
allowed the rate of CAS in the remote delivery condition to
vary between 2 and 4 acts in a 30-day assessment period. The
study is powered to detect a difference as small as 5% between
the remote delivery and in-person YMHP conditions. The
nesting of individuals within sites has the potential to reduce
power because substantial variability in outcome across sites
can obscure level-II treatment effects [69,70]. The design effect
can be used to tailor power analyses calculated under
assumptions of independence. In the case of a level-I predictor
with a fixed effect that is uncorrelated with other covariates in
the model, the design effect is equal to the 1−ρ, where ρ is the
intraclass correlation or the percentage of variance accounted
for by variability between sites. In previous ATN intervention
trials, between clinic site variability in HIV-related outcomes
did not differ significantly from 0. We anticipate an absence of
variability across clinics, suggesting that the design effect would
result in a negligible reduction in power. Finally, a sample size

of 270 is sufficient to detect a moderation effect with an f2 of
0.02. Cohen [71] designates this as a small effect; however,
recent work has characterized an effect of this size as moderate
to large as applied to moderation [72].

Cost-Effectiveness
To enhance the likelihood of uptake if effective, the
cost-effectiveness of 2 delivery models of YMHP in reducing
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sexual risk and substance use will be assessed utilizing CDC’s
guidelines for cost-effectiveness analysis on HIV infections
averted. The economic analysis will have 2 components: (1) a
cost analysis of the YMHP intervention and (2) an incremental
cost-effectiveness analysis that compares the value of
clinic-delivery of YMHP over remote delivery. We will first
estimate the marginal costs of delivering the 2 formats of
YMHP. Using data from the modified Drug Abuse Treatment
Cost Analysis Program [73,74] and study contact and
expenditure records, key statistics from the cost evaluation will
include the total annual economic cost for each program, weekly
economic cost per client, and total economic cost per
intervention session [75-77]. To highlight the relative
contribution of the various cost components and necessary future
budgeting, we will also perform a descriptive analysis of the
cost accounted for by resource category.

The mean aggregate cost of the interventions will be used as
inputs in the cost-effectiveness model. Cost-effectiveness will
be modeled for clinic-delivery of YMHP as compared with
remote-delivery for the differences in CAS and predicted
through Markov modeling for 5 and 10 years and over a lifetime
using varying assumptions about decay of the effect of the
intervention over time. Modeling will be performed from the
perspectives of (1) a third-party payer, (2) the medical care
system, and (3) society.

Intervention Effects on Self-Management and Tests of
Putative Mediation
Using GMM models similar to those described above in primary
outcome analyses, we will examine the cross-time effects of
intervention on the 5 dimensions of self-management. Where
a significant between-condition difference in self-management
is detected, we will explore mediation by examining whether
intercept and/or growth factors for that dimension of
self-management in turn predict outcomes. Indirect effects in
GMM will be evaluated using bootstrapping estimation where
possible. When this is not possible, a constraint approach will
be employed. This approach involves comparing the fit of 2
models: one model in which the product of constituent pathways
is constrained to be 0 and another in which the product of the
direct effects is unconstrained. A significant Chi-square test
associated with this comparison indicates that the constraint
significantly diminishes model fit and constitutes evidence of
the significance of the indirect pathway [78].

Discussion

Principal Findings
The goals of this YMHP intervention are to better understand
HIV prevention–focused self-management behaviors among
HIV-negative YMSM and to study the implementation of
YMHP to improve portability and scalability. The SRVs will
help to assess and address practical problems at the frontline of
service provision to pave the way for a comprehensive program
to reduce HIV infection among YMSM that reflects the
complexities of real-world adolescent HIV clinics. If proven
successful, this intervention delivery could help YMSM across
the United States.

On the basis of previous studies, YMSM are at an even higher
risk for HIV and STIs than older MSM [3,23,25]. YMSM living
in urban areas and YMSM of color are especially at risk [6].
The need to lower these rates makes this study important.
Similar interventions have been effective in the past. In a study
of youth currently living with HIV, results showed that
participants who had attended MI sessions were more likely to
pursue behavior changes compared with participants in the
control condition. The more sessions a participant attended, the
better the results [5]. MI was also beneficial in a study of field
outreach for young black men for HIV counseling and testing.
The study found that outreach workers who had implemented
MI were more likely to encourage youth to learn about their
HIV status.

Implementing YMHP MI-based interventions targeting MSM
at risk has been shown to be effective in past studies. This study
is beneficial because it addresses the needs of the YMSM
population. In urban areas, access to care (information about
care or transportation means), PrEP information, and knowledge
of sexual health and substance use might not occur in schools
or with primary care providers; introducing all of this in a
specially tailored intervention will give youth the information
to lower their risk of HIV infection and STIs. It is important to
implement this strategy drawing on the success of YMHP
interventions in the past [79,80] because of the fact that YMSM
as the population continues to see a rise in new HIV infection
(132%), whereas rates among other groups have remained stable
[6].

To address concerns related to differential drop out in that more
remote delivery participants might never receive first session
and that it is quite possible that retention across the 4 sessions
is still higher in the remote condition because of transportation
issues for in-person delivery, everyone will be asked to complete
their session 1 in person regardless of their randomization to
the intervention conditions. This would also address concerns
some of the focus group youth had about developing a rapport
over the phone or video chat. We estimate that retention for the
IP and the 3-, 6-, 9-, and 12-month assessments will be 97%,
94%, 91%, 88%, and 85%, respectively, based on our previous
study on YMHP [80,81]. Through REDCap, each clinic site
will be able to generate reports for when YMSM are due for
follow-up assessments, and the lead site, CHEST Hunter
College, will provide extensive training to research assistants
on retention efforts.

In addition, as YMHP is being tested in conjunction with other
evidence-based practices in the Scale It Up program of research
[58], intervention applicability and affordability will be
determined through implementation science research methods
and cost-effectiveness analysis. These components will be
studied using EPIS to generate knowledge about the barriers
and facilitators to the implementation and sustainment of the
intervention into adolescent HIV prevention and clinical care
settings.

Limitations
This study has several possible limitations based on the
population and locations involved. Another limitation regarding
eligibility criteria is self-reporting of 3 or more days of substance
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use and 1 episode of CAS in the past 90 days. However, with
the 3 SRVs HIV epicenters, intervention would be beneficial
even as a preventative measure for this population. Although
this study has a waiver of parental consent, parents or guardians
might also come up as a barrier to participation. If parents do
not approve of participation, they might discourage potential
participants from participating or enrolled participants from
completing the full study by refusing to cooperate if

transportation to and from the clinic is dependent on the parent.
Transportation overall might limit which participants can make
it to appointments when they have to go to SRVs for testing,
such as in Detroit where the lack of efficient public
transportation is a barrier to participation in intervention studies.
This is one of the main reasons why remote-based delivery is
being tested in these real-world adolescent clinics.
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Abstract

Background: The Exploration, Preparation, Implementation, and Sustainment (EPIS) model is an implementation framework
for studying the integration of evidence-based practices (EBPs) into real-world settings. The EPIS model conceptualizes
implementation as a process starting with the earliest stages of problem recognition (Exploration) through the continued use of
an EBP in a given clinical context (Sustainment). This is the first implementation science (IS) study of the integration of EBPs
into adolescent HIV prevention and care settings.

Objective: This protocol (ATN 153 EPIS) is part of the Scale It Up program, a research program administered by the Adolescent
Medicine Trials Network for HIV/AIDS Interventions (ATN), described in this issue by Naar et al. The EPIS study is a descriptive
study of the uptake of 4 EBPs within the Scale It Up program. The goal of EPIS is to understand the barriers and facilitators
associated with the Preparation, Implementation, and Sustainment of EBPs into HIV prevention and clinical care settings.

