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Abstract

Background: Translation of knowledge and skills from classroom settings to clinical practice is a major challenge in healthcare
training, especially for behavioral interventions. For example, screening, brief intervention, and referral to treatment (SBIRT) is
a highly-promoted approach to identifying and treating individuals at risk for alcohol or drug problems, yet effective, routine use
of SBIRT has lagged.

Objective: The objective of this paper is to describe the development, pilot testing, and trial protocol of a mobile app based on
the theory of planned behavior (TPB) to promote SBIRT skill translation and application.

Methods: Intended for use after classroom training occurs, the mobile app has three primary functions designed to increase
behavioral intent to deliver SBIRT: (1) review skills (ie, address knowledge and beliefs about SBIRT), (2) apply skills with
patients (ie, build confidence and perceived behavioral control), and (3) report performance data (ie, increase accountability and
social norms and/or influence). The app includes depression and anxiety screening tools due to high comorbidity with substance
use. A randomized controlled trial (RCT) is in progress among health and social service learners (N=200) recruited from 3
universities and 6 different training programs in nursing, social work, internal medicine, psychiatry, and psychology. Participants
are randomized to SBIRT classroom instruction alone or classroom instruction plus app access prior to beginning their field
placement rotations. TPB-based data are collected via Qualtrics or via the mobile app pre-post and SBIRT utilization, weekly for
10 weeks. Key outcomes include the frequency of and self-reported confidence in delivery of SBIRT.

Results: Beta testing with advanced practice nursing students (N=22) indicated that the app and its associated assessment tools
were acceptable and useful. The system usability scale (SUS) mean was 65.8 (n=19), which indicated that the SBIRT app was
acceptable but could benefit from improvement. Indeed, modifications were implemented prior to starting the trial. Enrollment
of trial participants began in September 2016. Results are expected by December 2017.

Conclusions: This report describes the process of TPB-based app development and testing, and the protocol for a RCT to
determine the effectiveness of the app in enhancing skill translation. If effective, this approach could improve SBIRT
implementation, fidelity, and clinical outcomes.

(JMIR Res Protoc 2017;6(4):e55)   doi:10.2196/resprot.7070
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Introduction

The transition from learning clinical skills to sustained changes
in health provider behavior is a known problem. Even when
evidence-based treatments are available and implementation
decisions have been made, workforce development and sustained
intervention delivery present formidable challenges [1]. For
example, maintaining fidelity to evidence-based treatments (eg,
cognitive behavioral therapy [2]), often requires strategies to
support ongoing learning such as supervision and coaching [3].
Providers must learn the new skills, practice the skills, build
confidence (in themselves and the intervention), and be able to
change past practice norms all within an environment that
supports such changes. However, these personnel-intensive
strategies can be costly and time-consuming, and have limited
reach due to resource constraints. Yet with effective strategies
to support skill translation [4,5], behavioral healthcare providers
can effectively deliver the interventions they are trained to use.
Thus, a major challenge for the implementation of
evidence-based behavioral practices concerns how to deliver
cost-effective support for skill translation in healthcare.

Screening, brief intervention, and referral to treatment (SBIRT)
for unhealthy alcohol and drug use is an important example of
a widely-trained skill that has fallen short in translation [6].
SBIRT is designed to reach individuals in health or social
service settings who use substances at a range of levels,
including those who may not yet meet criteria for alcohol or
drug use disorders. Components include screening for hazardous
drinking and drug use and related problems, delivering brief
motivational interviewing-based interventions for patients at
low to moderate risk, and providing referrals to addiction
specialty care for those with significant problems [7]. Available
evidence supports the effectiveness of screening and brief
intervention in addressing hazardous drinking within primary
care [8-10], although evidence for effectiveness in reducing
drug use is weak and trials have been mixed [11-14]. Based on
the strength of this literature, national practice guidelines for
SBIRT integration into primary care and other health and social
service settings have been developed [15,16].

In spite of these practice recommendations and a proliferation
of SBIRT training programs, optimal skill translation to direct
clinical care remains unrealized. Trainees often demonstrate
classroom skill proficiency yet fail to use SBIRT in subsequent
clinical placements. Commonly cited barriers to translation
include provider attitudes about substance use interventions,
problems with knowledge recall at the point-of-care, lack of
confidence, inadequate knowledge of referral resources, as well
as structural barriers in clinical settings such as limited time
and competing medical demands, especially in primary care
[17-19]. Studies of SBIRT skill translation and implementation
have found a decrease in post-training SBIRT delivery rates
over time [20,21], variability in delivery rates across health
disciplines [22,23], and low fidelity to screening questions [24].
Fewer than one in six Americans report being asked about or
discussing their drinking with a health professional [25], and

screening is rarely conducted in US primary care settings [26]
outside the Veteran’s Affairs Health System [27]. Similarly, a
minority of patients in mental health settings report that
providers advise them to reduce hazardous drinking or drug use
[28], and a recent meta-analysis demonstrated that fidelity to
motivational interviewing by clinicians is often poor [29]. These
findings highlight the importance of improving skill translation
in real-world health and social service settings.

Digital learning tools have been incorporated into some SBIRT
training programs but have not been effectively integrated with
clinical care. For example, online training modules sometimes
supplement didactic presentations and demonstrations, role play
with feedback, and patient encounters [30-32]. With some
variability, these digital health training components have been
rated as relevant and useful by trainees. Outcome studies have
found that such training resulted in increased confidence in
SBIRT delivery and more positive attitudes towards patients
who use alcohol [33]. Yet digital tools such as online learning
models have not supported skill translation over time. To our
knowledge, the one SBIRT mobile app that is currently available
does not incorporate background materials targeted towards
trainees (eg, review of prevalence of substance use and evidence
for SBIRT efficacy), nor does it include detailed support in
conducting screening, delivering interventions, and treatment
referral resources [34]. If designed with skill translation in mind,
a point-of-care mobile app with this additional content could
help providers apply newly learned SBIRT skills [1].

In other health delivery contexts, mobile apps are gaining
acceptance and appear to enhance training. Bullock et al (2015)
found that providing a mobile app containing the Dr Companion
software with 5 key medical textbooks (the iDoc app) to newly
qualified doctors increased access to reference materials and
was effective in supporting learning and practice [35]. The use
of mobile technology, including medical apps in nursing
education, has demonstrated success in improving learning
outcomes and learner confidence [36]. Tablet-based patient
self-administered alcohol and drug screening [37,38] and
intervention [39] can increase efficiency in healthcare settings.
Yet prior studies have not examined how mobile apps may
enhance SBIRT training and skill translation.

Theoretical models identifying barriers and facilitators regarding
learning and skill translation may help guide the development
of intervention strategies to enhance skill transfer and
implementation. On the level of individual provider (or learner)
behavior, the theory of planned behavior (TPB) provides a
well-validated, conceptual model that identifies both internal
and external key factors that could influence SBIRT skill
translation [40]. In the TPB model, behavioral intent (to perform
the behavior of interest) is determined by attitudes and/or beliefs
about the behavior, perceived social norms, and perceived
behavioral control. The TPB is contextualized for SBIRT skill
translation in Figure 1, allowing us to assess learners on each
of these variables and to provide matched interventions as
needed to promote SBIRT usage. For example, we provide
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information on the extent of substance use and related problems,
and SBIRT efficacy to shape attitudes regarding the value of
screening and treatment. We provide information on standards
of care (eg, that SBIRT has been recommended by the US
Preventive Task Force and many health professional bodies) to
influence perceived social norms. Moreover, we provide tools
to support practicing SBIRT to positively impact both attitudes
and perceived behavioral control such as trainees’ confidence
in successfully performing SBIRT and integrating it into clinical
care.

The aim of this paper is to describe the process of TPB-based
mobile alcohol and drug SBIRT app development, beta testing,
and protocol for a randomized controlled trial (RCT) comparing
health professional learners with access to the app (intervention
arm) to learners without access to the app (control arm). We
hypothesize that participants in the intervention arm will be
more likely to deliver SBIRT in clinical placements than those
in the control arm and will be more likely to report intention to
deliver SBIRT in the future. We also hypothesize that
intervention participants will report more positive beliefs about
SBIRT, greater knowledge, and greater perceived control over
SBIRT delivery in clinic.

Figure 1. Theory of planned behavior as applied to screening, brief intervention, and referral to treatment (SBIRT) skill translation. Model adapted
from Ajzen (1991). SUD: substance use disorder; SUS: system usability scale.

Methods

App Development
An interprofessional team worked to develop the TPB-based
app. The team was comprised of faculty members with prior
research expertise in SBIRT training and implementation and
included two clinical psychologists with doctorate degrees, an
internal medicine physician, an advanced practice nurse with a

doctorate degree, and an experienced project manager. Existing
mobile apps were identified to determine needs in the field and
to learn about components often emphasized in enhancing
behavior change, for example, mobile apps for SBIRT [34],
Change Talk for Childhood Obesity [41], and Epocrates [42].
Digital product design principles were reviewed including the
creation of a product vision and end goal, character sketches of
potential users (“personas”), features of currently available
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products, and emerging mobile app tools that simplify the user
interface and promote app usage [43]. The app’s purpose and
vision evolved based on faculty and learner responses to initial
designs. As follow-up to a needs assessment questionnaire,
faculty members from different training programs were asked
about the potential utility of a mobile app to increase learners’
use of SBIRT. Learners identified specific features and content
they wanted while using the app during clinic placements. For
example, learners wanted point-of-care screening tools and
SBIRT frequency of use measures integrated directly into the
app.

Based on this initial feedback, the app was designed as a tool
for learners to use at their clinic sites that could function as both
an SBIRT information resource and as a tool to assist in skills
practice and implementation. Content was designed to primarily
address alcohol and drug use, but screeners for depression and
anxiety, which commonly co-occur with problematic substance
use, were added to broaden the scope of the app and to increase
its perceived value to both learners and preceptors. A key design
principle was to ensure the app fit within the clinical
environment and did not disrupt other training or patient care
activities. Because of data security concerns and the range of
service settings and medical record systems in which trainees
could use SBIRT, the app was not designed to connect with
local electronic health records and does not record any protected
health information. Given the expense and complexity of
integrating screening into healthcare records, with which the
faculty had prior experience (eg, integration of alcohol screening
into electronic health records in Kaiser Permanente Northern
California [22]), and the fact that not all learners are placed in
settings that have electronic records, we anticipated that keeping
the app separate from patient record systems would maximize
learner flexibility across various clinical placements and assuage
concerns about loss of patient privacy.

Flow diagrams and wireframes (page schematics and
screenshots) were drafted to correspond to the key components
of the app. Open Health Network app developers [44] were
selected as a development partner based on their prior experience
in developing mobile apps for healthcare. The wireframes were
given to the developers, who provided an initial alpha version.
Team members tested the alpha version individually and worked
with the developers to continue refining the flow and content
for subsequent beta testing.

Beta Testing
Once the final beta version of the app was developed, our team
chose a small cohort of nurse practitioner learners (N=22) at
the University of San Francisco to beta test the app for 3 months.
Our testers included learners in an advanced practice nursing
training program who were enrolled in a clinic placement.
Learners completed the questionnaires and processes to be used
in the larger RCT. Full TPB-based surveys (see “Pre/Post
Assessment Questions”) were repeated at the end of the
beta-testing period, followed by a debrief focus group. The team
tested and refined the app prior to starting the controlled trial.
Beta testing results are described below.

Randomized Controlled Trial

Study Design
The study is a RCT of an SBIRT mobile app to facilitate skill
translation from classroom to clinical placements among 200
graduate and post-graduate learners (Figure 2). Following
SBIRT instruction, participants are enrolled and randomized to
the experimental (use of the app) or control (no access to the
app) condition. All participants complete self-report measures
over the study duration (10 weeks). The trial runs from fall 2016
through spring 2017.
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Figure 2. Overall study design for the development and testing of an alcohol and drug screening, brief intervention, and referral to treatment (SBIRT)
mobile app to enhance skill translation. Figure adapted from the CONSORT Group.

Setting
The trial is being carried out at 3 sites, among 6 training
programs: San Francisco State University (Social Work and
Nursing), University of California, San Francisco (Internal
Medicine and Psychiatry), and University of San Francisco
(Nursing and Psychology). Institutional review boards at the 3
sites approved all study procedures. The study is not registered
with ClinicalTrials.gov because the design does not include a
collection of clinical data or patient-level outcomes.

Participants
Study participants (trainees, N=200) are adult health professional
learners in one of the designated training programs. Participants
must have had prior classroom or online training in SBIRT
within the past year and may not have previously used an SBIRT
app. For learners who have not yet completed classroom-based
SBIRT instruction, they are required to complete the following
3 online training modules developed by the research team: (1)
Introduction to SBIRT, (2) Screening, and (3) Brief Intervention.
The learner must be enrolled in a field placement and is required
to have a mobile device to be in the study (Android or iOS).
Field placements include a range of private and public healthcare
and social service agencies in the San Francisco Bay Area.

Recruitment and Randomization
Project faculty identified SBIRT educators at the participating
training programs and received permission to recruit students.
Students are recruited during scheduled classroom time using
a detailed information sheet that specifies expectations, timing,
and types of data to be collected. Absent learners are invited to

participate via email recruitment. Participants provide informed
consent to participate either live in classroom settings or via
email.

Standard randomization procedures used in behavioral
intervention studies are followed [45] using a variable block
size with a 1:1 allocation to the intervention or control arm
design. These procedures are carried out by the study project
manager. Learners are assigned an identification number that
is used for the randomization. A Web-based randomization tool
is used to generate group assignments. Randomization is
stratified by training program in order to have an even
distribution of learners in the intervention and control groups
from each program.

Intervention Arm
Participants in the intervention group are asked to download
the app, use it in their clinical rotations (either on their personal
mobile phones or tablets), and complete periodic questionnaires
via a Qualtrics link. The learners have the opportunity to use
the app as much as they need to review SBIRT, receive guidance
on structured steps in SBIRT delivery, and receive tailored
recommendations on what they can do to improve. We included
modest incentives for app use to maximize our ability to measure
the potential effects of app use in the trial.

Control Arm
Participants in the control group do not download or use the
mobile app in their practicum placements but have access to
usual teaching materials and supervisors. Control participants
complete periodic questionnaires via a Qualtrics link throughout
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the study period. Upon completion of the study, they are invited
to download and use the app at their discretion.

Data Collection
At baseline, all participants answer a TPB-based questionnaire
via Qualtrics (control) or directly on the app (intervention). At
the end of each week, all participants are asked to respond to a
brief Qualtrics survey about how often they used SBIRT either
by text message (short message service, SMS) or by email.
Upon completion of their clinical rotation, all learners are asked
to repeat the original TPB-based questionnaire and to provide
general feedback about either the app usage (intervention) or
their general satisfaction with SBIRT (control).

Incentives
Learners in both groups receive incentives for participating.
The incentives are intended to enhance motivation of the learners
to use the mobile app and complete study questionnaires. The
learners receive Amazon gift cards throughout the study valued
at US $20 at baseline, $2.50 for each completed SBIRT usage
questionnaire, and $20 at the end of the study for answering the
final questionnaire. Maximum payment is US $65 plus
participation in a US $50 gift card lottery based on the
completion of the SBIRT usage questionnaires.

Measures
Data on participants include demographic characteristics,
training institution and level of training, type of patients served
in clinical placement, and pre-post TPB-based questions to
capture the TPB constructs described above (Table 1).

Table 1. Measures used in the screening, brief intervention, and referral to treatment (SBIRT) mobile app randomized controlled trial (RCT).

TimelineInstrumentData elementsSource

BaselineSelf-reportDemographic characteristicsAll participants

BaselineSelf-reportType of clinical placement and population servedAll participants

Baseline and 10 weeksTPBb-based survey (22 items)SBIRTa attitudes, norms, behavioral controlAll participants

WeeklySurveyDelivery of SBIRT components during clinical placementAll participants

10 weeksSUSc (10 items)Satisfaction with the app and usabilityAll participants

10 weeksSurvey (10 items)Satisfaction with SBIRTControl participants

aSBIRT: screening, brief intervention, and referral to treatment.
bTPB: theory of planned behavior.
cSUS: system usability scale.

Pre-Post Assessment Questions
The team developed a 22-item questionnaire based on the TPB
model. Likert-scaled items assess attitudes and beliefs including
importance and efficacy of SBIRT, perceived patient willingness
to participate in SBIRT, substance use epidemiology and clinical
significance, and subjective norms and perceived behavioral
control in the clinic setting. Three items assess confidence in
the respondents’ ability to screen for alcohol or drug use
problems, deliver a brief intervention, and to make referrals.
One item assesses intent to perform SBIRT “whenever possible
in my clinical/field placement.” All participants complete this
questionnaire at baseline and again at 10 weeks. For intervention
participants, baseline TPB responses are used to tailor their app
experience by making specific recommendations of what the
learner might need to review within the app’s library.

The system usability scale (SUS) [46] is a 10-item Likert scale
instrument developed to measure aspects of usability including
system complexity and need for support and training. It yields
a single score ranging from 0 to 100. Intervention group
participants complete this measure at follow-up.

Satisfaction
We developed a 10-item Likert scale questionnaire to measure
the experiences of control group participants, as a counterpart
to the SUS. Items include barriers and challenges to SBIRT
delivery to determine why some participants might not have

used SBIRT in the context of their clinical placement. We
included the satisfaction questionnaire for control participants
only because we want to ensure they have an equivalent number
of questions to the intervention participants, and we were
concerned about survey burden with our intervention
participants.

Utilization.
At the end of each clinic week, every participant is sent (via
email or text) a Qualtrics link asking them to report the total
number of patients they have seen in the preceding week.
Participants then are asked how many of those patients they
screened for alcohol, drug, or tobacco use, how many they did
a brief intervention with, and how many they either referred to
a specialty substance use treatment clinic or discussed with their
field supervisor.

Intervention

Design and Function
The SBIRT app has the following three primary functions to
address TPB concepts: (1) Review SBIRT skills (to help change
beliefs and attitudes), (2) Apply SBIRT skills in clinic practice
(to help impact attitudes, perceived behavioral control), and (3)
Report SBIRT use (to report norms, as well as study outcomes).
A fourth component, the Tools section, includes additional
reference material and links (Figure 3). After downloading the
app, intervention learners create an account and complete the
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pre-TPB survey. Immediate TPB results are given to the learners
along with tailored recommendations on what they should do
next. For example, if learners score low on SBIRT knowledge,
they are directed to the Review section. A progress checklist in

the Tools section reminds them of “homework” they still need
to complete. Throughout the study intervention learners are
reminded to use the app via the weekly SBIRT usage surveys
and periodic text messages promoting app usage.

Figure 3. Screen shot of the screening, brief intervention, and referral to treatment (SBIRT) mobile app home screen.

Review
The Review section includes content taught in the classroom
(which is also available to learners online), as well as additional
material. Subheadings include “Basics” (eg, epidemiology,
drugs of abuse, consequences, defining SBIRT), “Screening”
(eg, screening questions, sample scripts, and the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition [DSM-5]
definition of substance use disorder [47]), “Brief Intervention”
(eg, brief advice, motivational interviewing, harm reduction),

“Referral to Treatment” (eg, referral processes,
pharmacotherapy), and “Key Resources” (eg, case illustrations,
video demonstrations, external links to the National Institute
on Alcohol Abuse and Alcoholism, and the National Institute
on Drug Abuse).

Apply
The Apply section assists learners in using SBIRT while with
a patient in clinic placements. This section includes screener
instruments, scoring tools, scripts, and step-by-step guidance
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for delivering a brief intervention or referring a patient to alcohol
or drug treatment. For example, the app allows users to specify
what they want to screen (eg, alcohol, drugs, depression,
anxiety), tailors those questions by gender and age group (18
to 64 versus 65 and up), includes single-question hazardous
drinking and drug use screeners, as well as the Alcohol Use
Disorders Identification Test (AUDIT) [48], CRAFFT (CRAFFT
is a mnemonic acronym of first letters of key words in six
screening questions) [49], and Drug Abuse Screening Test
(DAST) [50]. Depression screening using the Patient Health
Questionnaire (PHQ-2 and PHQ-9) [51] and anxiety screening
using the Generalized Anxiety Disorder (GAD-2 and GAD-7)
[52] measures are also included due to high comorbidity with
substance use and commonalities in intervention approaches.
Other subsections include tips for delivering brief interventions,
including brief negotiated interviews/motivational interviewing,
and suggestions for making referrals (eg, referral processes,
lists of local treatment resources, and national treatment
locators).

Report
The Report section was originally conceptualized as a library
of tools for instructors and clinical preceptors to track and
evaluate their learners. We initially included a collection of

pre-post surveys and weekly SBIRT usage items that
intervention participants would complete. In order to standardize
the data collection procedures across control and intervention
participants, all weekly SBIRT usage surveys were completed
via Qualtrics. Intervention participants still completed the
pre-post TPB surveys and final satisfaction surveys on the app.
However, instructors do not receive reports regarding use of
the app or SBIRT by learners.

Tools
The Tools section includes social networking, feedback and
tracking, and gamification or incentive-building tools. Social
networking tools include the “social connection” to send
message questions to the study team or other app users. The
“Progress Checklist” allows learners to check their progress on
which pages they have visited and which pages they still need
to review. “Technological Support” is included in this section
for those who have technical difficulties and can contact the
app developers directly for help. “Leaderboard” is a page on
which other learners who are using the app are listed, along
with a point system indicating frequency of app use.
Leaderboard rankings were tied to lottery tickets and bonus
incentives (Figure 4).
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Figure 4. Screenshots of the Review, Apply, Report, and Tools subsections of the screening, brief intervention, and referral to treatment (SBIRT)
mobile app.

Analyses
Analyses will be conducted using SAS (SAS Institute Inc.,
2011). Descriptive statistics, including distributions, means,
standard deviations, skewness, and kurtosis will be obtained
for all variables. Continuous measures will be tested for
normality and homogeneity of variance. If the distribution is
normal, Likert-scale responses will be analyzed as continuous
scores [53]. Chi-square tests, student t tests, and analysis of
variance (ANOVA) tests will be used to determine inclusion in
multivariate regression models. Bivariate analyses will examine
rate of SBIRT delivery in the two arms and comparison of
TPB-based measures (eg, beliefs about SBIRT, social norms
and influence, and perceived behavioral control). Multivariate

analyses (logistic and multiple regression) will examine the
impact of these factors on SBIRT delivery.

Results

Beta Testing
Initial results focus on beta testing with student learners from
the University of San Francisco School of Nursing. Beta testing
was completed in summer 2016. The SUS mean was 65.8 (n=19)
which indicates that the SBIRT app is acceptable but needs
improvements before rolling out to a larger study sample.
Debrief participants reported satisfaction with the Apply and
Review sections, which included brief intervention scripts, video
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demonstrations, the level of detail included in the “Referral to
Treatment” section, and inclusion of the PHQ-9 (because this
is often required in clinic settings to screen for depression).
Suggestions for improvement focused on ease of sign-on and
reducing the need for navigation (eg, by having multiple scale
items appear on a single screen). These formative beta test data
were used for app improvement in preparation for the RCT.

Randomized Controlled Trial
Enrollment of trial participants began in September 2016 and
recruitment is ongoing. Trial results are anticipated to be
available in late 2017.

Discussion

Principal Findings
The study team found that the TBP model was a useful
framework for SBIRT mobile app development and that beta
testers responded positively overall to the content and features
of the app. The app was developed as a tool to promote
translation of substance use screening and intervention skills
from classroom to clinical settings. Our intent was to assist in
workforce development and promote the broader use of
evidence-based interventions to reduce alcohol and drug
problems among patients in healthcare and social service
settings. We used an app to support SBIRT skill translation,
embedded in a TPB-based approach to learning, in order to
inform the field regarding how mobile app technology may be
used to reinforce pedagogy, improve implementation, and
enhance patient care. The app, “UCSF OHN SBIRT App,” has
been positively reviewed online [54] and is now publicly

available for free downloading (iOS only) via the iTunes store
[55] (Figure 5). The RCT in process will determine whether the
app has a significant impact on SBIRT skill translation,
including rates of SBIRT delivery, learner attitudes, and intent
to deliver SBIRT.

Based on the evidence and the need for intervention tools usable
across settings to reduce alcohol- and drug-related problems,
SBIRT instruction in both graduate training programs and
continuing education settings for healthcare professionals has
been spearheaded by the US Substance Abuse and Mental Health
Services Administration, and training opportunities have
expanded rapidly over the past 10 years. If efficacy is
demonstrated, the mobile app developed by the study team may
serve as a useful tool to improve training for healthcare
providers and enhance patient care.

This theory-based mobile app serves as a reference guide, a
clinical tool, and a data collection instrument. Learners are
expected to complete the initial TPB assessment questions
before starting their clinical rotations and are then asked to use
the app as often as possible during the course of providing direct
care. The reporting function frequency of completion is
dependent on the structure of the clinical rotation and the needs
of the training program and/or preceptors. Although learners’
use of SBIRT is ultimately limited by what their clinical rotation
and preceptor allows, this tool may increase the likelihood of
effective SBIRT delivery in healthcare and social service
settings. This initial presentation describes our mobile app
development process, beta testing, and randomized trial
methods, which aim to determine the potential impact of this
digital tool.

Figure 5. Icon of the screening, brief intervention, and referral to treatment (SBIRT) mobile app.
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Limitations
The RCT is conducted in the context of graduate training in the
schools in nursing, psychology, social work, and medicine, and
may not generalize to other types of professional training or to
providers learning SBIRT in the context of continuing education.
A limitation of the trial methodology that could impact our
study results is the inclusion of incentives within the intervention
arm for participants to use the app, which likely would not exist
in actual clinical settings. In addition, some clinical settings and
supervisors may not be support the use of SBIRT, and this could
impact a learner’s ability to use the app. Although use of mobile
devices is becoming widespread, limitations in access to
technology could impact the reach of this tool [36,56]. The app
was not designed to integrate responses to screening measures
to electronic health records, which could limit its applicability
in some clinical settings. Similarly, issues such as adherence to

app usage, appropriate use of technology in the workplace,
etiquette, and distraction need to be addressed in future studies
[57] to effectively integrate mobile apps into health and social
service settings.

Conclusions
In behavioral health, mobile apps have primarily been directed
toward patients, including alcohol and drug use reduction
[58-61], smoking cessation [62], management of depression
[63], and other mental health conditions [64,65]. Our approach
is innovative in that it uses a skill translation theory-based
intervention to target care providers and improve service
delivery for important behavioral health problems. If effective,
the mobile app could be scaled-up to reach a wider clinical
audience and may be useful in future work on developing
models of SBIRT fidelity and broader approaches to improving
skill translation.
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Abstract

Background: Information technology-based methods such as bar code-assisted medication administration (BCMA) systems
have the potential to reduce medication administration errors (MAEs) in hospitalized patients. In practice, however, systems are
often not used as intended, leading to workarounds. Workarounds may result in MAEs that may harm patients.

Objective: The primary aim is to study the association of workarounds with MAEs in the BCMA process. Second, we will
determine the frequency and type of workarounds and MAEs and explore the potential risk factors (determinants) for workarounds.

Methods: This is a multicenter prospective study on internal medicine and surgical wards of 4 Dutch hospitals using BCMA
systems to administer medication. We will include a total of 6000 individual drug administrations using direct observation to
collect data.

Results: The project was funded in 2014 and enrollment was completed at the end of 2016. Data analysis is under way and the
first results are expected to be submitted for publication at the end of 2017.

Conclusions: If an association between workarounds and MAEs is established, this information can be used to reduce the
frequency of MAEs. Information on determinants of workarounds can aid in a focused approach to reduce workarounds and thus
increase patient safety.

Trial Registration: Netherlands Trial Register NTR4355; http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=4355
(Archived by WebCite at http://www.webcitation.org/6pqTLxc6i).

(JMIR Res Protoc 2017;6(4):e74)   doi:10.2196/resprot.7060

KEYWORDS

BCMA; bar code-assisted medication administration systems; workarounds; medication administration errors; bar coded medication
administration; medication safety, hospitals

Introduction

Minimizing the risks of prescribing and medication
administration is important to enhance patient safety in hospitals

[1-6]. Many hospitals have implemented information
technology-based systems such as computerized physician order
entry (CPOE) systems to reduce prescribing errors [7-10]. Some
have also implemented electronic bar code-assisted medication
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administration (BCMA) systems to reduce medication
administration errors (MAEs) [11-18]. BCMA systems are
designed to contribute to patient safety through scanning of the
bar code on the medication package and the bar code on the
patient’s identification wristband to guarantee the 5 “rights” in
patient medication administration: right patient, right
medication, right dose, right route, and the right time. However,
in practice, BCMA systems are not always used as intended,
and so-called workaround occurs [19-23]. Kobayashi et al [24]
defined workarounds as “informal temporary practices for
handling exceptions to normal workflow.” Investigating the use
of CPOE systems in hospitals, Niazkhani et al [25] described
42 types of workarounds. Koppel et al [26] documented 15
types of workarounds in the BCMA process, including affixing
patients’ identification bar codes to computer carts and carrying
several patients’ prescanned medications on carts. That study
documented 31 roots of these workarounds. Research on
workarounds in the BCMA process focused on the qualitative
description of the extent and type of workarounds in the BCMA
process [27,28]. Little research has been done to quantify the
frequency of workarounds in the BCMA process and investigate
the impact of workarounds on patient safety, in particular, MAEs
as a potential consequence of workarounds. Furthermore, little
is known about the potential risk factors leading to workarounds.
Therefore, we designed a study aimed at determining the
association of workarounds with MAEs. Our secondary
objectives are to determine the frequency and type of
workarounds and the frequency and type of MAE, and to
identify potential risk factors for workarounds.

Methods

Design
This study is a multicenter prospective observational study in
adult patients who are admitted to a participating hospital in the
Netherlands and who have their medication administered by
BCMA systems.

The regional medical ethics committee (Regionale Medisch
Ethische Commissie Zorgpartners Friesland) approved the study
protocol. Study data are coded to guarantee the privacy of the
participants.

Setting
All included hospitals have implemented CPOE [10] and BCMA
systems. They use a variety of software packages, both for the
CPOE and for the BCMA systems. As a consequence,
procedures for prescribing and medication administration differ
between hospitals. Table 1 summarizes the main characteristics.
Medication administration procedures within a hospital vary
slightly between wards because of differences in patient groups
or tasks (eg, in some hospitals, short stay surgical patients do

not wear wristbands, but these are attached to the medication
cart).

The included hospitals use bar code-labeled unit dose systems
to distribute medication to inpatients. In the pharmacy
departments, pharmacy technicians dispense bar coded
medication for individual patients into trays labeled with the
patient’s name and bar code. Trays are placed in medication
carts in which they are then delivered to the wards once a day
(or more frequently). Wards do not have ward-based medication
stock (except for emergency medication). One of the selected
hospitals uses so-called bedside assortment picking carts [29].
A cart contains all the medication commonly used on the ward.
With this system, nurses select the medication for administration
during the medication administration rounds.

In general, there are 4 scheduled medication administration
rounds in the participating hospitals: 6-10 AM, 10-2 PM, 6-8
PM, and 8-10 PM. Medications are administered by 1 nurse.
Nurse trainees are supervised by registered nurses. In the
participating hospitals, there are approximately 10-20 inpatients
admitted on a ward served by a registered nurse and a nurse
trainee. A large ward is split into smaller units each serving
10-20 inpatients, each aided by a registered nurse and a nurse
trainee.

During a drug administration round, nurses select the prescribed
medication for each inpatient from the prefilled trays or from
the bedside assortment picking carts. In addition to the cart,
nurses also take along the computer on wheels or the workstation
on wheels to access the CPOE system during the drug
administration round.

Inpatients do not use their own (out-of-hospital prescribed)
drugs.

Participants
The study will enroll patients admitted to the internal medicine
and surgical wards of 4 Dutch hospitals in which a BCMA
system is used to administer medication. To be eligible to
participate in this study, a participant must meet the following
criteria: be a hospitalized patient and receive medication on
those nursing wards that are participating in this study. We will
exclude patients younger than 18 years.

Outcome Measures
The primary outcome measure of the study is the proportion of
medication administrations with 1 or more MAEs. For this
outcome, we will study the association between the MAE and
the occurrence of 1 or more workarounds.

The secondary outcomes are the frequency and type of
workarounds, the frequency and type of MAEs in the BCMA
process, and the association of potential risk factors with
workarounds.
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Table 1. Characteristics of the medication administration systems in the participating hospitals.

Hospital 4Hospital 3Hospital 2Hospital 1Item

PharmaKlinicomViPharmaRH DharmaSoftware system

User-controlled screen lay-
out

Fixed layoutFixed layoutFixed layoutSystem screen layout

Cart with prefilled patient-
labeled trays

Cart with prefilled patient-
labeled trays

Cart with prefilled patient-
labeled trays

Bedside assortment picking
cart

Administration system

Once for 1 sessionOnce for 1 sessionOnce for 1 sessionOnce; automatic log-out af-
ter 15 minutes of inactivity

Log-in procedure for nurse

ManualManualManualManual; automatic log-out
after 15 minutes of inactivity

Log-out procedure for nurse

Not described in the instruc-
tions

Extra log-in for another
nurse built in

Not possibleExtra log-in for another
nurse built in

Built-in additional check by
nurse’s colleagues

Computer beepComputer beepComputer beepScanner beep and scanner
warning light

Signal/alert system

Manual patient selectionManual patient selectionManual patient selectionNot described in the instruc-
tions

Patient has no bar code

Once, by selection of pa-
tient; automatic deselection
after all medication for that
round is administered

Once, by selection of pa-
tient; automatic deselection
after all medication for that
round is administered

Twice, by selection and ac-
tive deselection of patient
after medication administra-
tion

Once, by selection of pa-
tient; automatically deselect-
ed after all medication for
that round is administered

Patient selection per admin-
istration round

Nurse can overrule the sys-
tem using her or his access
code and manually select
drug

Manual drug selectionManual drug selectionRobot-packed bar coded
medication ordered from
pharmacy

Medication in the cart has
no bar code

Scanned once; a pop-up ap-
pears asking for the other
tablets to be scanned

Scanned once, then the
number of tablets is manual-
ly adjusted

Every drug unit is scannedScanned once, then the
number of tablets is manual-
ly adjusted

More than 1 unit of the same
drug for the same time pre-
scribed

Not described in the instruc-
tions

Medication not given and
not registered; noted in
memo field

Medication not given and
not registered; noted in
memo field

Prescribed medication is
placed at the patients’ bed-
side, registered as given, and
checked at 2:00 AM

Patient away or sleeping

Not described in the instruc-
tions

Tablet scanned, plus noted
by nurse in memo field on
the screen

Not described in the instruc-
tions

Tablet scanned, plus code
“half” or “quarter” scanned
on computer

One-half or one-quarter of a
tablet prescribed

On-screen memo field in-
cluded (medication data
level)

On-screen memo field in-
cluded (medication data
level)

On-screen memo field in-
cluded (patient data level)

On-screen memo field in-
cluded (medication data
level)

Instructions on screen for
nurse from pharmacy or
prescriber

We will collect the following potential risk factors for
workarounds using a structured data collection form (Multimedia
Appendix 1): nurses’ characteristics (experienced, trained, or
student nurse; nurses’ satisfaction with BCMA), workload
characteristics (number of nurses on the ward, number of
patients served by that ward, number of medicines per round
per patient, number of medicines for all patients per round per
ward), BCMA system characteristics (time after implementation
of BCMA system on that ward, bar code on medication unit
dose), medication characteristics (Anatomical Therapeutic
Chemical Classification System [ATC] code of the medication,
drug administration route), and general characteristics (hospital
type, ward type, time of ward round, patient age and sex). We
will ask the supervisor of the ward for data on the nurses’
education and experience. We will extract the number of patients
on the ward, the medication and ATC code, and the number of
drugs to administer to each individual patient during the specific

administration rounds from the CPOE system. We will ask the
supervising hospital pharmacist for the other risk factors.

Data Collection
We will use disguised observation [30-34] to collect data. A
total of 3 trained observers (undergraduate students, writing
their master’s thesis) from the School of Pharmacy, University
of Groningen and Utrecht University, the Netherlands, will
observe the nurses while they give drugs to inpatients. To
prevent nurses adjusting their behavior in the BCMA process
while under observation, the observer will be introduced as
being on the ward to monitor the performance of the medication
distribution system on that ward. The observer will take part in
several planned medication administration rounds on that ward
and also observe unscheduled medication administrations. The
observer will randomly pick a medication administration round
with a minimum of 3 rounds every day and a weekly minimum
of 18 rounds. During the different rounds, the observer will
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observe as many different nurses as possible. To prepare for the
observation, the observer will study the standard operating
procedures or the applicable drug administration procedures of
the specific ward and the agreements on the BCMA process of
that ward. In practice, the observer will accompany the nurse
who administers the medication using the BCMA system and
observe the administration of each dose of medication to the
patient. The observer will record the nurses’ actions of giving
drugs to the patients (according to the forms in Multimedia
Appendix 1,Multimedia Appendix 2, and Multimedia Appendix
3). After each observed medication administration round, we
will collect a (printed) computer output of the medication for
that specific patient, day, and round from the hospital’s
electronic patient records. Consequently, we will compare
observation records with the prescribed medication on this
computer output and with available standard operating
procedures of the BCMA process for that specific ward, to
identify workarounds and MAEs. We designed an Access
database in which we will record the observation data and which
we will link to each patient’s prescription and medication data.

If the observer becomes aware of a potentially serious error, the
observer will intervene for ethical reasons, but the data will be
included in the study.

Training of the Observers
We will train our observers by having them study relevant
literature on observational techniques [19,30,34-40], perform
practical observations in a nonparticipating hospital under the
supervision of the research team, and complete a written
theoretical exam. The observers will have to pass the exam
scoring 8 out of 10 points, having two chances to pass the exam.
In case of a second failure, he or she will not be able to observe.

Each observer will do pilot observations in a participating
hospital, supervised by 1 of the researchers, for 1 week on the
wards, to become familiar with the BCMA process. Pilot
observations will be discussed with the research team. These
observations are meant as a final training of the observer. Pilot
data will be discarded.

Definitions and Classification
Workarounds are defined as “informal temporary practices for
handling exceptions to normal workflow” for that specific ward
and are operationalized as deviations from the available
protocols [24]. Figure 1 depicts the BCMA workflow and the
potential risk factors for workarounds in the BCMA process.
We will classify workarounds using a self-developed
classification system (Table 2) derived from the system of
Koppel et al [26]. Workarounds can be related to patient
identification, the scanning process, the alert signals, and other
procedures, or can be work related. Allan and Barker [41]
defined MAEs as “the administration of a dose of medication
that deviates from the prescription as written (or ordered by
CPOE) on the patient medication chart, or from standard hospital
policy and procedures.” We will compare drug administrations
with the doctor’s prescriptions as noted in the CPOE system in
the pharmacy database. We will exclude intravenous and
nonintravenous preparation errors because these errors are not
preventable by BCMA and are thus unlikely to be influenced
by workarounds in the BCMA process. We will classify the
MAEs using the classification of van den Bemt et al [42] (Table
3). We will divide the number of erroneous medication
administrations (containing 1 or more errors) by the number of
observed drug administrations plus the number of omissions,
thus using the concept of opportunities for errors as in other
MAE research [43].
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Figure 1. Flowchart of the bar code-assisted medication administration (BCMA) process in hospitals.

Table 2. Classification of workarounds in the bar code-assisted medication administration processa.

Example workaroundWorkaround type

Nothing scannedProcedure related: standard operating procedure, or procedure unclear or unknown

Bed scanned, or loose wristband scanned, patient unscannedPatient related: no patient wristband or patient not in the room

Unscanned, unidentified medication givenMedication related: medication not bar coded

Nurse forgets patient or gives medication twiceNurse related: nurse disturbed

Signals or alerts unseen, unscanned medication givenComputer or scanner related: computer or scanner down or broken

Medication scanned for multiple patients; half tablets scanned
as full dose

Other workarounds

aDerived from Koppel et al [26].
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Table 3. The most basic characterization of medication administration errors (MAEs)a.

Example MAEMAE type

Drug prescribed, but not administeredOmission

Drug administered, but not prescribedUnordered drug administration

Drug dosage form administered to the patient deviating from prescribed dosage form: solution as an alternative
to tablet

Wrong dosage form

Drug given by a wrong route of administration: oral liquid administered intravenouslyWrong route of administration

Drug administered using a wrong technique: intravenous push instead of intravenous infusionWrong administration technique

Drug dosage too high or low: 20 mg instead of 20 μgWrong dosage

Drug given at least 60 minutes too early or too lateWrong time of administration

aFrom van den Bemt et al [42].

Sample Size Calculation
Prior studies [14,44-46] on the effect of BCMA show a
substantial reduction (about 30%) of errors after the
implementation of BCMA (from 14.4%, or 4743 errors in 32,972
observations, to 9.9%, or 2651 errors in 26,892 observations).
The error rate of about 10% is a mix of all resulting errors,
including those caused by workarounds. The purpose of our
sample size calculation is to estimate the number of observations
needed to reject the null hypothesis with a power of 90%. We
performed a pilot study in 4 Dutch hospitals that were partially
using BCMA (these hospitals did not participate in our final
research) and found MAE rates, including time window errors
caused by nurses and based on workarounds, fluctuating from
2% to 20% (2%, 4%, 5%, and 20%). We assume in our sample
size calculation that 8% of medication administrations per
patient per nurse result in a workaround. We also assume that
the MAE rate associated with a workaround is 2-fold compared
with the situation without a workaround; that gives us a relative
risk of 2. With alpha of .05 and a power of 0.9, we need to
observe 1500 individual medication administrations to patients
per hospital to reject the null hypothesis.