Methods: The EPIS study is a convergent parallel mixed-methods IS study. Key implementation stakeholders, that is, clinical
care providers and leaders, located within 13 ATN sites across the United States will complete a qualitative interview conducted
by telephone and Web-based surveys at 3 key implementation stages. The Preparation assessment occurs before EBP
implementation, Implementation occurs immediately after sites finish implementation activities and prepare for sustainment, and
Sustainment occurs 1 year postimplementation. Assessments will examine stakeholders’perceptions of the barriers and facilitators
to EBP implementation within their clinical site as outlined by the EPIS framework.

Results: The EPIS baseline period began in June 2017 and concluded in May 2018; analysis of the baseline data is underway.
To date, 153 stakeholders have completed qualitative interviews, and 91.5% (140/153) completed the quantitative survey.

Conclusions: The knowledge gained from the EPIS study will strengthen the implementation and sustainment of EBPs in
adolescent prevention and clinical care contexts by offering insights into the barriers and facilitators of successful EBP
implementation and sustainment in real-world clinical contexts.
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Introduction

Background
Over the past 25 years, behavioral scientists have developed a
number of efficacious interventions to reduce HIV transmission
and improve self-management among those living with HIV.
Between 2003 and 2014, the overall incidence of HIV in the
United States decreased by 25%, yet youth aged 13 to 24
experienced a 43% increase [1] and accounted for a quarter
(26%) of new HIV infections. More than half of (60%) of youth
living with HIV are unaware of their HIV status. Once
diagnosed, less than two-thirds are linked to HIV clinical care
within 1 year, and just over half (54%) achieve viral suppression.
Hence, fewer than 10% of US youth are and remain virally
suppressed [2]. These data clearly illustrate that implementation
of efficacious interventions in settings that serve youth has not
yet been fully realized.

Implementation science is the study of methods and factors
influencing the translation of research and other evidence-based
practices (EBPs) into routine care [3]. Multiple implementation
theories and models have been proposed for the prediction or
explanation of the process of adopting and sustaining EBPs
within the social sector. Where theories seek to generalize
predictable pathways of translating knowledge into practice,
determinant models and frameworks attempt to explain the
factors that influence various stages of adoption,
implementation, and sustainability in specific fields and contexts
[4]. Determinant models originating from child welfare and
mental health fields may be particularly pertinent to the HIV
field because of the similar ways in which social context
influences program delivery to youth and the adoption of new
practices by the clinical care providers.

The Exploration, Preparation, Implementation, Sustainment
(EPIS) model [5,6] is an implementation framework studying
the integration of EBPs into real-world settings. A strength of
the EPIS model is its view of EBP implementation across 4
phases [7]. The Exploration phase involves the recognition of
a concern or opportunity for improvement. In Preparation, there
is a decision to adopt an EBP. Implementation refers to the
active integration of the EBP into routine care, whereas
Sustainment examines the continued use of the new EBP. Within
each phase, EPIS outlines and highlights the interplay between
critical inner (internal to the organization, eg, organizational
leadership and clinician characteristics) and outer (external
systems, eg, political environment, funding, and other resources)

contextual factors likely to impact EBP implementation. A
number of reliable, validated measures of these inner and outer
contextual factors have been published in the research literature
(see Measures section for a description of selected measures),
making the EPIS model an ideal framework for the study of
EBP implementation in HIV clinical care settings [8,9]. Finally,
the EPIS model has been successfully used to study EBP uptake
in similar multisite effectiveness trials such as the JJ-TRIALS
and SAT2HIV [10-12] studies.

Aims and Objectives
This paper describes the EPIS research protocol, a study being
conducted by the Adolescent Medicine Trials Network for
HIV/AIDS Interventions (ATN; referenced as ATN 153 EPIS).
EPIS is a mixed-methods implementation science (IS) research
study of the uptake of 4 EBPs across the United States at ATN
research sites. Thus, EPIS is 1 study within a larger program of
research, “Scale It Up,” to improve HIV-related
self-management among youth living with or at risk of
contracting HIV [13]. The 4 EBPs include sequential multiple
assignment randomized trial (referred to as ATN 144 SMART),
an adaptive intervention that combines short message service
text messaging and cell phone support to increase antiretroviral
therapy adherence among youth living with HIV (see the study
by Belzer et al [14] in this issue). Scale It Up also includes a
comparative effectiveness trial of clinic- versus
telephone-delivery of the Young Men’s Health Project (referred
to as ATN 145 YMHP), a 4-session intervention to reduce the
risk of HIV infection among young men who have sex with
men (see the study by Parsons et al [15] in this issue). The
tailored motivational interviewing (MI) study (referred to as
ATN 146 TMI) aims to scale up the use of an EBP, MI, in
adolescent HIV clinical care settings (see the study by Naar et
al [16] in this issue). Finally, a comparative effectiveness trial
to assess the additive benefit of communication training during
couples’ HIV testing and counseling (referred to as ATN 156
We Test; see the study by Starks et al [17] in this issue). The
goal of the EPIS study is to describe the inner and outer
contextual factors impacting the uptake of these 4 EBPs across
3 implementation phases. In years 1 to 2, as sites prepare for
the integration of EBPs into their clinical care routines, the EPIS
study will assess several providers and organizational
characteristics that may impact the implementation and
sustainment of EBPs at each clinical site (Table 1). Years 3 to
4 will focus on understanding the barriers and facilitators sites
experienced during Implementation, and year 5 will assess plans
for Sustainment.
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Table 1. Exploration, Preparation, Implementation, and Sustainment (EPIS) model Inner (I) and Outer (O) context factors to be explored in the EPIS
protocol.

EPIS phase/timeline for data collectionData sourceFactors

Sustainment (Years 4 to 5)Implementation (Years 2 to 3)Preparation (Years 1 to 2)

✓✓✓bSurveyLeadership (Ia)

✓✓✓Interviews;
survey

Organizational culture and climate (I)

✓✓✓Interviews;
survey

Fiscal viability and resources (I, Oc)

✓✓✓InterviewsExperience with evidence-based prac-
tices (I)

✓✓✓Interviews;
survey

Attitudes toward evidence-based prac-
tices, including perceived barriers and
facilitators (I)

✓✓✓SurveyFacilitator/provider characteristics (I)

✓✓✓Interviews;
survey

Intervention fit (I)

✓✓✓InterviewsInterorganizational networks (O)

✓✓—eClinical
records

Fidelity monitoring and supportd

✓✓✓InterviewsPerceived client outcomes

aI: inner context factor.
bFactor collected at a given EPIS phase/timeline.
cO: outer context factor.
dFidelity data (defined as the extent to which providers adhere to treatment protocols) will be collected as part of the Scale It Up individual study
protocols.
eNot applicable.

Methods

Design
This study will use a convergent parallel mixed-methods design
[18] with data collected at 3 critical implementation phases:
preimplementation (Prepare), postimplementation
(Implementation), and sustainment. Participants will be enrolled
in the EPIS study for up to 40 months. Preimplementation
interviews will be conducted before EBP implementation,
beginning in June 2017 and concluding in March 2018. The
postimplementation interviews are scheduled to coincide with
the sites’ completion of the implementation phase, beginning
in March 2019. Sustainment interviews will begin in March
2020 to capture participant perceptions of sustainment 1 year
postimplementation. At each phase, participants will complete
a qualitative interview by telephone and a quantitative survey
via electronic data capture. Questions will focus on participants’
perceptions of the barriers and facilitators to EBP
implementation within their clinical site as outlined by the EPIS
model.

Participants and Targeted Sites
All medical providers and staff with patient contact (“Key
Stakeholders”) at 13 ATN sites participating in the

aforementioned Scale It Up research projects will be eligible to
participate (Table 2). Patient contact is defined as having direct
patient interaction across several points of care, including
prevention, counseling and testing, linkage to care, HIV primary
care, services to promote retention and adherence to
medications, and other medical or psychosocial services. Key
stakeholders will also include administrative and research staff
with key decision-making roles (eg, division chief and clinic
director) who will provide input on prevention and care services
and site operations. Each site will identify a clinical leader (“Site
PI”) to represent the organizational leadership perspective. There
are no exclusion criteria. Participant turnover will be managed
by maintaining the participant’s responses collected up to the
point of separation as a part of the study data corpus, but
participants will not be retained in the study post separation.
Similarly, if a site discontinues its participation, participants
associated with that site will remain part of the study data
corpus. Newly hired medical providers and staff at the 2
follow-up points will be invited to participate. Different sites
participated in different Scale It Up projects because of the
differing nature of each EBP being tested and the hybrid design
selected for each effectiveness-implementation trial (see the
study by Naar et al [13] in this issue). For example, ATN 146
used providers as the participants, but the other 3 trials primarily
used patients as the unit of analysis.
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Table 2. Scale It Up projects and participating sites in the Exploration, Preparation, Implementation, and Sustainment protocol.

ATN 156 We
Test

ATN 146

TMId
ATN 145

YMHPc
ATNa 144

SMARTb

City, StateSite

—X—fXeBaltimore, MDJohns Hopkins University

—X—XBirmingham, ALUniversity of Alabama at Birmingham/Birmingham
AIDS Outreach

X———New York, NYCenter for HIV Educational Studies and Training at

Hunter Collegeg

—X—XBrooklyn, NYState University of New York Downstate Medical
Center

X—X—Detroit, MIWayne State University Prevention

—X—XLos Angeles, CAChildren’s Hospital of Los Angeles

—X—XMemphis, TNSt. Jude Children’s Research Hospital

XXXXMiami, FLUniversity of Miami

—X—XNew Orleans, LATulane Universityh

—XXXPhiladelphia, PAChildren’s Hospital of Philadelphia

XX—XSan Diego, CAUniversity of California, San Diego

—X—XTampa, FLUniversity of South Florida

—X—XWashington, D.C.Children’s National Health System

aATN: Adolescent Medicine Trials Network for HIV/AIDS Interventions.
bSMART: Sequential Multiple Assignment Randomized Trial.
cYMHP: Young Men’s Health Project.
dTMI: Tailored Motivational Interviewing Implementation Intervention.
eSite is participating in given SIU project and receives relevant questions for Exploration, Preparation, Implementation, and Sustainment model.
fNot applicable.
gPostimplementation and sustainment phase only.
hPreimplementation phase only.

Before each data collection effort, each site will provide a list
of the medical providers and staff with direct patient contact.
This list will include names, contact information (phone number
and email), and role(s) within the clinic. Potential participants
will receive an initial “enrollment email” introducing them to
the EPIS model and study and providing them with instructions
for scheduling their qualitative interview through a Web-based
scheduling system. After the initial email, potential participants
will be sent reminders every 2 weeks throughout the baseline
study period about project enrollment. All sites have agreed to
permit participants to participate in EPIS data collection efforts
during their regularly scheduled work hours. Participants will
be provided a list of available interview times from which they
can choose an interview time most convenient for their schedule
and availability. Participants will also be given the option of
directly emailing their availability to arrange the most
convenient interview. Interviewers are centralized, providing
available times for all sites and will call participants at the
scheduled time.

Upon completion of the interview, participants receive a link
to complete the survey in Qualtrics. Participants who complete
both the qualitative interview and quantitative survey receive
a US $10 Amazon e-gift card. If a participant completes all 3
assessments (ie, preimplementation, implementation, and

sustainment), they can receive a total of US $30 in Amazon
e-gift cards. Participants who have not completed the
quantitative survey will receive periodic reminders to do so for
the duration of the data collection window.

All study procedures were approved by the institutional review
board of the Scale It Up principal investigator’s (PI) academic
institution. All participants provided oral informed consent
before the initiation of any study activity.

Assessments
Assessments will elicit participants’perceptions of barriers and
facilitators to EBP implementation and sustainment at 3 critical
implementation phases: preimplementation (Prepare),
postimplementation (Implementation), and sustainment. The
baseline assessment (June 2017-March 2018) will capture
preimplementation feedback on anticipated barriers and
facilitators for the specific EBPs each site will be implementing.
The first follow-up assessment will occur postimplementation
(March 2019-February 2020) and will assess barriers and
facilitators experienced during EBP implementation and query
anticipated barriers and facilitators to sustaining the EBPs. The
second follow-up assessment (March 2020-February 2021) will
assess barriers and facilitators experienced during the initial (1
year postimplementation) sustainment period.
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Interviews
Trained interviewers will conduct interviews by telephone using
a semistructured interview guide. Interview domains will include
gathering information about the participant’s professional
background and experience, clinical site organization and
structure, familiarity with EBPs in general, familiarity with the
specific EBPs being implemented, and perceived barriers and
facilitators to implementing the specific EBPs. In addition, site
PIs will be asked about organizational history with EBPs,
internal (organizational) and external (community and state)
leadership structures, and their site’s political context (policies
and funding mechanisms) and fiscal considerations. It is
estimated that key stakeholder interviews will require 30 min
to 60 min to complete. Site PI interviews will require 60 min
to 90 min to complete and thus will be completed in 2 parts (30
min to 60 min each).

Interviewer training will include prework for priming before
the training and a 2-part live virtual training with modeling.
Follow-up support will include interviewers conducting 2 mock
interviews with self-assessment and trainer ratings and feedback
following each mock interview; the rating forms were adapted
from the study by Amico [19]. Interviewers who do not achieve
adequate ratings on the second mock interview will complete
a third to determine if they are fit for the interviewer role. Once
data collection begins, the project team will hold monthly
interview support calls that focus on reviewing and
problem-solving issues raised by interviewers or identified
through a review of transcripts. Interviewers will also be able
to trigger immediate support through a Web-based technical
assistance support form. Training procedures will be initiated
1 month before each data collection point.

Interviews will be audio-recorded and, immediately upon
completion of the interview, uploaded to a secure server for
storage. Audio files will be electronically transferred to a
professional transcription service. Transcriptionists will provide
a verbatim, deidentified transcript of the interview.
Deidentification will involve removing participant and clinic
staff member names. Research staff will review transcripts for
quality (ie, accuracy) and confidentiality (ie, deidentification)
before releasing the data for coding. Interview data will be
uploaded to NVivo Version 12 (QSR International, Inc) for
analysis.

Survey
Key stakeholders’ and Site PIs’ attitudes toward the adoption
of EBPs will be assessed with the Evidence-Based Practice
Attitude Scale (EBPAS; Aarons) [20]. The EBPAS assesses 4
attitudinal dimensions with strong internal consistency
reliability: intuitive Appeal of EBP (alpha=.80), likelihood of
adopting EBP given Requirements to do so (alpha=.90),
Openness to new practices (alpha=.78), and perceived
Divergence from usual practice with research-based /
academically developed interventions (alpha=.59). They will
also complete an updated version of the scale, the
Evidence-Based Practice Attitude Scale-50 (EBPAS-50; Aarons
et al), which assesses 8 additional attitudinal domains [21]. The
EBPAS-50 assesses the following: EBPs Limitations and their
inability to address client needs (alpha=.92), EBP Fit with the

values and needs of the client and clinician (alpha=.88), negative
perceptions of Monitoring or supervision (alpha=.87), the
Balance of skills and the role of science in treatment
(alpha=.79), time and administrative Burden associated with
learning EBPs (alpha=.77), likelihood of increased Job Security
or professional marketability provided by learning an EBP
(alpha=.82), Organizational Support for learning an EBP
(alpha=.85), and positive perceptions of receiving Feedback
related to service delivery (alpha=.82).