Data Monitoring
We will enter all data into an Access database (version 2010,
Microsoft Corporation). The basis for the Access database will
be the case report forms in Multimedia Appendix 1,Multimedia
Appendix 2, and Multimedia Appendix 3. The first (Multimedia
Appendix 1) is designed to collect data on potential risk factors
for workarounds, the second (Multimedia Appendix 2) is
designed to collect data on MAEs, and the third (Multimedia
Appendix 3) is designed to collect data on observations of
workarounds. These data will be made available to other
researchers and editors on request. Data entry errors will be
minimized by using multiple choice options and fixed data
fields. At the end of the study, 10% of the entered data will be
checked by a second researcher. If data entry errors are found,
additional portions of 10% of the data will be checked until no
errors are found within a portion. Also, a periodic backup of
the study database of each hospital will be made and checked
for missing data. Access to the research databases will be
secured by passwords. Changing the format of the study
documentation or study databases will be restricted to the
primary investigator. New versions will be distributed from the

central study location (the University of Groningen, the
Netherlands). Before data analysis, we will lock the final
database.

Statistical Analysis
Data will be analyzed using IBM SPSS Statistics version 22
(IBM Corporation). We will analyze the potential association
between workarounds and the occurrence of MAEs using
univariate multilevel logistic regression, with the proportion of
medication administrations with 1 or more errors as the
dependent variable and the occurrence of workarounds as the
independent variable. The nurse and the patient will be the levels
in the multilevel analysis. We will analyze the occurrence of
workarounds as a categorical variable, with the following
categories: no workarounds (reference category), 1 workaround,
2 workarounds, and 3 or more workarounds. We will adjust for
potential confounders by using multivariate multilevel logistic
regression. The parameters in the multivariate multilevel logistic
regression model will be hospital, ward type, day of the week,
time schedule of medication administration rounds, ATC code,
the number of drugs per patient per round, and the route of
administration. We will report the adjusted odds ratio and 95%
confidence interval. For the frequency and type of workarounds
and MAEs, we will use descriptive statistics. Univariate and
multivariate logistic regression will determine the association
of the risk factors with the workarounds.

Results

The project was funded in 2014 and enrollment was completed
at the end of 2016. Data analysis is under way and the first
results are expected to be submitted for publication at the end
of 2017.

Discussion

The Dutch BCMA study investigates the complex and
multifaceted process of medication administration to hospital
inpatients. Computer technology can assist not only the
prescribing and dispensing of drugs, but also their
administration. Several studies have shown that BCMA systems
can contribute to patient safety in this final step of the
medication distribution process [11-18]. On the other hand,
computer technology can give rise to new MAEs, as is described
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in the literature [47]. Many of these errors occur at the
human-machine interface, for example, due to inadequate
training or understanding of the system or inadequate equipment.
Such factors may lead to workarounds that may compromise
patient safety. Although several articles have been published
describing workarounds in a qualitative way, very little is known
on whether they are associated with a higher risk of MAEs.

Strengths and Limitations
The strength of the Dutch BCMA study is that it will provide
quantitative information about workarounds and their possible
association with MAEs, as one of the first studies worldwide,
to our knowledge. Other strengths are the multicenter design,
which enhances its generalizability, and the robust method of
data collection by disguised observation.

There are some limitations and considerations, however. An
important limitation, in general, is that the use of BCMA cannot
prevent all MAEs. For example, BCMA systems will have no
influence on the preparation of intravenous and nonintravenous
medication. So, although this study will contribute to patient
safety, further studies into other ways of preventing MAEs will
remain necessary.

Although disguised observation is the best method for data
collection in MAE studies, some limitations are associated with
this technique. Despite thorough training of the observers, bias
may still occur. To overcome observation bias, we considered
the use of the work observation method by activity timing
[34,48]. This elegant paperless method is used for time- and

activity-based observations and is less suitable for observing
workarounds and MAEs.

The observations may influence the nurse but, from the
literature, we know that this effect (known as Hawthorne effect)
[49,50] is small. The observer may also become tired and thus
less accurate. How to train observers is not well documented
in the literature. Patterson et al [19] performed an observational
study in acute and long-term care wards using observers trained
in ethnographic observations in complex settings. Other
researchers trained nurse students as observers [51]. We will
use all possible means, as well as the best possible literature
base, to train the students.

We will try to reduce confounding by applying multivariate
regression analyses (eg, hospital type, type of ward). However,
in this type of observational study design, residual confounding
may always remain [52].

Last but not least, we plan to conduct our research on internal
medicine and surgical hospital wards. Although these nursing
wards cover a broad range of patient categories, our findings
cannot be generalized to all patient categories.

Conclusion
BCMA has the potential to minimize the occurrence of MAEs,
but workarounds may compromise this. Knowing how nurses
overcome process barriers by using workarounds and their
association with MAEs will produce opportunities to further
increase patient safety in the process of BCMA.
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Abstract

Background: Health literacy is a critically important skill that helps people become active participants in their health care.
Multiple studies in the United States and across the world have documented the association of health literacy with multiple health
outcomes. In particular, the elderly and many members of minority groups have been shown to have low levels of health literacy;
the same groups are disproportionately affected by chronic illnesses. These twin burdens affect the people most in need of the
skills and knowledge required for coping with chronic illnesses. Chronic disease self-management (CDSM) is a logical target for
a general health literacy intervention. In an approach that spans across specific diseases, CDSM targets problems and skills needed
to cope with issues such as fatigue, pain, stress, depression, sleep disturbance, and treatment adherence. In a previous study, we
showed that a computer-delivered tailored information intervention targeting health literacy could improve treatment and adherence
and be cost effective, but it is not clear that this same strategy will be effective in persons with low health literacy and multiple
chronic conditions.

Objective: The purpose of this study is to develop a computer-delivered mobile intervention that will provide individuals with
chronic conditions the necessary information to cope with their conditions.

Methods: In this project, we will complete a qualitative study on the status and needs of individuals with more than one chronic
condition. Results of this study will be used to develop a mobile tailored information app that will address self-management
challenges in the areas of pain, sleep, fatigue, depression, anger, stress, memory problems, and treatment adherence. The impact
of the intervention on patient quality of life, patient-provider relationships, health literacy, and patient activation will be assessed.
We will also explore the extent to which health literacy mediates important outcomes, such as health-related quality of life and
health service utilization.

Results: We are currently completing the preliminary qualitative and usability studies that will inform the content and design
of the intervention. We anticipate that the intervention will be complete in 2017, and the clinical trial of its efficacy will also
commence in 2017.
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Conclusions: Results will provide evidence on the usefulness of a mobile tailored information app for improving health literacy,
patient activation, health-related quality of life, and self-reported health in patients with multiple chronic conditions.

Trial Registration: Clinicaltrials.gov NCT02922439; https://clinicaltrials.gov/ct2/show/NCT02922439 (Archived by WebCite
at http://www.webcitation.org/6pTiqDAyN)

(JMIR Res Protoc 2017;6(4):e53)   doi:10.2196/resprot.7272

KEYWORDS

health literacy; chronic disease self-management; health disparities; patient activation; health related quality of life; mobile health
technology

Introduction

Low Health Literacy and Disparities
Health literacy is a critically important ability that is a key route
by which people can become active participants in their health
care. The 2003 National Assessment of Adult Literacy in the
United States showed that more than 75 million Americans had,
at best, only basic health literacy skills, suggesting that as many
as 1 in 4 are unable to understand the complexities of health
care [1]. The importance of health literacy is underscored by
multiple studies that have linked levels of health literacy to
health status and outcomes [2-4] that even include risk of death
[5,6]. Persons in racial/ethnic minorities and the elderly are
even more likely to have low levels of health literacy.
Twenty-four percent of blacks (9.5 million persons), 41% of
Hispanics (21 million persons), and 29% of persons 65 years
of age or older (12.5 million persons) have below-basic levels
of health literacy [1], suggesting that they may be unable to use
health information for even the most basic tasks, such as
following simple directions on how to take a medicine. The
ability to effectively obtain, interpret, and use relevant
information to maintain health and cope with illness is
increasingly important in today’s complex health care system,
in which patients are required to take more responsibility for
their care [7]. Further highlighting the importance of health
literacy, compelling evidence links race and age to health via
health literacy [3,8-12]. In the proposed study, we will assess
the potential moderating effect of race, ethnicity, and age in
response to an intervention to improve health literacy (Aim 3,
discussed below).

Need for Downstream Interventions Targeting
Disparities
While the causes of health disparities are broad, complex, and
rooted in social, cultural, and economic factors [13,14], health
care services are still delivered to at-risk individuals every day.
An urgent need exists for downstream interventions that can
affect health disparities at the point of care [15]. Interventions
that improve patients’ ability to manage their own health care
may be especially critical given ongoing changes in the US
health care system, which requires patients to take greater
responsibility for their personal and family health care decisions
[7,16,17], even as the system becomes more complex for
underserved minorities [18] and the elderly [19]. Provisions of
the Affordable Care Act in the United States, for example,
specifically promote shared decision-making and the

development of patient decision-making aids [20] to address
these issues.

Multimorbidity and Chronic Disease Self-Management
Chronic disease self-management (CDSM) is a logical target
for a downstream intervention to address disparities and low
health literacy. CDSM skills involve a wide variety of strategies
that can be implemented by patients themselves to cope with
chronic conditions. These strategies can include, for example,
cognitive techniques for managing chronic pain (eg, distraction,
reframing) or behavioral techniques (eg, graded exercise for
fatigue and shortness of breath). While specific health conditions
may require disease-related management skills (eg, glucometer
use in diabetes), common issues such as fatigue, depression,
stress, sleep disturbance, and treatment adherence span across
illnesses and can be addressed in a single intervention; several
of these have been the focus of a previously developed in-person
group-delivered CDSM intervention [21-24]. In this continuation
of our research on health literacy, we will expand on other
interventions by first completing a qualitative study to inform
the development of a general CDSM intervention. We will use
the measure of health literacy created in an earlier study [25-27]
to evaluate participants’ levels of health literacy and provide
them with a version of the intervention tailored to their level of
health literacy, preferred language, and race or ethnicity. In the
proposed study, we will evaluate the effectiveness of a tailored
intervention to improve health literacy (Aim 2, discussed more
extensively below).

Chronic Disease Self-Management and Health Literacy
CDSM integrates well with our previously developed and
validated model of health literacy [26]. In the
Abilities-Skills-Knowledge (ASK) model of health literacy, we
argue that health literacy performances (such as finding and
acting upon information about a disease) depend on general
cognitive abilities (verbal reasoning, attention, working
memory), specific skills (eg, reading and listening
comprehension), and disease-related knowledge [26]. While
efforts to improve basic cognitive abilities have been met with
limited success, it is clear that patients can learn specific skills
that will facilitate their understanding of oral and written health
information, and can also learn conceptual knowledge about
diseases. Created prior to the explicit formulation of the ASK
model, the intervention targeting health literacy in persons
treated for human immunodeficiency virus (HIV) [28-30]
followed its principles and demonstrated the effectiveness of
the instructional strategies discussed below. In this study,
participants showed improvements in disease-related information
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and medication adherence [30]. An important finding in this
study was that race-related differences in disease information
were no longer significant after black participants completed
the intervention [30]. In the project discussed in this paper, we
will draw on this experience, as well as our current pilot study
of an ASK model-based intervention for diabetes, in creating
an efficacious intervention to improve health literacy in
individuals with multiple chronic health conditions.

An alternate strategy to provide patients with the skills and
knowledge to understand and manage their health is also
important, because the dominant format for information delivery
to patients in clinical care is oral communications during brief
(and often rushed) clinical encounters [31]. Patient learning in
these contexts is often suboptimal, at levels substantially less
than 50% of the material presented [32], and during these
encounters providers often fail to provide key information
[33,34]. Unfortunately, it may be difficult or impossible to help
patients develop self-management skills if they do not have
basic health-related reading and math skills or health-related
knowledge. Health literacy is likely to be an essential aspect of
developing CDSM skills.

The ASK model will be the explicit basis for the development
of our mobile app. We will first complete a qualitative study to
better understand the skills and knowledge needs of individuals
with both self-management needs and low health literacy.
Results of this qualitative study will inform the development
of the intervention. The ASK model will provide a general
framework for the content of the intervention, while the results
of the qualitative study will provide a guide to its content.

Health Literacy Interventions
The previously developed conceptual model of health literacy
[26] states that health literacy, after considering demographic
variables, comprises basic cognitive abilities, relevant academic
skills, and health care-related conceptual knowledge (ASK). An
advantage of this model is that it leads directly to interventions.
While it may be difficult to change patients’ basic cognitive
abilities, interventions can readily be developed to improve
patients’ skills at acquiring and understanding health
information, along with their knowledge of health conditions
and treatment. Strategies used in previous studies to improve
patients’ health literacy have included providing information,
improving skills (eg, reading comprehension), and targeting
psychosocial constructs (eg, self-efficacy or patient activation)
[3]. Reviews of these studies suggest that while some strategies
were useful, no clear consensus on methods, content, or their
effectiveness has emerged [3,8,35,36]. Expert recommendations
for health literacy interventions include rejecting a one size fits
all approach [37], creating interventions that promote participant
engagement and retention through interactivity and interesting
multimedia elements, and ensuring learning through an
interactive teach-evaluate-reteach algorithm when needed
[29,30,38,39]. The planned project will follow these
recommendations in creating a tailored, interactive, and
multimedia intervention to improve CDSM skills in participants
with low levels of health literacy.

Tailoring content to make interventions more personally relevant
and appropriate to patients’ levels of health literacy has been

advocated as an effective strategy for health communication
[40-42]. Tailoring can promote engagement and facilitate
behavior change, as previously demonstrated in minority
populations and those with low levels of education and computer
skills [42-45]. Tailoring interventions to enhance racial and
ethnic relevance enhances interventions’ effects for blacks
[46,47] and Hispanics [48]. Other authors, including those who
created national guidelines for the US Department of Health
and Human Service’s Healthy People 2020 and from the US
Centers for Disease Control, stress the need to deliver materials
that are matched to patients’ levels of health literacy [49-51].
Brouwer [52] noted that greater personal relevance may be
related to increased likelihood of successful dissemination of
computer-delivered health care interventions. Jerant et al [43]
summarized research on computer-tailored health interventions
and concluded that these interventions are a, “highly promising”
strategy for reducing health disparities. Individualization of
information and teaching strategies can be undertaken in small
groups by skilled educators, but it is not clear how the health
care system would find the number of educators needed or how
they would be paid. Computer-based interventions can provide
similar tailoring to larger numbers of patients at lower costs
[39,43].

Expected Outcomes of a Chronic Disease
Self-Management Health Literacy Intervention
Effects of a successful health literacy intervention targeting
CDSM are likely to go beyond improved knowledge and skills.
Francis et al [53] showed, for example, that improving
low-literacy patients’ reading skills also had a positive impact
on their mood, and a study completed by our group showed that
an intervention to improve health literacy in persons treated for
HIV had a modestly positive (but nonsignificant) effect on
control beliefs [29]. Hibbard et al [54] showed that an
intervention to develop chronic disease management skills was
associated with increases in patient activation, and Lorig et al
[55] showed changes in patient self-efficacy for managing their
health conditions after a chronic disease management program.
During the evaluation of a health literacy intervention for
CDSM, it will be important to measure not only health literacy
as a specific outcome, but also to assess the effects of the
intervention on other health care-related variables, including
activation and utilization. In this study, we will also evaluate
the effects of the intervention on problems that span across
diseases, such as pain, sleep, stress, depression, and treatment
adherence [56].

Study Objectives
In a previous study, Fostering Literacy for Good Health
Today/Vive Desarollando Amplia Salud (FLIGHT/VIDAS),
we developed a new measure of health literacy [25]. The new
measure was validated with respect to other measures of health
literacy as well as health-related quality of life [27]. Data from
the study were then used to posit and test the ASK model of
health literacy, which could be directly linked to improved
health literacy [26]. In the proposed study, we will adapt and
deploy the FLIGHT/VIDAS health literacy measure on tablet
computers (Aim 1, see below), use it to evaluate a participant’s
health literacy, and feed this information forward to tailor the
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CDSM health literacy intervention to a level of health literacy
that is appropriate for each participant. Data from the study will
also be used to further explore the paths among race, ethnicity,
age, health literacy, and health.

Although it has been shown that computer-delivered tailored
information interventions may be effective in improving health
literacy in specific patient groups [28,29,43,44,57], it is not
clear whether the same sort of computer-delivered, multimedia,
and interactive approach will be effective in improving
CDSM-related health literacy skills in persons with low baseline
levels of health literacy. If the strategy is effective, it is also not
clear whether effects will extend beyond health literacy and
target symptoms (eg, depression, pain, or adherence) to quality
of life, self-efficacy, and patient activation. The effects of this
intervention will be compared to an active control group
consisting of a similar intervention presented without tailoring,
and each group will be examined for effects on health literacy,
health status, health self-efficacy, patient activation, and
treatment adherence.

In addition to the overall goal of assessing the usefulness of a
tablet-delivered app, this study will further several other
project-related goals, including the ongoing development of the
FLIGHT/VIDAS health literacy measure in its tablet adaptation.
The utility of alternate forms of the measure and their sensitivity
to intervention effects will be evaluated, and a final goal of the
study is to use these data to explore the complex relationships
among race, ethnicity, health literacy, and health status.

Aims and Hypotheses
In Aim 1 we will adapt and evaluate the tablet
computer-administered measure of health literacy developed
during an earlier study with African-American, Hispanic, and
white non-Hispanic individuals 40 years of age and older, which
operated on tablet computers. The two hypotheses of Aim 1
are: (Hypothesis 1) alternate forms of the new health literacy
measure’s general health literacy and numeracy scales will be
sensitive to intervention effects, showing improvements after
participants complete the intervention; and (Hypothesis 2) the
new health literacy measure will be acceptable, usable, and valid
when administered on tablet computers.

In Aim 2 we will use the computer-administered measure to
assign participants to a racially- and ethnically-tailored
intervention that is delivered in a way that is appropriate to their
level of health literacy. The two hypotheses of Aim 2 are:
(Hypothesis 3) an interactive multimedia intervention will be
more effective in improving health literacy, self-reported health,
patient activation, health self-efficacy, and treatment adherence
compared to a matched active control intervention; and
(Hypothesis 4) the interactive multimedia intervention tailored
to participants’ characteristics will significantly reduce health
literacy differences between white non-Hispanics,
African-Americans, and Hispanics.

In Aim 3 we will assess mediators and moderators of the relation
of health literacy to race and ethnicity. We will also explore
how these mediators and moderators are linked to health
behaviors and actual health outcomes. The two hypotheses of
Aim 2 are: (Hypothesis 5) health literacy will mediate relations

between age, race and ethnicity, socioeconomic status, cognition,
academic skills, and health status; and (Hypothesis 6) health
literacy will moderate response to the health literacy
intervention, with blacks and Hispanics with lower initial levels
showing a greater response to the intervention than white
non-Hispanics with higher levels of health literacy.

Methods

Study Design
In Phase 1 of the study we will: (1) complete a qualitative study
of critical chronic disease management skills and knowledge
with key informants and patients, (2) use the results of the
qualitative study to inform the development of a tailored
computer-delivered CDSM health literacy intervention, and (3)
complete acceptability and usability testing of the
tablet-delivered version of FLIGHT/VIDAS and the
intervention. In Phase 2, we will complete a clinical trial of the
effects of the new intervention on multiple outcome measures.

Phase 1
During the qualitative procedures in Phase 1, individual
interviews will be completed with at least 20-30 individuals
with a chronic disease (at least one chronic condition from
planned inclusion criteria for Phase 2; sampling will continue
until saturation is reached). Purposive sampling will be
employed so that age, gender, race, language, and chronic
conditions are adequately represented. During an earlier study,
participants completed a questionnaire asking whether they had
been diagnosed with specific health conditions. Results from
this questionnaire will be used to recruit these same persons for
Phase 1 procedures, based on the specific health conditions that
were reported earlier. We will target individuals with a variety
of conditions, as well as those with multiple conditions.

Interviews will be conducted in English or Spanish at Nova
Southeastern University in Fort Lauderdale, Florida and at
Emory University in Atlanta, Georgia, and information will be
digitally recorded and transcribed for subsequent analyses.
In-depth interviews will also be completed with 10 key
informants (5 English-speaking and 5 Spanish-speaking)
selected from diverse disciplines, who are familiar with the
treatment of chronic illnesses, including: geriatric, internal, and
family medicine; nursing; and social work. Interviews will be
open-ended but will be semistructured to make it possible to
elicit informants’ input on each of the key problems in chronic
disease management that span across conditions. These problems
include: fatigue, pain or physical discomfort, shortness of breath,
sleep problems, depression, anger, stress, memory problems,
and adherence.

After preliminary analyses, four focus groups will be completed
(28 total participants, with one group in Spanish) with
participants who are also representative of potential consumers
of the intervention, to provide checks on concordance and
trustworthiness of the themes identified in interviews. During
these focus group sessions, we will solicit suggestions that more
accurately represent the life situations of our study population.

Although interviews will cover the same material, interview
content will be tailored to each participant's unique situation.
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Within each area, there will be several subareas designed to
further understand these phenomena. We will use NVivo for
Windows, Version 10 (Melbourne, Australia: QSR International)
to assist in coding data, searching text, and conducting
cross-case analyses. An inductive thematic analysis will be used,
as this technique allows for the patterns, themes, and categories
of analysis to emerge [58]. The software allows for a process
that incorporates an emic approach to analysis, and allows for
an exploration of indigenous concepts and typologies. The study
design will allow for a consideration of the credibility of themes
elicited in individual interviews by cross-checking them with
focus group participants and key informants. In the final part
of Phase 1, content modules will be refined and modified, based
on this iterative process and using data from the interviews.

Intervention materials focusing on behavioral self-management
skills will be created for each problem area (eg, exercise and
self-guided cognitive behavioral interventions for pain [59],
meditation for stress [60], behavioral activation for depression
[61,62], cognitive behavioral interventions for sleep disturbances
[63], and our own model for treatment adherence [29,38]). All
key problems in chronic disease management listed above will
be assessed by measures in our battery at baseline and all
follow-ups, allowing for direct evaluation of the intervention’s
effects on specific CDSM problems.

Interventions
Information from this qualitative phase will lay the basis for
developing general content modules that are consistent with the
ASK model of health literacy [26]. This process will draw
specific content from established domains of chronic disease
management by teaching health literacy skills and health
condition conceptual knowledge.

Interventions will be developed that are consistent with
recommended strategies for persons with limited literacy skills
[64,65]. All materials will use health care-related content as a
vehicle (eg, prose about diseases or a table about desirable blood
sugars). Intervention elements will focus on the three basic
literacy types, as defined by the Educational Testing Service:
prose, document, and quantitative [66]. Consistent with research
on the effectiveness of direct training in reading comprehension
for adult learners [67], training in prose comprehension will
focus on strategies to develop functional skills such as
identifying key facts, inductive reasoning from multiple facts,
and self-monitoring of comprehension. Training in document
literacy will use tables, charts, and health-related forms (eg,
insurance, consent) and emphasize strategies for identifying
key information and strategies for using the information to
answer relevant questions (eg, “Which insurance program is
better for me?”). Training for quantitative skills will integrate
basic instruction on quantitative concepts and procedures for
understanding risk, probability, and cost [68,69].

Content
Information from the qualitative phase will allow us to develop
general content modules that will focus on the key problems in
chronic disease management listed above. Key strategies will
be to teach health literacy skills and improve health
condition-related knowledge. Problems, needed and useful skills,

and disease-related conceptual knowledge revealed in qualitative
work will then be used by investigators to create a content
outline for each module. Content-relevant skills will be
integrated with condition-related knowledge in each module
(eg, by teaching reading comprehension skills using materials
that are directly related to health). We will use a similar strategy
in teaching listening comprehension by focusing on encounters
with healthcare providers. This might involve teaching strategies
for preparing a list of questions before an appointment, taking
notes during the encounter, and being appropriately assertive
in interactions.

Cognitive load theory [70,71] dictates that for optimal learning,
instructional material must be presented in segments of content
that do not exceed the learner’s ability to take in and retain each
element. Consideration of this issue may be especially important
in persons with limited health literacy [72]. Consistent with this
issue, material will be presented in small segments via text and
audio, with graphic elements reinforcing themes but not
distracting from participants’ learning [70]. Interactions with
the computer will only require that participants tap on the screen
to press images of buttons, thereby keeping required computer
skills to a minimum.

In a series of team meetings, content created by individual team
members will be reviewed and alternate versions will be created
at the three reading levels planned for each intervention group

(3rd, 6th, and 8th grade levels) based on the Flesch-Kincaid
formula for English [73] and its Fernandez-Huerta modification
for Spanish [74]. No clear criterion for the difficulty of
health-related materials is available for use in tailoring, so we
will use the criterion of grade equivalent levels. In this context,
however, it will measure the difficulty of health-related
materials and thus materials will be tailored to participants’
levels of health literacy.

Intervention content will be developed in either English or
Spanish, with versions translated by team members fluent in
the target language, with an emphasis on appropriate cultural
adaptation rather than literal translation [75]. This strategy was
previously effective in creating a health literacy measure in both
English and Spanish [25], and helped to ensure that both
language versions were intelligible to individuals from diverse
linguistic and cultural backgrounds. Given the importance of
regional usages of Spanish (eg, the same word may mean
different things in Puerto Rico or Mexico), the Spanish version
will be developed with an emphasis on standard Spanish to
avoid comprehension problems. Intervention content will be
assessed during usability testing, in addition to a focus on
interface design and ease of use.

Usability Testing
After creation, acceptability and usability testing of the new
materials will be completed using a procedure that we
successfully used in other projects [76,77]. Individuals will be
observed interacting with the computer app and will be asked
to think out loud [78] so that their cognitive processes can be
tracked, and areas of difficulty can be identified [76]. After five
participants have completed this process, the intervention will
be revised and tested again with a new group of five participants
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[77]. This process will be repeated until no further difficulties
are identified, potentially eliciting responses from 15 to 20
participants [79,80].

Technology
Implementation will allow participants to monitor their own
progress and provide centralized data collection. The
intervention will be created in standard off-the-shelf software,
Captivate (Adobe Corporation; San Jose, California), which is
widely used in developing educational media. This software
has been used in previous projects due to its ease of use,
integration of multimedia elements, and simple deployment to
most learning management systems. The current version
(Captivate 9) creates apps in HTML5/CSS/JavaScript formats
that can be readily deployed on Windows, iOS, and Android
devices, and on the Internet. Output from this program can be
readily packaged as downloadable apps for the operating
systems of most mobile devices, including iOS (iPhone, iPad),
Android, and Windows Phone.

Tablet Computer Adaptation
Delivery of FLIGHT/VIDAS on tablet computers will require
modifications to the size of graphics, layout of page elements,
and changes in font sizes. The file size for graphic elements
will be reduced to improve download times over the Internet.
Studies continue to show a dramatic increase in Internet use
among older persons [81] and multiple studies show that elders
evaluate the usability of tablet computers positively [82-84].
We will ask all participants to complete FLIGHT/VIDAS and
the health literacy intervention on tablet computers, but it is
possible that some of the oldest participants may not be able to
do so. All participants in our previous study were able to
complete assessments on touch screen computers (94 of whom
were 70 years of age or older), so participants who have
difficulty (ie, express frustration or state that they are not able
to accurately record responses) with tablet computers will use
the larger-format touch screen.

Phase 2

Participants
We will recruit Spanish- and English-speaking persons aged 40

years and older whose health literacy is at the 8th grade level or
lower. Literacy levels will be assessed via validated scores on
the Rapid Estimate of Adult Literacy in Medicine (REALM)
[85], or the Short Assessment of Health Literacy in Spanish
Speaking Adults (SAHLSA) [86]. This level was chosen to
include persons in the lower end of the basic proficiency level
and below, as defined by the US National Assessment of Adult
Literacy [1,87-89]. The REALM and SAHLSA were selected
based on their demonstrated relation to health status in other
studies and data from our previous study that enabled us to use
them as screening tools. The intervention will thus target those
most likely to profit from instruction at a moderate difficulty

level approximately two grade levels lower than this (6th grade),

or those who may need low-literacy level instruction (3rd grade)
based on their instructional reading level being approximately
two grade equivalents below the tested level. English-speaking
participants will include approximately equal numbers of
African-Americans and non-Hispanic whites, with recruitment
stratified by age decades (to enhance existing FLIGHT/VIDAS
norms) from age 40, with no upper limit. Considering the
importance of broadening the geographic basis of our normative
population and ensuring the usefulness of the health literacy
intervention for diverse groups, in the proposed study we will
expand data collection to include Grady Memorial Hospital in
cooperation with our collaborators at the Morehouse School of
Medicine and Emory University (all in Atlanta, Georgia). We
will continue to recruit African-American, white non-Hispanic
and Hispanic participants at our Nova Southeastern University
site, as we did in our earlier project. During this project, we
plan to expand our recruiting efforts in South Florida to include
larger numbers of Spanish speakers with low educational
backgrounds who are originally from Mexico. We will
randomize 432 participants, as needed (216 at each site; see
power analyses for sample size justification, below). Numbers
of participants in Figure 1 reflect planned recruitment based on
power analysis and potential attrition.
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Figure 1. Patient recruitment and flow. Numbers reflect planned enrollment based on power analyses and potential attrition. AA: African-American
or Afro-Caribbean; Hisp: Hispanic; WNH: white non-Hispanic.

Treatment Assignment

Inclusion and Exclusion Criteria
Participants will be eligible for the study if they are 40 years of
age or older, are treated for at least one of the conditions in the
Functional Comorbidity Index [90] (cardiovascular disease,
arthritis, cancer, lung disease, osteoporosis, depression, and
others) with at least one medication, have health literacy below

the 8th grade level as indicated by the REALM (English) or
SAHLSA (Spanish), and are willing to participate for the length
of the study. Potential participants will be excluded if they are
not able to provide informed consent, have a cognitive or
psychiatric disorder that impairs their ability to safely participate

in the study, or are not able to remain involved over the full
length of the study.

A screening procedure for the new project was developed by
assessing the ability of the REALM [85] or SAHLSA [91] to

predict if participants had an 8th grade or lower level of reading
on the Woodcock-Johnson or Muñoz reading tests. Using the
R statistical package pROC [92], a score of 62 on the REALM

predicted reading skills less than an 8th grade level on the
Woodcock-Johnson (area under the curve [AUC]=0.79, 95%
CI 0.72-0.87; sensitivity=0.80, specificity=0.67) with similar
results for the SAHLSA. Earlier analyses showed that the
FLIGHT/VIDAS General Health Literacy (HL) scale will also
be effective for use in detecting participants with lower levels
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of reading skills (all P- values <.001). Analyses did not differ
for language groups (AUC for Spanish sample=0.86, P<.001).

Recruitment and Retention
Recruitment at the Atlanta sites will take place in the Primary
Care clinics of Grady Health Services and Emory Healthcare.
Grady Health Services is the largest public health provider in
Georgia, and fifth largest in the nation, with more than 130,000
outpatient visits per year. Emory Healthcare has satellite clinics
throughout metro-Atlanta and serves a broad array of patient
demographics and backgrounds. In current studies, it is possible
to access the electronic medical record to prescreen study
participants. We will continue this practice after obtaining
Institutional Review Board (IRB) permission. The study
recruiter will identify potential participants meeting inclusion
criteria; he or she will then meet with clinic staff and providers,
supply them with study information (flyers, brochures), and ask
the clinic staff/provider to give the study information to these
potential participants. Passive recruitment through study flyers
and information about the study on clinic phone-wait systems
will also be used. All studies utilizing these procedures are
currently on target with recruitment goals.

In addition to a pool of subjects who participated in prior studies
and have given permission to contact them in future studies,
Spanish-speaking Hispanics will be recruited from Nova
Southeastern University internal, family, and geriatric medicine
clinics. Special efforts will be made to recruit a diverse group
of Hispanics representative of South Florida and the rest of
country’s Hispanic population, per US census data, particularly
with respect to country of reference and educational
attainment. In our previous study, we recruited more than 320
Spanish-speaking Hispanics over 3 years of active recruitment
[25-28].

Interventions
Participants in the experimental groups will use modules that
are tailored on three key dimensions: (1) preferred language

(English or Spanish), (2) level of health literacy (3rd or 6th

grade), and (3) racial or ethnic relevance (using verbal and
graphic elements that will enhance the relevance of the material
to African-Americans, Hispanics, or non-Hispanic whites). In
the experimental groups, the intervention will add a fourth
dimension of tailoring by providing individual feedback on
understanding, via ongoing assessment of learning and review
of material that is not yet mastered. The intervention content
will be closely linked to the ASK model of health literacy [26]
by targeting skills and knowledge related to CDSM, as informed
by results of the qualitative study in Phase 1.

Participants in the control group will view informational screens
and answer questions similar to the experimental group, but
materials will be presented at the standard and widely

recommended 8th grade reading level (the approximate average
reading level of adults in the United States [93]) to simulate the
literacy demands that participants typically encounter when
using health care information. Materials will not be tailored for
race or ethnicity, except that Spanish speakers will complete
the intervention in their preferred language.

What Will Participants Actually Do?
A typical intervention session will begin with the participant
being greeted by study staff and directed to a touchscreen
computer station. The study assistant will ensure that the patient
has begun the correct study module (eg, self-management of
sleep problems). The participant will view screens that present
basic information on types of sleep disorders and their causes.
After presentation of a discrete amount of information, a review
screen is presented to consolidate learning (eg, “Common causes
of insomnia are…”). The next several screens will present
questions to check participants’ learning; if questions are
answered incorrectly, the program loops to a review of the topic
with a second presentation and check question. Specific sections
of the intervention will focus on improving information search
skills via computer-coached materials that facilitate
comprehension of written materials on insomnia (eg, “What is
the major point of this paragraph?”) and Internet information
search skills (ie, how to find more information on the Internet).
In addition, coaching on interacting with health care providers
(eg, writing down questions before visits, or taking a friend with
you who can help you remember what the doctor says) will be
woven throughout the modules.

Procedures
Participants will be recruited through advertisements, publicity
at local clinics and senior centers, and presentations at local
organizations. After initial contact, participants will be scheduled
for a screening visit during which their eligibility for the study
will be established via an interview to assess demographics,
current treatment for at least one health condition, and level of
health-related reading using the REALM or SAHLSA. During
the baseline visit, participants will complete cognitive and
psychosocial assessments and be oriented to the health literacy
intervention. This visit will include baseline assessment of
participants’health literacy with Form A of the General HL and
Numeracy (NUM) scales of FLIGHT/VIDAS. Participants will
then be randomly assigned to the control or active condition,
with assignment to low or high health literacy within the active
intervention group based on HL scores. Participants in all groups
will then complete three weekly visits (approximately 2 hours
long) during which they will complete the health literacy
intervention. All participants will thus complete 6 hours of the
intervention. Final level of material attained will be recorded
for use as a covariate in analyses, since some participants may
progress more rapidly than others. At the end of the five weeks,
participants will complete a postassessment visit during which
they will complete Form B of the HL and NUM scales, along
with the other outcome measures. Three months after this
follow-up visit, participants will be asked to return for a final
follow-up visit during which they will complete Form C (a
combination of items from Forms A and B) of the HL and NUM
scales and the same postintervention assessments of general
health, activation, self-efficacy, and self-reported treatment
adherence. At each follow-up visit, only measures hypothesized
to be affected by the intervention will be administered. See
Multimedia Appendix 1 for a detailed schedule of assessments.
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Randomization and Blinding
After confirmation of eligibility, participants will be randomized
to treatment condition according to a computer-generated
schedule using the randomization procedures available in
Research Electronic Data Capture (REDCap) electronic data
capture tools hosted at Nova Southeastern University [94]. The
principal investigator at each site (RLO, DWV) will be
responsible for each treatment assignment.

Measures
Primary outcome measures will be health literacy
(FLIGHT/VIDAS), self-reported general health (Medical
Outcomes Study 36-item Short Form; SF-36 [95]), health
self-efficacy (Chronic Disease Self-Efficacy Scale [96]), patient
activation (Patient Activation Measure [97]), and treatment
adherence. Additional data will provide the ability to consider
race, ethnicity, age, and other variables as potential confounders.
These data will include demographic variables, mood [98],
stress [99], patient-provider relationships [100], treatment
engagement, general cognitive abilities, academic skills, health
conditions, current symptoms, health care attitudes, self-efficacy
[101], and health care utilization.

Severity and number of health conditions will be assessed with
the Functional Comorbidity Index [90], a previously validated
measure linked to physical status, and an index based on the
Midlife in the United States study [102] protocol, as used in our
earlier study [27], to allow comparisons with data from that
study. Assessments will include information on the specific
symptoms of key problems in chronic disease management, and
will allow a pre/postevaluation of the effects of the intervention
on each. Simple measures of physical status (walking speed
[103], body mass index [104], and waist-hip ratio [105]) will
also be obtained to assess the effects of health literacy,
cognition, and comorbidity on these variables, as they have all
been related to risks for mortality [6,106,107].

Most self-report instruments will be administered via Automated
Computer-Assisted Self-Interview (ACASI) software with
assessment materials presented on touchscreen computers. This
strategy enhances data collection by allowing participants
anonymity in their responses and reduces issues with hand
scoring of measures and manual data entry. Both sites will use
the ACASI software Questionnaire Development System (QDS;
Nova Research, Bethesda, Maryland). Individually administered
measures, including assessments of cognitive, academic, and
health literacy status, will be hand scored and verified. QDS
output files will be transferred between sites using encrypted
file transfer technology also available in REDCap.

The intervention will be standardized by its computer-based
presentation across sites, but assessments and interactions with
site workers must also be standardized to ensure fidelity across
sites. Procedures will be standardized via visit flow sheets
accompanied by training and monitoring visits by the
investigators at each site. To ensure secure retention delivery
of data across sites, all data will be entered into the REDCap
software twice [94]. Each entry will be compared using utilities
in REDCap and discrepancies will be resolved via inspection
of original paper-based data collection instruments.

Data Safety and Monitoring
All assessment procedures planned in this study are either
standard psychological or educational procedures (or are similar
to standards), and all interventions are similar to typical
educational interventions, so we believe that all interventions
are associated with minimal risk to participants. We do not
anticipate the need for a formal data safety monitoring board
for this study, but we will follow a data safety monitoring plan.
The plan will require ongoing monitoring of participants’
reactions to assessment and intervention activities with formal
logs recording any events suggestive of participant distress,
frustration, or boredom. All study personnel will be instructed
on the importance of recording any relevant events in study
logs, the contents of which will be reported on a monthly basis
to the principal investigator for minor incidents, and immediately
for any serious event (eg, substantial indication of participant
distress such as crying, expression of desire to discontinue
participation due to emotional upset, or request for emotional
assistance due to of feelings or thoughts triggered by
assessments). All events will be tracked and reviewed via regular
conference calls with site principal investigators for
determination of what changes in study procedures should be
made to ensure the safety of participants.

Given the length of the study and frequency of study visits, we
will be able to maintain close contact with all participants in an
ongoing fashion. We will be able to develop and maintain a
relationship with each participant that facilitates communication
about their reactions to the study. Study personnel will be trained
to be alert for signs of emotional upset or frustration in
participants as a reaction to study procedures, and will be
proactive in approaching participants about their emotional
states. Participants will be offered supportive counseling if
indicated, and referral for other services if needed.

Finally, we will routinely assess (both formally and informally)
participants' reactions to the study using interviews and an
ACASI questionnaire that will allow them to privately express
any concerns or problems related to the study. We will actively
monitor participants' experience in the study, both informally
in exit interviews and formally via their responses to ACASI
questionnaires, to determine if the study is excessively stressful
or upsetting.

Informed Consent and Confidentiality
Informed consent is a process that will begin with IRB review
of all recruitment materials. All study personnel will complete
mandatory training in the protection of human subjects in
research, including the courses of study contained in the
Collaborative Institutional Training Initiative program [108],
as required by the IRBs of Nova Southeastern University and
Emory University, and only trained personnel will be involved
in the process. The informed consent process will continue as
study personnel explain study procedures during the education
process preceding the request for written informed consent.

Participants will be protected from the risk of inadvertent
disclosure of their health status or other health-related
information by identifying all study-related data collection
instruments by the participant's study number. Participants'
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identities will only be linked to data via a list that includes
participant names and contact information and their participant
identification number. All study databases will be kept on
password-protected computers or secure servers (REDCap).
Paper copies of all materials will be kept in locked filing
cabinets in the investigators’ offices.

Institutional Review Board Approval
Phase 1 (qualitative) study procedures were approved by the
IRBs of Nova Southeastern University and Emory University.
Phase 2 (clinical trial) study procedures have received
preliminary approval by the IRBs of Nova Southeastern
University and Emory University. Final approval is pending
development and board review of actual intervention materials
prior to their use with participants. Written informed consent
will be obtained from all participants.