Participants’ perceptions of organizational climate will be
assessed with 3 measures. Key stakeholders’ and Site PIs’
perceptions of organization climate, in general, will be assessed
with the Organizational Climate Measure (OCM; Patterson et
al) [22]. The OCM assesses organizational policies, practices,
and procedures that provide a contextual backdrop for
interactional patterns and behaviors that foster creativity,
innovation, safety, or service within the organization, in other
words, teamwork. Subscales will include the emphasis given
to Quality procedures (alpha=.80), Training or a concern with
developing employee skills (alpha=.83), and Performance
Feedback (alpha=.78), which refers to the measurement and
feedback of job performance. They will also complete the
Implementation Climate Scale (ICS; Ehrhart et al) [23]. The
ICS reliably assesses the extent to which a clinic fosters EBP
implementation across 6 dimensions: Focus on EBP (alpha=.91),
Educational Support for EBP (alpha=.84), Recognition for EBP
(alpha=.88), Rewards for EBP (alpha=.81), Selection for EBP
(alpha=.89), and Selection for openness (alpha=.91). Key
stakeholders will only complete the Perceived Organizational
Support Scale (POS; Rhoades et al) [24]. The POS assesses
general beliefs about the extent to which an organization values
employees’ contributions and cares about their well-being
(alpha=.90).

Key stakeholders and Site PIs will also evaluate the role of
leadership in the implementation of EBPs using 2 scales: the
Director Leadership Scale, (DLS; Broome et al) [25] and the
Implementation Leadership Scale (ILS; Aarons et al) [26]. The
DLS is a brief global assessment of organizational leadership
with strong internal consistency (alpha=.90). The ILS assesses
strategic leadership support for EBP implementation with 4
subscales: Proactive leadership (alpha=.95), Knowledgeable
leadership (alpha=.96), Supportive leadership (alpha=.95), and
Perseverant leadership (alpha=.96).

The extent to which the strategies, procedures, and elements of
the 4 EBPs being implemented in the Scale It Up program match
the values, needs, skills, and available resources (contextual fit)
will be assessed with an adapted version of the Self-Assessment
of Fit in Schools [27]. Key stakeholders and Site PIs will rate
the extent to which they have the skills required to implement
the EBPs, their comfort with the different elements of the EBPs,
consistency of the EBPs with current clinical practices, ease of
implementation including availability of resources and
administrative support for the implementation of the EBPs, and
perceived efficacy of the EBPs.

Site PIs will assess the extent to which their staff contributes
to EBP implementation by demonstrating behaviors that go
beyond minimum requirements using the Implementation
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Citizenship Behavior Scale (ICBS; Ehrhart et al) [28]. The ICBS
assesses 2 domains: helping others (alpha=.93) and keeping
informed (alpha=.91). Finally, all participants will complete an
investigator-developed survey to collect basic demographic
information, such as position, years in position, race, ethnicity,
gender identity, and current caseload. It is estimated that it will
require participants 60 min to 90 min to complete the survey.

Analysis Plan
The analyses will focus on understanding the barriers and
facilitators located within sites’ inner and outer context that is
associated with implementing and sustaining EBPs into HIV
care settings. Analyses will be guided by the following
questions: (1) How do inner context factors (eg, organizational
culture and climate and leadership) influence EBP
implementation and sustainment? (2) How do outer context
factors (eg, fiscal viability and interorganizational networks)
influence EBP implementation and sustainment? (3) To what
extent do the perceptions of key stakeholders and clinical leaders
(ie, site PIs) vary, and how does that variation affect EBP
implementation and sustainment? (4) To what extent do
stakeholder perceptions (key stakeholder and site PI combined)
vary by site (ie, organizational structure)?

Qualitative Analysis Plan
First, consistent with Morgan’s [29] recommendations for
qualitative content analyses and Hsieh and Shannon’s [30]
directed qualitative content analytic approach, standard
definitions of the concepts of interest will be developed on the
basis of the EPIS model. Each interview will be systematically
reviewed at each time point for all thematic mentions of the
following: (1) features of the inner and outer context per EPIS
that have the potential to influence implementation of an EBP,
(2) people who have the potential to influence implementation
of an EBP, and (3) personal perceptions of the EBP in question
and other EBPs that have the potential to improve patient
outcomes. Within these longer thematic lists, we will then
separate out specific categories of work-setting characteristics
(eg, leadership, incentives, and disincentives for innovating),
people (eg, patients, nurses, physicians, administrators, experts,
and novices), and perceptions of evidence-based interventions
(eg, feasible and advantageous), initially using existing theory
to guide categorization but also allowing themes to emerge from
the data through open coding procedures [31,32]. This combined
inductive and deductive coding approach will allow us to both
validate and extend the EPIS model. Revision of our initial
coding categories will occur iteratively until we reach saturation
in the identification of new codes. During this iterative process,
categories and their definitions will be refined and subcategories
of codes will be consolidated, consistent with an axial-coding
process. At this point, we will return to each interview and
systematically apply the final, revised set of codes. In addition,
case codes will be applied to each interview to reflect clinic
role, site, cluster, and relevant demographic characteristics of
the respondent.

The coding team will be led by the EPIS study PI, an
experienced PhD-level mixed-methods researcher. A total of 3
coders, 2 research assistants with, at minimum, a baccalaureate
degree, and 1 postdoctoral fellow with qualitative coding

experience will code all the data. Coders will undergo initial
training to familiarize themselves with the EPIS model, its
constructs, and the operational definitions developed for the
study. Coders will also be trained in the analytic approach,
including the coding software. Coders will first collaboratively
code 6 interviews (3 site PI and 3 key implementers) to
familiarize themselves with the data and finalize the working
codebook. An initial assessment of intercoder reliability will
be conducted on 2 interviews (1 site PI and 1 key implementer).
Coders will not be released for independent coding unless their
intercoder reliability is at a minimum of 0.60 or higher as
assessed by Cohen kappa [33]. To ensure intercoder reliability
is maintained, a random selection of 30% of the interviews will
be co-coded to ensure that the kappa coefficient remains 0.60
or higher [33]. After each intercoder reliability assessment,
coders will meet to discuss and resolve coding discrepancies.
Finally, the coding team is supported by 3 consultants with
expertise in IS and/or HIV qualitative research.

The coded data will be comparatively analyzed both within and
across time to examine differences at the setting and
provider-level in quality and extent of EBP implementation.
Examining the segments of text that are associated with
differences in the frequency of categories between, for example,
high-fidelity and low-fidelity sites, and examination of patterns
in the presence and absence of thematic categories will allow
us to provide empirically grounded explanations for differences
in study outcomes.

Quantitative Analysis Plan
Analysis will begin by examining the psychometric properties,
for example, internal consistency reliability using Cronbach
alpha for all scales and subscales of established measures.
Measures demonstrating insufficient reliability (eg, internal
consistency <.70) in the study sample will be further examined
with an exploratory factor analysis using Promax oblique
rotation. Items with loadings <.40 or strong cross-loadings may
be excluded for further analyses. Intercorrelations among items
within each subscale and subscales within each measure will
be examined; the correlation among measures will also be
examined. Once reliability in the sample is established,
descriptive analyses will be used to summarize the inner and
outer contextual factors within and across sites and by informant
(eg, site PIs and key implementers; clinical care providers and
administrative staff). At baseline, we will examine mean
differences in perceptions of intervention fit and attitudes toward
EBP across site PIs and key implementers. We will also assess
how perceptions vary as a function of Implementer
demographics. At each follow-up, a comparison of changes in
the inner and outer context factors over time (ie, from baseline
to postintervention and sustainment) using a multivariate
analysis will be conducted. Mixed linear effects models,
adjusting for covariates, including age, time in position, role in
clinic, experience level, and site-level factors, will be used to
explore the impact these factors have on the overall
implementation and sustainability of Scale It Up projects across
sites and patient outcomes.
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Mixed-Methods Analysis Plan
To offer findings in ways that move beyond the particularistic
view of EBP implementation within the sites, once all of the
data are coded across all time points, we will adopt the
innovation profile approach [34] originally developed for
classroom research. The approach results in a multidimensional
rubric to classify where an organization is in the process of
developing its capacity to engage in a particular set of activities,
in this case, the integration of EBPs into routine patient care.
The dimensions and subdimensions of the matrix we develop,
as well as descriptions of the behavioral indicators of exemplary,
intermediate, emerging, and low capacity to integrate EBPs,
will be derived from aggregating the data produced during the
analysis to the site level. These data will be integrated with
quantitative fidelity data collected by the intervention protocol
teams with equal weight given to qualitative and quantitative
data sources [35]. We will follow best practices for conducting
mixed-method designs in the health sciences as outlined by the
Office of Behavioral and Social Sciences Research [36]. These

include employing rigorous procedures in the methods of data
collection and analysis and integrating the multiple sources of
data toward the goal of obtaining rich, descriptive output.

Results

EPIS data collection was launched in June 2017 and, at the
writing of this paper, the first phase (Preparation) of data
collection has concluded, and analyses are underway. A total
of 140 of 282 eligible stakeholders completed both components
of the first EPIS data collection. The baseline data collection
window closed with a small proportion of providers (13, 8.5%)
having partially completed the baseline assessment, that is, the
qualitative component was completed, and the quantitative
survey remains outstanding. About 20% (56) declined to
participate and the remaining stakeholders did not respond to
the enrollment invitation before the closure of the baseline data
collection window. Figure 1 illustrates completion rates by site.
Follow-up data collections are scheduled to begin in March
2019 (Implementation) and March 2020 (Sustainment).

Figure 1. Total participant enrollment status per site till May 2018.
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Discussion

Protocol Goal
Although EBPs have demonstrated success in the academic
setting, many challenges can prevent an EBP’s successful
implementation and sustainment in real-world clinical contexts.
The goal of the EPIS IS study is to generate knowledge about
the barriers and facilitators to the implementation and
sustainment of EBPs into adolescent HIV prevention and clinical
care settings. Understanding the factors that impact
organizations, clinics, and practitioners throughout the EBP
implementation process will facilitate the adoption of EBPs by
tailoring implementation to fit within the needs and culture of
the organization and/or clinic.

Limitations
The EPIS sample is limited to the 13 participating ATN clinics
and the medical providers and staff with direct patient contact

within these clinical settings. These participants may not be
representative of service providers in other contexts. This study
and the Scale It Up program are focused on the implementation
of EBPs in multidisciplinary adolescent HIV settings. The EPIS
model was developed in child welfare [6,37] and has begun to
be applied to other service sectors including behavioral health
care [38] and juvenile justice [10]. In general, the findings from
this research will add to the growing literature on IS and
particularly the EPIS model, which will facilitate translation to
other clinical settings.

Implications
This study is the first IS study of EBP implementation in
adolescent HIV settings. The knowledge gained from the EPIS
study will strengthen the implementation and sustainment of
EBPs in both adolescent prevention and clinical care contexts
by offering insights into the barriers and facilitators of successful
EBP implementation and sustainment in real-world clinical
contexts.
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Abstract

Background: Past research shows that youth living with HIV (YLH) are not as engaged in the HIV treatment cascade as other
HIV-positive populations. To achieve the health benefits of rapid and widespread testing and advanced pharmacologic treatment,
YLH must be fully engaged in every stage of the treatment cascade. Cascade monitoring provides an opportunity to assess the
youth care cascade, including engagement in care and when youth commonly drop out of care, across 10 clinical sites in the
United States. Collecting electronic health record (EHR) data for prevention and care across participant recruitment venues within
the Adolescent Medicine Trials Network (ATN) allows for monitoring of the prevention and care cascades within the ATN, for
comparing the ATN population to large-scale surveillance, for future integration of technology-based interventions into EHRs,
and for informing ATN strategic planning.

Objective: The aim of this protocol study is to examine the trends in treatment cascade, including whether patients are receiving
antiretroviral therapy, adhering to regimens, attending care appointments, and maintaining suppressed viral loads, to guide new
protocol development and to facilitate community engagement. This protocol is part of the ATN Scale It Up (SIU) program
described in this issue.

Methods: Deidentified EHR data of YLH, aged 15 to 24 years, will be collected annually (2017 to 2022) from 10 ATN clinical
sites, resulting in patient data from 2016 to 2021. These data will be transferred and stored using Dropbox Business, a Health
Insurance Portability and Accountability Act–compliant site and then analyzed by the SIU analytic core.

Results: This study was launched in December 2017 in 10 clinical sites, with 2016’s EHR data due on January 31, 2017. All
10 sites electronically uploaded their EHR data. The mandatory variables requested to monitor cascade of care include date of
visit, age, gender, height, weight, race, ethnicity, viral load, and International Classification of Diseases codes for other diagnosis.
In total, 70% of the sites provided data for all mandatory variables. The remaining mandatory variables were manually extracted.

Conclusions: This study will provide a platform to determine how YLH across the nation progress through or drop out of the
HIV treatment cascade. It will also provide a foundation for assessing impact of SIU projects on treatment cascade outcomes.

International Registered Report Identifier (IRRID): DERR1-10.2196/11185
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Introduction

Background
In the United States, youth living with HIV (YLH)—especially
ethnic and racial minority youth and men who have sex with
men (MSM)—are experiencing disproportionately high rates
of morbidity [1], which places them at risk for early mortality.
Despite the fact that dramatic decreases in HIV transmission
are achievable with currently available treatments and
interventions (such as antiretroviral treatment [ART],
pre-exposure prophylaxis [PrEP], and rapid and widespread
testing), such decreases have not been realized among youth.
Only 42% of YLH aged 13 to 24 years are aware of their
sero-status, compared with 83.5% of all HIV-positive Americans
[2].

Therefore, it is clear that the HIV health care systems are failing
to engage youth at risk for HIV and YLH at one or more steps
of the cascade. The HIV prevention cascade includes routine
HIV and sexually transmitted infection (STI) testing, as well
as PrEP knowledge, access, uptake, and adherence when
warranted [3-5]. The HIV treatment cascade describes care for
those living with HIV, and includes diagnosis, linkage to care,
timely initiation of care, persistence and adherence to ART, and
sustained viral suppression.

Even when youth enter the treatment cascade through diagnosis,
knowledge of HIV status does not necessarily result in linkage
to care. Compared with 75% of adults, less than two-thirds of
YLH are linked to care within 6 to 12 months after diagnosis
[6]. Importantly, even linkage to care does not guarantee quality
or effective care. The physician must initiate ART early, even
if there is erratic behavior on the part of the youth, and YLH
must recognize that ART is a lifelong commitment and requires
a high degree of adherence. Even with appropriate ART
initiation and adherence, drug resistance is present (even at
baseline) in approximately 10% of youth [7-9]. Although
effectiveness trials report viral suppression rates of 80% or more
among YLH receiving ART, observational studies (ie, real-world
occurrence) find much lower rates, closer to 50% [9]. Zanoni
and Mayer presented the HIV care cascade of care for adolescent
and young adults in the United States with declining numbers
for those diagnosed, engaged in medical care, initiated
antiretroviral therapy, and achieved viral suppression [9].