Data Analyses

Initial Data Management
Initial review will evaluate data for completeness and valid
characteristics through inspection of descriptive statistics.
Although every effort will be made to minimize loss to
follow-up, we recognize that some attrition is likely to occur.
We will evaluate patterns of missingness in the data and follow
widely-recommended procedures for dealing with this issue
[109]. If our evaluation shows that missing data can be
considered as missing at random (MAR) then our use of
full-information maximum likelihood routines in MPlus
statistical software (Muthén & Muthén; Los Angeles, California)
will result in unbiased estimates of parameters [110]. If data are
not MAR, we will include pattern of missingness in random
effects pattern mixture analyses [111]. Group equivalence on
demographic characteristics (except those defining group
membership) and baseline measures not used in assignment will
be assessed, and if differences are found these variables will be
used as covariates in analyses. Other analyses will evaluate the
distributional properties of dependent variables to assess the
suitability of planned statistical models.

Study Hypotheses
Hypotheses will be tested via three aims, detailed below.

Aim 1

Hypothesis 1 regarding the sensitivity of alternate forms of the
health literacy measure to the intervention will be tested by
calculating the simple sum of the HL and NUM scales for
baseline (Form A) and first follow-up (Form B), and test their
difference via paired t-tests, since this is a straightforward
strategy that might be used in research and clinical work. This
hypothesis will also be evaluated using a mixed-effects
regression model with repeated measures for all three
assessments that will include relevant covariates such as
race/ethnicity, age, education, and cognition. Models for
completers and intent-to-treat groups will be created. Hypothesis
2, regarding the validity of the measure on tablet computers,
will be assessed by evaluating item difficulties and
discriminations, calculation of scales’ internal reliabilities
(Cronbach alpha), evaluation of construct validity via
examination of the measure’s factor structure, and evaluation

of concurrent validity as correlations and partial correlations of
FLIGHT/VIDAS scales with other measures (Test of Functional
Health Literacy in Adults, REALM, and SAHLSA). Measures
of scale characteristics (mean, standard deviation, Cronbach
alpha, and correlations with other measures) will be compared
to values obtained for the full-size computer administration
obtained during an earlier study [25] using tests for differences
in means, standard deviations, and correlations.

Aim 2

Hypotheses 3 and 4 for this aim, related to the effects of the
intervention on outcomes, will also be evaluated in mixed-effects
regression models including relevant covariates, with separate
models assessing each dependent variable (HL and NUM scales,
SF-36 General Health, Chronic Disease Self-Efficacy Scale,
Patient Activation Measure, and treatment adherence) providing
the ability to evaluate between-groups differences and the
interaction of group membership (each racial/ethnic group).
Estimated marginal means for mixed-effects models will be
compared across levels of effects. Exploratory analyses will
evaluate the effect of the intervention on other outcomes, such
as patient-provider relationships, treatment engagement, and
health care service utilization. Exploratory analyses will evaluate
the impact of age on these outcomes. Similar analyses will
evaluate the effect of the intervention on specific conditions,
such as pain, sleep, and fatigue.

Aim 3

Hypotheses 5 and 6 for this aim, related to the significance of
effects of race, cognition, socioeconomic status, and academic
skills on health status and utilities (as mediated by health
literacy) will be tested using structural models developed in the
MPlus statistical software. The significance of indirect
(mediating) effects will be tested using bias-corrected
bootstrapped estimates. Hypothesis 6, which suggests that levels
of health literacy will moderate the effects of the intervention,
will be tested by creating an interaction variable and including
it in the structural model for Hypothesis 5.

Power Analyses
Power analyses were evaluated using procedures available in
the software program PASS 11 (NCSS, LLC; Kaysville, Utah).
The effect sizes used were drawn from studies of reading
interventions for low- and high-ability readers, and on the effects
of our computer-delivered intervention on participant
knowledge. Results show that a total sample size of 30 per group
(high vs low vs control health literacy; African-American vs
Hispanic vs non-Hispanic white), after possible attrition in any
group of up to 38% (yielding at least 30 persons per group),
will provide powers greater than 0.90 to test main effects and
0.80 or greater to test the interaction of time by group or by
treatment condition. Power is adequate for all two-way
interactions; the power to detect all three-way interactions would
require a very large sample size that would be excessively costly.
We will evaluate higher-level interactions even when not
significant to assess the possibility of their presence.

Expected Outcomes
Results of this study will help to establish the utility of the
FLIGHT/VIDAS health literacy measure when administered
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on convenient tablet computers, including its validity in relation
to other measures of health literacy and academic measure of
reading and mathematics. Evaluation of the effects of tailoring
strategies, and especially of providing information at a level
appropriate for our participants’ level of health literacy, will
provide a test of the usefulness of this strategy in general, and
specifically as a way to test racial and ethnic disparities in
knowledge and health status. Finally, mediation analyses will
allow an assessment of the mediating effect of health literacy
on health disparities.

Dissemination and Sustainability
While not directly addressed in the study design, our
development and evaluation strategy is focused on making the
intervention more widely available in the long-term. A key
aspect of this long-term strategy has been the decision to develop
the intervention using a medium (HTML5/CSS/JavaScript) and
responsive design strategy to ensure that the intervention can
be deployed across operating systems and devices. In addition,
while emphasis on responsive design will complicate the
authoring and usability testing processes, this approach will
help us to create an intervention that is widely usable across
different devices and formats. The intervention can readily be
made available over the Internet, and our development process
also allows for packaging of the intervention as a downloadable
app. Such apps can be posted for free download on mobile
devices and be installed on commercial sites including the Apple
Store, Google Play, and Windows store.

Results

We are currently completing the preliminary qualitative and
usability studies that will inform the content and design of the
intervention. Analyses of these studies suggest that the planned
intervention may be helpful to persons with multiple chronic
conditions by providing information about management
strategies. Results have also suggested the importance of
spiritual and religious beliefs in coping with chronic diseases,
and we are planning to incorporate this finding into the
intervention. We anticipate that the intervention will be complete
in 2017, and the clinical trial of its efficacy will also commence
in 2017.

Discussion

This study seeks to evaluate the efficacy of a mobile tablet
computer intervention in targeting low health literacy directly,

as a strategy to address health disparities. In a previous study
of persons with HIV infections, the strategy of providing an
interactive multimedia intervention that gave participants
information tailored for personal relevance and level of
understanding resulted in significant improvements in
knowledge and treatment adherence [29]. In this project, we
seek to build on this intervention strategy to specifically address
the learning needs of individuals with low levels of health
literacy. We will assess the impact of tailored interventions not
only related to condition-specific problems, but also on broader
outcomes such as health-related quality of life, patient activation,
patient-provider relationships, and treatment adherence.

An important aspect of our development strategy will be the
completion of a qualitative study that will inform the
development of intervention content. Completion of usability
testing, again with likely consumers, will help to ensure that
the intervention will have a format and content that is likely to
be useful to older persons with chronic conditions. It is hoped
that this preliminary work will help to ensure the eventual
acceptance of the intervention by a broader audience. The
mobile format of the intervention will lend itself to use by
persons who may not otherwise have been able to benefit from
education on CDSM. While CDSM programs are provided in
many locations, delivery of the programs in electronic formats
may address some barriers (eg, rural residence, need to travel
to a training site, and scheduling difficulties), especially for
older persons who are employed.

Although it will be necessary for the dissemination of the
intervention to follow development and the demonstration of
its utility, it will be created with to the final goal of eventual
widespread dissemination through the mobile app deployment
system, and via the Internet. Another possible route of
dissemination is for the intervention to be made available
through patient portals that allow patients to access their health
records. Most electronic health records that provide portals
make provision for patient education, and the content developed
in the planned study might be made available through this outlet
as well. Providers would be able to prescribe that patients review
material, thereby reducing the time spent in repetitive education
activities, while facilitating a positive relationship with patients
by providing the opportunity for interaction on patient questions.
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Abstract

Background: The home environment is where young children spend most of their time, and is critically important to supporting
behaviors that promote health and prevent obesity. However, the home environment and lifestyle patterns remain understudied,
and few interventions have investigated parent-led makeovers designed to create home environments that are supportive of optimal
child health and healthy child weights.

Objective: The aim of the HomeStyles randomized controlled trial (RCT) is to determine whether the Web-based HomeStyles
intervention enables and motivates parents to shape the weight-related aspects of their home environments and lifestyle behavioral
practices (diet, exercise, and sleep) to be more supportive of their preschool children’s optimal health and weight.

Methods: A rigorous RCT utilizing an experimental group and an attention control group, receiving a bona fide contemporaneous
treatment equal in nonspecific treatment effects and differing only in subject matter content, will test the effect of HomeStyles
on a diverse sample of families with preschool children. This intervention is based on social cognitive theory and uses a social
ecological framework, and will assess: intrapersonal characteristics (dietary intake, physical activity level, and sleep) of parents
and children; family interpersonal or social characteristics related to diet, physical activity, media use, and parental values and
self-efficacy for obesity-preventive practices; and home environment food availability, physical activity space and supports in
and near the home, and media availability and controls in the home.

Results: Enrollment for this study has been completed and statistical data analyses are currently underway.

Conclusions: This paper describes the HomeStyles intervention with regards to: rationale, the intervention’s logic model, sample
eligibility criteria and recruitment, experimental group and attention control intervention content, study design, instruments, data
management, and planned analyses.

(JMIR Res Protoc 2017;6(4):e73)   doi:10.2196/resprot.7544
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Introduction

Evidence-based educational materials regarding obesity
prevention for parents of preschool children remain scarce. The
home environment is where young children spend most of their
time and is critically important to supporting behaviors that
promote health and prevent obesity. However, the home
environment and lifestyle patterns remain understudied, and
few interventions have investigated parent-led multifactorial
makeovers designed to create home environments that are
supportive of optimal child health and healthy child weights
[1-7]. Results of studies indicate that home makeovers hold
great promise for ameliorating childhood obesity [8-10].
Building upon previous work, HomeStyles was developed to
help parents of young children shape or makeover (ie, change)
their home environment and lifestyles to prevent childhood
obesity. HomeStyles has two delivery modes: (1) independent
online learning, and (2) in-home, face-to-face, individualized
learning facilitated by trained home visitation staff. This paper
reports the design and methods for the online delivery mode.

The HomeStyles project was funded by the National Institute
of Food and Agriculture, United States Department of
Agriculture (award number 2011-68001-30170). This project
builds on the parent-directed home kitchen organization/food
management makeover proof-of-concept Shaping Up America’s
Kitchen intervention that was successfully pilot tested with
mothers of young children [9,10]. The pilot test findings
supported the work of others indicating that teaching adults how
to make home environment and lifestyle changes, like those
proposed in this project, and building their self-efficacy can
have a positive impact on their home environment and health
[11-14]. Formative evaluation findings from Shaping Up
America’s Kitchen revealed that participants rated the
intervention’s materials highly (4-page factivity [facts + activity]
folios) with regards to readability, completeness, relevance, and
usefulness [10]. Pilot-test data showed that participant
recruitment, retention, and satisfaction were excellent, and that
participants significantly improved their health knowledge and
self-efficacy [9].

The HomeStyles intervention is intended to enable and motivate
parents of preschoolers to shape their home environment and
lifestyle behavioral practices to create and support optimal child
growth, health, and weights. The intervention is based on Social
Cognitive Theory [5] and uses a social ecological framework
[15]. HomeStyles targets the home because this environment
plays a dominant role in the development of childhood eating
and physical activity patterns, and these patterns track across
the growing years into adulthood [16-18]. The program targets
parents because they are children’s role models, family food
gatekeepers, and create the structure/lifestyle environment within
the home, and thus strongly influence the obesity-prevention
behaviors of children during the growing years [5,16-36]. In
addition, parents need more opportunities to gain relevant,
practical, nonjudgmental obesity prevention information that
is easily implemented in their homes and hectic lifestyles [24].
HomeStyles uses a multifactorial approach because diet,
physical activity, and sleep are well-known in the literature to
be associated with childhood obesity risk, and the most

successful results are likely to be generated by addressing
multiple lifestyle practices in a family context [13,37-41]. An
online delivery mode was selected because the vast majority of
families in the United States have access to the Internet [42], it
is a cost-effective delivery method, and it offers an excellent
probability of contributing to the sustained availability of project
materials after the study ends.

HomeStyles is innovative in that it is family-focused and based
on parent-defined quality of life characteristics. Additionally,
obesity prevention programs for young children continue to be
limited and few obesity prevention programs for any age groups
take a multifactorial approach that incorporates a broad array
of factors associated with obesity risk that parents can address
quickly, easily, and at low (or no) cost in the home environment.
HomeStyles also focuses on the home environment, which is
critically important to promoting health but remains sorely
understudied. Finally, despite their promise for mitigating
childhood obesity, few interventions have examined the efficacy
of parent-led home environment restructuring that aims to shape
these environments to be more supportive of optimal child
health. Thus, the aim of the randomized controlled trial (RCT)
is to determine whether the Web-based HomeStyles intervention
enables and motivates parents in the experimental group to
shape the weight-related aspects of their home environments
and lifestyle behavioral practices (diet, exercise, and sleep) to
be more supportive of their preschool children’s optimal health
and weight, compared to those in the control condition.

Methods

The study protocol involved two groups (experimental and
attention control), and was approved by the institutional review
boards at the authors’ universities. All participants gave
informed consent online before participating in any component
of this study.

Logic Model
As shown in the HomeStyles logic model (Figure 1), the
long-term outcome of HomeStyles is to improve health by
preventing childhood obesity. To reach the long-term outcome,
necessary inputs included: expertise from the project team,
consultants, and advisory group; stakeholder involvement at all
stages of the project; sufficient funding; equipment, facilities,
and technological capacity to complete project development,
implementation, and evaluation; partnerships with community
leaders and organizations; and access to media to promote
HomeStyles.

Eight main activities were needed to reach the project outcomes.
The first was to create an advisory group comprised of experts
in childhood obesity subject matter (eg, nutrition,
exercise/fitness, sleep, child development), the target audience
(eg, young children, pediatrics, parenting, social work, cultural
competence), learning and behavior change (eg, psychology,
behavioral scientists, motivational interviewing, adult learners),
outreach education (eg, Cooperative Extension, informal
education), instructional design (eg, education, graphic arts,
computer technology), and research and outreach dissemination
(eg, media, public relations). The second step was to develop
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and formatively test the HomeStyles intervention, which
engaged all experts and target audience members at every step;
for details, see the Intervention section that follows. The third
step was to select, adapt, or create intervention assessment
instruments, which are also described in detail in the Instruments
section. These instruments assess changes that occur while
participating in the HomeStyles intervention. The fourth step
was to train staff to facilitate the implementation of the
intervention and RCT, which is critical to ensuring that all
aspects of the intervention are conducted by project staff with
uniformity and fidelity to the plan. Activities associated with
the fifth step are described in the Sample Eligibility and
Recruitment section that follows. The final steps were to conduct
the RCT to assess the study aims, analyze RCT data, refine
intervention materials to improve their quality and acceptability
to the target audience, and report and disseminate the project
outcomes.

These steps are expected to yield the short-term outcomes of:
building sustainable community partnerships; training the next
generation of health and nutrition professionals to develop and
implement obesity prevention programs; enabling families to
shape home environments and lifestyle practices to be
preventative of childhood obesity; helping families develop the

cognitions, behaviors, and relationships supportive of healthy
child weights; and creating a childhood obesity prevention
program that is satisfying to parents and those implementing
the program. In the medium-term, project outcomes planned
are to: disseminate RCT findings to professional groups, widely
distribute HomeStyles materials to families, make parents and
organizations serving parents aware of HomeStyles and promote
its use and adoption, and improve families’ home environments
and lifestyle practices. These short- and medium-term outcomes
will contribute to achieving the long-term societal outcome of
improved health by preventing childhood obesity.

External factors affecting outcomes include: limits on resources
and funding; the obesogenic nature of the prevailing culture in
the United States; and resource (eg, time, energy, money)
scarcity experienced by families, which may impede their
progress. HomeStyles is based on the premises that all families
are deserving of the opportunity to benefit from shaping home
environments and lifestyle practices, all have the capacity to
shape home environments and lifestyles, and that HomeStyles
will meet their needs. Thus, efforts were made to include
families from a variety of sociodemographic backgrounds and
geographic locations during program creation and testing.

Figure 1. Logic Model for HomeStyles Online Intervention.

Sample Eligibility Criteria and Recruitment
To be eligible for the HomeStyles project, individuals required
basic reading and writing skills (either English or Spanish) and
had to be parents aged 20 to 45 years. Participants also had to
be the household primary food gatekeeper, live in the catchment
area (New Jersey and Arizona), have at least one young child
(aged 2 to 5 years), and have regular Internet access.

Recruitment materials invited parents of preschool children to
participate in a program designed to help them raise, “even

happier, healthier, safer children” and directed them to a website
to learn more and complete a screener to determine whether
they met eligibility requirements. Recruitment materials (eg,
printed flyers, posters, bookmarks, and brief videos) were posted
to: email listservs of workplaces; philanthropic, religious, and
community groups; preschool/day care centers; professional
associations; and extracurricular activity/afterschool groups.
These materials also were posted to websites (eg, online
community newspapers, local businesses, parent blogs),
distributed via social media (eg, Facebook, Pinterest), and
included in a variety of media (eg, magazines, newspapers,
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radio, and television). Community partners (eg, pediatric and
dietetic associations, fitness centers, schools) as well as personal
contacts (eg, colleagues, family, friends, neighbors) and a
professional study recruitment company also distributed
recruitment materials. In-person recruitment strategies included
tabling activities at: community events; parent resource centers;
Women, Infants, and Children program offices; and farmers’
markets.

The goal of HomeStyles is obesity prevention. However,
formative testing revealed that parents strongly disliked the
term obesity and identified happier, more closely bonded
families as the key component of a high quality of life and
health. These findings drove the thrust and tone of the
recruitment materials. Recruitment materials included a link to
a webpage that described the study components and
expectations, and invited parents to complete a brief
questionnaire to determine eligibility.

Recruitment of participants occurred over a 15-month period.
The rolling enrollment allowed families to enter at different
times of the year, and gave project staff increased time and
control over recruitment efforts, retention activities, and
intervention management while also controlling staffing costs.
All participants provided email, address, and phone contact
information. The enrollment goal was 210 parents (with half in
each study condition), based on an a priori power analysis for

analysis of covariance (controlling for baseline scores)
calculated with G*Power software version 3.1.9.2 (Universitat
Kiel, Germany), which was set for 2 groups with a small effect
size (0.25), P-value (alpha)=.05, and power (beta)=0.95. A
recruitment goal of approximately 300 parents was established
to allow for attrition.

Intervention Content

Experimental Group: Healthy HomeStyles
The HomeStyles experimental group intervention materials
(Healthy HomeStyles) are described in detail elsewhere [43,44].
In brief, the materials were delivered via the Web and consisted
of 12 instructional guides in the form of 4-page mini-magazines.
The introductory guide provided an overview of the project and
was designed to help parents select the other guides that would
be most useful to their families. Each of the other 11 guides
focused on one key nutrition, physical activity, or sleep message
(Figure 2). All guides included ideas to help parents advocate
to their child care providers for healthy nutrition, physical
activity, and sleep (nap) practices because the vast majority of
preschoolers spend at least some time in nonparental childcare
settings. Children cared for at home by their parents are less
likely to be obese than children cared for by others, suggesting
a need for a larger parental role in the management of their
children when they are away from home [45-49].
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Figure 2. HomeStyles Key Messages.

Organization and Content of Intervention Materials

Each guide was organized similarly and content was created
and ordered using motivational interviewing strategies [50,51].
The guide cover was a full-color photograph showing children
alone or with parents engaging in an activity reflective of the
guide content. Cover lines designed to capture parent attention
were displayed on each cover [44,52]. The inside verso page
briefly summarized the evidence-based research indicating why
the guide’s topic is important for good health, reminded parents
that they are their children’s most important role models, helped
parents reflect on why the behaviors discussed in the guide are
important to them personally using scaling (eg, “How important
is this to you on a scale of 1 to 10? Why did you choose that
number? What would have to be different for you to choose a
higher number?”), and encouraged them to make simple changes

to promote optimal child health. The inside recto page provided
tips and ideas from other parents of preschoolers who previously
participated in HomeStyles-related focus groups, offered more
information on the guide’s topic, gave parents another
opportunity to consider why the behaviors promoted in the guide
were important to them, and encouraged them to make simple
changes. The back of the guide focused on goal setting and
provided examples of goals that other parents set, and
encouraged parents to think about goals that they could set for
their families. The guide concluded with a brief summary and
reminder to choose small, manageable changes that are
important to their families. Full-color photographs and a variety
of graphic elements (eg, shading, highlighting, font treatments)
were used to enhance the visual appeal of the guides. Each guide
took approximately 15 minutes to review.
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Each guide focusing on a key message was accompanied by a
goal tracking sheet that encouraged parents to set goals related
to the guide, monitor progress toward goals, and reward their
family for reaching goals [53]. Most key message guides were
accompanied by enhancements (objects with instructions/ideas
for use) that facilitated implementation of the promoted
behaviors. Examples of enhancements included: measuring cups
for the portion sizes guide, a cutting board for the fruits and
vegetables guide, a family mealtime conversation idea fan deck
for the family meals guides, colorful straws and recipe ideas
for the beverage guide, hula hoops and beach balls for the
physical activity guides, and timers for the taming television
guide. Enhancements were mailed to participants.

A series of gentle nudges was created and cognitively tested for
all guides [54]. Nudges are periodic, brief communications that
provide social support to help individuals change their behaviors
[55,56]. Nudges were designed to be delivered by phone, text
messaging, and/or email, per participant preference. A
password-protected website was constructed to: deliver the
guides, goal trackers, and nudges; enable participants to see
how they were progressing through the intervention; and provide
additional information (eg, how to get the most out of
participation, set goals, build self-confidence, and cope with
stress).

Intervention Development Process

The development process used for all experimental group
intervention materials ensured inclusion of components of
effective health interventions. Namely, processes were based
on current obesity prevention guidelines and up-to-date research
literature, had a strong theoretical basis (ie, Social Cognitive
Theory [5,57]), used participatory planning and implementation
strategies (ie, stakeholder [parents of preschoolers] input,
advisory group, Adult Learning Theory [58-63]), and conveyed
clear messages to participants (ie, designed using the Attention,
Relevance, Confidence, Satisfaction [ARCS] Model of
Motivational Design [58,59]) that were delivered using
motivational interviewing principles [50,51,64,65].

Key obesity prevention guidelines used to develop HomeStyles
were from the Institute of Medicine, Centers for Disease Control
and Prevention, White House Task Force, Dietary Guidelines
for Americans, and Healthy People 2020 [24,66-69]. Extensive
literature reviews were conducted to ensure the most salient
home environment and lifestyle practices were targeted in the
intervention, and to inform the content of the intervention
materials [70,71].

Bandura’s Social Cognitive Theory [57] provided the theoretical
underpinnings for HomeStyles. This theory’s concept of
reciprocal determinism was well suited to HomeStyles in that
it expresses the idea that environment, behaviors, and personal
characteristics mutually and concurrently affect each other, and
that humans have the capacity to form or transform
environments to support desired behavioral outcomes [5]. The
behavior change strategies employed in intervention materials
that aimed to develop and support this capacity for change
included: outcome expectations, attitudes and values,
self-efficacy, collective (family) efficacy, vicarious
observational learning (learning about how other parents

achieved child weight-protective goals), barrier removal/support
building, and self-regulation (ie, goal setting, self-reward, and
enlisting social support) [5,72,73].

Numerous participatory planning and implementation strategies
were employed to ensure HomeStyles intervention materials
were responsive to the wants and needs of the target audience.
For instance, parents of preschoolers were involved throughout
the development, implementation, and evaluation of all aspects
of the intervention. Before intervention material development
began, 139 parents participated in focus groups to elucidate
their quality-of-life determinates and weight-related behaviors,
views, aspirations, and obstacles [74]. During intervention
material development, 512 parents participated in cognitive
testing interviews to verify that intervention material content
was useful, attention-catching, clear, appealing, relevant,
interesting, motivating, warm and understanding in tone, and
guilt-free [43]. The advisory group was consulted regularly
throughout all phases of the intervention to ensure that the most
current knowledge and best practices were employed.
Additionally, Adult Learning Theory guided HomeStyles
development. This theory recognizes that effective instruction
for adult learners involves them as equal partners, respects their
knowledge-base and life experiences, clarifies the importance
of the content, addresses their desire for relevant and worthwhile
content, and promotes rapid application of knowledge to meet
their goals [58-63].

ARCS and motivational interviewing were used in tandem with
Adult Learning Theory. ARCS focuses on motivating learners
by capturing their attention, providing relevant content, and
targeting learner confidence and satisfaction [58,59].
Motivational interviewing is a client-centered, goal-oriented
counseling strategy that facilitates behavior change by helping
individuals clarify goals and aspirations, explore and resolve
ambivalence to changing behavior, build self-efficacy for
behavior change, stimulate intrinsic motivation to change
behavior, and make plans to change [50,51,64,65]. Although
originally developed for in-person counseling sessions,
motivational interviewing strategies can be successfully used
in self-instructional written materials [75].

Control Group: Safe HomeStyles
An attention control group was used to promote participant
retention and control for nonspecific treatment effects (eg,
participant burden, activity and data collection format, study
event scheduling, attention from researchers). Thus, the control
group received a bona fide treatment equal in nonspecific
treatment effects to, and contemporaneously with, the
experimental group [76,77]. A total of 12 intervention guides
were designed for the control group. Figure 2 lists the topic of
each guide. As in the experimental condition, an introductory
guide was developed to provide an overview of the project to
help parents select subsequent guides that would be of greatest
value to their families. Content for the remaining guides (Safe
HomeStyles) was derived from government-produced home
safety [78] and food safety and handwashing [79-85] educational
materials, and reformatted into 4-page mini-magazines to have
a look and feel similar that of the experimental condition.
Additionally, nudges were written, enhancements were
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developed (eg, refrigerator thermometer, reminder magnets and
wrist bands, lint-free dust cloths, stickers for labeling household
poisons), and website content was created. Control group
participants only had access to Safe HomeStyles materials on
the website, whereas experimental group participants could only
access the website material focused on Healthy HomeStyles.

Randomized Controlled Trial Design
Figure 3 illustrates the flow of the intervention study based on
CONSORT guidelines [86]. Recruited participants began by
completing a brief eligibility screener survey. Those who were
eligible began the first of five sequential levels of participation.
Each subsequent level of the intervention commenced
immediately after concluding the activities in the previous level.
In Level 1, participants completed the baseline survey online,
after which they were systematically randomized by computer
into the control or experimental group. Recruitment materials
and the bona fide treatment delivered to the attention control
group format were designed to blind participant assignment to
study condition. In Level 2, participants received the
introductory guide and were then able to select a new guide
approximately every 16 to 30 days. After a total of 4 guides in
Level 2, participants completed the second (mid-point) survey.
In Level 3, participants selected 4 additional guides, with a new
guide approximately every 16 to 30 days, then completed the
third (post) survey. In Level 4, participants selected one new
guide or revisited a previously selected guide, per their choice,
and approximately 30 to 60 days later they completed the fourth
(follow-up) survey. Similarly, in Level 5, participants selected
one new guide or revisited a previously selected guide and
completed the fifth (long-term follow-up) survey approximately
30 to 60 days later. Completion of all levels was designed to
take approximately 12 to 18 months. Levels 1 to 3 were the

main components of the intervention; Levels 4 and 5 were
designed to allow assessment of longer-term intervention effects.

After selecting a guide, parents were encouraged to: spend
approximately 15 minutes reviewing it; think about changes
like those suggested in the guide that could help their families;
select one or two simple, quick, low-cost changes to implement
in their homes for a few weeks; and then choose a new guide.
After selecting a guide on the website, parents were sent a hard
copy of the guide and, for at least every second guide selected,
they were sent an enhancement that supported the guide.
Participants received a nudge approximately 5 days after
selecting a new guide, and then every 5 days for 30 days they
received a new nudge; during this period, the first 4 nudges
were guide-specific and the final 2 were reminders to visit the
website to choose a new guide.

Project staff closely monitored participant progress throughout
the study by observing their visits to the website. To minimize
attrition, participants that were not progressing through the study
in the expected time frame received friendly reminders (by
phone and email) that encouraged them to return to the website
to complete the next activity (choose new guide or complete a
survey). In addition, bilingual project staff were trained in
customer service and rapidly responded to participant queries
coming in via email or the project’s toll-free phone line using
scripted responses to ensure similar and equal treatment across
study groups. Participants also received modest, but increasing
stipends after completing each survey. Other strategies to retain
study participants included mailed enhancements, holiday cards,
and opportunities to earn bonus bucks (an extra US $1) by
visiting the website and answering a quick, fun question (eg,
“Oprah’s Calling! What should she know about HomeStyles?”)
that was refreshed approximately every 10 days [52].
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Figure 3. HomeStyles intervention study flow based on CONSORT guidelines.

Instruments

Survey Development
Development of the study instruments began with an extensive
literature search to identify the most salient sociodemographic
characteristics and environmental, behavioral, and
psychographic constructs that affect weight-related aspects of
the home environment and lifestyle patterns. The literature
review also served to identify valid, reliable, brief, and
easy-to-administer self-report instruments suitable to the study
purpose and target audience [87,88]. Furthermore, survey
development involved a review of instruments that were

previously developed by the HomeStyles researchers and used
in analogous investigations [89]. When multiple scales for
assessing a characteristic or construct were identified, a panel
of nutrition experts in tests and measurements determined which
was best suited to the study. For lengthy scales (ie, exceeding
6 items), published psychometric and factor analysis data were
scrutinized to determine whether these scales could be shortened
to reduce participant burden while preserving instrument
integrity, validity, and reliability [90]. In the few cases where
published psychometric data for lengthy scales could not be
located, the panel of experts identified the most salient items.
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When appropriate instruments could not be located, they were
developed de novo. The process that was used to develop and
refine scales followed Redding et al’s sequential approach to
measurement of health behavior change constructs [91]. If scales
contained items that were heavily modified from their original
form or developed de novo, five experts in subject matter areas
appropriate to the scale content (eg, nutrition, physical activity,
psychology, child development, obesogenic environment),
psychometrics, and survey design reviewed them to ensure scale
clarity and content validity (ie, items in the scale reflect the
characteristic being measured) [92,93]. The scales were
iteratively reviewed by experts and refined until all experts
agreed on scale content and construction. These scales were
then subjected to cognitive testing by participants with
characteristics similar to the study population (but did not
participate in the final study) to ascertain whether participants
interpreted the items as intended, and allowed us to identify
ways to reduce participant burden and increase acceptability
[92,94-96]. During cognitive testing, participants read each item
aloud and then stated in their own words what the item was
asking, answered the item, and explained their answers. At the
end of the cognitive interviews, participants answered
open-ended questions to determine how the items could be
refined to make them easier to understand and faster (less
burdensome/more acceptable) to complete. Items underwent
iterative refinement and cognitive testing until they were clearly
understood by, and acceptable to, the target audience [91]. The
Home Opportunities for Physical activity check-Up (HOP-Up)
scale is an example of the application and outcome of this scale
development process [97].

All survey items were assembled into an online survey (using
Qualtrics) that was pretested with 48 individuals with
characteristics like those eligible for the final study (but did not
participate in the study) to identify refinements needed to
improve clarity, layout, reading ease, and acceptability, and to
verify accuracy of scale scoring algorithms. A pilot-test with
550 individuals like those in the pretest identified a small
number of additional refinements and confirmed usability,
internal consistency, scale unidimensionality, and participant
satisfaction [98]. As a final check, the panel of experts again
reviewed the survey and pilot-test outcomes and confirmed the
measures’ integrity and suitability to the study purpose.

Sociodemographic Appraisals
The survey included an array of sociodemographic assessments
that permit the construction of a description of study
participants. Data collected included parent age, sex,
race/ethnicity, education level, and marital status as well as the
target child’s age and sex. Parents having more than one
preschool child were instructed to report on the child born
closest to noon on June 1 (a priori randomly selected time and
date). Parents rated their own and their child’s health status
(poor, fair, good, very good, or excellent) using the Centers for
Disease Control and Prevention’s Health-Related Quality of
Life questionnaire [99,100]. Hager et al’s food insecurity
screener was used to assess family food insecurity risk [101].
Family socioeconomic status was assessed with the 4-item
Family Affluence Scale [102,103].

Outcome Measures
The outcome measures were organized according to the social
ecological framework: individual (intrapersonal) assessments
of parents and children, family/social interaction (interpersonal)
evaluations, and home physical environment appraisals. As
shown in Multimedia Appendix 1, primary outcome measures
were home environment characteristics and lifestyle practices.
Secondary outcome measures included parental behaviors, child
behaviors, parental values, and self-efficacy for obesity
preventive practices.

For items pertaining to children, parents were asked to answer
them with their preschool children in mind. To keep parent
attention directed to this target child, the child’s name (or
nickname) entered in the survey by the parent was automatically
populated in survey items pertaining to the child. For instance,
“In the past week, how many days did Tommy run, jump...”,
rather than “… how many days did your child run, jump…”
Multimedia Appendix 1 organizes the outcome measures
according to a social ecology framework and includes multiple
details, including the number of items on scales, answer choice
options and scoring, possible score range, references, and
relationship to social cognitive theory constructs.

Individual measurements included height and weight data which
were used to calculate the parent’s body mass index (BMI).
Height, weight, age, and sex data were used to calculate the
children’s BMI percentile [104]. To increase accuracy of height
reports, participants were instructed to measure height using
the special tape measure and instructions that were mailed to
their homes, along with a brief video posted on the Internet
[105].

Food frequency questionnaires determined parents’ daily
servings of fruits/vegetables, milk, and sugar-sweetened
beverages, and percent total calories from fat [106-111].
Physical activity levels were measured using the streamlined
version of the International Physical Activity Questionnaire
[112-114], which evaluated frequency of engaging in three
levels of exercise (walking, moderate activity, heavy activity)
during the past week. Parents also reported total daily time spent
using sedentary screen-time devices (ie, watching television or
DVDs, playing games on computers or smart phones) [98,115].
Pittsburgh Sleep Quality Index items evaluated usual daily sleep
duration (hours/night) [116,117]. Using questionnaires
analogous to those used with adults but appropriate for children,
children’s daily servings of fruit and vegetable juice, milk, and
sugar-sweetened beverages [106-111,118], physical activity
level [112], total daily screentime [98,115], and daily total hours
of sleep (night and naps) were assessed [116,117].

Family/social interactions that were measured included family
mealtime and physical activity behaviors as well as factors
affecting these interactions (ie, parental self-efficacy and values).
Items determined family meal frequency [119] and locations
[120-122], family mealtime environment characteristics
[98,120,123], family meal planning [124-127] and self-efficacy
[125], and parent modeling of healthy eating behaviors
[30,128,129]. Scales also assessed how frequently parents played
actively with their children [98], frequency of parental modeling
of physical activity and sedentary behavior to children
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[114,120,123,128,130], and parental encouragement of children
to be physically active [98,123,128,131,132].

Parental self-efficacy for promoting obesity-preventive
behaviors in children [98,133,134] was assessed by having
parents indicate how confident they felt in their abilities to keep
children’s weight healthy and engage in obesity-preventive
eating, physical activity, and sleeping behaviors. Parental values
associated with achieving obesity-preventive home environments
and lifestyles were assessed with scales measuring healthy eating
outcome expectations (belief in link between diet and health)
[125,135], physical activity outcome expectations (belief in link
between exercise and health) [125,135], and values placed on
modeling physical activity [98,123,130-132], not modeling
sedentary behavior [98], and physical activity for children
[131,132].

The home physical environment characteristics that were
assessed included household food, physical activity, and media
environment. Household food availability was assessed with
food frequency-type questionnaires that yielded weekly servings
typically available per person in the household consisting of:
salty, fatty snacks; sugar-sweetened beverages; fruits and
vegetables; breakfast foods; and milk [106,107,109,118,136].
The HOP-Up Checklist assessed physical activity availability
and accessibility inside the home, in the area immediately
outside the home/yard, and in the neighborhood [97]. The
household media environment was described with items
assessing the number and types of media devices (including
television) in the home [120,123,128], the daily amount of time
children were allowed to watch television/movies and use
inactive media devices (eg, computers, tables, smart phones)
[98], and total time each day that the television was on even if
no one was watching [98,123].

Data Management
At the outset of the project and continuously throughout the
project, the project team established and refined data
management procedures. These procedures included data file
naming, processing, and storage conventions. Standard operating
procedures were drafted and training modules were created. All
staff involved in data collection and management were required
to demonstrate competency in implementing the procedures
before and during data collection or management activities.
Supervisors regularly reviewed data collection and management
procedures to ensure that they were followed with fidelity.

The data generated in this RCT project are primarily quantitative
data gathered through surveys administered online. To ensure
generated data are reliable, valid, and usable, the team strictly
adhered to best practices for instrument development, online
data collection, and psychometric analyses. Data generated via
online survey software were downloaded in spreadsheet format
at least twice weekly. Data were checked regularly to ensure
accuracy of data capture. A comprehensive data dictionary that
includes original items, answer choices, scoring/coding of
answers, scoring of scales, and examples was created to ensure
that all project data are accurately and readily usable.

To ensure the long-term preservation of the data generated in
this study, during the execution of the project the research team

store data files on password-protected university servers that
are backed up daily. For added redundancy, all project data are
shared periodically (at least twice weekly during active data
collection periods) by key project staff on password-protected
computers.

Data Analyses
For all outcome measures, paired t-tests will be used to compare
within-group differences over time, and analyses of covariance
(controlling for baseline scores) will be used to determine
differences in midpoint, post, follow-up, and long-term
follow-up of online survey scores between control and
experimental groups. Hierarchical linear modeling will be used
to analyze data longitudinally and compare the slope of
independent variables as they change over time, as well as mean
response. An overall multiple regression model will be
developed to examine the difference between baseline and
subsequent administration of the measures. Data for study
completers and noncompleters will be examined as well, to
determine how participants differ.

Results

Enrollment for this study was completed in August 2017 and
statistical data analyses are underway as of March 2017.

Discussion

The HomeStyles project was designed to help families with
young children shape home environments and lifestyles to
promote optimal child growth and development, and prevent
childhood obesity using quick, easy, low-cost strategies that
can become part of their everyday lives. Using electronic
technology to deliver HomeStyles materials enables parents to
access materials at times and locations most convenient to them.
HomeStyles was based on current obesity prevention guidelines,
a multifactorial (diet, physical activity, sleep) approach,
participatory planning and implementation strategies, and
conveyed clear, actionable messages delivered using
motivational interviewing principles [50,51,64,65]. These
approaches help to ensure that HomeStyles is responsive to the
wants and needs of parents with preschoolers. These
considerations also increase the potential of HomeStyles’
messages resonating with (and being acted on) by the target
audience, thereby contributing to the long-term goal of
improving health and preventing childhood obesity.

Extensive attention was devoted to overcoming challenges noted
in previous studies. For example, parental reports of children’s
heights and weights tend to be inaccurate [137-141]. Thus, to
improve parent accuracy, HomeStyles researchers developed
and validated a height measurement kit [105]. This kit included
a special tape measure that labeled each quarter-inch increment,
a plumb line made of a metal washer and mason’s line, and
instructions (written and video) explaining how to hang the tape
measure straight on a wall to accurately measure children.
Additionally, the researchers verified that home bathroom scales
provide sufficiently accurate and consistent weights for public
health results [142].
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All too often, the materials developed for interventions contain
excellent content but poor design. Consumers have come to
expect materials equivalent in quality to professional magazines
and websites. The HomeStyles project avoided the homemade
look by including a professional graphic artist who had extensive
experience with both the target audience and subject matter,
and was fully embedded in this project from conceptualization
to execution. The resulting materials have a unified look and
feel and were branded with the HomeStyles logo to promote
brand awareness. A professional copyeditor ensured that all
materials were grammatically correct and uniformly formatted.

Another challenge in the development of materials is offering
them in more than one language. All HomeStyles materials
were developed and fully tested in audiences whose primary
language was either English or Spanish. Spanish translation is
especially complicated because it is spoken in many countries,
each of which has some unique phrasing and terms for common
words (eg, the terms snack, lunch, and straws) that may be not
be understandable in all countries. Further complicating this
issue is the use of English words along with Spanish among
immigrants to the United States. To address this translation
challenge, HomeStyles engaged professional translators who
were familiar with the subject matter and who used in-culture
translations (ie, translations using terms and phrasing common
to the vast majority of Spanish speakers). Another challenge of
the Spanish translation in this project was to capture the warm,
inviting, guilt-free, personalized tone that was used in the
English materials. To achieve the desired tone, the professional
translators were included in the development of project materials
from the outset of the project, before even one word was written.
In addition, many of our project staff were bilingual with varied
nativity, including Chile, Bolivia, Mexico, and Puerto Rico.

Journal articles reporting nutrition RCT outcomes frequently
indicate that the intervention was based on a particular behavior
change theory [143,144]. However, there is rarely any indication

of which constructs from the theory were used, or documentation
as to where or how the theory was employed. To overcome this
challenge and advance the field, the use of Social Cognitive
Theory constructs and motivational interviewing strategies in
the HomeStyles guides are the first (to our knowledge) to be
clearly annotated. These annotations are described in detail
elsewhere [43].

Recruiting study participants is a significant obstacle faced by
researchers. Compounding this issue is, “a clear knowledge gap
with regard to effective strategies aimed at those recruiting to
trials” [145]. The HomeStyles study aimed to overcome
recruitment obstacles in a variety of ways. For instance, the
project used an attention control group that provided these
participants a plausible, useful, bona fide treatment. An added
benefit of this design is that it minimizes threats to internal
validity [146-148]. The project also used intensive and varied
recruitment strategies. Additionally, the project offered
participants tangible incentives in the form of enhancements
and stipends, as well as intangible incentives that parents
indicated were important to them (eg, providing intervention
materials that would help them build happier, closer bonds with
their children). These incentives were used to help reduce
participant attrition, which is another critical obstacle to the
successful completion of intervention studies.

Effective childhood obesity prevention programs are desperately
needed to reverse the obesity epidemic. To our knowledge,
HomeStyles is among the first large-scale, rigorously controlled
studies to test the effectiveness of a multifactorial childhood
obesity prevention program that aims to help parents shape their
home environments and lifestyle practices using quick, easy,
low- or no-cost strategies. The thoughtfully developed,
evidence-based, behaviorally focused, theory-driven content of
the intervention materials is expected to enable and motivate
parents to promote optimal home environments, lifestyle
practices, child growth, health, and body weights.
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Abstract

Background: HIV-associated neurocognitive disorders occur in nearly 50% of adults with HIV. Such disorders can interfere
with everyday functioning such as driving and medication adherence. Therefore, cognitive interventions are needed to address
such neurocognitive disorders as well as improve everyday functioning, especially as people age with HIV.

Objective: This article reports and discusses the overall rationale and development of speed of processing training, a computerized
Internet cognitive training program, to improve this specific neurocognitive ability as well as everyday functioning and quality
of life in adults aging with HIV. Although this protocol has been shown to improve speed of processing, everyday functioning,
and quality of life in healthy, community-dwelling older adults in the advanced cognitive training in vital elderly (ACTIVE)
study, its efficacy in adults aging with HIV has not been established. Nevertheless, such a cognitive intervention is particularly
germane as 52%-59% of adults with HIV experience HIV-associated neurocognitive disorders (HAND), and both the frequency
and severity of such disorders may increase with advancing age.

Methods: The description of this longitudinal randomized controlled trial covers the following: (1) rationale for speed of
processing training in this clinical population, (2) overview of overall study design, (3) eligibility criteria and HAND, (4)
intervention dosage, (5) assessment battery, and (6) examination of biomarkers.

Results: The project was funded in April 2016 and enrolment is on-going. The first results are expected to be submitted for
publication in 2020.

Conclusions: Similar novel cognitive intervention approaches are suggested as they may be of value to those with HAND and
may utilize similar features of this current randomized controlled trial (RCT) protocol to examine their therapeutic efficacy.

Trial Registration: ClinicalTrials.gov NCT02758093; https://clinicaltrials.gov/ct2/show/NCT02758093 (Archived by Webcite
at http://www.webcitation.org/6p8C5fBCX)

(JMIR Res Protoc 2017;6(4):e68)   doi:10.2196/resprot.6625
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Introduction

Combination antiretroviral therapy (cART) has resulted in
improved health-related outcomes and longer life in adults with
human immunodeficiency virus (HIV), with some studies
estimating length of life being tantamount to those without HIV
[1]. Despite such optimism, neuroinflammation, substance
abuse, stress, stigma, depression and anxiety, and poorer
educational quality often associated with HIV may contribute
to other poorer health-related outcomes such as neurocognitive
impairment, often referred to as HIV-associated neurocogntiive
disorders (HAND) [2]. HAND is an objective diagnosis
determined by administration of a neurocognitive assessment
measuring at least seven neurocognitive domains (eg, speed of
processing, verbal memory). With such an assessment, when
patients score greater than 1 standard deviation below their age
and education norm on 2 or more neurocognitive domains, they
are considered to have HAND; this classification rubric is
referred to as the Frascati criteria [3]. Using the Frascati criteria,
52% to 59% of adults with HIV experience HAND [4].
Furthermore, there are gradations of HAND of increasing
severity in terms of the neurocognitive and everyday functioning
impairments, with ~33% experiencing asymptomatic
neurocognitive impairment, ~12% experiencing mild
neurocognitive disorder, ~5% experiencing mixed
neurocognitive disorder, and ~2% experiencing HIV-associated
dementia [5].

With such well documented neurocognitive impairments,
neurocognitive aging in this group represents a major concern
since by 2020, 70% of adults with HIV in the United States will
be 50 years and older [6,7]. Thus, there is a growing population
that is particularly vulnerable to HAND due to the cooccurrence
with aging-related neurocognitive impairments as well as
age-related comorbidities that likewise compromise brain health.
For example, in a study of 162 older (50+ years) and younger
(<50 years) adults with and without HIV, Vance and colleagues
[8] found as a group, older adults experienced more
neurocognitive impairments. Such neurocognitive impairments
affect driving safety, medication adherence, instrumental
activities of daily living, and quality of life [9-13]. Furthermore,
in the cART era, these neurocognitive impairments continue to
be observed in several domains including memory, executive
functioning, and 1 area of particular importance—speed of
processing [14-29].

Speed of processing is the rate at which neurocognitive functions
are performed [30-32]. People with HIV are vulnerable to speed
of processing declines [33,34], especially as they age [30-32].
In a meta-analysis of 41 HIV neurocognitive studies from both
the pre- and post-cART era [33], speed of processing was among
the neurocognitive domains demonstrating the greatest decline
from early to late stages of HIV for all ages. More recent studies
also show that speed of processing deficits are common and
persist in the post-cART era [14-29]. In fact, a 2014 study of
186 adults with HIV found that speed of processing “fully
mediated the effects of age on learning, memory, and executive
functioning and partially mediated the effect of major depressive
disorder on learning and memory” (p. 806) [35] while other
HIV studies show speed of processing deficits impair real-world

functioning [13,36]. Such speed of processing declines are
associated with poorer driving performance and more at-fault
crashes in healthy older adults [30,37,38] as well as middle-aged
(40+ years) and older adults with HIV [10,13,39,40], which is
a growing public health concern [10,13,39]. In the Southern
United States, specifically in the Deep South, these points are
highly relevant because (1) even with speed of processing
declines, adults with HIV must rely on their own driving,
especially in rural areas with limited public transportation; and
(2) the epicenter of HIV has emerged here in the last decade
[41,42], which means many adults with lower socioeconomic
status backgrounds and African Americans with HIV will also
have HAND [43,44]. Few behavioral interventions have aimed
to improve neurocognition in this vulnerable population [45],
and pharmacological cognitive interventions produce adverse
side effects in a population already experiencing multiple
comorbidities [45-50].

Fortunately, some types of computerized cognitive interventions
have been shown to improve neurocognition without adverse
side-effects [51-53]. Despite the known efficacy of computerized
cognitive training programs, only 2 such studies have examined
this in adults with HIV. One study attempted to improve global
neurocognition in a mixed sample of 30 adults with and 30
adults without HIV; unfortunately, only 54% (25/46) of those
assigned to the active condition were able to use the system
successfully and probably as a result, no therapeutic
neurocognitive benefit was derived [54]. Yet, in 1 study
involving adults aged 40+ years with HIV, Vance and colleagues
[55] randomly assigned 22 to receive 10 hours of speed of
processing training and 24 to receive a no-contact control
condition. Compared with the no-contact control group, those
who received the speed of processing training improved
significantly on a measure of visual speed of processing called
the useful field of view (UFOV) test as well as on the timed
instrumental activities of daily living test, which is a laboratory
measure of everyday functioning. Related to everyday
functioning, a subsequent cross-sectional driving simulator
study by Vance and colleagues [13] also demonstrated that in
26 adults aged 40+ years with HIV, poorer visual speed of
processing was predictive of poorer driving ability (eg, average
gross reaction time, divided attention reaction time). In fact,
more self-reported automobile accidents in the previous 2 years
were associated with slower gross reaction time and a higher
number of collisions in the driving simulator. Although this was
not a cognitive training study, the results suggest that improving
speed of processing may likewise improve driving in aging
adults with HIV.

Targeting an intervention that specifically improves speed of
processing has both theoretical and neurocognitive appeal.
According to the diminished speed of processing theory
[32,56-59], the rate at which adults mentally process information
slows with age. Speed of processing declines can occur at all
stages of processing, from the speed at which information is
encoded to the execution of a response [60,61]. This reduction
in speed of processing places demands on other neurocognitive
systems [31]. For example, Lindenberger et al [62] found that
age-related decrements in memory, reasoning, and fluency were
all mediated through differences in speed of processing. A
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subsequent study showed that increased age affects speed of
processing (effect size=−0.69) to a greater degree than memory
(effect size=−0.25), or executive functioning or reasoning (effect
size=−0.27), thus reinforcing the focus on speed of processing
[63]. Furthermore, electrophysiological studies already indicate
that adults who receive speed of processing training, compared
with controls, experience increased N2pc and P3b amplitudes
(electrical signals detected on the scalp), which is reflective of
capacity enhancement and attentional allocation [64]. The lack
of attentional and inhibition control associated with prefrontal
dysregulation, especially in HIV [65,66], may be an inefficient
way to process information quickly and accurately. Thus, speed
of processing training may reduce dependence on
frontally-oriented activity by reallocating such responses to
such posterior brain regions which can improve speed of
processing and in turn translate to everyday functional
improvements [64,67].

Based on findings from these earlier studies, this study was
proposed and funded by the National Institute of Mental Health
(1R01MH106366-01A1 – “An RCT of Speed of Processing
Training in Middle-Aged and Older Adults with HIV”). This
randomized controlled trial (RCT) study described in this article
examines a well-documented intervention in the neurocognitive
and gerontological literature called speed of processing training
(a cognitive remediation therapy) in the population of aging
adults with HIV. Specifically, there are 3 study aims: To (1)
examine whether 10 versus 20 hours of speed of processing
training provides differential therapeutic responses on improving
this neurocognitive ability over time; (2) examine whether 10
versus 20 hours of speed of processing training will differ in
therapeutic value on improving everyday functioning (ie, IADLs,
driving) over time; and (3) examine whether improvement in
speed of processing and everyday functioning over time mediate
improvement in quality of life indices (eg, depression, locus of
control, health-related quality of life). In doing so, these 6 key
areas of the study are described: (1) rationale for speed of
processing training in this clinical population, (2) overview of
study design, (3) eligibilty criteria and HAND, (4) intervention
dosage versus control condition, (5) assessment battery, and (6)
assessment of biomarkers. Finally, the complexity of this
research design is examined in relation to other cognitive
interventions.

Methods

Rationale of Speed of Processing Training
Several computerized cognitive training programs have been
examined in the normal geriatric population; some focus on
improving functioning in a particular neurocognitive domain
such as executive functioning or memory, whereas others
attempt to improve more global neurocognitive functioning.
Albeit, given the resources of time and effort required to engage
in training programs, selecting which neurocognitive domain
to be “improved” must be chosen judiciously. Whereas some
experts and clinicians may focus on memory training given its
salience to noticeable memory complaints, others have found
targeting other domains to have more long-lasting effects that

likewise produce improvements in other areas in which training
was not targeted.

In the advanced cognitive training in vital elderly (ACTIVE)
study, researchers from 6 sites across the United States
randomized normal, community-dwelling older adults (65+
years; N=2802) to 1 of the following treatment arms: (1) speed
of processing training, (2) memory training, (3) reasoning
training, and (4) no-contact control. After just 10 hours of
training, those in the speed of processing training group
experienced significant improvements in this neurocognitive
ability. In fact, the National Institute on Nursing Research and
the National Institute on Aging (January 14, 2014) announced
that speed of processing training used in the ACTIVE study
enabled “older people to maintain their cognitive abilities as
they age,” even 10 years after training [68]. Furthermore, in a
meta-analysis of 52 computerized cognitive training studies,
Lampit and colleagues [52] found that treatment effect sizes
varied widely depending on what neurocognitive domain was
being targeted. No significant effect sizes were observed for
cognitive training that targeted executive functioning or
attention, whereas statistically significant small to moderate
effect sizes were observed for verbal memory (g=0.08), working
memory (g=0.22), nonverbal memory (g=0.24), and visuospatial
skills (g=0.30), with the most robust finding observed for speed
of processing training (g=0.31). These data suggest that this
particular neurocognitive domain may be more amenable than
others for improvement during neurorehabilitation.

To promote successful aging and optimal functioning in the
aging HIV population, speed of processing is a preferred target
for this cognitive training intervention based on the following
points. First, speed of processing is 1 of the most essential
neurocognitive abilities that declines with aging, beginning in
one’s 40s [69-71]. With HIV considered as a form of accelerated
aging [72,73], concerns about more profound speed of
processing declines in this population increase. Second, speed
of processing declines are related to poorer everyday functioning
(eg, driving, performing IADLS) as well as lower quality of life
(eg, health-related quality of life) [74]. Third, speed of
processing training has been shown to improve this
neurocognitive ability [75,76]. Fourth, this improvement in
speed of processing has been shown to translate into improved
driving performance, mobility, and performance on IADLs
[77-83]. Fifth, in community-dwelling older adults, these
neurocognitive improvements (ie, using a speed of processing
measure called useful field of view) have been shown to be
robust over several years; such long-term improvements may
also be produced in adults with HIV. Finally, in the ACTIVE
study, additional beneficial outcomes have been identified as a
result of speed of processing training that include: (1) improved
self-rated health [84], internal locus of control [85,86], and
health-related quality of life [87-89]; and (2) protection against
depression [90]. These outcomes reflect areas that must be
addressed in adults with HIV who also may have reduced
health-related quality of life [91-93], poor self-rated health [94],
decreased locus of control [92,95-97], and depression
[45,91,97,98]. These quality of life outcomes are essential areas
in HIV that likewise require intervention [99]. This RCT of 264
adults with HAND extends the ability to demonstrate whether
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speed of processing training can improve speed of processing
and everyday functioning not only in the short-term, but also
during an extended 2-year period.

Overview of Overall Study Design
A pre-post 3-group experimental longitudinal design is used
(Figure 1). Participants with HAND are administered a
neurocognitive, functional, and quality of life assessment battery
at baseline, approximately 11-12 weeks postintervention and
annually for up to 2 years. This translational science study
recruits adults 40+ years with HAND and assigns them to 1 of
3 groups: (1) 10 hours of speed of processing training, (2) 20
hours of speed of processing training, and (3) 10 hours of
Internet navigation training (ie, a contact-control condition).

Recruitment flyers are posted at a university HIV and acquired
immunodeficiency syndrome (AIDS) clinic targeting those 40+
years only. Interested potential participants call the study
telephone number to be told more about the study and to
determine if they meet basic eligibility requirements (eg, HIV+,
40+ years); if they do, they are scheduled for a baseline
assessment appointment. During this appointment, participants
are consented and administered a neurocognitive, everyday
functioning, and quality of life assessment. From this

assessment, a HAND diagnosis is determined. Based on prior
prevalence rates, it is expected over half of the participants
experience HAND; only those with HAND and thus who need
such a cognitive intervention are randomly assigned to 1 of the
3 treatment arms. Block stratified random assignment will
minimize the risk of imbalance among randomized groups in 2
key factors: minority status and speed of processing deficiency
measured by a cut off using the useful field of view test [100].
Completion of each arm should take participants approximately
10 weeks. After training, participants are administered the same
baseline assessment at posttest and then annually for 2 years.
Two years of follow-up is justified because it is needed to
determine the robustness of the speed of processing training
over time in this clinical population as observed in the older
adults in the ACTIVE study. To retain participants over a 2-year
period, several strategies are employed; here are a few examples:
(1) sending reminder holiday and birthday cards to participants;
(2) providing little gifts to participants with the study name,
phone number, and logo on them; and (3) gathering information
on secondary contacts of people they know so we can track
them down in case such participants move. In addition,
participants are compensated for their time they spend with the
study.
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Figure 1. Overall study design flowchart.

Recruitment Protocol, Rationale, and Targeting HAND
Eligibility criteria specifically focus on casting a wide net to
ensure that the study findings are generalizable to the larger
HIV population. Albeit, given the focus on driving and
neurocognition, certain inclusion, exclusion, and HAND criteria
were chosen.

Inclusion Criteria
Since driving-related factors are being examined as 1 of the
outcomes of the intervention, participants must be licensed
drivers when entering the study. Otherwise, participants (men
and women) must be 40+ years, English-speaking, and have
HAND.

Exclusion Criteria
Due to this study being longitudinal, participants not living in
stable housing (eg, halfway house) are excluded because of the
challenge of scheduling follow-up visits. Potential participants
are excluded if they indicate that they are planning to move
away from the Birmingham metropolitan area within the next
2 years. Furthermore, participants with significant neuromedical
comorbidities (eg, schizophrenia, epilepsy, bipolar disorder,
multiple sclerosis, Alzheimer disease or related dementias,
mental retardation) are excluded; such major neurological
comorbidities may confound study results and interfere with
the cognitive training. These comorbidities are assessed in the
telephone screen and confirmed after the baseline assessment
using the university HIV and AIDS Clinic electronic medical
charts. Other conditions (eg, legally blind or deaf [vision
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confirmed at baseline], currently undergoing radiation or
chemotherapy, a history of brain trauma with a loss of
consciousness greater than 30 minutes) that could impact
neurocognitive functioning or testing also necessitates exclusion;
again, this information is conferred in the telephone screen and
again at baseline. These typical exclusion criteria are used in
many HIV neurocognitive studies [12,14,101-104]; we wish to
exclude those with other major neurological conditions besides
HIV that affect neurocognition.

HIV-Associated Neurocognitive Disorders
This study focuses on HAND and speed of processing training.
Typically, speed of processing declines emerge in one’s 40s
[70] and perhaps even earlier for those with HIV, which likely
contributes to HAND [73]. In fact, the prevalence of HAND
may be greater in middle-aged and older adults with HIV
[12,18,105,106]. Primary reasons for the focus on HAND are:
(1) participants have room to improve neurocognitively from
speed of processing training (ie, no ceiling effects), and (2) a
cognitive intervention for HAND is needed. Using a
neurocognitive battery that measures performance in several
neurocognitive domains, the Frascati criteria is used to determine
HAND [104]. If a participant’s neurocognitive scores are greater
than 1 standard deviation below demographically-adjusted
means in at least two neurocognitive domains (eg, memory,
speed of processing), they are determined to have HAND.
Further breakdown of the type of HAND diagnosis can be made
based upon functional impairment too (ie, Lawton and Brody
activities of daily living) to compare differences in treatment
response for those with varying severity of HAND. In consensus,
2 doctorally-trained psychologists determine HAND based upon
the demographically adjusted t scores.

Intervention Dosage Versus Control Condition
Both the speed of processing and contact-control training
protocols require participants to visit the laboratory to engage
in 1-hour sessions with passive supervision from a research
assistant. The research assistant greets participants, helps them
log onto the computer, answers questions participants may have
about the training, and monitors the time participants engage
in their assigned treatment arm.

In the speed of processing training protocol, participants are
trained to improve the speed or accuracy in which they identify
and locate visual-spatial information using 5 games or exercises
from the POSIT Science, which has been used in our prior
studies. The games include: (1) Sweep Seeker (fundamental
speed of processing), (2) Bird Safari (visual accuracy), (3)
Target Tracker (multiple object tracking), (4) Master Gardener
(eye movements), and (5) Double Decision (UFOV). These
games are automatically customized to the participants’
individual ability. The speed, difficulty, and complexity of each
game is systematically increased as participants successfully
master specified performance criteria. Manipulations used to
increase difficulty include decreasing the duration for which
the visual stimuli are presented, adding visual or auditory
distracters, increasing similarity between targets or distracters,
and presenting visual targets over a broader spatial expanse,
which expands one’s (UFOV) and is important for driving [107].

Studies using speed of processing training often vary from 10
to 20 hours. As mentioned in the prior study in adults with HIV,
10 hours of training was sufficient to produce significant
improvement in UFOV and everyday functioning in the
short-term. The NIH-funded ACTIVE study (N=2802 normal
older adults) also initially used 10 hours of speed of processing
training, but additional “booster” training was found to improve
the effect size and these improvements were robust over several
years [108]. A meta-analysis [52] of cognitive training in older
adults found specifically for speed of processing training, a dose
of 20 hours or less produced a significantly higher effect size
(0.34) compared with more than 20 hours (0.24). Given these
dosage considerations, in this study 1 treatment arm receives
10 hours of training and 1 treatment arm receives 20 hours of
training, whereas the control arm of the study will receive 10
hours of nontherapeutic computer contact. This approach will
allow our study to determine the optimal therapeutic dosage
over time. Likewise, conclusions from this meta-analysis [52]
suggest that optimal effect sizes from speed of processing
training for our study will be observed when training sessions
are at 60 minutes and administered 1-3 times per week—dosage
parameters already incorporated in this study.

In the contact-control group, participants receive 10 hours of
Internet navigation training; it has been used successfully as an
optimal social or computer contact-control condition for speed
of processing training studies. This contact-control (sham)
condition mirrors speed of processing training with the same
amount of social contact with study staff and computer exposure,
but does not provide any therapeutic neurocognitive benefit as
we have previously observed [75,81,109]. Specifically,
participants are given instructional materials and exercises on
how to navigate the Internet. For more computer savvy
participants, they are directed to other websites that may be of
interest. These Internet activities reflect those which people do
normally and do not have any observable neurocognitive
therapeutic effect. This approach has been used in prior National
Institute on Aging-sponsored studies [75]. This contact-control
group is being used to compare with the other intervention in
which only 10 hours of the speed of processing training are
being provided; this will allow for a direct comparison.
Meanwhile, the intervention with 20 hours of training is being
included to test whether the extra dosage will be more effective
versus 10 hours of speed of processing training alone.

Finally, a treatment fidelity checklist is used so staff can review
with participants the amount of time that they have engaged in
training. Furthermore, the POSIT Science software monitors
the amount of time participants spend engaged in each exercise.
As in the ACTIVE study, participants are considered to be
trained when they successfully complete 80% of the training
[107]. This completer-only analysis is appropriate for use when
examining the actual potential of the speed of processing
training. If participants do not complete training, their data can
be examined using an intent-to-treat analysis.

Results

The project was funded in April 2016 and enrolment is on-going.
The first results are expected to be submitted for publication in
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2020. Study measures are assessed at baseline, immediate
posttest following training, and at 2 annual follow-ups. These
assessments are categorized by: (1) demographic, background,
and covariate measures; (2) Aim 1, neurocognitive measures;
(3) Aim 2, everyday functioning measures; (4) Aim 3, quality

of life measures (see Table 1). Most of these measures use
standardized instruments that have good to excellent
psychometric properties; this is particularly relevant for the
neurocognitive assessments as they are used to determine HAND
[12,55,110-118].

Table 1. General domains assessed overtime.

Aim 3:

Quality of life measures

Aim 2:

Everyday functioning measures

Aim 1:

Neurocognitive measures

Demographic, background, and
covariate measures

Centers for epidemiological studies-
Depression (CES-D) [128,129]

Internal locus of control [85]

Self-rated health and health related
quality of life (measured via medical
outcomes study short-form (SF-36)
[130]

Neurocognitive Complaints

Driving simulator [13,82,107]

Driving habits questionnaire [124]

Retrospective & prospective state
crash records [125]

Timed instrumental activities of
daily living [126,127]

Medication aherence

Speed of processing (ie, UFOVb)
[120]

Attention and working memory

(PASATa-2000) [121]

Learning ie, Hopkins verbal learning
test- Revised) [115,116,122]

Verbal memory (ie, Hopkins verbal
learning test- Revised) [115,116,122]

Verbal fluency (ie, controlled oral
work association test) [123]

Executive function (ie, Wisconscin
card sorting test)

Psychomotor (ie, grooved pegboard)

Reported instrumental activities of
daily living (IADLs) (ie, Lawton &
Brody activities of daily living ques-
tionnaire)

Demographic questionnaire

Wide range achivement test- 4
(Educational quality) [119]

Drug urine screen

HIV history and status

Electronic medical records

aPASAT: Paced auditory serial attention test.
bUFOV: Useful field of view.

One primary and novel focal area of this study (Aim 2) is driving
and driving-related outcomes. Most adults with HIV experience
some degree of neurocognitive impairment, and coupled with
the lack of adequate public transportation or social support,
many adults must rely on their own driving and navigational
skills to carry out basic IADLs such as grocery shopping and
visiting their medical providers. Thus, this cognitive intervention
is expected to benefit such driving outcomes [77,131-135].

Driving is assessed in 3 primary ways: (1) driving simulation,
(2) the driving habits questionnaire, and (3) retrospective and
prospective state crash records [124]. As mentioned earlier, the
driving simulator has been used in earlier studies to document
the relationship between functioning in certain neurocognitive
domains on particular driving simulator outcomes [13]. Such
standardized, performance-based outcomes include: average
gross reaction time, percentage of time driving outside of the
lane, percentage of time driving over the posted speed limit,
and so on.

The driving habits questionnaire [124] is a self-report survey
that assesses driving exposure and driving avoidance across
varying difficult driving circumstances (eg, driving at night).
Driving exposure [124] is assessed with 4 self-reported items:
(1) number of days per week driven (0–7), (2) miles driven per
week (numeric estimate), (3) miles driven per year (estimated
to the nearest 2500 miles), and (4) driving space (the further
one has driven from home in the past year). These items can
then be standardized (z-scored) and summed to form a driving
exposure composite score.

Driving avoidance [124] is assessed with 10 self-reported items
that ascertain whether participants passed up opportunities to
drive in the past 3-month period due to avoiding difficult driving
circumstances: (1) driving at night, (2) driving in bad weather,
(3) driving alone, (4) driving on interstate highways or
expressways, (5) driving in unfamilar places, (6) driving on
high traffic roads not including interstates, (7) driving in
rush-hour traffic, (8) making lane changes, (9) making left-hand
turns across oncoming traffic, and (10) merging into traffic
while entering a highway or expressway. Likewise, these items
can then be standardized (z-scored) and summed to form a
driving exposure composite score.

Retrospective and prospective vehicle state crash records are
also accessed through the Alabama Department of
Transportation (ADOT). As in past studies, using participants’
driver’s license numbers, a request is made to the ADOT office
requesting for accident reports which are publically available
records and made available for a small fee. These files contain
police reports that describe the circumstances of the accident.
Based upon these reports, a determination of whether
participants were at fault or not is determined by 2 independent
raters; when there is a lack of an agreement, a third rater makes
the final determination. Thus, these state crash records can be
used to determine what variables are correlated to the number
of total crashes, number of at-fault crashes, and number of
not-at-fault crashes. The use of actual, real life vehicle crash
records provides convergent validity to the other driving
measures and is also ecologically valid.
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Crash records can be examined both retrospectively and
prospectively. Retrospectively, once the entire initial sample’s
baseline data are collected, participants’ driving records can be
requested for the 5 years prior to starting our study and examined
to determine crash rates and neurocognitive predictors of
crashes. Prospectively, once participants have completed the
training in our 2-year study, it can be determined through logistic
regression and hierarchical regression whether this intervention
was effective in reducing the frequency and severity of vehicle
crashes. Given the infrequent nature of vehicular crashes, the
large sample size of this study will provide insight into whether
this intervention is effective in helping adults with HAND
maintain safe driving. Although obtaining information on
participants’ driving exposure and driving avoidance may
modify the risk of crashes for some of our participants, their
combined influence can be examined over time as these
variables are assessed at each time point.

Discussion

Examination of Biomarkers
A unique featue of this study is the incorporation of biomarkers
of brain health and brain chemistry through a separate K99 and
R00 (K99AG048762) grant mechanism that uses the
infrastructure of the parent R01 to examine the relationship
between such biomarkers on neurocognitive and everyday
functioning. In the neuroscience literature, it is clear that even
basic biomarkers such as stress hormones or the amount of HIV
virus in the blood can impair certain cognitive functions [136];
thus, measuring such biomarkers may help examine their impact
on cognition. And since such biomarkers are known to impact
cognitive functioning, the presence of such biomarkers may
either facilitate or hinder the training effects of the intervention.
Furthermore, studies also show that when people or organisms
are exposed to novel stimuli and learning situations, these
environmental stimuli can change the neurochemistry of the
brain that can be detected through blood draws [137-139]. Thus,
these biomarkers are derived from 2 sources. First, since all the
participants are recruited from an internal HIV and AIDS clinic,
their most current as well as future physiological lab values (eg,
triglyceride levels, glucose levels, CD4+ lymphocyte count,
HIV viral load) is easily accessed through the clinic’s medical
database. Logistically, an added feature of this internal access
is that the study does not have to expend additional resources
of time, money, and participant burden to acquire such
information. These basic biomarkers are relevant as they may
affect neurocognitive functioning [18,24,140,141] as well as
influence (or be influenced by) training gains from the

intervention (ie, if a participant is experiencing cognitive
problems from elevated triglycerides, then his poorer cognitive
functioning may hinder how well he benefits from the training
protocol).

Second, blood draws from a subset of participants
(approximately 200 who are first to agree to be in this substudy)
during the time of the baseline visit are also conducted to collect
aliquots of blood to test for various inflammatory biomarkers
(eg, IL-6, souble CD14) and neurotrophic factors (eg,
insulin-like growth factor), changes in many of which have been
associated previously with HAND and HIV(+) patients with
neurocognitive decline [142-145]. Again, monitoring these
specific biomarkers is equally relevant because they may not
only affect neurocognitive functioning [136] but they may also
influence training gains from the intervention, and be influenced
by the intervention. As mentioned earlier, exposure to novel
stimuli has been shown to change brain chemistry[138,139];
thus, participating in this intervention may likewise change
brain chemistry which may be detected with blood draws and
looking for certain biomarkers. Moreover, positive correlations
in changes of these candidate blood biomarkers with respect to
our training intervention may suggest their future utility to
clinicians for monitoring disease progression, and response to
therapy.

Conclusions
This study protocol examining a cognitive remediation program
is reflective of other methodologies that examine their benefits
over time. As such, this study design lends itself to other types
of computerized cognitive remediation programs that are online
and utilize computer gaming features to improve particular
neurocognitive abilities [75,107]. Other cognitive remediation
programs are touted to improve executive functioning, language,
memory, attention, and even improve social functioning skills
and reduce rumination (eg, cognitive bias modification)
[146,147]. This protocol can be easily modified to examine the
efficacy of these programs. In fact, with enough resources, these
programs can be examined side-by-side and in combination to
examine their efficacy over time. Furthermore, other biomarkers
and brain imaging techniques could also be applied to examine
how these cognitive remediation programs specifically are
influenced and even alter brain chemistry and brain morphology
[53,148]. Future studies may even examine the influence of
such computerized cognitive remediation protocols in delaying
or mitigating the effects of disease-related and age-related
neurocognitive declines, mild neurocognitive impairment, and
dementia.
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Abstract

Background: Despite the health benefits of increasing physical activity in the secondary prevention of acute coronary syndrome
(ACS), up to 60% of ACS patients are insufficiently active. Evidence supporting the effect of Web-based interventions on
increasing physical activity outcomes in ACS patients is growing. However, randomized controlled trials (RCTs) using Web-based
technologies that measured objective physical activity outcomes are sparse.

Objective: Our aim is to evaluate in insufficiently active ACS patients, the effect of a fully automated, Web-based tailored
nursing intervention (TAVIE en m@rche) on increasing steps per day.

Methods: A parallel two-group multicenter RCT (target N=148) is being conducted in four major teaching hospitals in Montréal,
Canada. An experimental group receiving the 4-week TAVIE en m@rche intervention plus a brief “booster” at 8 weeks, is
compared with the control group receiving hyperlinks to publicly available websites. TAVIE en m@rche is based on the
Strengths-Based Nursing Care orientation to nursing practice and the Self-Determination Theory of human motivation. The
intervention is centered on videos of a nurse who delivers the content tailored to baseline levels of self-reported autonomous
motivation, perceived competence, and walking behavior. Participants are recruited in hospital and are eligible if they report
access to a computer and report less than recommended physical activity levels 6 months before hospitalization. Most outcome
data are collected online at baseline, and 5 and 12 weeks postrandomization. The primary outcome is change in
accelerometer-measured steps per day between randomization and 12 weeks. The secondary outcomes include change in steps
per day between randomization and 5 weeks, and change in self-reported energy expenditure for walking and moderate to vigorous
physical activity between randomization, and 5 and 12 weeks. Theoretical outcomes are the mediating role of self-reported
perceived autonomy support, autonomous and controlled motivations, perceived competence, and barrier self-efficacy on steps
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per day. Clinical outcomes are quality of life, smoking, medication adherence, secondary prevention program attendance, health
care utilization, and angina frequency. The potential moderating role of sex will also be explored. Analysis of covariance models
will be used with covariates such as sex, age, fatigue, and depression symptoms. Allocation sequence is concealed, and blinding
will be implemented during data analysis.

Results: Recruitment started March 30, 2016. Data analysis is planned for November 2017.

Conclusions: Finding alternative interventions aimed at increasing the adoption of health behavior changes such as physical
activity in the secondary prevention of ACS is clearly needed. Our RCT is expected to help support the potential efficacy of a
fully automated, Web-based tailored nursing intervention on the objective outcome of steps per day in an ACS population. If this
RCT is successful, and after its implementation as part of usual care, TAVIE en m@rche could help improve the health of ACS
patients at large.

Trial Registration: ClinicalTrials.gov NCT02617641; https://clinicaltrials.gov/ct2/show/NCT02617641 (Archived by WebCite
at http://www.webcitation.org/6pNNGndRa)

(JMIR Res Protoc 2017;6(4):e64)   doi:10.2196/resprot.6430

KEYWORDS

acute coronary syndrome; secondary prevention; physical activity; walking; Internet; computer-tailored; eHealth; Strengths-Based
Nursing Care; Self-Determination Theory; nursing intervention

Introduction

Acute coronary syndromes (ACS) are among the leading causes
of coronary artery disease mortality and are among the top
reasons for health care utilization in North America [1-3] and
worldwide [4]. Physical activity is one behavior associated with
several health benefits in ACS patients, including reduced
mortality and health care utilization. Accumulating an equivalent
of 150 minutes per week of moderate intensity physical activity
is associated with reduced all-cause [5-7] and cardiac mortality
risk [7] compared with lower levels of physical activity.
Evidence from cohort data suggests that all-cause mortality risk
can be reduced by accumulating half of the recommendation
compared with zero minutes, and further reductions are obtained
as physical activity increases [8], which may also be applicable
to ACS populations. Other health benefits of increased physical
activity in ACS include improved quality of life [9], reduced
cardiac risk factors such as dyslipidemia and hypertension, and
reduced health care utilization such as hospitalizations [10].
Moreover, positive change in one health behavior, such as an
increase in physical activity, may increase overall confidence
and serve as a gateway to changing other health behaviors [11],
such as increased smoking cessation, healthy diet, medication
adherence, or attendance in a cardiac secondary prevention
program. Therefore, these multiple health benefits place
increased physical activity as a cornerstone in the secondary
prevention of ACS [10]. Despite these benefits, between 40%
and 60% of patients were insufficiently active after an ACS
event [5,6,12].

Increased physical activity is promoted in traditional secondary
prevention programs that consist of face-to-face or phone health
behavior change counseling, which may range from brief to
intensive counseling, and most include supervised exercise in
affiliated hospital settings [13]. However, only 22%-30% of
cardiac patients attend face-to-face secondary prevention
programs [14,15]. Barriers include the difficulty of accessing
these programs among those living in remote locations where
secondary prevention programs are not offered, traveling to
meetings, or reaching those who lack motivation or are unwilling

to participate in these programs. Therefore, alternative ways of
delivering these programs are being examined in research,
including use of the Web [13].

Web-based interventions aimed at improving health behaviors
have been tested mostly in general adult populations. These
interventions include modes of delivery such as online text,
videos, and discussion forums, and include other modes
complementary to websites such as email and text message [16].
A meta-analysis of randomized controlled trials (RCTs) and
quasi-experimental studies in mainly general adult populations
or adults with cardiac risk factors found a significantly greater
effect on physical activity outcomes in Web-based interventions
compared with usual care control groups that were not
Web-based (d=0.14, P<.001) [17]. Although intervention effects
were small, a greater effect was found in studies that included
only insufficiently active participants compared with those that
included any level of physical activity (d=0.37 vs 0.12,
respectively, P<.05) [17].

Web-based tailored interventions are expected to increase the
relevancy of and attention to the information delivered, which
in turn is expected to improve effects on health behavior change
[18,19]. Tailoring can be static, such that tailored messages are
provided based on a single baseline assessment, or dynamic,
such that tailored messages are provided based on multiple
assessments from baseline to follow-up [20]. Although a
meta-analysis of RCTs and quasi-experimental studies in mainly
general adult populations or adults with cardiac risk factors
found no differences between tailored versus non-tailored
interventions on physical activity outcomes, the authors found
a significant effect in favor of tailoring (static or dynamic) on
smoking cessation and healthy diet outcomes [21]. Therefore,
increased physical activity in Web-based interventions may not
depend only on tailoring. Perhaps the combination of
components within Web-based tailored interventions matters,
such as the variables on which tailoring was based (eg,
motivation and confidence), modes of delivery used (eg,
combining online text, videos, email, and others), level of
intervention intensity delivered, and target population
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characteristics. Therefore, further research is needed to test
innovative combinations of these components in tailored
interventions to influence greater increases in physical activity.

In ACS patients, a Cochrane review found some evidence in
eight RCTs to support the effect on increased physical activity
outcomes in favor of Web-based interventions (tailored or not)
compared with usual care [22]. However, heterogeneity between
these RCTs prevented a meta-analysis on physical activity
outcomes [22]. Among these eight RCTs, one was a pilot [23],
two were not powered on physical activity outcomes [24,25],
and one was powered on a self-reported physical activity
outcome, but results were limited by the majority of participants
dropping out [26]. Only four RCTs were full-sized and powered
on objective physical activity outcomes [27-30], among which,
two tested tailored interventions [27,28]. Both found
significantly greater levels in the primary outcome of steps per
day in favor of the tailored experimental groups [27,28]. These
data suggest that in ACS populations, the effects of tailored
interventions on steps per day outcomes are promising.

The other two RCTs tested nontailored interventions measuring
the primary outcome of exercise capacity compared with usual
care [29,30]. One RCT found a significantly greater increase in
a proxy outcome of exercise capacity, maximal time on
treadmill, in favor of the experimental group [29]. In contrast,
the other RCT found no difference between groups in
treadmill-measured peak oxygen uptake, despite finding
significantly greater increases in a subjective secondary outcome
of self-reported physical activity in favor of the experimental
group [30]. Considering these four RCTs, the content of the
Web-based interventions tested were sufficient to increase steps
per day [27,28] and maximal time on treadmill [29], but the
exercise intensity was insufficient to increase peak oxygen
uptake [30]. No RCTs tested Web-based interventions, with or
without tailoring, in ACS patients performing insufficient
physical activity. The paucity of strong evidence highlights the
need for future full-sized RCTs testing Web-based tailored
interventions on objective physical activity outcomes in ACS
populations.

Theoretical Framework
We designed the fully automated, Web-based tailored nursing
intervention TAVIE en m@rche in French. “TA VIE” means
your life, and “en marche” means walking as the intervention
is focused on increasing walking behavior in one’s daily life
after an ACS-related hospitalization. The tailored content of
TAVIE en m@rche is presented to participants by prerecorded
videos of a nurse. We used Strengths-Based Nursing Care
(SBNC) integrated with Self-Determination Theory (SDT) as
the intervention’s theoretical framework. SBNC describes an
orientation to nursing practice or a “way of being” that is
manifested through person-centered, holistic, knowledgeable,
and compassionate nursing care [31]. SBNC is driven by eight
values that focus on “understanding the whole, … and
understanding how strengths and weaknesses interact to promote
health, and healing” (p. 120) [31]: (1) health and healing refers
to creating and restoring persons’ sense of wholeness in all
domains of human functioning, (2) uniqueness of the person
refers to understanding unique experiences and strengths, (3)

holism and embodiment refers to understanding the complexities
underlying the relationships among the mind, brain, and other
body systems, (4) objective/subjective reality and created
meaning refers to understanding along with objective
observations, subjective realities through created meanings of
persons’experiences, (5) self-determination refers to respecting
persons’ right to a life grounded in volition and free will, (6)
person and environment are integral refers to understanding
how persons’ environments influence health and healing, (7)
learning, readiness, and timing refers to being sensitive to
readiness and timing when engaging patients in an active
learning or change process, and (8) collaborative partnership
between nurse and person refers to both nurse and patient
sharing knowledge and strategies that foster health and healing.

Self-determination, one of the eight SBNC values, is particularly
relevant in nursing care, and in human motivation to adopt
health behavior changes. This value was drawn from literature
on self-determination including past works on the SDT of human
motivation [32]. Empirical work in SDT applied in health care
settings has presented two models [33]. The first model suggests
that improvements in physical and mental health can be
explained by the satisfaction of the psychological needs of
autonomy, competence, and relatedness [33]. However, our
Web-based intervention that has a minimal focus on encouraging
social support from others may not be powerful enough to
influence the construct of relatedness, which refers to the
“feeling of being respected, understood, and cared for by others”
(p. 327 [33]), such as exercise companions. Therefore, the
second model that excludes the construct of relatedness [33]
was retained. This model suggests that improvements in health
behavior can be explained by improvements in three SDT
constructs: increased perceived autonomy support, improved
self-determined motivation (decreased controlled vs increased
autonomous motivations), and increased perceived competence
[33,34]. Perceived autonomy support refers to the perception
that during an intervention or interaction with a significant other,
choices were provided, rationale was offered, and
acknowledgement or empathy was expressed [33]. Controlled
motivation refers to actual or future behavior change that is
imposed by others or that is motivated out of a sense of guilt
and shame in the presence of failure in change [33]. Autonomous
motivation refers to actual or future behavior change that is
volitional, aligned with one’s goals and values, or motivated
by sheer enjoyment [33]. Perceived competence, similar to
self-efficacy [34], refers to the degree of confidence in one’s
capability in achieving a health behavior change goal [33]. From
the cardiac literature, barrier self-efficacy refers to degree of
confidence in overcoming barriers towards health behavior
change [35]. A systematic review found that the relationships
between these SDT constructs and physical activity outcomes
were well supported [36], suggesting that interventions that are
efficacious at influencing positive changes in SDT constructs
may also influence improvements in physical activity outcomes.