Ultimately, the goal of those involved in HIV prevention and
care is to achieve maximum commitment to the HIV prevention
and treatment cascades. Mathematical modeling indicates that
even with 90% detection of HIV infections, followed by 90%
engagement in care of YLH, 90% appropriate treatment of those
in care, and 90% viral suppression of treated individuals,
approximately 34% of YLH will remain viremic (ie, presence
of a virus in the blood) [3]. In summary, implementation of
sustainable service delivery interventions along multiple points
in the cascade is necessary to achieve maximal benefits of
increased access to ART and increase viral suppression [10].

To achieve sustained viral suppression, a youth must determine
their HIV status and effectively engage in points along the HIV
treatment cascade. Engagement should begin at the prevention
cascade level, in that youth should have routine HIV testing
and consider postexposure prophylaxis or PrEP if warranted.
If HIV positive, the youth must immediately engage with the
care system, initiate ART and comprehend and embrace the
necessity of proper adherence, be retained in care, and maintain
viral suppression. Collectively, these steps comprise proper
HIV and sexual health self-management, defined as “strategies
to help individuals...and their caregivers better understand and
manage their illness and [/or] improve their health behaviors”
[11]. Every step of the HIV treatment cascade requires at-risk
youth or YLH to make decisions to engage with the system or
to modify their behaviors, that is, every step requires active
self-management. In fact, large numbers of at-risk youth are not
seeking HIV/STI testing or other prevention services; if positive,
they are not engaging in care. Even when they are in care, many
youths are not sustaining adequate HIV care and treatment.
They may be engaging in other risky behaviors, such as
substance use, that interfere across all points in the cascade.

The Scale It Up (SIU) Research Projects [12] were funded as
part of the Adolescent Medicine Trials Network (ATN) and
designed to advance the field of implementation science by
employing 3 types of effectiveness implementation hybrid
designs, all addressing self-management and inner and outer
context variables including sociopolitical culture, organizational
characteristics, culture and climate, leadership, dynamics of the
multidisciplinary team, facilitator characteristics and attitudes,
training fidelity monitoring and support, efforts, intervention
fit, and fiscal viability that are involved in successful
implementation. SIU utilizes motivational interviewing (MI)
to provide a clear framework for improving patient-provider
communication and promoting behavior change (ie, improved
self-management) using client-centered methods for enhancing
motivation and self-efficacy [13]. These are provider-driven
strategies to meet patients where they are currently at regarding
behaviors and build motivation for increased change.
High-quality patient-provider relationships are associated with
a greater likelihood of patients’ receiving ART, ART adherence,
attending appointments, and having lower viral load [14-18].
Through enhancing implementation of treatment protocols and
patient-provider relationships, SIU focuses on improving youths’
outcomes along the prevention and care cascades. Examining
trends in the care cascade is therefore critical for providing a
foundation for outcomes assessment across SIU projects.

Cascade monitoring (CM) ATN 154 is a center-wide protocol
in SIU focusing on the HIV care cascade as well as health
factors (eg, cardiovascular functioning) known to be
consequential for the long-term health outcomes of individuals
living with HIV. Information collected in CM will monitor
impact from other SIU protocols on potential gains in the
treatment cascade. CM specifically collects only data that can
be extracted from electronic health records (EHRs); therefore,
CM does not include HIV prevention data, as the participating
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clinical sites generally did not have prevention data available
for extraction. Documenting trends in the care cascade will
facilitate a deeper comprehension of when in the care cascade
patients most commonly drop out, and what populations
commonly disengage from the cascade, thereby providing
researchers, clinicians, and community stakeholders a pulse on
the adolescent HIV epidemic. Furthermore, the use of
electronically extracted variables that measure general patient
conditions by International Statistical Classification of Diseases
and Related Health Problems-10th revision (ICD-10) codes, as
well as cascade-specific variables, enables us to identify clusters
of data points that are meaningful for monitoring differences
in treatment cascade retention. These clusters of EHR variables,
called informatics EHR phenotypes, can then be used to identify
similar patients in other electronic data systems. The EHR
phenotypes identified for YLH through CM will be used in the
cost-effectiveness analysis for the SIU studies and used with
large archival databases to estimate the prevalence of cascade
failures to YLH in other community settings not included in the
CM study.

Aims
CM provides an opportunity to assess trends to guide new
protocol development and to facilitate community engagement.
These data will support the Adolescent Medicine Trials Network
(ATN) to have a finger on the pulse of the epidemic and will
provide feedback to sites and community partners. Using the
EHR phenotypes from CM, the patterns observed in the 10 SIU
clinical sites can be extended to identify YLH in other settings,
which can help policymakers and service providers improve
systems and services and address barriers to care to better
support individuals as they move from one step in the HIV care
continuum to the next.

• Aim 1: Develop a common data model of variables of
relevance for measuring cascade outcomes across 10
multidisciplinary adolescent HIV clinics and implement
EHR data extraction (downloading) annually for 2016 to
2021 calendar years.

• Aim 2: Utilize data submission reports to identify a
systematic EHR data extraction process to be utilized by
clinic sites.

• Aim 3: Using extracted EHR data, determine how many of
those retained in care and receiving ART keep clinic
appointments and achieve viral suppression.

• Aim 4A: Determine when patients most commonly drop
out of the HIV care continuum, and what populations
commonly do so, in the SIU clinical sites.

• Aim 4B: Develop a phenotype for HIV-infected adolescents
from the EHR CM data. Use the phenotypes applied to large
national datasets to estimate variations in rates of cascade
failure for YLH in the United States to help policymakers
and service providers improve systems and services to better
support individuals as they move from one step in the HIV
care continuum to the next.

• Aim 5: Measure the effect of clinic-based interventions in
SIU on longitudinal HIV care cascade outcomes across the
10 multidisciplinary adolescent HIV care clinics
(approximately 1200 patients). This center-wide protocol
will support the aims of the separate SIU projects.

• Aim 6: Apply the phenotype for HIV-infected adolescents
from the EHR CM data to national databases to estimate
costs weights for use in the assessment of cost-effectiveness
of the SIU interventions.

Methods

Overview
This study (CM, ATN 154) is part of the SIU program as
described in the overview paper in this issue [12]. Deidentified
EHR data will be collected retrospectively from 10 clinical sites,
also known as Subject Recruitment Venues (SRVs),
participating in the SIU. The sites are as follows:

1. Site 1: Baltimore—Johns Hopkins University, Maryland.
2. Site 2: Birmingham—University of Alabama at

Birmingham, Alabama.
3. Site 3: Brooklyn—SUNY Downstate Medical Center, New

York.
4. Site 6: Los Angeles—Children’s Hospital Los Angeles,

California.
5. Site 7: Memphis—St. Jude Children’s Research Hospital,

Tennessee.
6. Site 8: Miami—University of Miami, Florida.
7. Site 10: Philadelphia—Children’s Hospital of Philadelphia,

Pennsylvania.
8. Site 11: San Diego—University of California San Diego,

California.
9. Site 12: Tampa—University of South Florida, Florida.
10. Site 13: Washington, DC—Children’s National Health

System, District of Columbia.

The first extracts will contain standard of care and treatment
visits in the full year of 2016 and associated data (see Table 1)
for all YLH, aged 15 to 24 years, treated at sites. Subsequently,
1-year data extracts will be requested from sites annually, with
the final year of data uploaded in 2022 for the full year of 2021
(see Figure 1).

Data Acquisition
Data collection will occur at all SIU clinical sites providing care
to YLH by site personnel. The scientific and leadership teams
have determined that there will not be resources allotted to do
chart review for the CM measures; therefore, the CM protocol
team will receive only measures available for extraction from
the clinics’ electronic data systems. The provision of
electronically downloaded data, relative to hand extracted, also
reduces the risk of data entry error, particularly for complex
variables (eg, ICD-10 codes). However, given that longitudinal
surveillance of viral load is critical to the success of the protocol,
hand-extracted viral load data are the only exception when it
cannot be electronically downloaded. All data transferred by
the sites to the CM protocol team will be deidentified at the
sites before data transfer. Having the sites create and update a
master list of patients and unique identifiers is crucial for
conducting longitudinal data analysis and following patient
attributes and outcomes over time. Sites will be provided with
the instructions on the unique identifiers that should be used to
create participant identification numbers.
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Table 1. Measures.