SDT is a novel approach to theoretical grounding in the
Web-based physical activity literature as no studies using SDT
were found in past meta-analyses in either general adult
populations [17] or ACS patients [22]. However, we found three
full-sized RCTs testing the effect of Web- and SDT-based
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interventions in general adult populations that were powered
on self-reported physical activity outcomes [37,38] or a
composite outcome that included physical activity [39]. Among
the two RCTs powered on a self-reported physical activity
outcome, the most recent found a significant increase of 71
minutes in weekly moderate to vigorous physical activity at 12
months in favor of the SDT-based intervention compared with
a waitlist control [37]. In this RCT, the SDT-based intervention
consisted of tailored messages delivered in text format and
nontailored information (motivational and educational) delivered
by videos of a physical activity expert. In the other RCT, the
authors did not report effects on physical activity outcomes in
their conference abstract [38]. In the RCT powered on a
composite outcome of self-reported weight, diet, smoking, and
physical activity, the authors reported no effect on the physical
activity outcome, which was possibly due to a lack of
intervention utilization because too many choices were given
in intervention intensities and modes of delivery in the
experimental group [39]. Therefore, the Web- and SDT-based
intervention literature is sparse [37-39], despite the solid
evidence supporting the positive associations between SDT
constructs and physical activity outcomes [36]. To our
knowledge, no RCT has tested a Web- and SDT-based
intervention on physical activity outcomes in ACS patients
whether sufficiently active or not. In addition, an innovation
not yet examined in the Web-based ACS literature is the use of
fully automated videos in tailored interventions. Use of videos
could better convey the nurses’ strengths-based “way of being”
because patients can view and listen to the nurse who presents
tailored motivational and educational information instead of
reading this same information in text format.

Study Aim and Hypotheses
The aim of this RCT is to evaluate in insufficiently active ACS
patients, the effect of a fully automated, Web-based tailored
nursing intervention (TAVIE en m@rche) on increased steps
per day. Our primary hypothesis is that ACS patients in the
experimental group receiving TAVIE en m@rche compared
with the control group receiving hyperlinks to publicly available
websites will demonstrate a greater increase in change in steps
per day between randomization and 12 weeks (H1). Secondary
hypotheses are a greater increase in change in steps per day
between randomization and 5 weeks (H2), and in energy
expenditure for walking and moderate to vigorous physical
activity between randomization and 5 weeks, and randomization
and 12 weeks (H3 to H6).

We are interested in assessing if the change in SDT variables
immediately postintervention at 5 weeks will explain the
hypothesized increase in steps per day at 12 weeks. Therefore,
we will explore the mediating role of the SDT constructs
(perceived autonomy support, controlled and autonomous
motivations, perceived competence) and barrier self-efficacy
on the effect of TAVIE en m@rche on increased steps per day
at 12 weeks (H7 to H11 respectively).

We will also explore the effect of TAVIE en m@rche at 12
weeks on improved quality of life (global, emotional, physical,
and social), smoking, medication adherence, secondary
prevention program attendance, emergency visits, and

hospitalizations (H12 to H20). The potential moderating role
of sex on the effect of TAVIE en m@rche on steps per day at
12 weeks will also be explored (H21). Finally, we expect no
adverse effect, which is represented by an equal level of angina
symptom frequency at 12 weeks in both groups (H22).

Methods

This section is presented according to the SPIRIT 2013
statement in defining standard protocol items for clinical trials
[40]. The completed CONSORT EHEALTH checklist [16] is
found in Multimedia Appendix 1.

Study Design and Settings
The study design is a two-group parallel multicenter RCT testing
the effect of an experimental group that is receiving access to
a 4-week Web-based tailored nursing intervention (TAVIE en
m@rche) and a brief “booster” at 8 weeks, compared with a
control group that is receiving access to hyperlinks of publicly
available websites on increased steps per day. Study settings
are at four major teaching hospital centers in Montreal, Canada.

Eligibility Criteria
Patients are eligible if they are home the third week after an
ACS-related hospitalization, have no serious medical condition
that would impede adhering to moderate intensity physical
activity, report access in any location to a computer with a USB
port that is connected to the Internet, and report the ability to
read and speak French. Patients are ineligible if they self-report
sufficient physical activity during 6 months prior to the
hospitalization where they are recruited (ie, performed at least
150 minutes [30 minutes 5 days a week] of moderate intensity
physical activity per week or at least 75 minutes [25 minutes 3
days per week] of vigorous intensity physical activity per week),
have documented New York Heart Association Class III-IV
heart failure, or reported planned involvement in intensive
regular clinical follow-up (eg, an outpatient heart failure clinic)
during TAVIE en m@rche. One hospital center asked that those
who are eligible for participation in their onsite secondary
prevention program (ie, new diagnosis of ACS and age <75
years) be ineligible for study participation to avoid delivery of
parallel secondary prevention interventions at that center.

Interventions
Both groups receive usual care from hospital entry to return
home. At all four recruitment centers, from hospital entry to
hospital discharge, usual care consists of brief counseling by
hospital staff on discharge issues such as new medications and
their side effects and on health behavior changes such as
progressively increasing physical activity at home. Printed
materials are provided as teaching aids to complement the brief
counseling. As well, patients receive referrals to onsite or
community-based secondary prevention programs.

After hospitalization, all centers offer secondary prevention
programs, but at varying doses. All offer an educational group
program on the topic of cardiac risk factors and health behaviors
aimed at reducing these risk factors, but the number of sessions
varies between one and eight across the four centers. Also, three
of the four centers offer onsite supervised exercise programs,
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but the number of sessions vary between one to three times per
week. Two of the programs are 12 weeks in duration, and the
other lasts 1 year.

Control Group
The control group receives a list of four hyperlinks on a unique
webpage of available online information that is Canadian,
French, and that included information on walking. Three major
Canadian nonprofit or public organizations are included:
Montreal Heart Institute, Heart and Stroke Foundation, and
Canadian Society for Exercise Physiology. In addition, because
key recommendations on walking post ACS-related
hospitalization were derived from a patient education booklet
published by the Montreal Heart Institute that is available online,
the walking program in this booklet is also included in the list
of hyperlinks. All websites provide information in text format
without the use of videos.

Experimental Group
The experimental group receives access to TAVIE en m@rche.
The central feature of TAVIE en m@rche is the prerecorded
videos of a nurse (see Multimedia Appendix 2) who presents
the fully automated tailored intervention content delivered
according to patients’ baseline assessments of autonomous
motivation, perceived competence, and walking behavior. Other
modes of delivery include online text that appears beside the
videos to allow simultaneous reading of the video’s content,
and downloadable PDF files referred to by the nurse. Access to
TAVIE en m@rche starts at randomization between the fourth
and fifth week after hospitalization, which depends on when
the baseline online assessment is submitted. The suggested
completion time of the intervention is 4 weeks but access to the
intervention ends at 11 weeks postrandomization. An additional
brief “booster” is added at 8 weeks postrandomization. We
estimate about 60-75 minutes is sufficient to complete the
intervention. TAVIE en m@rche consists of 73 videos, each
lasting on average nearly 1 minute with most (n=68) lasting
less than 2 minutes. The TAVIE platform has simple webpage
layouts and is easy to navigate [41].

The intervention goal is to encourage a progressive increase in
walking behavior, up to the recommended 150 minutes per week
at moderate intensity, which is determined by an adapted version
of the Borg Rating of Perceived Exertion [42]. This walking
level is recommended to all patients at discharge for an
ACS-related hospitalization by their treating physician unless
a contraindication is present such as comorbid physical condition
or an environmental constraint. Such patients are ineligible for
study participation.

The intervention is based on a theoretical framework that
integrates SBNC with SDT. SBNC focuses on nursing values
such as fostering a collaborative partnership with the person,

supporting the person’s self-determination in their decisions
and actions, and working with the person’s strengths in the aim
of achieving health and healing. The SDT on human motivation
specifies theoretical constructs for physical activity to be
targeted by the intervention strategies and to drive the tailoring
process. The intervention strategies are specifically targeted
toward increasing self-reported perceived autonomy support,
autonomous motivation, and/or confidence (combined perceived
competence and barrier self-efficacy).

The appeal of using videos as the main mode of delivery, rather
than text-only format, is the greater ability to convey the
strengths-based nursing way of being that is manifested in part
by nonverbal behaviors such as tone of voice (eg, energetic vs
neutral) and body language (eg, smiling vs a sincere
nonjudgmental expression), and by verbal behaviors (ie, the
nurse’s script). This script, consistent with both SBNC and SDT,
drawn from our past literature review [43], followed five global
strategies: being collaborative, being strengths-focused,
providing choice, offering rationale, and expressing empathy.
These global strategies can be thought of as the fabric in which
the entire intervention content is interwoven. As such, we expect
that the use of videos instead of text-only format will be more
interesting and motivating to participants because the SBNC
way of being will be better conveyed.

The intervention consists of four specific strategies targeting
increasing perceived autonomy support, autonomous motivation,
and/or confidence aimed at increasing walking behavior:
Strategy (1) Providing information and feedback to build
motivation and confidence; Strategy (2) Exploring reasons to
build motivation; Strategy (3) Exploring personal strengths to
build confidence; and Strategy (4) Developing an action plan
to build and consolidate motivation and confidence. These
strategies are operationalized by 19 behavior change techniques.
The terminologies of those 19 techniques were made consistent
with those of the CALO-RE taxonomy [44] (Table 1). These
behavior change techniques were drawn from three main literary
sources: (1) SDT-based physical activity face-to-face or
Web-based interventions and Motivational Interviewing due to
its consistency with SDT [45], (2) facilitators of physical activity
such as improved cardiac health and quality of life, and barriers
of physical activity such as lack of time and the presence of
fatigue and depressive symptoms found in cardiac patients, and
(3) two patient education booklets on the secondary prevention
of ACS [42,46]. The content validity of comparing intervention
strategies (global and specific) with the theoretical background
was done by the Université de Montréal scientific PhD jury of
the first author. One cardiac nurse reviewed the
operationalization of the entire intervention, and two clinical
kinesiologists in secondary prevention reviewed the
operationalized information on walking.
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Table 1. Specific strategies, intermediate intervention goals, behavior change techniques, and targeted SDT variables.

Targeted SDT variableaBehavior change techniqueIntermediate intervention goalSpecific strategy

Perceived autonomy support
from the intervention

Autonomous motivation

1.1 Provide information on conse-
quences of behavior in general by pro-
viding information on potential advan-
tages of physical activity through
walking

To help patients build or consolidate
motivation and confidence to increase
walking behavior or maintain sufficient
walking behavior

1. Providing information and
feedback on walking behavior

Perceived autonomy support
from the intervention

Confidence

1.2 Provide instruction on how to per-
form the behavior of attaining the rec-
ommended minutes per week of physi-
cal activity through walking

Perceived autonomy support
from the intervention

Confidence

1.3 Provide feedback on performance
tailored to minutes per week of walking
in the past 7 days

Perceived autonomy support
from the intervention

Autonomous motivation

2.1 Motivational interviewing, asking
evocative questions to explore advan-
tages of increasing walking behavior,

and to explore goals and valuesc

To help patients build motivation to
increase walking behavior

2. Exploring reasons to increase
walking behavior

Perceived autonomy support
from the intervention

Autonomous motivation

2.2 Motivational interviewing, sharing
a list of potential reasons to increase

walking behaviorc

Perceived autonomy support
from the intervention

Confidence

3.1 Motivational interviewing, asking
evocative questions to explore

strengthsc

To help patients build confidence to
increase walking behavior

3. Exploring strengths

Perceived autonomy support
from the intervention

Confidence

3.2 Motivational interviewing, sharing

a list of potential strengthsc

JMIR Res Protoc 2017 | vol. 6 | iss. 4 |e64 | p.84http://www.researchprotocols.org/2017/4/e64/
(page number not for citation purposes)

Kayser et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Targeted SDT variableaBehavior change techniqueIntermediate intervention goalSpecific strategy

Perceived autonomy support
from the intervention

Confidence

4.1 Provide instruction on how to per-
form the behavior of perceived exercise
exertion assessment and planning
walking in four steps

To help patients consolidate their moti-
vation and confidence to increase
walking behavior or maintain sufficient
walking behavior

4. Developing an action plan

Perceived autonomy support
from the intervention

Confidence

4.2 Teach to use prompts/cues using
flash card of perceived exertion and the
four steps

Perceived autonomy support
from the intervention

Confidence

4.3 Goal setting using SMART goals

Perceived autonomy support
from the intervention

Autonomous motivation

4.4 Provide information on conse-
quences of behavior in general by pro-
viding information on potential advan-
tages of walking, and how to make
walking enjoyable

Perceived autonomy support
from the intervention

Autonomous motivation

Confidence

4.5 Teach to use prompts/cues using
flash card of SMART goals and reasons
for walking

Perceived autonomy support
from the intervention

Autonomous motivationb

Confidence

4.6 Prompt self-monitoring of behavior
of SMART goals

Perceived autonomy support
from the intervention

Confidence

4.7 Provide information on where and
when, and instruction on how to per-
form the behavior using practical tips
to increase walking behavior or to
maintain sufficient walking behavior

Perceived autonomy support
from the intervention

Autonomous motivation

Confidence

4.8 Prompt review of the identification
of behavioral goals (SMART goals,
and reasons for walking)

Perceived autonomy support
from the intervention

Autonomous motivationb

Confidence

4.9 Barrier identification/problem
solving

Perceived autonomy support
from the intervention

Perceived autonomy support
from a significant other

4.10 Plan social support to elicit sup-
port from significant others in the attain-
ment of increasing walking behavior
or maintaining sufficient walking be-
havior

Perceived autonomy support
from the intervention

Autonomous motivationb

Confidence

4.11 Provide an example of action
planning

Perceived autonomy support
from the intervention

Confidence

4.12 Provide feedback on performance
(action plan and walking behavior)

aPerceived autonomy support from the intervention is targeted throughout because the global strategies (Being Collaborative, Being Strengths-Focused,
Providing Choices, Offering Rationale, and Expressing Empathy), which are consistent with both SBNC and SDT, are integrated within each specific
strategy.
bAutonomous motivation targeted 4.6 in the enjoyment in monitoring the accomplishments of a SMART goal; 4.9 in two barriers: (1) not having enough
time to walk, and (2) having no reason to walk; and 4.11 in the example of reasons for increasing walking behavior within an action plan.
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cMotivational Interviewing is reported here as behavior change techniques consistent with the CALO-RE taxonomy and is limited to open-ended
questions consistent with Motivational Interviewing, without the back-and-forth aspect of face-to-face counseling found in an interview.

The strategies are conveyed through a set of videos that build
toward participants’commitment to developing their own action
plan. The order of the strategies is determined by the primary
static tailoring method that is driven by participants’ baseline
self-reported autonomous motivation (low vs high), confidence
(low vs high), and walking behavior, which resulted in four
tailored profiles: A, B, C, and D (Figure 1). Profiles A, B, and
C are assigned from scores that are below the recommended
150 minutes per week of walking. Profile A receives Strategies
1 (information), 2 (reasons), 3 (strengths), and 4 (action plan)
because this profile is low in motivation and confidence. Profile
B receives Strategies 1 (information), 2 (reasons), and 4 (action
plan) because this profile is low in motivation. Profile C receives
Strategies 1 (information), 3 (strengths), and 4 (action plan)
because this profile is low in confidence. Profile D receives
Strategies 1 (information), and 4 (action plan) because this
profile is high in motivation and confidence. In addition,
participants who attained the recommended minutes per week
of walking between hospital discharge and baseline receive
Profile D.

Secondary methods are the use of tailored messages based on
“yes” versus “no” responses to questions after intervention login

on identifying symptoms of exercise intolerance in the past 7
days (Introduction). Participants who respond “yes” to having
identified symptoms of exercise intolerance are provided an
onscreen video message asking them to not initiate the
intervention, to consult a free 24-hour province-wide phone
service for general health problems if the symptoms are
nonurgent, or to call 9-1-1 or go to the emergency department
if the symptoms are urgent, and then to log out of the
intervention. Two weeks later, participants are asked to log in
to the intervention, and only if no symptoms of exercise
intolerance are identified by the participant, they are invited to
continue the intervention. Static tailored messages on walking
behavior (ie, feedback on performance) are also provided to
participants in all four profiles (Strategy 1 information) based
on their responses of walking behavior assessed only at baseline.
Other tailored messages based on “yes” versus “no” responses
to questions after intervention login pertain to the identification
of personal reasons for walking (Strategy 2 reasons), personal
strengths (Strategy 3 strengths), personal goals that are SMART
(Specific, Measurable, Attainable, Realistic, and within a
Timeframe) (Strategy 4 action plan), social support, and
solutions to barriers (Strategy 4 action plan).
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Figure 1. Schema of the intervention’s general and per profile introductions, and the four specific intervention strategies.

Timeline and Procedures
The study duration is 16-17 weeks, from hospitalization (-T2)
to the last assessment at 12 weeks postrandomization (T3). We
estimate that 4 hours in the experimental group and 2.5 hours

in the control group are needed to participate in the study, which
includes time spent in either experimental or control
interventions, and the completion of the questionnaires (Table
2).
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Table 2. Schedule of enrollment, interventions, and assessments.

Follow-up

12 wks

Follow-up

5 wks

Interven-
tions

Randomiza-
tion

BaselineRecruit-
ment

Minutes
per patient

T3T2T1T0-T1-T2ItemsActivity

Eligibility screening

xN/APatient lists

x~10Inclusion/exclusion interview

xN/AScreening log

x~30Consent and signing

x~10Instruction to wear accelerometer and complete
questionnaires

x~1Randomization and allocation to group

x~60-75Access to experimental or control group interven-
tions

xxxxxxN/ADocumentation

Assessments in-hospital

x~1519Sociodemographic data and depression
questionnaire

x~10Give and explain accelerometer wear

xN/AClinical data (eg, history, tests, events, and
cardiac risk factors)

Assessments at home

xN/AIntervention adherence

XxXN/APrimary outcome (X) steps/day

~30-45Questionnaires

xxx7Self-reported physical activity and
location of accelerometer wear

x6Perceived autonomy support of signif-
icant other

x6Perceived autonomy support of web-
sites

xx12Autonomous and controlled motiva-
tions

xx4Perceived competence

xx8Barrier self-efficacy

xx27Quality of life

xx1Smoking status

xx4Medication adherence

x2Secondary prevention program enroll-
ment

xx2Angina frequency

x7Fatigue

Clinical data

xN/AEmergency visits and hospitalizations

Recruitment (-T2) takes place in-hospital. Potential participants
are identified through patient lists during hospitalization, and
we then proceed with preliminary eligibility screening using
patients’ medical charts (Figure 2). Eligibility screening, rather

than being based on a 24-hour and 7-day a week schedule, is
based on the recruiters’ irregular schedules, which vary
depending on their availability to present at one of the four sites
or on other constraints such as work (academic or other)
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unrelated to recruiting. When potential participants are
approached in hospital, eligibility is confirmed (ie,
inclusion/exclusion based on in-person interview), and the study
protocol is explained. After signed consent is obtained,
self-administered paper questionnaires on sociodemographic
data and depressive symptoms are completed. Participants are
then given an accelerometer and an open prepaid envelope to
use when sending it back to the researcher at the end of the
study. After hospital discharge, clinical data are collected from
the medical chart.

Baseline (-T1) is at the beginning of the third week posthospital
discharge. In conjunction with an email, participants are
contacted by phone to confirm their willingness to participate.
This email includes a hyperlink to download and install the
software into the participants’ computers, allowing the
accelerometer data to be synced to the company’s server.
Thereafter, the data can then be downloaded into the researcher’s
computer. During the same phone call, participants are instructed
to wear the accelerometer daily for 7 days from awakening to
bedtime. After 7 days of accelerometer wear, a second email is
sent that includes a hyperlink to access the first online
questionnaire. Although we expect most participants to complete
the baseline accelerometer wear followed by the online

questionnaire within 1 week, a maximum window of 2 weeks
is allowed to complete baseline assessments.

Randomization (T0) and allocation to the experimental or
control groups occur upon submission of the baseline
questionnaire at the fourth or fifth week posthospital discharge,
allowing participants the window of 2 weeks to complete
baseline assessments. Each participant receives, by automated
email from the TAVIE platform, access to either TAVIE en
m@rche or the control group involving publicly available
websites.

Interventions (T1) start immediately after allocation to the
experimental or control groups. Follow-ups at 5 weeks (T2) and
12 weeks (T3) postrandomization are planned. At both
follow-ups, participants in both groups (experimental and
control) are sent an email with instructions to wear the
accelerometer for 7 days. If participants accept, a brief text
message is sent to remind them to read the email. After 7 days
of accelerometer wear, a second email is sent to complete the
online questionnaires. In addition, at the end of data collection,
participants are instructed to return the accelerometer by mail
via the prepaid envelope provided. During participation, the
first author is available by phone and email to resolve technical
difficulties in accessing the intervention or questionnaires.
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Figure 2. Flow of participants.

Sample Size Calculation
To detect a difference in change between randomization and 12
weeks of 1500 steps per day (SD 2824) in favor of the
experimental group compared with the control group, a total of
148 participants (n=74 participants per group [57 plus 17 for
attrition], and n=37 per recruitment center) is needed, given a
two-sided 5% significance level, power of 80%, and an expected
attrition of 23%. The 1500 steps per day is an approximation
of half of the recommended daily minutes of moderate intensity
physical activity [47]. The attrition of 23% was reported in a

meta-analysis of Web-based interventions, in which the
experimental groups had an average intervention duration of
13 weeks [17]. The SD of 2824 steps per day was estimated
using data found in an RCT of a counseling intervention in ACS
patients in Quebec [48].

Randomization and Allocation
Randomization is planned by an offsite coordinating center. It
is stratified by study center to help protect against between
group imbalances if recruitment differs in one or more study
centers [49]. Per stratum, random numbers are given for each
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assignment. Random assignments follow a 1:1 allocation using
random block sizes determined by the coordinating center to
minimize the chance of group imbalances [49].

The assignment sent by the coordinating center in electronic
list (.xls) format was uploaded in the TAVIE platform. The
allocation sequence is concealed. Upon submission of the
baseline questionnaire, the TAVIE platform sends an automated
email of the assignment to the participant. This email includes
the hyperlink and password to access the experimental TAVIE
en m@rche or to receive a different hyperlink to access the
control of publicly available websites.

Blinding
Care providers during hospitalization (treating physicians,
nurses, and others) are blinded to group assignment because
randomization occurs posthospitalization. The first author must
know of the assignment after it is revealed, in order to manage
the emails sent to participants in either the experimental or
control group. The outcome data completed online are
anonymized allowing blinding to group assignment. Participants
are not blinded to group assignment because they consent to
randomly receiving one of two website hyperlinks. Although
participants are not informed as to which website is experimental
versus control, they are informed that one website takes about
60-75 minutes to complete (ie, experimental), and the other
website takes an undetermined number of minutes to complete
(ie, control).

Outcomes

Primary Outcome of Steps per Day
The primary outcome is change in steps per day measured by
an accelerometer between randomization and 12 weeks. We
chose 12 weeks as the primary endpoint rather than 5 weeks to
assess the persistence of steps performed beyond the end of the
intervention’s 4-week period. The accelerometer step count data
are concealed, uploaded wirelessly to a server [50], and
downloaded in the first author’s computer. Similar to step counts
measured by a previously validated pedometer, step counts
measured by the accelerometer worn on a shoe had less than
2% error compared with observed step counts measured by hand
tally counter [50]. Participants are instructed to clip the
accelerometer on one of their shoes during waking hours. If
they are not wearing shoes, they are then instructed to clip it at
their waistline clothing (belt or pants) as recommended by the
manufacturer.

The steps per day mean will be estimated using ≥3 valid
step-days within the 7-day wear period, which is an accepted
norm in adult populations [51]. A valid step-day will be
determined by a wear time of ≥10 hours per day [51]. Fewer
than 3 valid step-days will be treated as missing data.

Secondary Outcomes of Steps per Day and Energy
Expenditure
Secondary outcomes are change in steps per day measured by
an accelerometer between randomization and 5 weeks, and in
self-reported energy expenditure for walking, and for moderate
to vigorous physical activity measured by the French short
version International Physical Activity Questionnaire (IPAQ)

[52] between randomization, and 5 and 12 weeks. For
self-reported energy expenditure, we retained six of the seven
items that provided a single continuous score of Metabolic
Equivalent of Task (METs)-minutes per week in the last 7 days.
The score of energy expenditure for walking is the product of
days performed in walking, minutes performed per day, and 3.3
METs. The score of energy expenditure for moderate to vigorous
physical activity is the sum of two products: the product of days
performed in moderate intensity physical activity (eg, carrying
light loads or bicycling at a regular pace), minutes performed
per day, and 4.0 METs; and the product of days performed in
vigorous intensity physical activity (eg, heavy lifting, or fast
bicycling), minutes performed per day, and 8.0 METs.
International studies found that the reliability (test-retest) and
criterion validity (self-report vs accelerometer data) of the IPAQ
generally score around .80 (reliability) and .30 (criterion
validity), which is comparable with psychometrics of other
self-report physical activity questionnaires [53].

Outcomes of Theoretical Variables
Two outcomes assessed only at 5 weeks for Perceived autonomy
support (PAS) were drawn from a French version of the
Important Other Climate Questionnaire: (1) from a significant
other (PAS-SO) and (2) from the intervention (PAS-WEB).
These measures assess autonomy support felt from a significant
other (PAS-SO) and from either research website visited
(PAS-WEB). The two scores are the mean of responses of 6
items for each PAS (significant other [SO] vs intervention
[WEB]) rated between “not at all true” (1) and “very true” (7).
Higher scores represent greater levels of PAS. Reported
Cronbach alphas across three assessments were between .86
and .89 [54].

Self-determined motivation is assessed at baseline and 5 weeks
by the French version of the Treatment Self-Regulation
Questionnaire. This measure assesses reasons to attain the
recommendation of walking 150 minutes per week. We retained
the 12 items that assess controlled motivation (6 items) and
autonomous motivation (6 items). The two scores are the mean
of responses of 6 items for each motivation (controlled vs
autonomous) rated between “not at all true” (1) and “very true”
(7). Higher scores represent greater levels of controlled and
autonomous motivation. Reported Cronbach alphas across four
populations were between .73 and .91 for controlled motivation,
and between .85 and .93 for autonomous motivation [55].

Perceived competence is assessed at baseline and 5 weeks by
the French version Perceived Competence Scale [53]. This
measure assesses confidence to attain the recommendation of
walking 150 minutes per week. The score is the mean of
responses of 4 items rated between “not true at all” (1) and “very
true” (7). Higher scores represent greater levels of perceived
competence. Reported Cronbach alphas across two assessments
were .93 and .96 [54].

Barrier self-efficacy is assessed at baseline and 5 weeks by the
French version Barrier Self-Efficacy Scale for cardiac patients
[35]. This measure assesses confidence to walk for the
recommended 150 minutes per week even if one or more of
eight barriers listed are experienced. We retained 8 of the 9
items. The item removed referred to the barrier of experiencing
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angina or chest pain. Instead of overcoming this barrier, we
expect that participants treat the pain and consult a health care
professional if the pain is not relieved instead of continuing to
increase their walking behavior. The score is the mean of
responses of 8 items rated between “(0%) not at all confident”
and “(100%) very confident.” Higher scores represent greater
levels of barrier self-efficacy. A reported Cronbach alpha was
.86 in the original 9-item scale [35].

Clinical Outcomes
Quality of life is assessed at baseline and 12 weeks by the
French version MacNew Heart Disease Health-related Quality
of Life Questionnaire for cardiac patients [28]. The 27 items
assess, in the previous 2 weeks, global quality of life and its 3
subdimensions: emotional (14 items), physical (13 items), and
social (13 items) [56]. Items include reverse scores and overlap
across dimensions. The scores for global quality of life and each
dimension are the mean of responses that range between 1 (poor
quality of life), and 7 (high quality of life). Reported Cronbach
alphas were .94, .94, .89, and .90 in global, emotional, physical,
and social respectively [57].

Self-reported 7-day point prevalence smoking status, an accepted
norm in assessing smoking status outcomes [58], is assessed at
baseline and 12 weeks. The following question is used: “Have
you smoked a cigarette, even a puff, in the past 7 days?” (p. 4
[59]), answered with “yes” (0), “no” (1), or “never smoked”
(2). Point prevalence assessment had a sensitivity of 96.9% and
specificity of 93.4% in detecting dichotomous smoking versus
nonsmoking status compared with urinary cotinine [60].

Medication adherence is assessed at baseline and 12 weeks by
the Self-Reported Morisky Medication Adherence Scale
(MMAS-4) [61]. This measure assesses barriers to cardiac
medication use in the previous 2 weeks such as forgetting to
take them and stopping them because one feels well. The score
is the sum of 4 items rated “no” (0) or “yes” (1) such that lower
scores indicate better medication adherence. Scores are
dichotomized between medium to low (1 to 4) and high (0).
The MMAS-4 had a sensitivity and specificity of 81.0% and
44.0% respectively in predicting controlled blood pressure [61].

Secondary prevention program attendance is measured at 12
weeks by self-report rated by “no” (0) or “yes” (1) of at least
one visit, since hospitalization, to a secondary prevention
program that offers clinical follow-up with a health care
professional for general health, medication adherence, healthy
diet, smoking cessation, or exercise. No data on baseline
attendance are collected because programs may start 4 weeks
or later posthospitalization, which falls around the planned time
of randomization.

Data for both emergency department visits and hospitalizations
are collected from the medical records at 12 weeks at each study
center. For each outcome, one or more emergency department
visits or hospitalizations for any reason indicate a score of 1
and no emergency department visits or hospitalizations indicate
a score of 0.

Angina frequency is assessed at baseline and 12 weeks by the
angina frequency scale of the Seattle Angina Questionnaire.
This measure assesses frequency of angina pain and

nitroglycerin use that we changed from “in the past 4 weeks”
to “in the past 2 weeks.” The score is the sum of responses of
2 items rated between “4 or more times per day” (1) and “none
over the past 2 weeks” (6), which is then transformed to score
between 0 (worst) and 100 (best). Lower scores represent greater
angina frequency. A reported significant positive association
was r=.31 between greater angina frequency and greater number
of refills of sublingual nitroglycerin tablets in the previous year
[62].

Sociodemographic and Clinical Data
At recruitment in hospital (-T2), sociodemographic and clinical
data are collected. Nine items in a paper-based self-report
questionnaire assess employment, education, marital status, and
other demographics. Other data including medical history,
diagnosis, laboratory tests, in-hospital events, cardiac risk
factors, intermittent claudication, and documented referral to a
secondary prevention program are collected from the medical
chart after hospitalization. Also, depressive symptoms are
assessed at recruitment (-T2) by the 9-item French version
Patient Health Questionnaire (PHQ-9). The PHQ-9 administered
at recruitment in hospital allowed us to refer participants with
abnormal scores to the treating cardiologist. At baseline (-T1),
fatigue is measured by the 7-item short form French version
[63]. Based on our literature review prior to commencing our
RCT, depression and fatigue were retained as potential
covariates rather than outcome variables because of the
uncertainty that Web-based interventions in ACS populations
can decrease depression symptoms [28] and because it is
unknown if such interventions can decrease fatigue as this
variable has not been previously tested in the Web-based ACS
literature.

Intervention Adherence
During the intervention (T1), intervention adherence data are
collected. For TAVIE en m@rche, data are collected on the
number of times videos and webpages are viewed and
documents are downloaded. Time spent in the intervention will
be estimated from these data. For the control group website,
data on the number of website visits per person are collected
by Google Analytics. Because the control group is provided a
single webpage of hyperlinks of publicly available websites,
collecting data from these websites is not possible.

Statistical Methods
The Montreal Health Innovations Coordinating Center provided
expertise for the statistical methods. Baseline characteristics
will be compared using descriptive statistics to identify trends
in group imbalances, and the analyses will be consistent with
intention-to-treat principles, in which data at a given time point
will not be excluded from the analysis [64]. Missing data will
be examined and handled according to best practice in that field
[65].

For the analyses of single continuous variables (eg, the primary
outcome of change in steps per day), repeated measures analysis
of covariance models will be used with covariates that include
gender, age, diabetes, intermittent claudication, baseline
smoking status, depression symptoms, and fatigue. For analyses
of multiple continuous variables (eg, the secondary outcomes
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of change in walking and moderate to vigorous physical
activity), repeated measures multivariate analysis of covariance
models will be used with the same covariates as the above
model. For single dichotomous variables with baseline values
(eg, smoking status), sequential logistic regression models will
be used. For single dichotomous variables without baseline
values (eg, hospitalizations), chi-square models will be used.
A mediation analysis will use a sequence of one-way analysis
of variance models with Bonferroni adjustments, in which the
alpha will be divided by the number of tests performed. Adjusted
and unadjusted means or proportions in each group
(experimental and control) will be provided along with a 95%
confidence interval. No adjustments in P values will be made
for the hypotheses on secondary and tertiary outcomes because
these are aimed at supporting the primary hypothesis on steps
per day rather than claiming intervention effect [66].

Ethical Considerations
Ethics approval for this multicenter RCT was obtained from
the Scientific and Ethics Committee of the Montreal Heart
Institute Research Center (reference #MP-33-2015-1887).
Procedures follow the mechanism of multicenter studies outlined
by the Quebec Ministry of Health and Social Services [67].

We expect that the study population has no additional adverse
effects in participating in this RCT because the recommendation
for physical activity (ie, walking 150 minutes per week) is
consistent with current cardiology practice. Also, past research
found that cardiac patients can safely participate in physical
activity at home [68,69]. As such, we hypothesize that angina
frequency will be equivalent in both groups (experimental vs
control).

Results

This RCT is currently recruiting. Recruitment started March
30, 2016, and data analysis is planned for November 2017.

Discussion

Limitations
We aim to test in insufficiently active ACS patients, the effect
of receiving a Web-based tailored nursing intervention (TAVIE
en m@rche) on increasing steps per day compared with
receiving hyperlinks to publicly available websites. There exist
potential limitations in our RCT pertaining to outcomes,
intervention, and generalizability.

Outcomes
First, although our primary outcome of steps per day was
retained based on the literature showing the association between
increased physical activity and reduced mortality in ACS
patients [5-7], we did not plan mortality as primary or secondary
outcomes. Trials that aim to improve physical activity outcomes
usually establish eligibility criteria to select populations that
are capable of attaining the amount of physical activity
recommended in the intervention. As such, these populations
have few comorbidities resulting in low serious adverse cardiac
events or mortality. Two RCTs testing Web-based interventions
in ACS patients measured an objective physical activity outcome

(steps per day or exercise capacity) and reported serious adverse
cardiac or mortality events requiring hospitalization per
treatment group [28,29]. Reid et al. reported four hospitalisations
for chest pain and no deaths in the experimental group, and six
hospitalisations for chest pain, one for cardiac surgery and two
deaths in the control group during 12 months of follow-up [28]
Lear et al. reported three (9%) major cardiac events (e.g.,
revascularisation, stroke, and death) in the experimental group,
and six (16%) in the control group during 16 months of
follow-up [29]. These data suggest that fewer serious adverse
cardiac or mortality events are found in favor of Web-based
experimental groups, and too few events occur to plan mortality
as a primary or secondary outcome within a feasible timeframe.

Second, for our secondary outcome of energy expenditure, we
plan estimates from self-reported data instead of from
accelerometer data. Accelerometers require the entry of
participants’ weight in the devices to produce the estimates.
However, we do not collect data on weight from participants at
home before randomization (baseline [-T1]) because these data
may be missing or unreliable from self-report or from
participants’ own weighing scales.

Third, we planned a relatively short follow-up of 12 weeks for
feasibility reasons as this RCT is part of a doctoral degree. A
longer follow-up on steps per day and other health behavior
changes in a future RCT testing TAVIE en m@rche could
improve clinical relevance.

Fourth, it is possible that accelerometers are worn by or data
from online questionnaires are entered by someone other than
the study participant because the outcome data are completed
by participants at home. Although we will treat this possibility
when examining the outliers, which could reveal some data
clearly out of range entered by a different respondent, there are
no other provisions made for this limitation.

Fifth, there is a possibility of missing outcome data. Different
scenarios for handling missing data will be followed according
to best practice in that field [65] by a statistician who is part of
an internationally recognized clinical trial reference center
(Montreal Health Innovations Coordinating Center). The method
of handling missing data will be reported in a future publication
of the results.

Interventions
The platform is limited to using static tailoring rather than
dynamic tailoring [20]. However, a recent meta-analysis found
that dynamic tailoring has not improved effects on health
behavior change outcomes compared with static tailoring [21].

Generalizability
Our sample will likely have similar characteristics as the four
other RCTs testing a Web-based intervention using steps per
day or another objective physical activity outcome in an ACS
population [27-30]. Such populations have no important
comorbidities or environmental constraints that would impede
performance in moderate-intensity physical activity. ACS
populations with important comorbidities are neither eligible
to participate in our study nor eligible to receive the
recommendation to gradually attain moderate intensity walking
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beginning the fourth or fifth week after hospitalization, as is
recommended in TAVIE en m@rche. Therefore, the eligibility
criteria for our RCT is comparable to the ACS population
intended for TAVIE en m@rche. Another related cardiac
population that could benefit from TAVIE en m@rche, after
some minor modifications, are those with stable coronary artery
disease, such as stable angina patients requiring elective
percutaneous coronary intervention. However, our future results
will not be generalizable in stable coronary artery disease
populations.

Conclusion
Alternative interventions aimed at increasing the adoption of
health behavior changes in the secondary prevention of ACS
are clearly needed. Our proposed intervention fills a gap in the

literature because no RCT has tested a Web- and SDT-based
tailored intervention using videos of a nurse on an objective
physical activity outcome in insufficiently active ACS patients.
Study strengths include the retained design, a full-scale RCT,
which will confirm with confidence the effect of receiving
TAVIE en m@rche on the objective primary outcome of steps
per day in ACS patients. Also, the intervention’s theoretical
framework and its operationalization enhance reproducibility.
Finally, the framework allows the examination of theoretical
processes, such as the SDT constructs, which may explain the
intervention’s effects on the primary outcome. If this RCT is
successful, and after its implementation as part of usual care,
TAVIE en m@rche could help improve the health of ACS
patients at large.
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Abstract

Background: Although there have been marked improvements in our understanding of vitamin D functions in different diseases,
gaps on its role during pregnancy remain. Due to the lack of consensus on the most accurate marker of vitamin D deficiency
during pregnancy and the optimal level of 25-hydroxyvitamin D, 25(OH)D, for its definition, vitamin D deficiency assessment
during pregnancy is a complicated process. Besides, the optimal protocol for treatment of hypovitaminosis D and its effect on
maternal and neonatal outcomes are still unclear.

Objective: The aim of our study was to estimate the prevalence of vitamin D deficiency in the first trimester of pregnancy and
to compare vitamin D screening strategy with no screening. Also, we intended to compare the effectiveness of various treatment
regimens on maternal and neonatal outcomes in Masjed-Soleyman and Shushtar cities of Khuzestan province, Iran.

Methods: This was a two-phase study. First, a population-based cross-sectional study was conducted; recruiting 1600 and 900
first trimester pregnant women from health centers of Masjed-Soleyman and Shushtar, respectively, using stratified multistage
cluster sampling with probability proportional to size (PPS) method. Second, to assess the effect of screening strategy on maternal
and neonatal outcomes, Masjed-Soleyman participants were assigned to a screening program versus Shushtar participants who
became the nonscreening arm. Within the framework of the screening regimen, an 8-arm blind randomized clinical trial was
undertaken to compare the effects of various treatment protocols. A total of 800 pregnant women with vitamin D deficiency were
selected using simple random sampling from the 1600 individuals of Masjed-Soleyman as interventional groups. Serum
concentrations of 25(OH)D were classified as: (1) severe deficient (<10ng/ml), (2) moderate deficient (10-20ng/ml), and (3)
normal status (>20ng/ml). Those with severe and moderate deficiency were randomly divided into 4 subgroups and received
vitamin D3 based on protocol and were followed until delivery. Data was analyzed according to the intention-to-treat principle.

Results: Recruitment commenced in July, 2014, and as estimated, nearly 3.5 years is needed to complete the study. Results of
this study will (1) provide reliable information regarding the prevalence of vitamin D deficiency during pregnancy using universal
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vitamin D screening approach and (2) determine the beneficial effects of universal screening and compare the various treatment
protocols in terms of pregnancy outcomes.

Conclusions: Since vitamin D deficiency is a prevalent disorder in pregnancy among Iranian population, this study will ensure
creation of reliable evidence-based findings and will enable clinicians to better evaluate and treat vitamin D deficient pregnant
women.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): 2014102519660N1;
http://www.irct.ir/searchresult.php?keyword=&id=19660&number=1&prt=7805&total=10&m=1 (Archived by WebCite at
http://www.webcitation.org/6p3lkqFdV)

(JMIR Res Protoc 2017;6(4):e54)   doi:10.2196/resprot.7159

KEYWORDS

vitamin D deficiency; pregnancy; clinical trial

Introduction

The Importance and Function of Vitamin D
Vitamin D as a fat-soluble steroid hormone is mainly
synthesized by the skin on exposure to ultraviolet light and to
a lesser extent can be ingested in the diet. It undergoes
hydroxylation in the liver to produce an inactive supply form
of 25-hydroxyvitamin D, 25(OH)D. Circulating 25(OH)D gets
converted by renal 1-alpha-hydroxylase to the active form of
1,25-dihydroxyvitamin D3 which is the hormonally active form
of vitamin D [1]. Since the half-life of 1,25(OH)D is short,
circulating 25(OH)D is considered as the primary indicator of
vitamin D status [2].

Vitamin D is best known for its effect on calcium hemostasis
and bone metabolism [3], and plays a key role in cell
differentiation, apoptosis, antiproliferation, immunosuppression,
and antiinflammation in different body systems [4-6]. Recent
growing evidence confirms its protective influence on the
prevention of certain diseases like cancer [7], cardiovascular
disorders [8], falls and fractures [9], autoimmunity [10], type-2
diabetes [11], and depression [12].

Although available data suggest the significant role for vitamin
D deficiency in women’s reproductive health, the maternal and
fetal function of vitamin D during pregnancy is not deeply
recognized. One potential role of vitamin D during pregnancy
is modulation of immune response [13]; however, evidence
shows that it may also have functions on musculoskeletal [14]
and cardiovascular systems [15] as well as neural development
of the fetus [16]. Moreover, studies report a significant
association between maternal vitamin D status and neonatal
serum levels [17].

With respect to maternal vitamin D deficiency and adverse
pregnancy outcomes, data are inconclusive and need further
investigations. Trials have reported lower risk of preeclampsia
and gestational diabetes in women receiving vitamin D
supplementation compared with no intervention or placebo
groups [18,19].

In terms of neonatal outcomes, data suggest reduced risk of
preterm birth and low birth weight of less than 2500 grams in
women who received vitamin D supplements. Interestingly,
several observations have reported the influence of maternal
vitamin D status beyond the postnatal period and have found

its significant effect on childhood development and growth
[20,21]. In regard with other pregnancy outcomes like mode of
delivery, infant death, or neonatal biometric parameters, findings
are not definite [22].

In recent years, the prevalence of vitamin D deficiency has
increased and it is now recognized as a common global health
concern and an ongoing pandemic [23]. Moreover, low levels
of vitamin D during pregnancy have been reported in many
populations worldwide, even in those with abundant sun
exposure [24]. Previous findings have reported a varied
prevalence of 18 to 84% for hypovitaminosis D during
pregnancy, depending on the population studied [25-28]. Its
prevalence among certain high-risk groups of pregnant women,
particularly those with Middle Eastern origin like Iranian women
(with low dietary vitamin D intake, high prevalence of
pregestational obesity, and limited sun exposure) has been
estimated to be approximately 60-80% [29-31]. However, due
to the lack of consensus on the most accurate marker and test
of vitamin D deficiency during pregnancy, and the optimal level
of 25(OH)D for its definition, vitamin D deficiency assessment
during pregnancy is a complicated process [32]. Furthermore,
the comparison of vitamin D deficiency among different
populations seems relatively troublesome due to the diversity
of definitions, heterogeneity of the studied groups, or seasonal
variations.

Knowledge Gap
Although advising vitamin D consumption may prevent
hypovitaminosis D in pregnant women, at this time there is
insufficient evidence to support a recommendation for screening
all pregnant women for vitamin D deficiency, and its beneficiary
impact on pregnancy outcomes has not been well established.
Besides, the optimal required dose during pregnancy is still
undefined. In this respect, there is little population-based data
available to quantify the treatment of vitamin D deficiency in
pregnancy. In addition, the lack of high-quality evidence has
hampered the implementation of vitamin D deficiency
prevention programs and treatment protocols. Furthermore,
there exists scarce data from Iranian population on the
prevalence of gestational hypovitaminosis D.

Clinical Endpoints
Primary endpoints are to find out the beneficiary impact of
screening of pregnant women for vitamin D deficiency on
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pregnancy and neonatal outcomes and assessing the effect of
supplementation with vitamin D on these outcomes. In the
screening group, within the framework of randomized controlled
trial, the endpoint was cord serum concentration of 25(OH)D
to compare various doses, regimen, and routes for vitamin D
supplementation in pregnancy.

In this regard, primary outcomes are gestational diabetes,
preterm delivery, and pregnancy induced hypertension.
Secondary outcomes are type of delivery and neonatal outcomes
including birth weight (gr); head circumference (cm), height
(cm); appearance, pulse, grimace, activity, respiration (APGAR)
score 1, 5 minute, icterus, cord falling off time (day), serum
calcium concentration (mg/dl), and cord levels of 25(OH)D
(ng/ml).

Research Questions
The questions are as follows: (1) How is the status of vitamin
D among pregnant women in Khuzestan? (2) Is vitamin D
deficiency related to adverse maternal and neonatal outcomes
in pregnancy? (3) Does supplementation with vitamin D improve
maternal and neonatal outcomes? (4) Is there any difference
between various doses, regimen, and route for vitamin D
supplementation in terms of pregnancy outcomes? (5) Taken
altogether, is it reasonable to advise universal vitamin D
deficiency screening program to detect and treat vitamin D
deficiency in pregnancy?

Methods

Overall Study Design
This was a 2-phase population-based study. The first phase
comprised a population-based cross-sectional study in which
1600 and 900 first trimester pregnant women attending health
centers of Masjed-Soleyman and Shushtar, Khuzestan province,
Iran were recruited using stratified multistage cluster sampling
with probability proportional to size (PPS) method [33]. In the
second phase of this study, within the framework of screening
regimen, Masjed-Soleyman participants with vitamin D
deficiency were assigned to a screening program versus Shushtar
participants (as nonscreening arm) to assess the effectiveness
of various treatment regimens. Pregnancy outcomes including
preterm delivery, miscarriage, preeclampsia, gestational
diabetes, and type of delivery and neonatal outcomes including
birth weight (gr), head circumference (cm), height (cm), APGAR
score 1, 5 minute, icterus, cord falling off time (day), serum
calcium (mg/dl) level, and cord concentration of 25(OH)D
(ng/ml) were recorded.

Shushtar participants (as nonscreening arm) served as controls
and were followed till delivery and any adverse pregnancy
outcomes were assessed.

The First Phase
In the first phase, pregnant women attending prenatal care
centers of urban areas of Masjed-Soleyman and Shushtar were
recruited from July 1-September 31, 2014. Due to the blinding
purposes and to avoid contacts among study subjects [34], we
chose 2 cities with similar cultural, geographic, nutritional
habits, and sun exposure conditions; one of these cities was
assigned to intervention.

Masjed-Soleyman County is in the northeast of Khuzestan

province. Its area is 9/6327 km2 with a population of 103,369
people with Persian ethnicity. This is a sunny region with a hot
and humid climate. Its altitude is 260 meters above sea level.
In terms of geographical location, it is between 31°59′ E
longitude and 49°17′ N latitude. Shushtar County is in the north

of Khuzestan. Its area is 2436 km2 with a population of 192,361
people with Persian ethnicity. The climate is similar to
Masjed-Soleyman. Its altitude is 150 meters above sea level. In
terms of geographical location, it is between 48°20′ E longitude
and 32°30′ N latitude.

Blood Assessments
Upon enrollment into the study, a fasting blood sample was
obtained from all participants. Separated serum samples by
centrifugation were transferred to the central laboratory of
Masjed-Soleyman (cold chain was kept during storage and
transfer processes). The serum samples of participants in
Shushtar were stored and kept frozen at -80°C until assayed at
the end of the study, but at that time the serum concentration
of vitamin D of Masjed-Soleyman participants were promptly
measured. Based on 25(OH)D levels, mothers were divided as
severe deficient (<10ng/ml), moderate deficient (10-20ng/ml),
and normal status (>20ng/ml) [1]. The scale to express 25(OH)D
status results was according to ng/ml; each 1 ng/ml is equal to
2.496 nmol/L.

Those participants from Shushtar and those with serum vitamin
D>20 ng/ml from Masjed-Soleyman served as controls and
were followed until delivery. Subjects with severe and moderate
vitamin D deficiency from Masjed-Soleyman were selected for
the second phase of the study and were randomly allocated to
one of the treatment modalities presented in Figure 1.
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Figure 1. The study participant flow diagram. (a) Discontinued intervention due to car accident and humerus injury (n=1) and dislike to continue
vitamin D3 supplementation weeks after consumption (n=1). (b) Discontinued intervention due to husband’s death and subsequent mental problems.

Subject Recruitment and Eligibility Criteria
Pregnant women, aged 18-40 years, were eligible if they had
gestational age <14 weeks based on last menstrual period or
obstetrical estimation, singleton pregnancy, and had planned to
receive ongoing prenatal and delivery in the Masjed-Soleiman.
Participants were excluded if they consumed multivitamins
containing more than 400 international unit (IU) per day of
vitamin D3; used anticonvulsants; and had history of chronic
diseases like diabetes, hypertension, renal dysfunction, liver
diseases, and complicated medical or obstetrical history.

Data Collection and Quality Control Procedures
At first, midwives responsible for prenatal care in the selected
health centers were invited to attend a workshop designed for
explaining the study objectives and procedure. Thereafter, first
trimester pregnant women seeking maternity care during their
first routine prenatal visit were invited to participate in the study
after providing a detailed explanation of the study procedure;
they signed a written informed consent during recruitment
covering all trial procedures and data collection. For gestational
age calculation, the first day of the last menstrual cycle (LMP)
for women with regular cycles and ultrasonography for those
with irregular cycles or those who could not precisely recall
their LMP was used. Pregnant women received prenatal care
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and each adverse pregnancy outcome was managed according
to the standard guidelines. At enrollment, for each participant
a questionnaire that included information on sociodemographic,
anthropomorphic, behavioral, and reproductive characteristics
was completed by a trained interviewer.

Weight was measured with minimum clothing to the nearest
100 grams. Height was measured with a tape measure in
standing position with normal posture of shoulders. Body mass

index was calculated by dividing weight (kg) on height (m2).
Systolic and diastolic blood pressures (SBP and DBP) were
measured twice in a sitting position with a standard mercury
sphygmomanometer after a 15-min rest and the mean of the 2
measurements was considered as SBP or DBP.

A fasting blood sample (5cc) was taken by venipuncture from
the antecubital vein. Plasma was then separated by centrifugation
(1500g, 10 min, 4˚C) in the central laboratory of
Masjed-Soleyman and stored at −20˚C until analysis at the end
of the week. Serum concentrations of 25(OH)D for the
participants of Masjed-Soleyman were measured immediately,
and subsequently their vitamin D status was determined (Table
1). The samples in Shushtar laboratory were stored at −80˚C
until the end of the study; finally their serum concentration of
vitamin D was measured.

Plasma 25(OH) vitamin D3 was assessed using enzyme-linked
immunosorbent assay (ELISA) method and a kit of
Immunodiagnostics Systems Ltd (IDS Ltd) by Auto Analyzer
(Human Corporation, Germany). The sensitivity of the test was
5nmol/L and the intra and interassay coefficient of variations
(CVs) were 3.37% and 3.891%, respectively. Calibration of the
instruments was done as per the manufacturer's instructions and
validation studies were done prior to the test. All measurements
were done according to the standard operating procedures and
samples were analyzed by a single technician using the same
equipment throughout the study in a reference laboratory.

The Second Phase
In the second phase of the study, to assess the effect of screening
strategy on maternal and neonatal outcomes, Masjed-Soleyman
participants were assigned to a screening program versus
Shushtar participants acting as the nonscreening arm. Within

the framework of the screening regimen, an 8-arm blind
randomized clinical trial was undertaken to compare the effects
of various treatment protocols. Due to the cost and complexity
of the process, 800 pregnant women with vitamin D deficiency
from Masjed-Soleyman were randomly allocated to 1 of the
designed intervention programs according to the study Figure
1. The remaining women with vitamin D deficiency were
referred to specialists for further treatments. Participants of
Shushtar did not receive any vitamin D supplementation.
However, the comparison of the basic confounders between the
initial recruited sample in Masjed-Solayman and the women
allocated to intervention indicated no statistically significant
difference and hence no selection bias occurred during the
allocation of treatment (Table 4).

Sample Size Calculation
A cluster sampling method with PPS procedure was assigned.
Sample size was calculated in screening group
(Masjed-Soleyman) using the following formula (Figure 2) and
assumption, resulting in 1537 subjects.

The same steps (except for ε=0.2) were used for calculation of
sample size in no screening group (Shushtar), resulting in 900
subjects. Using the cluster sampling method, 1600 and 900 first
trimester mothers were selected from among those receiving
prenatal care in health centers in urban regions of
Masjed-Soleyman and Shushtar, respectively.

Since the prevalence of the specified event is untreated or
unrecognized and the number of people who have the risk factor
(P) is high in the population, consequently, sample size needed
for screening is considered sufficient. In other words, we define
a correction coefficient by (1/P) for estimated sample size (n),
and then we expect n (1/P) number of people to find the 0.15
difference with 5% significance level.

To compare different regimens used for vitamin D deficiency
in the screening group, the sample size in each group was
calculated based on the following formula (Figure 3) and
assumption:

Considering loss to follow up of 10%, a total number of 100 in
each study group was considered adequate.

Figure 2. Sample estimation formula for the first phase of the study.
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Figure 3. Sample estimation formula for the second phase of the study.

Randomization and Blinding
Subjects in each group of severe or moderate deficiencies were
randomly divided into 4 subgroups using permuted block
randomization by a biostatistician to achieve balance across
treatment groups. The number of subjects per block was 8.
Sealed opaque envelopes were assigned to each subject by a
research assistant not associated in the trial. The dedicated study
midwife treating the females, who did not participate in any
subsequent phases of the study, was the only person who knew
the group each patient belonged to (single blinded). Masking
to treatment allocation was not possible and only those health
care workers who determined pregnancy outcomes were blinded
to treatment allocation.

Intervention
The participants from Masjed-Soleyman entering the second
phase of the study received vitamin D as follows.

Women With Severe Vitamin D Deficiency (Group A)
Group A1: Subjects were treated with 50,000 IU of oral vitD3
weekly for a total duration of 12 weeks.

Group A2: Subjects were treated with 50,000 IU of oral vitD3
weekly for a total duration of 12 weeks and then were on
monthly maintenance dose of 50,000 IU vitD3 until delivery.

GroupA3: Subjects were treated with intramuscular
administration of 300,000 IU vitD3; 2 doses for 6 weeks.

GroupA4: Subjects were treated with Intramuscular
administration of 300,000 IU vitD3; 2 doses for 6 weeks and
then were on monthly maintenance dose of 50,000 IU vitD3
until delivery.

Women With Moderate Vitamin D Deficiency (Group
B)
Group B1: Subjects were treated with 50,000 IU oral vitD3
weekly for a total duration of 6 weeks.

Group B2: Subjects were treated with 50,000 IU oral vitD3
weekly for a total duration of 6 weeks and then were on monthly
maintenance dose of 50,000 IU vitD3 until delivery.

GroupB3: Subjects were treated with a single dose of
intramuscular administration of 300,000 IU vitD3.

GroupA4: Subjects were treated with a single dose of
Intramuscular administration of 300,000 IU vitD3 and then were
on monthly maintenance dose of 50,000 IU vitD3 until delivery.

Participants were advised to inform the health care provider
about any adverse side effect. A fasting blood sample was
obtained 3 months after termination of the intervention for those
without maintenance vitamin D therapy (groups A1, A3, B1,
and B3) and for all those in other groups at delivery. Also, a
cord blood sample was obtained from participants. Separated
serum samples after centrifugation were transferred to the central
laboratory of Masjed-Soleyman. Samples were stored at −80°C
and serum concentrations of vitamin D3 were measured at the
end of the study.

Women With Normal Status (Group C)
Subjects in this group and the pregnant women recruited from
Shushtar city comprised our controls. They had access to
standard prenatal care and were followed until delivery. In the
case of any adverse outcome, it was managed according to the
perinatal guidelines. Blood sampling from subjects in this group
and those from Shushtar was obtained at the first visit. Similar
to others groups, another sample was obtained from mothers
and umbilical cord at the time of delivery.

Source of Vitamin D
Oral vitamin D3 50 000 U or cholecalciferol tablets were
manufactured by Roche Pharmaceutical, Tehran, Iran and
dispersed in Iran by Zahravi, Tehran, Iran. Intramuscular D3
injection of 1-ml ampoule, 300 000 IU/ml in sesame oil, was
manufactured by Caspian Pharmaceutical, Iran.

Adherence to Medication Regimen
Adherence to the supplementation regimen was measured by
maternal self-report and pill counts at each prenatal visit. The
number of pills returned was divided by the expected number
of pills that would have been taken to create a percentage that
indicates the adherence of medication regimen. The measures
were used to make an average adherence for each subject [35].
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Statistical Analysis
Data will be expressed as mean (standard deviation, SD) for
normally distributed variables and frequency (%) or median
(interquartile range, IQR) for categorical and or nonnormal
variables. Continuous variables are checked for normality using
the one sample Kolmogorov-Smirnov test. Distribution of
variables between the 2 groups is compared using t test or
Mann-Whitney nonparametric test in case of normality violation

and reported as mean (SD). Categorical variables are compared
using Pearson and chi-square tests. An intention-to-treat analysis
of the results is used. Generalized linear models will be used to
assess the relationships between outcomes and exposures (here
vitamin D3 supplementation intervention) adjusted by
appropriate covariates. Analyses will be performed using the
software SPSS version 19 (SPSS Inc). P value of less than .05
is considered as significance level.

Table 1. The steps of study analysis.

StageProceedings

Recruitment and completion of the questionnaireObtaining written inform consent form and completing the questionnaire

ClassificationDetermining groups according to their status of vitamin DCollection of the laboratory samples

Obtaining fasting blood samples. Assessment of serum concentration of vitamin D in Masjed-So-
layman immediately and storing Shustar samples at −80°C

Replication of laboratory samplesObtaining fasting blood samples 3 months after termination of the intervention for those without
maintenance vitamin D therapy (groups A1, A3, B1, and B3) and for all women at delivery time.
Obtaining cord blood sample from all participantsStart of intervention

Prescription of vitamin D according to various protocols (A1-3 and B1-3) for intervention groups

Follow-upFollow-up of pregnancy outcomes and neonatal calcium and vitamin D status

Definition of Study Outcomes
In this study the primary outcome was vitamin D deficiency
measured as serum level of 25(OH)D and was categorized as:
(1) severe deficient (<10ng/ml), (2) moderate deficient,
(10-20ng/ml), and (3) normal status (>20ng/ml) [36].

Our secondary outcomes were as follows: Preterm delivery was
considered as birth at less than 37 completed weeks of gestation
[37]. Miscarriage was referred to as pregnancy loss prior to 20
weeks from LMP [38]. Preeclampsia was defined as systolic
blood pressure >140 mmHg or diastolic blood pressure ≥90
mmHg and 24-hour proteinuria ≥0.3 g, started at >20 weeks
[39]. Gestational diabetes mellitus referred to glucose
intolerance first detected during pregnancy and was diagnosed
according to the International Association of the Diabetes and
Pregnancy Study Groups (IADPSG) criteria [40]. Premature
rupture of membrane was considered as rupture of the fetal
membranes before the onset of labor regardless of gestational
age [41]. By type of delivery, we meant cesarean section or
vaginal delivery. Birth weight (gr) was defined as weight at
birth irrespective of gestational age [42].

APGAR score comprises 5 components including appearance,
pulse, grimace, activity, and respiration, each of which is given
a score of 0-2 and reported at 1 and 5 minutes after birth [43].
Neonatal icterus was defined as the yellowish discoloration of
skin and sclera by bilirubin, usually first noted in the face and
then the body [44]. Cord falling off time (day) is the separation
time of remained umbilical cord after birth [45].

Season
Blood samples were obtained in spring (April-May), summer
(July-September), fall (October-December), and winter
(February-March).

Safety Considerations
It has been suggested that vitamin D supplementation can safely
be utilized in pregnancy [22]. Furthermore, our study
participants who received treatment had vitamin D deficiency
and hence, the risk of hypervitaminosis D was reduced to almost
zero. Also, during the screening program, any medical condition
or probable side effects of vitamin D detected were promptly
recorded and discussed by a qualified medical specialist
involved in the study.

Approval and Ethical considerations
The protocol was approved by the medical ethics committee of
the research institute for endocrine sciences of Shahid Beheshti
University of Medical Sciences (10ECRIES25/10/92) (Trial
Registration: IRCT2014102519660N1). The reviewers’
comments and acceptance letter are provided (see Multimedia
Appendices 1-3). Participants were required to sign a written
informed consent at recruitment covering all trial procedures
and data collection. It was emphasized that participation in the
study was voluntary and they were free to withdraw from the
study at any time.

Results

Recruitment commenced in July, 2014 and as estimated, nearly
3.5 years is needed to complete the study. Currently, this study
is in the stage of analyzing data.

The baseline characteristics of the study participants are shown
in Tables 2 and 3, which indicate no significant difference
between the participants of the 2 cities.
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Table 2. Baseline characteristics of study participants, overall and by study sites.

P valuebOverall

n=1800

Shushtar

n=900

Masjed-Solayman

n=900

Characteristics

.6329 (25-32)29 (25-32)29 (25-32)aAge (year)

.0819 (17-22)19 (17-23)20 (18-22)Marriage age (year)

.5720 (18-22)20 (18-21)20 (18-22)First delivery age (year)

.0821 (19-24)20 (18-24)21 (19-24)First pregnancy age (year)

.079 (10-12)10 (9-12)10 (9-12)Pregnancy week

.952 (1-3)2 (1-3)2 (1-3)Gravity

.861 (0-2)1 (0-2)1 (0-2)Parity

.960 (0-0)0 (0-0)0 (0-0)Number of abortions

.791 (0-2)1 (0-2)1 (0-2)Number of children

.9611 (7-16)11 (7-16)11 (7-16)Vitamin D4 (ng/ml)

.87120 (110-120)120 (110-120)115 (110-120)SBP (6-10w) (mg/dl)

.6570 (60-70)70 (70-70)70 (60-70)DPB (6-10w) (mg/dl)

.9864 (59-70)64 (59-70)65 (59-70)Maternal weight (6-10 w)

aMedian (interquartile range).
bP value obtained from independent samples distribution nonparametric Mann-Whitney test (the significance level is <.05).
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Table 3. Baseline qualitative characteristics of the study participants, overall and by study site.

OverallShushtarMasjed SolaymanParticipant characteristics

aP valuePercentage
(%)

Frequency
(n)

Percentage
(%)

Frequency
(n)

Percentage
(%)

Frequency
(n)

Education

.073.00541.90174.1037Illiterate

 14.8026715.0013514.70132Primary

 25.4045826.7024024.20218Guidance school

 35.1063234.8031335.40319High school

 21.6038921.7019521.60194Academic

 100.001800100.00900100.00900Total

Spouse education

.01a3.20572.70243.7033Illiterate

 15.6028016.0014415.10136Primary

 21.4038523.0020719.80178Guidance school

 24.4043921.1019027.70249High school

 35.5063937.2033533.80304Academic

 100.001800100.00900100.00900Total

        Spouse occupation

.0839.4070936.9033241.90377Worker 

 23.2041823.7021322.80205Clerk 

 37.4067339.4035535.30318Self-employed 

 100.001800100.00900100.00900Total 

        Accommodation

.004a44.6080241.2037147.90431Apartment

 55.4099858.8052952.10469House

 100.001800100.00900100.00900Total

Sun exposure

.001a32.4058329.3026435.40319<5

 36.9066531.3028242.60383May-15

 22.0039626.1023517.9016115-30

 8.7015613.201194.1037>30

 100.001800100.00900100.00900Total

Cream

.001a26.9048419.3017434.40310Mostly

 39.2070742.9038635.60321Sometimes

 33.8060937.8034029.90269Always

 100.001800100.00900100.00900Total

Sun glass

.1534.6062333.0029736.20326Yes

 65.40117767.0060363.80574No

100.001800100.00900100.00900Total

Gloves
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OverallShushtarMasjed SolaymanParticipant characteristics

aP valuePercentage
(%)

Frequency
(n)

Percentage
(%)

Frequency
(n)

Percentage
(%)

Frequency
(n)

.002a18.7033615.9014321.40193Yes

81.30146484.1075778.60707No

 100.001800100.00900100.00900Total

Veil

.001a46.1083055.8050236.40328Chador

 53.9097044.2039863.60572Uniform

 100.001800100.00900100.00900Total

Spouse smoke

.2819.1034418.1016320.10181Yes

 80.90145681.9073779.90719No

 100.001800100.00900100900Total

Occupation

.461.90352.30211.6014Worker

 14.1025413.2011915.00135Clerk

 12.7022813.0011712.30111Self-employed

 71.30128371.4064371.10640Housewife

 100.001800100.00900100.00900Total

aThe chi-square statistic is significant at the .05 level.
bFisher exact test results is significant at the .05 level.

For the second phase of the study, as statistically was calculated,
we needed 800 women, therefore the remaining women were
referred to a specialist for further treatments. However, in terms
of baseline features except for vitamin D levels, there was no

significant difference between the initial sample in
Masjed-Soleyman and those who were allocated to intervention
(Table 4). The difference for vitamin D is ignorable though.

Table 4. Comparison of baseline characteristics between the initial sample of Masjed-Soleyman participants and those allocated to intervention.

P valueaAllocated for intervention (n=900)Initial sample

(n=1581)

Baseline variables

.7729 (25-32)29 (25-32)bAge (year)

.9420 (18-22)20 (18-22)First pregnancy age (year)

.7320 (18-22)20 (18-22)First delivery age (year)

.9710 (9-12)10 (9-12)Gestational age (week)

.0111.2 (7-16)11.9 (8-17)Vitamin D

.671 (0-2)b1 (0-2)Number of children

.622 (1-3)2 (1-3)Gravity

.471 (0-2)1 (0-2)Parity

.940 (0-0)0 (0-0)Number of abortions

aP value obtained from nonparametric Mann-Whitney test for nonnormal variables.
bMedian (interquartile range, Q1-Q3).
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Discussion

Principal Findings
Vitamin D deficiency is one of the most prevalent disorders
among mothers and children [26]. Although in the past few
decades, early diagnosis of vitamin D deficiency and availability
of supplementations and treatment modalities have improved
the deficiency condition; hypovitaminosis D still exists as a
major public health concern associated with significant
morbidities in a variety of countries [23]. Unfortunately, among
Iranian women who have sunlight exposure deprivation and
inadequate dietary vitamin D intake, it is highly prevalent.
Reports indicate that 86% of Iranian pregnant women and 75%
of their newborns suffer from vitamin D deficiency [46].

Despite the safety of maternal supplementation in preventing
vitamin D deficiency during pregnancy, at the moment there is
no certain preventive or interventive strategy to ensure maternal
vitamin D sufficiency. Therefore, the effect of vitamin D
supplementation in pregnant women remains an arguable
problem.

In a double-blind randomized clinical trial, Hollis et al [47]
determined the safety and efficacy of vitamin D supplementation
in pregnant women. In that study, 350 first trimester pregnant
women received 400, 2000, or 4000 IU of vitamin D per day
until delivery. The relative risk (RR) of vitamin D deficiency
was significantly different between the groups receiving 2000
and 400 IU (RR=1.52, 95% CI 1.24-1.86) and the groups
receiving the 4000 and 400 IU (RR=1.60, 95% CI 1.32-1.95).
Difference was not significant between 4000 and 2000 IU groups
(RR=1.06, 95% CI 0.93-1.19). They concluded that vitamin D
supplementation of 4000 IU/d for pregnant women is safe and
most effective in achieving sufficiency in all women and their
neonates, irrespective of race and ethnicity. The optimization
of 25(OH)D and 1,25(OH)2 D levels was attained without any
evidence of hypervitaminosis or increase in adverse side effects
during pregnancy.

In a recent study, Mojibian et al investigated the effects of
50,000 IU of vitamin D every 2 weeks supplementation on the
incidence of maternal and neonatal outcomes and compared it
with the women who received 400 IU vitamin D per day. They
reported that there were no differences in the incidence of
maternal outcomes (preeclampsia, gestational hypertension,
preterm labor, and low birth weight) and anthropometric
measures in neonates between two groups except for gestational

diabetes mellitus (GDM), which was significantly lower in the
first group. They concluded that vitamin D supplementation
with a dose of 50,000 IU vitamin D every 2 weeks could
decrease the incidence of GDM [48]. In an accordant study,
Rodda et al conducted an open-label randomized controlled trial
and reported the preventive effects of vitamin D supplementation
in neonatal deficiency among deficient mothers [49].

Nevertheless, in a systematic review by Harvey et al [20],
authors reported insufficient evidence to support clinical
recommendations regarding vitamin D supplementation in
pregnancy. They concluded that although there may be a
relationship between maternal 25(OH)D levels with newborn
birth weight and bone mass, there is a risk of bias and therefore
further randomized clinical trials are needed. Another recent
systematic review by De-Regil et al [22] revealed that
supplementing pregnant women with vitamin D in a single or
continued dose increases serum 25(OH)D at term and may
reduce the risk of preeclampsia, low birth weight, and preterm
birth. However, the evidence on whether vitamin D
supplementation should be given as a part of routine antenatal
care to all women to improve maternal and infant outcomes
remains unclear.

At present, novel investigations, specifically, randomized
controlled trials are needed to assess the optimal vitamin D
requirements of pregnant women particularly in high-risk
populations with inadequate sunlight exposure. The present
survey will address an attempt to update the optimal strategies
on treatment or supplementation of vitamin D deficiency during
pregnancy.

Limitations
However, this study is subject to some limitations. First,
conducting the study in urban regions restricts its
generalizability to rural areas. Second, some pregnancies may
be aborted prior to entering the study and hence it could decrease
our power to interpret the results of miscarriage outcome. Third,
the potential number of our lost to follow-up cases may be
another limitation. Finally, fourth is the concern of vitamin D
consumption or lack of adherence to the treatment regimen
among the intervention groups.

Overall, the results of this study regarding vitamin D deficiency
prevalence and optimal supplementation and treatment methods
during pregnancy will empower clinicians with novel
recommendations in patient decision-making.
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Abstract

Background: Physical activity (PA) must be performed regularly to accrue health benefits. However, the majority of manual
wheelchair users do not meet PA recommendations. Existing community-based PA programs for manual wheelchair users appear
to work, but effect sizes are small and retention is low. Existing PA programs may not fully implement some psychosocial factors
that are strongly linked with PA (eg, autonomy). The use of peers and mobile phone technology in the Smartphone Peer PA
Counseling (SPPAC) program represents a novel approach to cultivating a PA-supportive environment for manual wheelchair
users.

Objective: The primary objective is to compare change in objective PA between the experimental (SPPAC) and control groups
from baseline to postintervention (10 weeks) and follow-up (3 months). Changes in and relationships between subjective PA,
wheelchair skills, motivation, self-efficacy (for overcoming barriers to PA for manual wheelchair use), satisfaction of psychological
needs for PA, and satisfaction with PA participation will be explored (secondary outcome). Program implementation will be
explored (tertiary objective).

Methods: A total of 38 community-living manual wheelchair users (≥18 years) will be recruited in a randomized controlled
trial (RCT). Participants in both the control and experimental groups will receive existing PA guidelines. Participants in the
experimental group will also receive the SPPAC program: 14 sessions (~30 min) over a 10-week period delivered by a peer trainer
using a mobile phone. PA activities will be based on individuals’ preferences and goals. Implementation of important theoretical
variables will be enforced through a peer-trainer checklist. Outcomes for objective PA (primary) and subjective PA, wheelchair
skills, motivation, self-efficacy, satisfaction of psychological needs, and satisfaction with participation will be collected at three
time points (baseline, postintervention, follow-up). Multiple imputations will be used to treat missing data. A mixed-model
ANCOVA will be conducted, controlling for covariates (primary and secondary objectives). The strength and direction of the
relationships between the primary and secondary outcomes will be explored (secondary objective). Descriptive and content
analysis will be used to appraise program implementation (tertiary objective).
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Results: Funding has been obtained from the Craig Neilsen Foundation and the Canadian Disability Participation Project, with
additional funds being sought from the Canadian Institute for Health Research and Fonds de Recherche du Québec-Santé. Pilot
evaluation of intervention implementation is currently underway, with enrollment anticipated to begin early 2018.

Conclusions: There may be substantial benefits for the SPPAC program including limited burden on health care professionals,
decreased barriers (eg. accessibility, transportation), development of peer social supports, and potential cost savings related to
physical inactivity. Before conducting a large and expensive multisite RCT within a small heterogeneous population of manual
wheelchair users, a pilot study affords a prudent step to establishing an adequate study protocol and implementation strategies.

Trial Registration: ClinicalTrials.gov NCT02826707; https://clinicaltrials.gov/ct2/show/NCT02826707 (Archived by WebCite
at http://www.webcitation.org/6pqIc14dU)

(JMIR Res Protoc 2017;6(4):e69)   doi:10.2196/resprot.7280

KEYWORDS

Manual wheelchair; Physical activity; Peer training; Smartphone; Randomized controlled trial

Introduction

Despite numerous physical (eg, functioning), psychological (eg,
quality of life), and social (eg, inclusion) benefits of physical
activity (PA) [1], more than 55% of adults (18-74 years) and
90% of older adults (≥60 years) who use wheelchairs are not
physically active enough to accrue health benefits [2,3]. The
sedentary nature of sitting in a wheelchair can trigger a chain
of negative physiological and psychological events that can
exacerbate physical, psychosocial, and mental sequelae overtime
[4]. Therefore, the health benefits of PA may be amplified for
manual wheelchair users [5,6]. For instance, even moderate
amounts of PA could optimize functioning and slow the spiraling
effects of deconditioning that are associated with disability [7].

Compared to the general adult population, manual wheelchair
users face additional barriers to PA participation, including
complex health problems [8], lack of accessible spaces,
transportation challenges [9], and financial stress [10]. Thus, a
need for accessible and affordable PA interventions for manual
wheelchair users has been documented [10]. Successful
community-based programs have addressed many of these
facilitators and barriers for manual wheelchair users using
various behavioral approaches (eg, Workout on Wheels [10]),
and individuals with spinal cord injury, who account for
approximately 80% of manual wheelchair users (eg, Get in
Motion [11] and home visits [12]) with variable effects on PA.
Two randomized controlled trials (RCTs) of interventions that
used health care professionals to prescribe PA (ie, Workout on
Wheels and Get in Motion) had small effect sizes on PA [10,11].
Although cofacilitation of a home-based strength-training
program by a health care professional and peer trainer had a
large effect on PA (ie, strength training), findings of this study
are limited by a small sample size and lack of a control group
[12].

Existing community-based PA programs have implemented
important variables that are known to influence PA (eg, coping,
action planning, and self-efficacy). However, participant
retention was less than 75% and there was little documentation
of PA maintenance over time. One explanation may be that
participants in these programs were generally prescribed
exercise-type activities (ie, aerobic and strength-training
exercises), which may have limited their perceived choice in

the activities performed (ie, an important predictor of PA uptake
and adherence) [13]. Arguably, improving participation in
meaningful activities that require any movement may be
considered PA and even small improvements in PA may have
a profound impact for manual wheelchair users. Therefore,
providing manual wheelchair users with choice in activities
represents an important consideration.

Motivations for uptake and maintenance of PA occur through
complex psychological processes. Consideration of a multitude
of psychosocial variables linked with PA (eg, autonomy,
motivation, self-efficacy) is required to elicit large effects on
PA that result in sustainable behavior change [14-16].
Self-determination theory provides a framework for cultivating
an autonomy-supportive social environment that promotes
behavior change through the facilitation of the three basic
psychological needs of autonomy (ie, feeling free to choose
one’s own behavior), competence (ie, interacting effectively
with one’s environment by mastering challenging tasks), and
relatedness (ie, feeling meaningfully connected to others within
one’s social group) [13-15]. Satisfaction of these basic
psychological needs will lead to greater intrinsic motivation
[14]. An autonomous supportive environment positively
influences behavior change [17], including uptake and adherence
to PA [18]. Additionally, self-efficacy (ie, an individual’s
situation-specific belief in his or her capability to accomplish
a given task or behavior) is one of the most salient factors in
predicting uptake and maintenance of PA [16,19,20]. Although
perceived competence (from self-determination theory) and
self-efficacy are often used interchangeably, a clear distinction
between the two concepts has been made [21]. Therefore,
distinguishing between competence and self-efficacy may have
important implications for better understanding the
psychological mechanisms driving changes in PA behavior [21].

The tenets of social cognitive theory provide a useful theoretical
lens for incorporating self-efficacy into PA interventions [19,20].
Accordingly, self-efficacy is informed by skill mastery, vicarious
experience, verbal persuasion, and reinterpretation of
physiological and affective symptoms [16]. Although skill
mastery is the most salient of these four sources, interventions
that also include vicarious experience have been shown to
enhance effects on PA behavior [22]. Therefore, considering
integration of theoretical factors from both self-determination
and social cognitive theories represents a useful approach to
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tailor the specific needs of manual wheelchair users for the
uptake and maintenance of PA [18].

Targeting the important theoretical factors through strategic
program implementation provides one way to cultivate an
autonomy-supportive environment that enhances autonomy,
motivation, and self-efficacy. First, allowing individuals to
choose how they participate in meaningful activities may foster
a sense of perceived autonomy, which is important for
enjoyment and maintenance of the behavior [13]. Second,
interventions led by a peer (ie, a person who has experiential
knowledge of a specific behavior and similar characteristics as
the target population [23]), can enhance self-efficacy and
relatedness through vicarious experiences and shared
characteristics. Peers provide an effective context for modeling
because they are managing comparable conditions, have
experienced similar situations, and are credible [24-26]. Adults
try harder and experience higher levels of learning when they
learn from individuals who have perceived similarities [27].
Peers have effectively increased PA in both clinical and
community settings [12,28-30], and improved manual
wheelchair skills in community-living adults [31].

Finally, telephone counseling represents an accessible and
affordable approach to PA counseling with promising results
for increasing PA among manual wheelchair users [10,11].
Opportunely, mobile phones are becoming ubiquitous and afford
greater accessibility and convenience for manual wheelchair
users. The use of mobile phones for PA counseling may further
target autonomy, motivations, and self-efficacy. For example,
the use of mobile phones to deliver a PA intervention offers
various methods of contact (eg, voice calls, video calls), which
may promote personal choice and autonomy. Video calls would
enable face-to-face interactions with a peer, which may further
enhance self-efficacy and relatedness through vicarious
experience. Additionally, social support created by using
existing social apps (eg, Facebook) for communicating with
peers and monitoring PA goals may provide an avenue for
enhancing motivation and self-efficacy [32,33]. For example,
results from a recent RCT showed online social networks
comprised of like individuals had larger effects on PA than
receiving promotional PA messages from a website, and at a
much lower cost [33]. Although the source of motivation that
arises through online social networks was unclear, the authors
suggested that even minimal exposure to online social cues
could have a profound influence on PA [33].

The Smartphone Peer Physical Activity Counseling (SPPAC)
program will use the power of peers and technology to foster
critical psychosocial constructs as a precursor to PA (ie,
autonomy, motivation, self-efficacy) providing a potential
solution for delivery of broad-reaching and accessible PA
intervention for manual wheelchair users with minimal costs.
The proposed study protocol will evaluate the efficacy of the
SPPAC program for improving PA in manual wheelchair users
through a pilot RCT. Based on changes in PA in the intervention
group compared to the control group, the primary objective is
to provide effect size estimates of the SPPAC intervention on
objective PA from baseline to postintervention (10 weeks) and
at follow-up (3 months postintervention). Secondary objectives
include exploratory evaluation of changes and relationships in
subjective PA, wheelchair skills, motivation, self-efficacy (for
overcoming barriers to PA, for manual wheelchair use),
satisfaction of psychological needs for PA, and satisfaction with
participation in PA. Finally, implementation of the SPPAC
program will be examined.

Methods

Trial Design
A two-site (Montreal and Quebec City, QC, Canada),
single-blind, pilot RCT will be done to evaluate the efficacy of
the SPPAC intervention for increasing PA in an experimental
group versus a control group. Participants will be randomly
assigned to the experimental group (SPPAC) or the control
group (existing PA resources for manual wheelchair users) using
a 1:1 allocation ratio (Figure 1). A statistician who is not part
of the study team will perform randomization procedures using
an undisclosed block size that is stratified by site (19 per site).

After consent and enrollment, a research assistant (RA; research
professional with at least 2 years experience in clinical research)
will collect baseline data and enter it into a secure database. A
research coordinator will inform the statistician of enrollment
via telephone or email and will obtain group assignment within
48 hours. The research coordinator will then forward the
participants’contact information to a peer trainer (experimental)
and will forward PA recommendations to both groups. To reduce
the risk of bias, participants will be instructed not to discuss the
study with the RAs (two per site), who will be blinded to group
allocation. Experimental group participants will complete 14
SPPAC sessions over 10 weeks [34]. Participants in both groups
will  receive usual care (ie,  existing PA
resources/recommendations) [35].
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Figure 1. Detailed description of the Smartphone Peer Physical Activity Counseling (SPPAC) trial design and outcome assessment. HADS: Hospital
Anxiety and Depression Scale, ISEL: Interpersonal Support Evaluation List, BREQ-2: Behavioral Regulation in Exercise Questionnaire-2; LTPA BSE:
Leisure-Time Physical Activity Barriers Self-Efficacy scale; LTPAQ: Leisure-Time Physical Activity Questionnaire; PNSES: Psychological Need
Satisfaction in Exercise Scale; WheelCon: Wheelchair Use Confidence Scale; WhOM: Wheelchair Outcome Measure; WST: Wheelchair Skills Test.