Metrics and notesType and variable

Time varying

Unique to study, should not match patient’s medical record file (ie, deiden-
tified); see table below

Patient ID

MM/DD/YYYYVisit date

Name of medication; include all prescribedAntiretroviral Medications—Name

Quantitative value (parts per cubic ml)Viral load results

Absolute countCD4 cell count result

MetersHeight

KgWeight

mmHgBlood pressure—systolic

mmHgBlood pressure—diastolic

mg/dLCholesterol panel—total

mg/dLCholesterol panel—low density lipoprotein

mg/dLCholesterol panel—high density lipoprotein

mg/dLCholesterol panel—triglycerides

mg/dLBlood glucose—hemoglobin A1c

mg/dLBlood glucose—fasting

current/past/neverTobacco use—current status

Number of packs per dayTobacco use—how much

Number of yearsTobacco use—how long

Positive/negative OR reactive/nonreactive; if titer please enter positive or
reactive

Chlamydia test result

Positive/negative OR reactive/nonreactive; if titer please enter positive or
reactive

Gonorrhea test result

Positive/negative OR reactive/nonreactive; if titer please enter positive or
reactive

Herpes test result

Positive/negative OR reactive/nonreactive; if titer please enter positive or
reactive

Syphilis test result

Positive/negative OR reactive/nonreactive; if titer please enter positive or
reactive

Human papilloma virus test result

Name of medication; include all prescribedOther non-HIV medication—Name

Last known/documentedPatient zip code

Include all from visit; extracted as left-hand justified character variablesInternational Statistical Classification of Diseases and Related Health
Problems-10th revision Diagnoses Codes

Include all from visit; extracted as 5-digit numerical variablesCPTa-4 Procedure Codes

Include all from visit; if used instead of CPT codes; extracted as 5-digit
character variable

Health care common procedure coding system Procedure Codes

Time invariant

Unique to study, should not match patient’s medical record file (ie, deiden-
tified)

Patient ID

Age as of January 1 of the year of data download (eg, 01/01/2016 for 2016
data download)

Current age

YearsAge at HIV diagnosis

MM/DD/YYYYDate of HIV diagnosis

Self-report; for example, male, female, transgender male-to-female,
transgender female-to-male, other

Gender
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Metrics and notesType and variable

Self-reportRace

Hispanic/non-Hispanic/other as available /self-reportEthnicity

Self-reportSexual-orientation

For example, men who have sex with men, intravenous drug use, high-
risk heterosexual

Mode of transmission

MM/DD/YYYYDate of entry into care

MM/DD/YYYYDate of death (if applicable)

aCPT: Current Procedural Terminology.

Figure 1. Cascade monitoring study design.

The SIU Recruitment and Enrollment Center (REC) is a
subsidiary of the management core and works with the CM
protocol team to communicate and work with SRVs to obtain
EHR data and troubleshoot challenges. The REC issues launch
materials including example templates to sites before download,
specifying data elements, formats, and ordering. Data structure
will likely vary by site and depend on the resources and
capabilities of each site. The REC is equipped to process various
data structures and formats, in this case.

The CM protocol requires data to be electronically downloaded,
not hand-extracted. If a site cannot, at a minimum, download
viral load, date of appointment, age, height, weight and ICD-10
diagnoses codes, then the CM protocol team will consider
dropping the site. The site needs to discuss with their

information technology team/department to determine if
downloading is possible, and any associated cost. The CM
protocol team will then determine whether it is feasible for the
site to remain as part of CM and, if applicable, an acceptable
date of data transfer.

EHR data on cost-effectiveness variables include ICD-10
diagnoses codes (extracted as left-hand justified character
variables), current procedural terminology (version 4) procedure
codes (extracted as 5-digit numerical variables), and health care
common procedure coding system procedure codes (if used
instead of CPT codes; extracted as 5-digit character variables).
A data explanation form is used to document information
relevant to the conduct of the study that is not captured on other
study forms (eg, explanation for missing variables or explanation
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for using a different metric than the one specified in the study
summary). This form also includes a column for sites to indicate
which method they used to obtain the data (ie, hand extraction
for viral load only vs downloaded).

Data Transfer
Data transfer will occur annually as site data extracts are
uploaded and processed. Dropbox Business software will be
utilized to allow for the transfer of relevant data files from sites
to the REC and from the REC to the CM protocol leads and
analytic core (AC) that are encrypted and meet all standards for
Health Insurance Portability and Accountability Act (HIPAA)
compliance. The Dropbox Business program and its rigorous
HIPAA-compliant system for managing the sharing of individual
folders will allow for the development of permissions that
restrict access to each file to site-specific personnel, protecting
participant confidentiality. The system uses a combination of
user authentication, file audit trails, device and user permissions,
emergency access protocols, and login/logoff checks to manage
the integrity of files. The Dropbox Business program encrypts
each file uploaded onto the Dropbox servers and then, with the
appropriate permissions via keys, allows users to download and
unencrypt the file on their local machine. This means that all
files stored on Dropbox are completely encrypted such that
anyone without the appropriate key on their local machine will
be unable to open the file after downloading it—this process
can be done live through shared folders or through Web-based
file delivery (similar to a file transfer protocol delivery). To
upload, a user drags and drops files to the appropriate folder or
selects them via the menu, just as they normally would. As
Dropbox Business will be used for data storage and the software
employs secure encryption upon upload and Secure Sockets
Layer (SSL) for data transmission, device encryption is not
required at the sites.

Regarding Dropbox Business and encryption, the key features
of Dropbox Business (a HIPAA-compliant cloud encryption
software) are as follows:

1. Dropbox employs file-level encryption on devices and the
cloud with Advanced Encryption Standard 256-bit
encryption and uses SSL for transmission.

2. Any file placed in Dropbox is automatically encrypted. As
Dropbox synchronizes only encrypted versions of files, the
data are consistently protected.

Data transfer will occur annually, as site data extracts are
uploaded and processed.

Data Storage
Dropbox Business will be the primary method of data storage,
and data files will be uploaded and downloaded securely by the
REC, CM protocol lead and colead, and AC. Data files will not
be saved on local machines under any circumstances. Regarding
analyses, data will be analyzed by the CM protocol team and
the AC using secure computer systems.

Data Management
The protocol lead and colead will provide data management
support for the AC, working closely with the clinical sites and
the management core. One of their roles is specifically

management of EHRs to develop a common data model across
all 10 clinical sites.

The leads will ensure that analysis-ready datasets are regularly
produced for the AC through ongoing data management. They
will consult with the scientific team and with the AC to create
a data management protocol, which details how finalized data
will be structured. The data management protocol will be used
in conjunction with the variable codebook to guide the data
management process. Data will be exported from relevant
sources and then imported into Statistical Analysis System (SAS
Institute) and IBM Statistical Package for the Social Sciences
(SPSS Inc). Using both SAS and SPSS, the leads will develop
automated syntax files that will be used to clean data files by
calculating scale scores, recoding variables, addressing missing
data, and merging datasets together. Final datasets will be
delivered to the AC in a preferred file format (SPSS, SAS, or
CSV). Protocol leads will also provide ongoing support for
cleaned data and perform additional data cleaning tasks as
requested by the AC.