Ethics
The protocol for this study was approved by the Research Ethics
Boards of the Institut de réadaptation en déficience physique
de Québec (IRDPQ). The study protocol was registered
(NCT02826707). All study participants will provide informed
consent.

Participants
A total of 38 community-dwelling manual wheelchair users will
be recruited on a volunteer basis from three large outpatient
rehabilitation hospitals (IRDPQ, Jewish Rehabilitation Hospital
[JRH], and Institut de réadaptation Gingras-Lindsay-de-Montréal
[IRGLM]) and from two adapted fitness centers (Adaptavie,
VioMax). Clinicians at the IRDPQ, JRH, and IRGLM who are
part of the researchers’ respective teams will identify potential
participants, whereas the fitness centers (Adaptavie, VioMax)
will send information to their members by email/mail and
word-of-mouth. Collaboration with Adaptavie and VioMax will
also facilitate recruitment of peer trainers and may provide an
avenue for sustainability of the SPPAC program in the future.
Based on our past experiences in recruiting manual wheelchair
users, this recruitment strategy is reasonable [1,31,36].

Participants will be between 18 and 65 years [35], live in the
community, use a manual wheelchair for mobility, have used
a manual wheelchair for 1 month or more, able to self-propel a
manual wheelchair for at least 100 m, not be currently meeting
the PA guidelines [35], able to communicate in English or
French, and cognitively able to engage in the SPPAC
intervention. Individuals will be excluded if they have a
degenerative condition that is expected to progress quickly (eg,
amyotrophic lateral sclerosis). Readiness for PA will be screened

using the validated Physical Activity Readiness Questionnaire
for Everyone (PAR-Q+) and the electronic Physical Activity
Readiness Medical Examination (ePARmed-X+) [37,38].

Sample Size
Based on variability data (mean, standard deviation) from
Nooijen et al [39], 30 participants will be required to detect a
28-minute difference per day in PA between the experimental
group and the control group (beta=.20, alpha=.05). A sample
size calculation for ANCOVA in RCT designs was performed
using G*power [40]. Because Arbour-Nicitopoulos et al [11]
reported a 26% dropout rate in a telephone-delivered PA
intervention for people living with spinal cord injury, the sample
size was increased accordingly (total N=38).

Procedure
Outcome measures will be collected at baseline
(T1=prerandomization), postintervention (T2=minimum of 2
days and maximum of 10 days), and at 3-month follow-up
(T3=retention) (Figure 1). Experimental bias will be minimized
by having two trained RAs at each site (one will administer T1
assessments and one will administer T2 and T3 assessments).

Intervention
According to the Medical Research Council (MRC) framework
for developing complex interventions [41], the SPPAC was
established through systematic reviews and refined through
focus groups and Delphi surveys with experts [34] (Figure 2).
A pilot RCT is a pragmatic next step in the MRC framework
to evaluate the efficacy of SPPAC for increasing PA and
understanding the influence of important theoretical variables
for manual wheelchair users (Figure 1).
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Figure 2. The proposed study according to the five-step process described by the Medical Research Council framework for developing complex
interventions [42].

Experimental Group: Smartphone Peer Physical Activity
Counseling
The SPPAC program comprises 14 weekly sessions (~30 min)
delivered by a peer trainer over 10 weeks. Feedback from focus
groups indicated a desire for increased frequency of contact at
the beginning and end of program; therefore, two sessions per
week will be held during weeks 1 through 3 and week 10 [34].
Peer trainers, who are physically active manual wheelchair users
with at least 5 years’ experience using a manual wheelchair,
will consult a study investigator throughout program
implementation as needed. A minimum of two peer trainers will
receive comprehensive training in a 2-day workshop from study
investigators (KB, KAN, SS) that will include education about
adapted PA, PA using a manual wheelchair, manual wheelchair
skills training, behavioral counseling techniques, goal setting
and motivational strategies, and possible risks associated with
PA among manual wheelchair users (eg, spasms, blood pressure
changes, unsafe transfers).

The peer trainer will deliver the SPPAC program through voice
or video calls (depending on participant preference) using a
mobile phone. Video calls will be the preferred approach
because face-to-face interactions may reinforce vicarious
experiences (eg, the peer trainer may demonstrate how to
accomplish a specific task using their wheelchair). However,
preference for voice calls will be accommodated. Participants
will be encouraged to visit a SPPAC private Facebook page
that can be accessed through the mobile phone. The Facebook
page will encourage interaction with peer trainers and other
participants, creating a social network for sharing stories and
pictures of PA participation, monitoring goal progression, and
discussing successes and barriers. Cultivating online social

networks has been shown to have a large effect on motivation
for PA [33].

The initial SPPAC session will focus on rapport development
and getting to know the participant. An exchange of dialog will
include introductions, discussion of interests, likes and dislikes,
benefits of PA, current activities performed, and PA goals and
motives. The peer trainer will assist with defining PA goals for
the following week and developing an action plan (eg,
overcoming barriers, sources of social support [ie, SPPAC
Facebook page], rewards). The peer trainer will keep a log of
PA goals and action plans for each participant, and participants
will also be encouraged to monitor their own goal progression
(eg, writing goals and action plans). Goal setting will follow
the SMART goal framework [42].

The remainder of the sessions will follow a standardized format
of (1) 30-minute calls to review the previous week (ie, what
worked/did not work, identify challenges and how they were
overcome/not overcome, review/add PA goals), (2) integration
of motivational strategies (eg, provide choices to modify the
program to suit their individual preferences [13], brainstorm
ways of making activities more enjoyable), and (3) develop
action and coping plans [11,12] for the next week. The final
session will follow the same format, but will also include a
summary and evaluation of the SPPAC, discussion of short-
and long-term goals, and relapse prevention strategies (eg,
remaining part of the private SPPAC Facebook group). All
sessions will be guided by a SPPAC implementation checklist,
which the peer trainer will complete during each session. Figure
3 presents an illustration depicting how the components of the
SPPAC intervention map onto constructs of self-determination
and social cognitive theories to influence motivation and
behavior change.
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Figure 3. Illustration of how the components of the SPPAC intervention map onto constructs of self-determination and social cognitive theories to
influence motivation and behavior change. Figure adapted from Fortier et al [18].

Control Group
As suggested for comparisons between experimental and control
groups in pilot studies, a pragmatic research approach will be
applied to determine if SPPAC is better than usual care for
increasing PA [43,44]. Usual care is defined as freely available
PA resources that can be accessed by everyone with no special
permissions. Therefore, for minimally structuring and
standardizing the control group intervention, participants will
receive only a handout with existing PA guidelines and a toolkit
with recommendations for PA [35]. They will not be given any
instruction in how to use the information, but they will not be
restricted from the uptake of PA on their own volition.

Equipment
All participants (experimental and control group) will receive
existing PA guidelines and a toolkit with recommendations for
PA [35]. Participants in the experimental group will also receive
a mobile phone (with a phone number, data plan, and preloaded
Facebook apps). Participants may choose to use their personal
mobile phone for the study if desired, but will have to download
the video calling and Facebook apps and use their own data
plan. On provision of the mobile phone, the tester will give
instructions in how to use it. In addition, the participant manual
will include step-by-step instructions in how to use the mobile
phone.

Safety
Participating in PA carries innate risks. However, the SPPAC
intervention is designed to minimize risks specifically for
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manual wheelchair users, such as choosing appropriate activities
for diagnosis, and selecting appropriate intensity and duration
to minimize risk of injury. The SPPAC program incorporates
strategies for safe participation, recognizing potentially unsafe
situations, and seeking assistance when applicable. Participants
will be asked to contact the research coordinator immediately
if they experience unusual discomfort or pain. A Data and Safety
Monitoring Board (statistician, researcher, health care
professional, and manual wheelchair user external to the research
team) will meet two times per year during the study to advise
regarding safety issues [45].

Data Collection
All outcome measures are available in English and French.
Descriptive characteristics, including age, sex, marital status,
education, diagnoses (ie, disability and other diseases that could
contraindicate PA participation), and previous manual
wheelchair experience (ie, years using a manual wheelchair,
where manual wheelchair is used, hours used per day, previous
wheelchair skills training received) will be collected in person
at baseline by a trained RA. Potentially confounding variables,
such as psychological well-being (eg, depression, anxiety) and
social support, will also be collected at baseline. Depression is
inversely associated with PA participation [46,47] and influences
PA for manual wheelchair users [48]. The Hospital Anxiety and
Depression Score (HADS), a 14-item (two 7-item subscales)
self-report scale, will be used to assess depression and anxiety
[49,50]. Social support is also associated with PA participation
and well-being [51,52] and will be assessed using the validated
6-item Interpersonal Support Evaluation List (ISEL) [53,54].

Primary Outcome Measure
The primary outcome measure, PA, will be measured objectively
using actigraphy with a small and lightweight
accelerometry-based activity monitor (ActiGraph 3GTX) worn
on the body or manual wheelchair that does not impede
participation in PA [55,56]. Three-dimensional data are stored
in the monitor as “activity counts” [57]. Time between sampling
units (epochs) will be set at 15 seconds, allowing the greatest
sensitivity for low-intensity activity [58]. In previous studies
of manual wheelchair users, concurrent validity was established

[58] and instrument reliability of six monitors was high (r2=.96,
P<.001) [2].

After completion of all outcome measures at each time point,
the RA will provide participants with two actigraphs (one will
be positioned on the rear wheel of the manual wheelchair in a
waterproof enclosure, the other will be worn on the nondominant
arm). Participants will be asked to wear the Actigraph at all
times over a 7-day period, except during sleep,
bathing/showering, or swimming. Only data from the days in
which participants wear the activity monitors for at least 13
hours per day will be included in the analyses [59].

Secondary Outcome Measures
Secondary outcomes reflect the proposed theoretical impacts
of the SPPAC intervention. Given the dearth of evidence for
manual wheelchair users in the literature, there is substantial
value in understanding the relationship between PA behavior
and the following variables to understand the mechanism of

behavior change and to discerning a clinically important impact
of the SPPAC program.

The 7-day Leisure-Time PA Questionnaire (LTPAQ) will assess
self-reported PA [60]. Participants are asked to recall the
frequency (number of bouts) and duration (minutes per bout)
of light, moderate, and heavy intensity PA over the past 7 days.
Acceptable test-retest reliability and construct validity are
documented among manual wheelchair users with spinal cord
injury [36,60]. Amount of PA is treated as an ordinal variable
(ie, none, low, moderate, high).

The Wheelchair Skills Test-Questionnaire (WST-Q, version
4.2) will be used to assess perceived wheelchair skills capacity
and performance [61]. The WST-Q is a structured assessment
of 32 discrete mobility skills. WST-Q capacity is scored using
a 3-point scale (0=fail; 1=pass with difficulty; 2=pass), with a
maximum score of 64. A capacity score is calculated (0%-100%)
reflecting the number of skills safely passed. WST-Q
performance assesses how often each skill is performed on a
3-point scale (0=never; 1=sometimes; 2=always) and a
performance score is calculated (0%-100%). Psychometric
properties are documented for manual wheelchair users [62,63].

The Behavioral Regulation in Exercise Questionnaire 2
(BREQ-2) Revised will be used to evaluate PA motivation [64].
Four subscales measure varying degrees of exercise (or PA)
regulation: external (eg, “I take part in PA because my family
says I should”), introjected (eg, “I feel guilty when I do not
participate in PA”), identified (eg, “It’s important to me to be
physically active”), and intrinsic (eg, “I take part in PA because
it is fun”) regulations. An additional subscale assesses
amotivation (eg, “I think PA is a waste of time”). Each subscale
contains four items except introjected regulation, which contains
three items. Following the statement, “Why do you take part in
PA?” participants are asked to respond to each item on a
five-point Likert-type scale, ranging from 0=not at all true for
me to 4=very true for me. Measurement properties of the
BREQ-2 are documented [65].

The Leisure-Time PA Barrier Self-Efficacy Scale (LTPA BSE)
will be used to assess self-efficacy to overcome salient barriers
to PA participation (eg, when faced with transportation
problems) [63]. Each of the six items is preceded with the
following statement: “Assuming you were very motivated, how
confident are you that you will participate in moderate to heavy
leisure-time PA for at least 30 minutes on 3 days per week over
the next 4 weeks even if...” Participants will be asked to rate
their self-efficacy to overcome each barrier on a scale ranging
from 0 to 100 (0=not confident; 50=moderately confident; and
100=completely confident). A mean score is calculated across
the six items. The leisure-time PA barrier scale is reliable and
valid [60,66].

The Wheelchair Use Confidence Scale-Short Form
(WheelCon-SF) will be used to evaluate manual wheelchair use
self-efficacy [67]. This 21-item self-report questionnaire reflects
one’s current confidence using a manual wheelchair to perform
various activities in varying contexts and environments. Each
item is rated on a scale from 0=not confident to 10=completely
confident, and a score from 0%-100% is calculated. The
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WheelCon-SF was derived from the original 65-item version,
which has documented psychometric properties [68].

The Psychological Need Satisfaction in Exercise (PNSE) Scale
will be used to assess the satisfaction of the psychological needs
for PA [69]. Participants score 18 items that reflect how he/she
might feel when they are physically active on a six-point Likert
scale ranging from 1 (false) to 6 (true). A mean score is
calculated for autonomy (6 items; “I feel free to exercise in my
own way”), competence (6 items; “I feel that I am able to
complete exercises that are personally challenging”), and
relatedness (6 items; “I feel close to my exercise companions
who appreciate how difficult exercise can be”).

The Wheelchair Outcome Measure (WhOM) will be used to
assess satisfaction with participation [70]. The WhOM, a
client-specific semistructured interview, allows participants to
select participation goals that reflect desired outcomes of the
intervention. Participants rate the “importance” of the goal
(0-10) and their current “satisfaction” with performance of this
activity (0-10). Goals are then integrated into the intervention.
The WhOM scoring is calculated by multiplying the
“importance” by “satisfaction.” Measurement properties of the
WhOM have been documented [70].

Tertiary Outcomes
Tertiary outcomes will evaluate the implementation of the
SPPAC program and ensure the SPPAC is delivered as intended.
First, the peer trainer will complete a SPPAC checklist for each
session, including questions about the logistics of the
intervention (eg, time to complete each session, method of
contact used) and a list of SPPAC components (eg, goal setting,
rewards, skills training). Second, participants in the experimental
group will complete a post-SPPAC questionnaire, which asks
about attitude about PA, satisfaction with PA, perceived benefits
and drawbacks, impact of SPPAC on PA, and changes in views
of PA throughout the SPPAC intervention. Third, participants’
reported satisfaction with SPPAC will be collected with the
Health Care Climate Questionnaire (HCCQ) [71]. Participants
will be asked six questions about their perceived need support
from their peer trainer (eg, “My peer trainer listened to how I
would like to do things regarding my PA” and “I felt my peer
trainer provided me with choices and options about PA”) on a
7-point Likert scale ranging from 1=strongly disagree to
7=strongly agree. High Cronbach alpha levels have been
demonstrated [72,73].

Statistical Analyses
All data analyses are conducted with SPSS version 23. Multiple
imputations are used to treat missing data [74]. Data are screened
for statistical outliers and assumptions for each statistical test
are examined [75].

Primary Outcomes
Actigraphy data will be imported into Microsoft Excel in the
form of activity counts, then cleaned and entered into SPSS for
analysis. A mixed-model ANCOVA will be conducted,
controlling for the covariates. Summary statistics (mean, SD),
effect size (Cohen d), and significance testing (P) with 95%
confidence intervals will be estimated.

Secondary Outcomes
Mixed-model ANCOVA will also be used for significance
testing and effect size calculations for all secondary outcome
measures. Exploratory analyses will be conducted to investigate
the strength and direction of the relationships between the
primary and secondary outcomes, looking for moderate-to-strong
relationships [76]. If the intervention has a moderate effect on
the secondary outcomes and if the secondary outcomes have
moderate-to-strong relationships with primary outcome (PA),
a potential mediation (exploratory) is suggested.

Tertiary Outcomes
Descriptive and content analysis will be used to appraise SPPAC
program implementation.

Results

This project is funded by the Craig H Neilsen Foundation and
the Canadian Disability Participation Project. Proposals for
additional project funds have been submitted to the Canadian
Institute for Health Research (September 2016) and Fonds de
Recherche du Santé Québec (December 2016). Two peer trainers
have been recruited and trained and pilot evaluation of
intervention implementation is currently underway. It is
anticipated that enrollment for the proposed study will begin
early in 2018, with final results by 2020.

Discussion

Given the compelling evidence linking PA and quality of life,
and the low rates of PA participation among manual wheelchair
users, there is a clear need to find strategies to promote PA. On
developing a theory-based PA program using the MRC
framework, a pilot RCT is a prudent next step [41]. Establishing
first effect size estimates for primary and secondary outcomes
through a pilot RCT may provide justification for a subsequent
efficacy RCT and variability data for future sample size
calculations.

The best method to deliver PA interventions for manual
wheelchair users is largely unknown. Although
community-based telephone-delivered [10,11] and
peer-delivered interventions [12] have shown preliminary
success in manual wheelchair users, larger studies comparing
modalities among this target population are required to
determine how to best promote PA. The use of online social
media also represents an effective solution for motivating adults
without disabilities to participate in PA [33], but the influence
of online social support for manual wheelchair users has yet to
be evaluated. Grounded in theory, the SPPAC program of
research will provide further insight about how peers,
telephones, and social media can influence PA uptake and
maintenance.

Behavior change is a complex and multifaceted phenomenon
with multiple influencing factors. Therefore, successfully
changing behavior over the long term requires multilevel
interventions that consider individuals within their physical and
social environments [77]. Application of two cognitive-based
theories (ie, self-determination and social cognitive theories)
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posits that fulfilling the basic psychological needs (ie, autonomy,
relatedness, and perceived control) drives behavior and that
self-efficacy (synonymous to perceived control) is a strong and
consistent predicator of behavior [15,16]. Therefore, cultivating
an autonomy-supportive environment that enhances basic
psychological needs, self-efficacy, and motivation through peer
support provides a strong theoretical rationale that can
effectively increase PA [18,12]. Evidence supports peer-led
interventions that are grounded in social cognitive theory, both
for improving PA in clinical and nonclinical populations [28]
and for improving mobility outcomes for manual wheelchair
users [31].

Gathering data on the important theoretical variables that are
embedded within the SPPAC program will allow for exploration
into mediating influences of complex psychological variables
that will further our understanding about best strategies for
changing PA behaviors in manual wheelchair users. The authors
acknowledge the potential burden of the number of self-reported
outcomes and the need for two meetings to collect objective
PA data. However, it is anticipated that the self-reported
outcomes can be completed in approximately 1 hour, and the
tester will travel to obtain the Actigraph from the participants
(or provide them with a postage-paid envelope for return to the
research center) to reduce burden on participants. Future
intervention studies can then integrate the most important
behavior change determinants to best individualize PA programs
for manual wheelchair users.

In addition to psychosocial factors, intervention dose and content
represent important variables that need to be considered when
promoting PA uptake and maintenance [78]. The Get in Motion
program recommended up to 14 sessions of PA counseling over
a 6-month period [11]. However, when asked about preferences
for the SPPAC program, participants of focus groups (ie, manual
wheelchair users, clinicians, and staff of community-based
organizations) preferred that the SPPAC program consist of
more contacts within a shorter timeframe [34]. The SPPAC
program was designed accordingly [34]. In terms of optimal
timing for promoting PA, a recent study among individuals with
spinal cord injury suggested that the first 2 months are the most
critical for successfully promoting PA [78]. However, a recent
peer-led manual wheelchair training intervention showed
increased participation in meaningful activities among manual
wheelchair users up to 25 years after obtaining a manual
wheelchair [31].

Beyond attaining knowledge of important behavioral factors
influencing PA uptake and maintenance, the potential benefits

of SPPAC include decreased environmental (eg, accessible
facilities, transportation) and social barriers (eg, perceived
stigma) to PA, limited burden on health care professionals,
development of online social supports, and potential cost
savings. Moreover, SPPAC has potential for application across
age and diagnostic groups, a widespread geographic reach, and
allows for a large trainer-to-participant ratio, all which may
have time and cost efficiencies in program delivery. Future
RCTs may evaluate some of the projected benefits of the SPPAC
program.

Foreseen limitations of this study include the heterogeneity of
the sample with regard to diagnoses. It is possible that diagnoses
(as well as other sociodemographic factors, such as age) may
influence the study outcomes. However, the purpose of this
pilot study is to provide proof of concept of a novel intervention
that may be adopted by manual wheelchair users in general.
Future studies may examine diagnoses-specific interventions
or consider stratification for various demographic variables.
There is also a risk that participants (in both groups) may
inadvertently discuss the study with other participants (eg, if
they obtain health care services from the same clinic, if they
are friends on Facebook) or with testers. Because the
intervention is administered by phone on an individual basis,
the study itself will not evoke a common meeting place for
participants. Moreover, recruitment will target manual
wheelchair users in remote geographic locations who may
otherwise not have access to community-based programs. To
reduce the risk of contamination, peer trainers will remind the
participants during each session not to discuss the study with
anyone outside of the intervention (including peers/friends or
testers).

The SPPAC intervention aims to empower manual wheelchair
users to manage their own health through implementation of
autonomous supportive environments that also enhance
self-efficacy through the use of a peer trainer and mobile phone
technology. To our knowledge, no study has evaluated the
combined potential of a mobile phone-delivered and peer-led
PA intervention for manual wheelchair users. Such an approach
may overcome many of the barriers to PA participation within
this population, while incorporating important theoretical
variables that are associated with behavior change. The SPPAC
program has the potential to reach a large number of manual
wheelchair users, thus may play an important role in addressing
PA behavior change that could have a profound impact on health
and health economics.
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Abstract

Background: Depression in the workplace creates a significant burden on employees and employers in terms of lost productivity
and related costs. myStrength provides a robust, holistic Web- and mobile-based solution empowering users to learn, practice,
and implement a range of evidence-based psychological interventions.

Objective: The main aim of this study was to demonstrate improvement in depressive symptoms among employees at risk of
depression through myStrength use.

Methods: A 26-week, parallel-arm, pilot, randomized controlled trial was designed to assess the effectiveness of myStrength
compared to a series of informational “Depression Tip/Fact of the Week” emails as the active control arm. Study participants
(n=146) were commercially insured employees of a mid-sized financial software solutions firm. The primary outcome was
self-reported change in depression score as best fit by a linear random effects model accounting for individual baseline symptoms.

Results: The final sample consisted of 78 participants in the experimental arm, myStrength, and 68 participants in the active
control arm. myStrength users demonstrated significantly steeper and more rapid reduction in depressive symptoms over time
compared to the active control (P<.001), suggesting that the intervention generated improvement in behavioral health symptoms,
even in a nonclinical sample.

Conclusions: This pilot study builds foundational support for the scalable deployment of myStrength as a complementary
behavioral health offering to promote overall mental health and well-being in the workplace.

(JMIR Res Protoc 2017;6(4):e51)   doi:10.2196/resprot.7203

KEYWORDS

depression; behavioral health; health promotion; workplace; randomized controlled trial

Introduction

Identifying tools to manage both clinical and subclinical
depression in an effective and broad-reaching manner could
have widespread benefits. Depression is one of the most
common and debilitating disorders in the United States [1]. In
2014, 6.7% of American adults aged 18 years or older (15.7
million people) had at least one major depressive episode [2].

Such episodes can result in significant impairments in home
life, work function, and social relationships.

Depression in the workplace poses a significant burden to both
employees and employers. A nationally representative,
epidemiologic survey found that 6.4% of employees in the
workplace had depression; of those, 13.8% were classified mild,
38.5% moderate, and 47.7% as severe [3,4]. Depression is also
a major cost driver for employers [5,6]. Depression annually
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costs US businesses over $51 billion in absenteeism from work
and lost productivity on top of the $26 billion in direct treatment
costs [7].

US employers looking for ways to manage the cost burden of
depression in the workplace are increasingly turning to
cutting-edge platforms to provide real-time access to care [8,9].
One way to bend the cost curve is to broaden the reach of
preventative interventions to engage people both with clinical
levels of depression and those demonstrating subthreshold
depressive symptoms before symptoms and associated costs
elevate [10-13].

One cost-effective way to provide such preventative care for
depression is via Web-based interventions [14,15].
Computerized cognitive behavioral therapy (cCBT) for treating
clinical depression has been well validated in efficacy trials
[12,16]. Likewise, randomized controlled trials (RCTs) suggest
that the positive impacts from online tools for people diagnosed
with clinical depression also extend to those with milder
symptoms [17,18]. Interestingly, a growing body of literature
suggests that the greatest impact of cCBT is found among users
who might not seek out or have access to other standard
treatment options like talk therapy [19-21].

In developing an appropriate digital platform to be used for
broad, cost-effective, employer-based outreach, scalability and
low price point per user are paramount. At the same time, past
research suggests that having a guided component to Internet
interventions improves engagement and outcomes [22,23]. In
an era where Web and mobile apps can be customized to the
individual user, it is possible that such customization could help
to increase engagement and impact without elevating program
costs as with guided interventions.

myStrength, the Web and mobile self-care platform piloted in
this study, is designed to close the behavioral health care
treatment gap by extending access to empirically validated
psychological interventions through a population-based approach
[24]. myStrength builds on existing Web-based cCBT for
clinical depression by incorporating wrap-around brief resources
from mindfulness approaches, acceptance and commitment
therapy, brief strategic therapies, and motivational interviewing
while offering a unique set of programmatic recommendations
to each user based on a profile process. The population health
approach taken allows for the deployment and evaluation of
psychological interventions in a real-world setting for
employer-based depression management.

For the past 6 years, myStrength has been delivering
evidence-based psychological interventions to users affiliated
with over 100 mental health providers, ranging from large
national health insurance providers to community mental health
clinics. This pilot study is the first of its kind to rigorously
evaluate the impact and effectiveness of myStrength in terms
of depressive symptom burden reduction in a real-world setting.

Methods

Study Design
A 26-week, parallel-arm RCT with a single pretest and three
posttests was piloted to examine the impact of myStrength use
on self-reported depression symptom burden. This design was
selected in accordance with the Pretest-Posttest Control Group
Design with Multiple Substantive Posttests recommended by
Shadish et al [25]. See the study flowchart in Figure 1, including
an overview of the enrollment process and assessment timing.

Figure 1. Study flowchart.
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Study Participants and Recruitment
Participants were recruited from the 5567 commercially insured
employees of a financial software solutions company. The study
was conducted in partnership with Aetna, the company’s health
benefits provider, and was open to all employees. Participants
were excluded if they were under 18 years of age; were
diagnosed with Alzheimer's disease, Parkinson's disease,
dementia, delirium, or other cognitive impairment; had been
institutionalized; or were diagnosed with obsessive-compulsive
disorder because in each of these cases there were concerns
raised by the sponsoring entity about the potential for adverse
events in an unmonitored setting.

An executive recruitment email was sent out to all employees
by the company’s head of human resources inviting individuals
to voluntarily participate in the pilot of new tools for managing
mood and stress. Two follow-up recruitment emails were sent
out, with 5 days between each email. Participants were told
there were two arms of the study intended to improve mental
health during informed consent: (1) an interactive website and
(2) receipt of an email series.

Interested participants accessed an online enrollment screener
and completed informed consent. On the first page of this
screening, potential participants were asked if they met any of
the exclusion criteria. Those who endorsed exclusion criteria
were redirected to a general resources page and not permitted
to continue registration for the study. Because each employee
received a unique email link to the registration survey, this
redirect also meant people could not return and alter their
responses.

Intervention Group
The experimental arm was given access to myStrength resources
include the following: cCBT modules for depression and
anxiety, mindfulness and other empirically validated tools taught
via short form video, substance use motivational interviewing
and relapse prevention modules, a mood tracker, community
and personal inspirations, motivational quotes, spiritual and
faith-based resources if users elect to receive these, and a
searchable library of over 1600 additional mental health and
wellness resources if users elect to receive these, and a
searchable library of over 1600 additional mental health and
wellness resources. In addition, participants in the experimental
arm received a series of 12 emails highlighting different aspects
of myStrength and specific tools for managing depression, as
well as reminders to access the platform. Participants could
access any of the resources available on the myStrength website
and mobile platform at their own pace and at any time during
the 26-week study period. Multimedia Appendices 1 and 2
provide visual representations of the myStrength Web and
mobile interface.

Active Control Group
The active control arm received 12 “Tip/Fact of the Week”
emails with factual statements about mental health or depression
during the 26-week study period. Emails were designed to
contain accurate information pertaining to depression signs and
symptoms without offering clinical suggestions or advice (for
example, see Multimedia Appendix 3).

Outcome Measures
The primary outcome measure was the depression subscale
score (range 0 to 42) of the Depression, Anxiety, and Stress
Scale (DASS-21), a 21-item validated self-report questionnaire
designed to measure symptom severity [26]. Participants in both
the experimental and active control arms followed the same
assessment schedule. Each participant completed an assessment
at enrollment (T1) and were prompted by email reminders to
be reassessed at 14, 60, and 180 days (T2-T4, respectively).
Demographic information collected included gender, age, level
of education, ethnicity, and mental health treatment status.

Randomization and Blinding
A randomized design was selected to prospectively assess the
impact of myStrength use on the primary outcome, depression
score over time. The online survey software, FluidSurveys,
consented and randomly assigned study participants to either
the intervention arm or active control. Per institutional review
board (IRB) review and approval, study participants knew of
their study arm assignment; however, they were unaware that
the active control did not include platform access.
Randomization occurred after prescreening for eligibility and
informed consent and thus recruited a study population more
open to help-seeking. The study employed a sampling ratio of
1.5:1 with no stratification and with the larger number of
individuals assigned to the experimental arm. This approach
was taken to sufficiently power the experimental arm, as those
study participants engaged with myStrength were required to
complete the extra step of accessing the website and completing
registration for the program. The active control arm had no
similar post-enrollment burden.

Statistical Analyses
Data analyses were conducted using R version 3.3.2 (The R
Foundation). The primary outcome, depression score, was
analyzed using mixed effects regression. A random-intercept
was modeled to account for individual baseline variation.
Predictors included study arm (group), a continuous measure
of time (days since baseline; time), and the interaction of group
and time (group × time). Covariates included gender, age group,
and a baseline indicator of whether the participant was receiving
treatment outside the study as measured by self-report at T1
(receiving treatment). In addition, each regression model
adjusted for the corresponding baseline T1 outcome assessment
(depression).

Ethics
All data collected were retained by the experimenters and no
individual-level data were shared with Aetna Inc or the
employer. Likewise, myStrength, the intervention offered in
the experimental arm, stores all responses in a manner compliant
with the Health Insurance Portability and Accountability Act.

This pilot study was not prospectively registered on
Clinicaltrials.gov given the original intent to demonstrate
feasibility. This research was reviewed and approved by Sterling
IRB #4959.
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Results

Participant Flow and Outlier Consideration
As depicted in Figure 1, the recruitment email was sent out to
the census of 5567 employees. Among them, 449 (8.1%)
completed the online enrollment screening, 26 (5.8%) of whom
did not meet eligibility criteria and were excluded. The
randomization sample comprised 165 screened individuals
(39.0%) who met the eligibility criteria and signed informed
consent to participate. Randomization resulted in 96 participants
in the experimental arm (58.2%) and 69 participants in the active
control arm (41.8%).

Of 96 experimental study participants, 12 (12.5%) failed to
complete registration. Case review revealed their data to be
particularly sparse with regard to outcomes and covariates. Only
3 of 12 had any outcome data available, typically a single
response on the third occasion. For that reason, study
participants who failed to complete registration were omitted
from the primary analyses, and the effective sample size was
reduced from 165 to 153. Acknowledging the a priori goal of
analyzing the data by intention to treat, this pilot study was
unable to impute the missing data due to sparseness.

Despite random assignment to study group, between-group
differences on the DASS-21 depression score at baseline (T1)

were identified and subsequently removed from all analyses. A
total of 7 statistical outliers (6 in the experimental group and 1
in the active control group) were identified as 1.5 I beyond the
upper or lower quartile, where I is the interquartile range.
Descriptive statistics and regression models were conducted
with and without the inclusion of outliers and the interpretation
of findings was consistent.

To demonstrate the impact of outlier inclusion on the average
depression score over time, a side-by-side comparison of the
study population with and without the outliers identified at
baseline is presented. Figure 2 shows the average depression
score over time for both the experimental and active control
arms with the 7 statistical outliers included. Figure 3 shows the
average depression score over time for both the experimental
and active control arms with the outliers removed. Clear
separation in depression scores was observed between the
experimental arm and active control at baseline; however, the
experimental arm with the outliers included (n=84) is skewed
in favor of more severe depressive symptom burden as compared
to the trimmed experimental arm with the outliers removed
(n=78). Given the intent of the pilot study to assess the
feasibility of myStrength to favorably impact depressive
symptoms in a relatively healthy employee population, the
statistical outliers were removed from all further analyses.

Figure 2. Depression scores over time, stratified by group, with outliers included.
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Figure 3. Depression scores over time, stratified by group, with outliers removed.

Figure 4. Number of participants who completed assessments during the study period, stratified by group.

Efforts were made to maintain participant engagement
throughout the study and collect data for all measures on all
occasions. Recent research on Internet-based depression
interventions report variable adherence to study arm protocols
and often experience high dropout rates [27,28]. Melville et al
[27] synthesized 19 peer-reviewed studies referencing attrition
among Internet-based behavioral health treatment interventions.
Study dropout rates ranged from 2% to 83% and on average,
31% of study participants prematurely exited studies. Given
that the pilot study described here was intended to mirror an
unguided, real-world design, there was no human outreach
component or offer of any financial incentive to increase study
participation. Data were missing due to intermittent responses
as well as some permanent dropout; all partial data were

included in analyses. The overall attrition rate was 62% with
72% of experimental and 53% of the active control observations
missing. Figure 4 shows the number of completed assessments
in the experimental and active control groups.

Demographic Characteristics
Among the experimental study arm, 75.3% were between 41
and 60 years old, 53.3% were female, 93.5% were Caucasian,
and 64.9% were not receiving any mental health treatment.
Among the active control arm, 60.3% were between 41 and 60
years old, 57.4% were female, 85.3% were Caucasian, and
60.3% were not receiving any mental health treatment. See
Table 1 for the complete demographic characteristics, stratified
by group, and for the overall study population.
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Table 1. Demographic characteristics of participants (n=145; note: one participant did not answer any demographics questions and was excluded from
this table).

Overall

n (%)

Control

n (%)

Experimental

n (%)

Characteristics

Age group

35 (24.1)20 (29.4)15 (19.5)18-40 years

99 (68.3)41 (60.3)58 (75.3)41-60 years

11 (7.6)7 (10.3)4 (5.2)61+ years

Gender

80 (55.2)39 (57.4)41 (53.3)Female

65 (44.8)29 (42.7)36 (46.8)Male

Ethnicity

130 (89.7)58 (85.3)72 (93.5)Caucasian

4 (2.8)2 (2.9)2 (2.6)African American/black

3 (2.1)2 (2.9)1 (1.3)Hispanic

8 (5.5)6 (8.8)2 (2.6)Other

Receiving treatment

91 (62.8)41 (60.3)50 (64.9)No

54 (37.2)27 (39.7)27 (35.1)Yes

Primary Analyses
The primary outcome of interest is change in depression score
over time. As shown in Table 2, both the experimental and
active control study participants experienced a reduction in
depressive symptoms over time. Given that group membership
was assigned after informed consent was obtained, it is

hypothesized that the pilot study population was more open to
help-seeking/treatment than the general population. Also,
depressive symptoms, especially mild ones, are well established
to eventually decrease even without intervention on their own
over time. On average, study participants in the intervention
group accessed the myStrength platform 6.09 times during the
26-week study period.

Table 2. Descriptive statistics for depression by group and time.

95% CISDMeannOutcome

Experimental

8.40-12.18.110.278Time 1

3.96-9.07.36.535Time 2

2.84-6.74.84.836Time 3

1.86-6.14.84.022Time 4

Control

6.40-9.87.08.168Time 1

5.98-9.86.47.946Time 2

4.14-7.04.45.638Time 3

2.40-6.25.34.332Time 4

The rate of depression symptom burden improvement was
further tested by linear mixed effects regression modeling. A
random intercept model was selected to account for individual
baseline depression symptoms, and model findings are
summarized in Table 3. The intercept is statistically significant,
underscoring the importance of taking into account personal
depression trajectories (b coefficient=4.27, P<.001). Receiving
mental health treatment, such as outpatient therapy or taking
antidepressant medication, was found to be an independent

predictor of depression score reduction over time (b
coefficient=–1.13, P=.026). The main effect of time was found
to be statistically significant, meaning that in general, a 0.83
reduction in depression score was achieved at each time point
(b coefficient=–0.83, P=.002). This main effect finding is
qualified by the interaction group × time (b coefficient=–1.35,
P<.001). Taking into account potential confounders, the
experimental arm experienced an accelerated trajectory of
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depression symptom reduction to a factor of 1.35 times faster than the active control arm.

Table 3. Summary of mixed effects regression analysis predicting depression.

P valueat valueDegree of freedomSEEstimateEffect

<.0015.26303.000.814.27Intercept

.1011.64333.600.931.53Group (experimental)

.002–3.08296.600.27–0.83Time

.187–1.33154.200.47–0.63Gender (female)

.595–0.53149.800.55–0.29Age group (41-60 years)

.863–0.17119.200.84–0.15Age group (61+ years)

.026–2.24158.700.50–1.13Receiving treatment

<.00123.56146.700.030.72Depression baseline

<.001–3.42308.900.39–1.35Group × time (interaction)

aSatterthwaite approximation was used to estimate degrees of freedom and estimate P values. Regression estimates are unstandardized.

Discussion

Principal Findings
Findings from this pilot study support the feasibility of
delivering impactful Web- and mobile-based depression
interventions directly to employees. This innovative partnership
brought together a large commercial health insurance provider,
a mid-sized US corporation, and a self-help platform provider
of behavioral health and wellness to empower employees with
effective self-care tools.

Principal findings suggest that while participants in both study
arms experienced improvement in depression symptoms, the
experimental arm achieved those favorable results faster and to
a greater degree than the active control arm. Within 2 weeks of
study enrollment, depression score differences between the two
groups emerged with more rapid improvement over time for
those participants in the experimental arm. While mean symptom
levels began to converge by the 6-month assessment, study
participants in the experimental group spent less time being
symptomatic compared to the active control group.

In addition, this research supports the premise that
evidence-based Web and mobile behavioral health interventions
are a viable way to reach employees coping with depressive
symptoms who might not otherwise seek out behavioral health
care. As seen in Table 1, almost two-thirds of all study
participants received no mental health treatment, despite being
identified as at risk of depression. This pilot study demonstrated
the ability to reach and impact a volunteer, help-seeking
population who in the majority of cases were not using other
available services. At the same time, the study showed
considerable attrition over time. While we hypothesized that
individual-level profile-based personalization of the program
would drive retention, it appears further work is necessary to
overcome this hurdle in order to maximize value from a
low-cost, highly scalable, nonguided intervention.

Limitations
This work has several notable limitations. First, due to the
real-world, nonincentivized methodology, there was

considerable attrition across the pilot study. Barring imputation,
we employed statistical approaches that model and control for
such attrition; however, it is always possible that subjects lost
to follow-up were qualitatively different from those providing
follow-up data. If nonresponders in the experimental arm were
more likely to drop out of the study, this would certainly have
biased the results. Future research building on this pilot study
will seek to balance the real-world intent of the program with
the possibility of offering incentivized outbound calling or
weekly text message reminders to improve study retention.

Selection of a proper control condition is always challenging
in behavioral health research. Because participants in such
behavioral health research inherently know their assigned
intervention arm (myStrength or email series in this case), a
well-designed study must incorporate an active control that is
equally appealing to participants as the intervention, while not
containing the key active ingredients of the intervention [29].
One measure of the effectiveness of an active control is to look
for between-group differences in terms of satisfaction with the
treatment provided. We asked all participants to rate their
satisfaction in each study arm at each reassessment interval.
Overall, 93% of study participants in the experimental arm and
73% of study participants who received the active control
reported that they were engaged or highly engagement in email
campaigns. Given the high satisfaction rates across both groups,
the active control email series was considered to be a viable
control condition. It was hypothesized that depressive symptom
improvement would be achieved in both the experimental and
active control groups, given the episodic nature of depression.
Research findings substantiated this hypothesized outcome.

In addition, it is possible that myStrength may have variable
impact on depression scores among real-world users. Study
participants in the experimental arm were required to complete
informed consent to participate in this pilot program and
theoretically may have been more motivated to use and benefit
from such a platform. With only one-third of the sample
employee population opting to complete informed consent, we
have no additional information on those who chose not to
participate to test for selection bias. Building on these early
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findings, an observational study is planned to understand the
real-world uptake and use of myStrength to minimize this bias.

Finally, the identification and removal of statistical outliers in
both study arms at baseline (T1) warrants acknowledgment.
Following widely accepted measurement methodology for the
identification of outliers, the removal of 7 total outliers was
justified. However, the fact that the experimental arm
overindexed in outliers might suggest that randomization failed
to generate completely equivalent groups—an occurrence that
can happen despite randomization. Given the small, pilot nature
of this study, future research will employ larger sample sizes
to avoid this potential shortcoming.