Data Analysis Plan
Upon initial receipt of the data and at regular intervals,
exploratory data analysis will be conducted to understand the
breadth and specificity of available data. Descriptive statistics,
including measures of central tendency, will be generated to
identify outliers and track data consistency for future downloads.
For the ATN as a whole, and also for sites individually, the
proportion of individuals in each key stage of the cascade
(retained in care, prescribed ART, and virally suppressed) will
be described at baseline and over time.

The AC will perform longitudinal data analyses with advanced
analytic procedures such as mixed-effects regression models,
generalized estimation equations with a Poisson distribution,
and log link function to model care retention based on both
patient-related and clinical characteristics to identify the relevant
predictors associated with dropout at any stage of the cascade.
Moreover, these models will be utilized to identify trends and
patterns of change over the course of data collection. We will
also conduct additional analyses to assess baseline differences
among sites as a function of previous training or participation
in ATN studies. On the basis of the findings, the AC will provide
suggestions to the SIU leadership, the protocol leads, sites, and
community partners to support ATN protocols and development
going forward.

Cost-Effectiveness Analysis Plan
The AC will specify costs of implementation for budgeting
further scale up of SIU interventions but will also identify the
incremental benefit of SIU interventions on cascade outcomes
over time. The cost-effectiveness analysis for the study is
designed to measure costs and consequences of changes in the
implementation over the 48 months of study follow-up.
Furthermore, the goal is to help inform the investigators of the
economic consequences of the varying amount of resources
used in the exploration, preparation, implementation, and
sustainability components of the study [19]. The data collected
through the CM study and the resulting EHR phenotypes for
YLH will be used to construct episode costs from large billing
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databases that are relevant for modeling the cost-effectiveness
of interventions aimed at YLH. The AC will use a previously
developed cost utility model to estimate the cost per
quality-adjusted life year over a 10-year time horizon expected
from cascade outcomes of viral suppression and retention in
care. As part of the identification of the larger cost-of-illness
burden of cascade lapses for YLH, we will use the EHR
phenotypes and archival data from Medicaid and/or privately
insured populations to model the extent of cascade interruptions
present in other practice settings. The data will be combined
with the individual cost weights to estimate the variations in
the economic burden that cascade disruptions for YLH place
on US communities.

Results

The first year of data extraction for the 2016 data was launched
on December 4, 2017, in 10 nationwide clinic sites. The REC
sent launch emails to each site with instructions for data
formatting and transfer, as well as created individual Dropbox
Business accounts for each site to ensure secure transfer and
storage of data. Sites varied in the length of time to obtain and
download data (from 2 months to 6 months post study launch).
All sites successfully uploaded data by May of 2018; all sites
were asked to download the following: age as of January 1,
2016, appointment dates, viral load, ICD-10 diagnoses codes,
height, and weight. Additional variables were downloaded if
available for electronic extraction, such as STI test results,
cholesterol panel, race, and CD4 counts. In total, 70% of the
sites provided data for all mandatory variables via electronic
download. The remaining sites will provide data for all
mandatory variables via electronic and hand extraction in the
future. These variables may include various lab tests, gender,
race/ethnicity, and weight. Therefore, we will have complete
information for all mandatory variables from all sites for future
data submissions. Although a few sites were not able to
electronically download demographic information and specific
lab results, the protocol team worked with each site to develop
a plan for hand extraction of those variables.

The second year of data extraction for 2017 data was launched
during October of 2018. The deadline for site data submission
is scheduled for December of 2018. Subsequent data extractions
will take place yearly in October through 2021. Data for the
years of 2016 through 2021 will be available for data analysis
as requested by specific SIU protocol team.

These uploads mark significant progress toward protocol goals
to examine trends in the HIV treatment cascade. Through
preliminary evaluation of uploaded data and correspondence
with sites through the SIU Website’s Support Request Form
system, the REC has learned valuable information that will
facilitate the ATN’s extended knowledge on the pulse of the
epidemic.

Discussion

Summary of Key Innovations
This study has several strengths. One is its sample size—by
capturing data from 10 different clinic sites across the nation,

it creates a robust dataset of YLH in the HIV treatment cascade.
Moreover, the longitudinal design increases the amount of data
available across the 10 sites and allows tracking youths’progress
over time, including an understanding of those who enter or
exit the system between 2016 and 2021.

The longitudinal data also allow the SIU scientific team to track
the impact of SIU clinic-based interventions, including ATN
146, Tailored Motivational Interviewing Implementation
Intervention [20]. The EHR is beneficial as it reduces secondary
data entry error when creating data files shared between sites
and SIU personnel and does not rely on youth self-report of
health. This is especially crucial for YLH, who may not yet be
familiar with the details and nuances of their health information.
With EHR data, we are able to obtain data that are specific and
verified and gathered relatively quickly in large quantities. With
the development of the phenotypes, we will be able to extend
our study findings to identify lapses in the treatment cascade
for YLH using large national databases. This process will permit
the enumeration of this patient phenotype nationwide and the
description of related annual economic costs of care. This will
enable us to identify meaningful variations between communities
that can then serve as the basis for targeting interventions.

Finally, the method through which we receive data is also secure
and safe for participants. All datasets are deidentified at the
clinic sites thereby minimizing risks to breach of confidentiality.
Using Dropbox Business further secures patient data, as the
service encrypts all data and is HIPAA compliant.

Limitations and Conclusions
Despite significant benefits and innovation, study limitations
exist. First, although there are 10 ATN clinic sites participating
in this study, the majority of them are located in the Eastern
part of the United States. There are only 2 sites west of Memphis
and both (Los Angeles and San Diego) are in California. As a
result, YLH who live in other parts of the United States, mainly
the Midwest, Southwest, and West, are not included in this
study. In addition, all clinics are situated in major cities. YLH
living in smaller cities or in rural areas are also excluded. This
potentially biases the sample, as YLH in nonurban areas
experience different barriers to accessing and staying in care.
For instance, those in urban areas may have greater access to
public transportation and do not have to rely on cars or parking
to visit a clinic. In addition, those in nonurban areas may have
fewer clinics nearby, experience greater stigma from their
community, or receive less structural support (in the form of
policy or provider availability) for HIV-related care. Finally,
the ATN clinics themselves are located within major academic
research institutions. This suggests that the providers have more
funding and support, as well as greater ability to adopt new
evidence-based practices, than those without university support.
As a result, the outcomes from this study will likely represent
the best-case scenario for YLH in treatment. However, this
limitation will be modified somewhat because of our plan to
use the CM-developed EHR phenotypes to document cascade
variations among communities represented by large archival
databases, such as data from Medicaid and private insurers.
Although such assessments will have errors and omissions at
the level of individual patients, these analyses will provide

JMIR Res Protoc 2019 | vol. 8 | iss. 5 |e11185 | p.320http://www.researchprotocols.org/2019/5/e11185/
(page number not for citation purposes)

Pennar et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


important data at the population level. Even with the extended
modeling, our findings will still be limited by the fact that the
YLH in our CM study and by extension in the large national
databases already know their status and have entered the HIV
treatment cascade. There are many YLH who are still unaware
of their sero-status or may not have the means or ability to seek
care. This particular study is only able to investigate YLH who
have already engaged in care in some way.

Despite these limitations, this study has the capacity to provide
a wealth of crucial data for improving our understanding of
YLH and their engagement in the HIV treatment cascade.

Specifically, data from this study will indicate patterns of
youths’ engagement in care across 10 different clinic sites and
the manner in which this population changes over the course
of 6 years. This research has the ability to provide high-quality
data on trends in the HIV treatment cascade; specifically, how
many of those retained in care and receiving ART adhere to
their treatment plan and achieve viral suppression. Likewise, it
will be possible to determine who falls out of treatment,
providing clinics and policymakers critical information for how
to better support these communities. These data will also be
crucial for measuring the effect MI has on YLH outcomes over
time.
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