Conclusions
The results of this pilot study highlight the promise of
incorporating self-care tools such as myStrength into the
portfolio of behavioral health care offerings. Web and mobile
tools are considered complementary, add-on offerings and are

not intended to replace face-to-face therapy but rather to expand
access to care and to deliver services with lower barriers to entry
directly to employees. These preliminary study findings support
larger scale efforts to evaluate if employers and their employees
could benefit from incorporating an easily accessible and readily
available self-care platform to address behavioral health needs.

The myStrength platform may serve as a “just in time” responder
preventing mild symptoms from erupting into full-blown clinical
depression while easing entry into professional care for those
employees grappling with the perceived stigma around diagnosis
and seeking treatment. Likewise, the results presented here also
suggest that Web and mobile platforms may be a powerful tool
for reducing productivity loss due to subclinical behavioral
health concerns. myStrength provides low-threshold access to
information and evidence-based tools, which could help
employees immediately in the short term while also, where
appropriate, guiding employees to recognize the need for
additional care and avoid costly treatment in the long term.
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Abstract

Background: Alcohol use disorder (AUD) is among the most prevalent mental disorders worldwide and is associated with a
diverse range of physical and psychological comorbidities. Despite various types of treatment, there are many barriers to accessing
treatment (ie, stigma, cost, accessibility of service, etc). Mobile apps have the potential to overcome these barriers and provide
support to those who need it.

Objective: The purpose of this systematic review is to assess the effectiveness of mobile apps in reducing alcohol consumption
for individuals with AUD and understand the psychological outcomes of using the apps (ie, client empowerment, self-efficacy,
etc).

Methods: The search strategy was applied to 7 health sciences and interdisciplinary databases. Two reviewers will independently
assess all titles and abstracts for relevance and then full texts of relevant articles for eligibility. To be included, the article must
be a quantitative evaluation of clinical outcomes using the intervention and the intervention must be a consumer-facing app
focused on supporting individuals with AUD. Two reviewers will independently extract data from all eligible articles using a
standardized extraction worksheet and will independently assess the study quality. A meta-analysis will be conducted if appropriate.
Depending on outcomes reported, pooled risk ratios or standardized mean differences will be calculated and reported in the
review.

Results: The search strategy yielded 699 unique citations. Of those, 63 (9.0%, 63/699) articles were assessed as relevant for
full-text review. The full-text reviews are currently underway and the final review is projected to be completed in the summer of
2017.

Conclusions: There is potential for mobile apps to support individuals with AUD to reduce their alcohol consumption. This
review will be the first to assess the effectiveness of AUD mobile apps and client experiences using the apps.

(JMIR Res Protoc 2017;6(4):e49)   doi:10.2196/resprot.6975

KEYWORDS

mobile health; apps; alcohol use disorder; systematic review; protocol; mental health; addiction; alcoholism

Introduction

In many cultures, the consumption of alcohol is considered a
social norm. While there are beneficial effects of moderate

consumption, including decreased risk for heart disease,
ischemic stroke, and diabetes [1], research has shown many
risks associated with alcohol use linked to heavy drinking
patterns [2]. In 2010, the global per capita consumption of
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alcohol (ages 15 and up) was equivalent to 6.2 liters of pure
alcohol consumed per calendar year. Furthermore, 16.0% of
those drinkers engaged in heavy episodic drinking [3].
Alcohol-related harm is determined by the volume of alcohol
consumed, the pattern of drinking, and, on rare occasions, the
quality of alcohol consumed. According to the Diagnostic and
Statistical Manual of Mental Disorders, 5th edition (DSM-5)
alcohol use disorder (AUD) is a problematic pattern of alcohol
use defined by specific diagnostic criteria including a cluster
of behavioral and physical symptoms leading to clinically
significant impairment or distress. Previous DSM editions
defined problematic alcohol use through two distinct categories:
abuse and dependence [4].

AUD is among the most prevalent mental disorders worldwide
and contributes substantially to global morbidity and mortality
[5,6]. The World Health Organization estimated that over three
million deaths per year are linked to AUD—slightly more than
lung cancer and HIV/AIDS mortalities combined [3]. Alcohol
use has been associated with diverse physical and psychiatric
comorbidities. It is affiliated with over 200 different diseases,
conditions, and injuries [7]. Among those who drink heavily,
women tend to experience more heart, liver, and brain damage
from alcohol compared to men [8]. In addition to disease risk,
alcohol consumption could also lead to financial burdens for
the drinker and harm others around them [2].

Over the years, numerous therapeutics for alcohol management
have been developed. The interventions range from various
types of counseling, for example, brief intervention [9] or
motivational interviewing [10], to using anti-craving medication
(eg, Naltrexone and Acamprosate) [11]. While counseling
primarily targets behavioral changes, pharmacological agents
alter physiological responses to alcohol intake. Despite the
various types of treatments available, there are many barriers
to accessing treatment. For non-treatment seekers, stigma and
cost of treatment are reported to be the main barriers. For
treatment seekers, stigma is a significant barrier. In addition,
barriers to treatment include long wait-times and a limited
number of trained personnel [12]. Brief intervention is a
treatment that faces this limitation. Potential issues regarding
pharmacotherapy include side effects, lack of continuous
monitoring, and potentially low patient compliance [13].

Emerging technologies have the potential to address the barriers
of current forms of treatment. The development and ubiquity
of the Internet, bolstered by the subsequent advent of smart
devices, cultivated a global environment of hyper-connectivity
and increased access to information. Increasingly, we see mobile
health (mHealth) interventions aiming to address a myriad of
mental health and substance use issues by leveraging the
increased functionality of mobile devices and mobile phones
with app capabilities (smartphones). A significant shift has
occurred in the mHealth field, moving primarily from telephone
calls and short message service (SMS) interventions to a wide
scope of mobile apps with multiple functions and features [14].
These robust mHealth interventions can now provide
user-friendly and accessible tools such as evidence-based
information and guidelines, personalized reminders,
self-assessment tools, goal setting and tracking tools, online
resources (eg, webpages, discussion groups, etc), and, with

user’s consent, geolocation services to alert users of “high risk”
locations [15]. The use of these mobile apps have a significant
role in overcoming barriers that lead to attrition of patient
participation in traditional AUD treatment programs. Despite
this potential, the effectiveness of AUD apps is not well
understood. A recent systematic review [16] on mobile
technology-based interventions for adult users of alcohol found
studies reporting positive effects (eg, reduction in drinking and
readiness to change); however, the review focused on all mobile
technology interventions including Web- and SMS-based
interventions. This proposed systematic review specifically
aims to understand the impact of app-based interventions on
individuals endorsing symptoms for AUD.

Methods

The purpose of this systematic review is to assess the
effectiveness of app-based interventions in reducing alcohol
consumption for individuals with AUD and to understand the
client experience. Using a population, intervention, comparator,
outcomes (PICO) [17] method to frame the research question,
this review aims to determine the effects of mobile apps
(intervention) for individuals with AUD (population) compared
to a baseline or a control group (comparator, if available) on
reducing alcohol consumption (outcome). A secondary objective
is to identify other effects related to supporting self-management
behaviors or behavior change (eg, self-efficacy, patient
activation, patient experience, attrition, sustained use, etc). This
systematic review protocol was written using the PRISMA-P
statement [17] as a guide and was registered with the
PROSPERO database of systematic reviews
(#CRD42016049957).

Search Strategy
The search strategy will be developed in consultation with a
health information specialist (SL) at the Centre for Addiction
and Mental Health in Toronto, Canada. The search strategy will
be first developed for Medline and then translated to query 5
other databases. A mHealth search hedge comprised of the
Medline MeSH terms (ie, “Computers/Handheld”, “Mobile
Applications/”, “Cell Phones”, “Text Messaging”) and Boolean
objects for mobile phones (eg, “(cellphone app* or phone app*
or smartphone app*).mp ”) will serve as the foundation of the
search. The query will be added to a search for alcohol-related
disorder (ie, “alcohol drinking/ or binge drinking/” or
“alcohol-related disorders/ or alcoholic intoxication/ or
alcoholism/” or “binge drink*.mp) using the “AND” operator.
The search will be restricted from 2007 to January 14th, 2016.
The year 2007 was selected because this marked the introduction
of the Apple iPhone and the popularization of the mobile phone
app ecosystem [14]. A second search was conducted during the
week of July 15th, 2016 to capture more recent citations.

The search will be applied to 5 health sciences databases
(Medline, MEDLINE-IP, PsycINFO, EMBASE, CINAHL).
Interdisciplinary databases (Scopus and Web of Science) will
also be queried to capture publications from other disciplines
such as computer and information systems sciences. If the search
results include conference abstracts and proceedings, a search
for follow-up articles to the conference abstracts will be
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conducted on Google Scholar. Lastly, the reference lists of
relevant systematic reviews will be hand-combed to identify
articles that may be of relevance to this review.

The results from the search will be exported in “.ris” format to
import results into a Mendeley citation manager where duplicate
citations are de-duplicated using the citation manager. Results
from the databases will also be exported as “.xls” files to use
as a foundation to develop the screening forms. Additional
results from the hand searching and follow-up will be added to
Mendeley and documented in a separate spreadsheet. All
spreadsheets will be collated into one workbook and developed
into a screening form for selecting articles.

Selection Criteria
Two rounds of screening will be conducted by the two reviewers
(AS and YX) to determine the eligibility of a citation or article.
Every article will be rated independently by both reviewers and
documented on a screening spreadsheet. At the end of each
round, the ratings will be compared and discrepancies resolved
first by consensus between the reviewers or by a third reviewer
(NS) if consensus cannot be reached.

Articles will be first assessed for relevance based on a scan of
the title and abstract. Articles meeting all of the inclusion criteria
(Textbox 1) will be labeled as potentially relevant and qualified
for full-text review. Articles will be excluded if they meet any
of the exclusion criteria (Textbox 1).

Textbox 1. Inclusion and exclusion criteria.

Criteria

• Inclusion criteria

• a quantitative primary study

• focused on supporting individuals with alcohol use disorder (AUD), alcohol abuse, or alcohol dependence [4]

• a consumer-facing app (ie, not for clinician support)

• Exclusion criteria

• the mobile intervention is only SMS-based, Web-based, or uses interactive voice response (IVR)

• the mobile app is used as a screening tool rather than an intervention

• the study is not alcohol specific (ie, addresses poly-substance use and/or addictive behaviors such as gambling, sex, eating, etc)

The full-text review will be used to corroborate the eligibility
of “potentially relevant” and hand-searched articles. To be
included, the full-text must be in English and the study must be
a formal empirical evaluation of the clinical outcomes of using
the intervention, where experimental and quasi-experimental
designs were included. Formative evaluations, such as usability
studies or needs assessments, were excluded.

Data Extraction
A standardized data extraction form developed by the research
team will be used to extract data. The form will be pre-piloted
by the two reviewers to ensure there is a common understanding
of the categories and formatting for extraction. The extracted
information will follow the PICO framework. The study details,

population, intervention, and comparator data will be extracted
as reported by the article under their respective headings and
subheadings. The intervention subheadings will focus on the
app design elements (ie, functions, content, and theoretical
foundation) and the implementation of the app for the study (ie,
dosage and/or duration and human interaction). App functions
will include psychoeducation (ie, information), medical
assessment, symptom management, supportive resources (ie,
peer and/or provider support), therapeutic treatment (ie, behavior
change support), and other [18-20]. The other category will be
for instances where the function does not fit under the prescribed
categories. A list of headings, subheadings, descriptions, and
examples of extraction format is provided in Table 1.
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Table 1. Extraction form elaboration table.

Instruction and/or definitionPICOa category

Study details

When was this study conducted?Study year

Where is the study from (ie, country)?Country

What type of study was it, as described by article?Study design

How long was the intervention? And additional follow-up?Follow-up

What did the authors identify as their outcome measures?Outcome measures

Did the evaluation use theory?Use of theory

Population

What was the study population, as described by the article?Descriptor

Are there specific symptoms or patient characteristics?Inclusion criteria

What was the average age (or majority age range for majority)?Age

What was the sampling strategy (ie, randomized, convenience)?Sampling strategy

Where were participants sampled from?Sampling frame

Was the ratio of completion to recruited reported?Sample size

Intervention

What is the name of the app?Intervention name

What does the app do (ie, psychoeducation, medical assessment, symptom management,
supportive resources, therapeutic treatment, and “other”)?

App functions description

Is there an information component and what topics are provided?App content

What theory or model was used for the intervention?Theoretical foundation

Was there prescribed use? If so, what was it, how often, and for how long?Duration/dose

Did the intervention include interaction with peers or healthcare providers?Human interaction

Outcomes

What were the primary outcome(s) results, categorized as an “outcome evaluation” or
“assessment of drinking behavior”?

Primary outcome

What were the secondary outcome(s) results?Secondary outcomes

aPICO: population, intervention, comparator, outcomes.

The primary outcome of interest is the reduction in alcohol
consumption. Based on the domains outlined by the National
Institute of Alcohol Abuse and Alcoholism (NIAAA) [16], these
outcomes are classified under the “outcome evaluation” and
“assessment of drinking behavior” domains. The outcome
evaluation domain pertains to the measures that are the end
results of treatment, such as the Drinking Problems Index (DPI),
the Alcohol Timeline Follow Back (TLFB), and the Addiction
Severity Index (ASI). The assessment of drinking behavior
domain consists of measures which assess the quantity,
frequency, intensity, and pattern of alcohol consumption, for
example, the Drinking Self-Monitoring Log (DSML). The
secondary outcomes of interest will include measures under the
NIAAA “treatment and process assessment” domain. The
measures under this domain focus on understanding the process
of treatment such as treatment atmosphere, degree of treatment
structure, and the immediate goals or proximal outcomes of
treatment, for example, the Treatment Services Review (TSR).
Measures related to client experience (eg, self-efficacy, patient
activation, and patient experience) are also of interest. In

addition, participant attrition is a secondary outcome of interest;
however, this outcome will be extracted under the population
domain.

Data Analysis
A narrative synthesis of all included articles will be outlined in
tables and will include study details, sample characteristics,
description of app-based interventions, and outcomes. A
meta-analysis will be performed if feasible. Depending on
outcomes reported, this review will calculate and report pooled
risk ratios or standardized mean differences. Fowler et al [16]
found many of the studies in their review did not provide the
appropriate data for meta-analysis and that there was too much
heterogeneity in populations, interventions, and outcome
measures. Based on this observation, effect sizes will be
calculated for articles that did not report them using the reported
data (ie, test statistics or probability values) to calculate the
appropriate metric [21]. Furthermore, a random effects model
will be performed since it is anticipated that the included studies
may be heterogeneous. The results will be assessed using the
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evolution of heterogeneity (I2) statistic [22,23]. A sensitivity
analysis will be conducted based on study quality and study
design to investigate the source of heterogeneity. Furthermore,
a subgroup analysis to explore heterogeneity of the estimated
effect sizes will be conducted based on the following
characteristics: study quality, severity of AUD in participants,
length of intervention, type of control condition, attrition rates,
intervention characteristics (automated versus health care
provider involvement, theoretical or atheoretical,
dosage/duration), and patient experiences (ie, satisfaction,
activation, and self-efficacy). Evidence of publication bias will
be assessed through funnel plots.

Quality Assessment
Two reviewers will independently assess the risk of bias in the
included studies using the Scottish Intercollegiate Guidelines
Network (SIGN) 50 critical appraisal checklists for randomized
controlled trials (RCTs) and observational studies [24]. The
SIGN 50 tools were selected following recommendations made

by the Canadian Agency for Drugs and Technology in Health
(CADTH) [25] and were based on a systematic review followed
by expert and stakeholder consultation/vetting processes on the
quality of the identified quality appraisal tools. The assessments
will be compared and disagreements will be resolved by
consensus or third reviewer if necessary.

Results

The initial search yielded 1076 articles of which 570 (52.97%,
570/1076) were unique citations. The second search added an
additional 129 (64.8%, 129/199) unique citations. After applying
the inclusion and exclusion criteria to the title and abstracts, 63
(9.0%, 63/699) citations were assessed as potentially relevant
for full-text review. The hand-searching yielded 6 citations to
be included in the full-text review. To date, the reviewers have
included 10 articles and will begin data extraction and quality
assessments. The progress to date is outlined in Figure 1. This
review is projected to be completed in the summer of 2017.

Figure 1. Preliminary PRISMA flow diagram (progress to date).

Discussion

Principal Findings
There is great potential for apps to support individuals with
AUD. However, the efficacy or effectiveness of these apps, or
apps in general, is not well understood because the research has
yet to catch up to the ever-evolving and expanding mHealth
landscape. In 2012, a study found 44 of 500 alcohol-related
mobile phone apps available in the Apple and Android
marketplaces focused on alcohol reduction [26]. A follow-up
review [27] found the number of alcohol-reduction apps (n=91)

doubled in two years and that 16.4% of the apps identified
(n=662) mentioned evidence in their descriptions. While there
are no systematic reviews evaluating the effectiveness of mobile
apps, reviews found that electronic interventions
(e-interventions) for alcohol misuse in general have short-term
benefits in reducing alcohol consumption [28-32]. A recent
systematic review [16] of mobile-based interventions for adult
alcohol users found only 2 studies on the effectiveness of alcohol
reduction/cessation apps, as the remaining articles focused on
SMS-based interventions. This review will build on the efforts
by Fowler et al [16] by focusing on evaluations of app-based
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interventions for AUD by expanding the search strategy and
including a wider range of study designs.

Conclusion
This systematic review will be the first to determine the
effectiveness of app-based interventions to reduce alcohol
consumption for individuals with AUD. While the primary focus
will be clinical outcomes, this study will also seek to understand
whether using the app will have any positive psychological

outcomes in the form of empowerment or self-efficacy and
whether these apps provide the support needed to sustain use.
Engagement with the app is important if behavior change is to
occur, especially with many digital interventions experiencing
high rates of attrition [27,33]. Understanding these secondary
factors will provide insights on the behavioral mechanism
required to reduce alcohol consumption and whether there are
gaps between app concept, delivery, and translation into
behavior change and alcohol use reduction [33].
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Abstract

Background: Individuals with type 2 diabetes have an increased risk for comorbidities such as heart disease, lower limb
amputations, stroke, and renal failure. Multiple factors influence development of complications in a person living with type 2
diabetes; however, an individual’s self-management behaviors may delay the onset of, or lessen the severity of, these complications.
Social support provides personal, informal advice and knowledge that helps individuals initiate and sustain self-management and
adherence.

Objective: Our aim was to gain an understanding of type 2 diabetes social interaction in a virtual environment, one type of
computer-mediated environment (CME), and the social support characteristics that increase and sustain self-management in adults
living with chronic illness.

Methods: This study is a secondary analysis of longitudinal data collected in a CME study, Second Life Impacts Diabetes
Education & Self-Management (1R21-LM010727-01). This virtual environment replicated a real-life community where 6 months
of naturalistic synchronous voice conversations, emails, and text chats were recorded among participants and providers. This
analysis uses a mixed-methods approach to explore and compare qualitative and quantitative findings. This analysis is guided by
two theories: Strong/Weak Ties Theory and Social Penetration Theory. Qualitative data will be analyzed using content analysis,
and we will complete descriptive statistics on the quantified variables (eg, average number of ties). Institutional review board
approval was obtained in June 2016.

Results: This study is in progress.

Conclusions: Interventions provided through virtual environments are a promising solution to increasing self-management
practices. However, little is known of the depth, breadth, and quality of social support that is exchanged and how interaction
supports self-management and relates to health outcomes. This study will provide knowledge that will help guide clinical practice
and policy to enhance social support for chronic illness via the Internet.

(JMIR Res Protoc 2017;6(4):e65)   doi:10.2196/resprot.7442

KEYWORDS

diabetes type 2; social support; adults; Internet; peer support; self-management; mixed methods; social interaction; secondary
analysis
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Introduction

Type 2 diabetes (T2D) affects 9.3% of the adult population in

the United States and is the 7th leading cause of death [1]. The
Centers for Disease Control and Prevention estimates an
additional 8.1 million US adults are living with T2D, yet remain
undiagnosed [1]. Complications of T2D include renal failure,
lower limb amputations, and heart disease [1]; such
complications are associated with an individual’s
self-management behaviors [2-4]. Regular preventative care is
also essential to preventing comorbidities and maintaining a
baseline level of health [5]. However, no greater than 75% of
adults report receiving standard, recommended T2D preventive
care, such as vaccinations, annual eye exams, at least an annual
glycosylated hemoglobin (HbA1c) test, and regular foot
examinations [1]. Due to the increasing incidence and prevalence
of T2D, health care providers and researchers need to explore
innovative, accessible, and lower cost ways to enhance the
self-management skills of those living with T2D [6,7].

Self-management of T2D is person-specific, ever-present, and
dynamic [2], as individuals with T2D provide 99% of their own
self-care [8]. Thus, daily disease management of T2D depends
on an individual’s self-management behaviors and knowledge
[2]. In addition to T2D specific skills and knowledge, research
indicates that psychosocial support is important in maintaining
self-management behaviors [9,10]. As such, interventions that
provide additional support to facilitate self-management are
essential, as individuals living with T2D report not receiving
desired psychosocial support from close family and peers [11].

Background
Individuals living with T2D can become knowledgeable about
self-management behaviors and living with a chronic illness
through social interactions with peers and providers [12]. Studies
indicate that sustained support from peers and providers for
T2D self-management is effective in lowering HbA1c levels
because it reinforces critical self-management skills [7,10,13].
Table 1 provides definitions for terms utilized in this study
[14-24].

Table 1. Terms used in this study.

Definition for this studyTerm

Daily activities completed by the individual living with T2D, which may include
[14-16]: monitoring dietary intake, checking blood glucose values, medication
adherence, physical activity, foot care

Self-management behaviors

A bidirectional, verbal, or written exchange between two or more individuals
on a mutually shared, central topic [17-19]

Social interaction

Personal, informal advice and knowledge that help individuals initiate and sustain
T2D self-management behaviors, thus increasing adherence [20-22]

Social support

A computer medium that mediates communication among individuals [23,24]:
email, discussion forums, text messaging, virtual environments

Computer-mediated environment

Self-management of T2D improves with increased frequency
of social interaction [25-27]. Research indicates that high
frequency interaction, over an extended period of time, with
peers or health care professionals can impact and change
self-management strategies and blood glucose levels in T2D
interventions [6]. Social interaction is important in
self-management as individuals provide real-world assistance
to those with T2D. Key to this relationship is the mutual
understanding of the shared experience of living with T2D
[22,28-30]. Individuals may exchange support as well as obtain
information from others during these synchronous and
asynchronous interactions [20,31,32]. Social interactions enable
individuals to verbalize this acquired knowledge [33,34].

Of note, an individual’s behavior can be influenced due to a
social interaction [31,35]. Verbalizing a personal narrative
influences self-management skills, emotional expression, health
outcomes, and social support; the language used denotes an
individual’s perspective and meaning of these situations
[32,36-40]. However, frequent levels of interaction and support
are not always feasible in traditional health care settings due to
the temporal and financial constraints on both the individuals
and provider [6,41,42]. Thus, using the Internet for social
interaction is a potential solution and can include interaction
among peers as well as between the individuals and provider.

Internet interventions are more widely accessible than other
forms of health care [43]. Individuals access information and
interact with an online community of support [44,45] and gain
quality information to aid in the self-management of T2D
[44-46]. Therefore, interventions provided via
computer-mediated environments (CMEs) are a promising
solution to increase self-management practices [47,48]. Current
CME interventions to improve T2D self-management include
mHealth [45,49], programs via the Internet [45,49], and
telemonitors [50]. In CMEs, individuals gain information and
benefit from being present with others [51]; their participation
is both active (present, talking) and passive (present, not
talking). Information gleaned through these online interactions
supplements and enhances real-world knowledge, processes,
and experiences [52-54].

Despite obtaining useful self-management skills and knowledge,
attrition in T2D self-management programs remains a concern.
Reasons for attrition include barriers that may be temporal (eg,
working full- or part-time, scheduling conflicts), geographical
(eg, distance to program), emotional (eg, apathy, priority of
self-management), or technological (eg, engagement, computer
problems) [25,55,56]. Internet interventions can address many
of these barriers to attendance, thus potentially decreasing
attrition in self-management interventions. Unfortunately, the
rates of T2D self-management remain suboptimal, and Internet
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intervention studies to improve self-management report
inconsistent findings in both short- and long-term effectiveness
and sustainability [3,26,49,57,58]. Mixed results may stem from
not having synchronous conversations in social interaction,
which would provide sufficient depth and breadth in social
support or not having the ability to obtain this type of support
at convenient times [16].

A virtual environment focusing on T2D-specific
self-management skills may influence the real-time social
interactions among individuals and the support exchanged [16].
Virtual environments mimic real-world environments. The
virtual environment is exploratory, interactive, extensive, and
users can ultimately determine their own personal involvement
and investment [59]. This computer-generated environment
provides an illusion of the real world through a multisensory,
interactive encounter, in which users feel presence and
co-presence [60,61]. Presence, the feeling of being “there” in
the environment, makes it feel as if the actions in the CME were
occurring in the real world, and the user is completely engaged
in the CME [60-62]. Co-presence is the feeling that others are
present in the virtual environment and that one is in an
interactive environment where interpersonal relationships can
be initiated, formed, and maintained [60,61]. While virtual
environments can have many different types of representations
(eg, small towns, space crafts) and facilitate a variety of
interactions, the proposed study describes a virtual environment
as one that recreates a small town using three-dimensional
graphics [61]. The replication of real-life environments can
foster skills that promote real-world application of essential
self-management behaviors [16].

Individuals self-represent as avatars within these environments,
a type of CME, to receive both informal and formal learning
opportunities, thus reinforcing positive T2D self-management
techniques [46,61,63]. Avatars, when high in agency (eg,
accurate representation of a person in real life) and behavioral
realism (eg, degree to which objects in the virtual environment

act like they do in the real world), increase the involvement and
engagement of individuals in the virtual environment [61]. This
real-time interaction and support may positively influence
self-management skills and behaviors. However, a gap in
knowledge exists regarding the characteristics of social
interaction and social support exchanged among adults living
with diabetes that contribute to sustained behavior change and
self-management [64,65].

Thus, this current study will provide insight into the depth,
breadth, and quality of the social interaction and social support
exchanged in a virtual environment through the study of
conversations among participants in combination with survey
responses, health outcomes (HbA1c, body mass index), and
activity data. The parent study, Second Life Impacts Diabetes
Education and Self-Management (SLIDES;
1R21-LM010727-01), provided self-management support and
education in a virtual environment, where all voice, email, and
text-chat conversations were recorded in real-time over a
6-month period [16]. The knowledge generated from this study
will help determine what features are important to include in
future T2D self-management interventions and how to best
facilitate high-quality, effective support. Here we describe the
theoretical and analytic approaches to this study exploring the
characteristics of social interaction and social support exchanged
among adults living with T2D who interacted in a virtual
environment.

Theoretical Framework
This study uses Social Penetration Theory [66] and Strong/Weak
Ties Theory [67,68] to guide this secondary analysis in order
to gain an understanding of T2D-specific social interaction
among providers and peers within a CME. These theories will
help us examine the differences in interaction among both active
and passive participants, amount and type of interaction, and
exchange of social support, specifically centering on
self-management of chronic illness. Figure 1 depicts the guiding
framework for this study.

Figure 1. Guiding framework for this secondary analysis of qualitative and quantitative data from adults living with type 2 diabetes who interacted in
a virtual environment. The bolded lines indicate the focus of this secondary analysis.
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Social Interaction
Social Penetration Theory suggests that the perceived value of
a relationship influences the perceived rewards of initiating and
maintaining participation, which then influences the breadth
(eg, number of topics discussed) and depth (eg, degree of
intimacy and personalization of discussed topics). Thus,
increased breadth and depth will occur in a high reward (eg,
family member, valued and trusted friend) relationship; low
breadth and depth will occur in relationships that are considered
low reward (eg, casual acquaintance) [66,69]. The determination
of the value in a relationship influences the tie strength between
two individuals.

In Granovetter’s [67] Strong/Weak Ties Theory, tie strength is
time in which the relationship can develop and occur, intensity
of emotions within that relationship, breadth and depth of
intimacy, and whether the relationship is reciprocal and mutual.
Strong and weak ties each serve a purpose. Strong ties provide
support and intimacy, and weak ties provide linkages to
information and resources outside of an individual’s circle of
intimate relationships [67-69]. The number and type of topics
discussed within these ties, such as social support, have the
potential to influence tie strength. Strong ties are defined by
closeness of contact, duration of contact, frequency of contact,
and a direct link between two individuals. In sum, strong ties
are densely connected [67-69] and the amount of social support
is high. For instance, strong ties are an individual’s close family
and friends with whom they frequently interact, and the ties are
familiar with each other [68]. Weak ties are not densely
connected, the relationships do not require large amounts of
time or investment and can be formed more rapidly [67-69],
and the amount and type of social support is lower than with
strong ties. Weak ties are essential to a group; new information
is diffused and shared between individuals [67-69]. An
individual has weak ties with other people with whom they are
not in frequent contact, and there is little familiarity among the
individual’s other weak ties [68]. The characterization of the
ties between individuals is important, as well as the
identification of when ties are integral and influential in
self-management and the exchange of support.

Social Support
We conceptualize social support as emotional, instrumental,
informational, and appraisal support [70-74]. Emotional support
is the provision of empathy shared among peers and providers
when discussing T2D self-management. Instrumental support
is the provision of assistance or goods that assist in the
self-management of T2D. Informational support is the sharing
of knowledge that assists the individual in T2D
self-management. Appraisal support includes affirmational
comments among individuals regarding self-management actions
taken [75]. Peer support (eg, support from peers living with
T2D) consists of assistance in daily management, linkage to
clinical care, and the ongoing availability of support [29].

Self-Management and Health Outcomes
In this study, we utilized the outcome measures from the parent
study to conceptualize self-management and health outcomes
[16,48]. Data collected included valid and reliable measurement

of (1) self-management behaviors via the Summary of Diabetes
Self-Care Activities [76], (2) diabetes knowledge via true/false
items designed to assess diabetes knowledge [77], (3) perceived
support for T2D management via the Diabetes Support Scale
[78], (4) self-efficacy via the Diabetes Empowerment
Scale-Short Form [79], (5) outcome data (HbA1c and body
mass index) via medical chart reviews by the study coordinator,
(6) demographics collected by the study coordinator, and (7)
activity data (number of logins, time spent online) via participant
activity in the SLIDES site [16,48]. These data were collected
at baseline, 3 months, and 6 months and are described fully
elsewhere [16,48].

Study Protocol
The overall goal of this study is to gain an understanding of
T2D social interaction in a virtual environment, a type of CME,
and the social support characteristics that increase and sustain
self-management in adults living with this chronic illness. The
specific aims for this study are:

• To describe the characteristics of social interaction using
the following six a priori categories: (1) topics discussed,
(2) strong/weak ties, (3) depth, (4) breadth, (5) participation,
and (6) general engagement in the CME; and emergent
codes that arise in a CME about self-management.

• To describe the characteristics of social support using the
following four a priori categories: (1) emotional, (2)
instrumental, (3) informational, and (4) appraisal; and
emergent codes as they arise in a CME about
self-management.

• To describe the trends of social interaction and social
support over time, and the longitudinal relationship between
social support and social interaction with SLIDES outcome
data including self-management behaviors, self-efficacy,
diabetes knowledge, perceived support for T2D
management, health outcomes (HbA1c, body mass index),
and participation (number of logins, time spent online).

Design
A mixed-methods secondary analysis of naturalistic,
conversational, qualitative data (voice and text conversations)
will be used to describe the characteristics of social interaction
in a CME about self-management and support [80-82]. This
secondary analysis was approved by the University Institutional
Review Board (Pro00022132).

Parent Study
The SLIDES study looked at a virtual three-dimensional diabetes
community that promoted knowledge application of
self-management behaviors among adults with T2D [16,48].
The SLIDES sample included individuals living with T2D who
self-represented as avatars (eg, representations of themselves)
and interacted with peers while learning and practicing
self-management skills. Individuals interacted in real-time
self-management education and support classes focused on
American Association of Diabetes Educators curriculum for
self-management education and salient T2D self-management
topics.
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Participants
All participants (N=20) and providers (diabetes educators and
study investigators) (N=4) of the SLIDES study, and all
conversations among participants, will be used. No further
recruitment of participants will occur, and no additional
inclusion or exclusion criteria will be applied. The demographics
and primary outcomes of this study have been previously
reported elsewhere [16,48]. As we want to analyze the various
ways that individuals participated, we will include all 20
participants knowing that some participated more actively than
others. Passive and active participation are described in the
operationalization of social interaction. This allows us to
understand what is happening to those individuals who are
more/less active and more/less passive. The qualitative
conversation data have not been analyzed in the parent study.

Data Preparation
An Institutional Review Board approved transcriptionist and
the first author transcribed the synchronous voice conversations.
The first author verified concordance with the MP3 voice
conversation files to ensure the accuracy of spoken words and
the communication style of each participant. Each spoken word
is linked to a SLIDES participant (de-identified), location of
conversation in the SLIDES CME, and calendar date of
conversation and is organized into a Microsoft Word file. Since
the participants were provided a study-created screen name,
their personal names were de-identified. These data were then
organized by study week and uploaded into Atlas.ti for analysis.

Measures

Qualitative Data
These data include all synchronous voice conversations and
asynchronous conversations (eg, text chat, discussion forums,
and emails) over 6 months (1535 pages of transcribed text),
thus providing secondary data for evaluating social interaction
[16,48]. Table 2 provides the operationalization of social
interaction [66-69,83] and social support [70-74] for this study.
Conversations occurred in various contexts: participant to
participant, participant to educator, discussion forums, and
within group education and support sessions [16,48].

Quantitative Data
We will be using data that were previously collected and
analyzed in the parent study [16,48]. Demographic data were
collected on entry into the SLIDES study, and activity data were
collected continuously when the participants entered the SLIDES
site.

Data Analysis Plan

Overview
Table 3 provides a description of the analysis plan for the
qualitative aims. The qualitative aims, characterizing social
interaction and characterizing social support, will be first
analyzed with content analysis [84] using Atlas.ti to manage
and support the coding process.

Table 2. Operationalization of social interaction, social support, and source of support for this secondary analysis.

Operationalization in this studyVariable

Topic [83]: the content of the discussion about self-management, T2D, or living
with chronic illness

Social interaction

Ties (strong/weak) [67,68]: amount and duration of contact, intensity of emotions,
reciprocity of interaction

Depth [66,69]: degree of intimacy and personalization of discussed topics

Breadth [66,69]: number of topics discussed

Participation (active/passive): present and talking; present, not talking

Emotional: exchange of feelings of trust, caring, love, belongingness, and warmth
when discussing T2D self-management or behaviors

Social support (4 categories as noted in the literature [70-74])

Instrumental: exchange of tangible goods or services related to T2D self-man-
agement

Informational: exchange of T2D-specific information among individuals

Appraisal: exchange of praise for a T2D self-management behavior or action

Emergent codes: to capture instances in the conversations not covered by the 4
categories of social support

Provider: nurse practitioners, certified diabetes educator, principal investigator
of SLIDES

Source of support (providers of support and/or education within the
CME)

Peer: another individual with T2D
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Table 3. Data analysis plan for the qualitative aims.

PlanAim and steps

To describe the characteristics of social interaction using six a priori categories:
(1) topics discussed, (2) strong/weak ties, (3) depth, (4) breadth, (5) participation,
(6) general engagement in the CME; and emergent codes that arise in a CME
about self-management

Study Aim 1: Characterizing social interaction

To describe the characteristics of social support using the four a priori categories
of social support: (1) emotional, (2) instrumental, (3) informational, and (4) ap-
praisal; and emergent codes as they arise in a CME about self-management

Study Aim 2: Characterizing social support

Determine appropriate coding unit for each a priori codeAnalysis Step 1: First level coding process (data-near coding process)

Demographic coding (eg, conversation type, participant ID, participant study
time, location in virtual environment, class type, conversation type)

Code data:

Social interaction: Use a priori codes (Table 1)

Social support: Use a priori codes (Table 1)

Team process: Code independently, gather together and debate definitions and
coding, re-code documents following the meeting

When themes are created, create variablesAnalysis Step 2: Second level coding process (increasing abstraction
of codes)

Create higher level, more abstract codes based on the first level codes: Social
interaction and Social support

Team process: Same steps taken as in the first level coding process

Table 4. Data analysis plan for the mixed-method aim.

PlanAim and steps

To describe the trends of social interaction and social support over time, and the
longitudinal relationship between social support and social interaction with
SLIDES outcome data including self-management behaviors, self-efficacy, dia-
betes knowledge, perceived support for T2D management, physiological data
(HbA1c, body mass index), and activity data (number of logins, time spent online)

Study Aim 3: Mixed-methods aim

Identify patterns that emerge that can be described with sample demographics
(eg, race, duration of diabetes)

Analysis Step 3: mixing the data (identifying areas of convergence
and divergence of these data)

The codes and themes created using content analysis will be
quantitized into numerical values in order to create code counts
for use in displaying trajectory lines for the mixed-method aim
[85,86]. Table 4 provides the analysis plan for the
mixed-methods aim. Emergent codes will be identified in
relation to observations of social support unique to participants
living with T2D interacting in a CME. Codes will be analyzed
consistent with the theoretical framework and in the context of
social interaction, social support, and self-management of T2D.
Thus, the theoretical framework provides the lens to examine
the conversations with a more focused and guided analysis.

Validity and Rigor
We will use team coding procedures to ensure validity and
reliability of findings and iteratively generate codes based on
the theories [86,87]. We will ensure validity by providing rich
descriptions of all codes with exemplar quotations, triangulating
data from quantitative and qualitative sources, presenting any
discrepant information identified during the coding process,
and discussing all findings as a team [88]. Validity of findings
is also strengthened due to the extensive time the first author
(AAL) spent cleaning and organizing these data, the involvement

of the last author (CMJ) who served as Principal Investigator
of SLIDES, and the participation of the third author (AAV), a
co-investigator in SLIDES who led the support sessions [88].
A codebook will be created that details creation of the codes
and emerging themes and that contains an audit trail of actions
throughout coding and analysis [89]. The coding team (AAL,
RAA, CMJ) will meet regularly to ensure accuracy of coding,
reliability, categorization, higher level code development, and
emerging findings. The coding team will independently read
and code 25% of the transcripts during the entire analysis to
ensure reliability.

Qualitative Aims: First Level Coding
The coding team will initially independently code the transcripts
using the a priori codes for 5% of the transcripts and then meet
to discuss codes and coding units. The team will compare
examples and findings and discuss results until agreement is
reached on coding definitions and application of the definitions
to these data. The coding team will look for coding agreement
for the remaining 5% of cycles of coding. Due to the
multidimensional structure that is anticipated to be present in
the transcripts, no limit will be placed on the number of codes
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to which a coding unit can be assigned. The coding team will
repeat this process until we have agreement on the first level
coding. Following discussions, the first author will re-code
transcripts using any new codes, and the coding team will review
work on a bi-weekly basis.

Qualitative Aims: Second Level Coding
We will use data matrices to identify patterns in these data that
emerge relating to social interaction and social support [90].
The coding team will meet to identify higher level and more
refined codes, inclusive of the codes identified in first level
coding. Second level coding will mirror the first level coding
in that the coding team will independently code 5% of the
transcripts and then meet to discuss emerging patterns in these
data. No limit will be placed on the number of higher level codes
that a coding unit can be assigned. These data, and the patterns
identified, will be quantitized to variables related to social
interaction and social support (eg, levels of depth, active
listening) [85]. Descriptive statistics will be used to summarize
differences, determine frequencies, and identify relationships.

Mixed-Methods Aim
The SAS program version 9.4 will be used to address this aim.
Due to the small sample size (N=20), we will compute

descriptive statistics only to summarize the characteristics of
social interaction and social support. These data will then be
used to examine the longitudinal relationship between these
variables with body mass index and HbA1c. The variables
created during analysis of these qualitative data for the social
interaction and social support aims will be used in the analysis
of the mixed-methods aim. These data will be first plotted on
trajectory lines for each person for the social interaction and
social support variables (eg, ties, emotional support), and two
or three subgroups will be identified by visually examining their
trends over time (eg, informational support increased,
unchanged, or decreased). Then we will summarize the average
trend for each variable created from qualitative data (eg, ties,
emotional support) and overlay the SLIDES variables (eg,
diabetes knowledge, self-efficacy) for the subgroups to identify
the trajectories at three time points (ie, baseline, 3 months, 6
months) and relate these to body mass index and HbA1c. Figure
2 provides a sample of such graphs to visualize these data.

The visual and descriptive trajectory lines will allow us to
overlay the average trends from the time points to describe
trends over time and how social support and social interaction
evolve. We will determine if there are differences in the
trajectory plots described above, based on demographic factors,
duration of diabetes, and time spent online.

Figure 2. Sample of graphs for Aim 3, the mixed-methods aim for BMI and time. We first visually categorize the 20 trajectories of informational
support into increased, unchanged, and decreased groups. Here shows a plot of the three subgroup’s BMI across the time points to see if the trajectories
of BMI are correlated with the informational support: BMI decreased for the group of increased information support (filled line), BMI unchanged for
the group of unchanged informational support (dotted line), and BMI increased for the group of decreased informational support (dashed line).

Discussion

Principal Considerations
Research indicates that sustained social support reinforces T2D
self-management behaviors [7,29,91,92]. Current T2D social
support research focuses on face-to-face interactions and CMEs
with person-to-person interaction via the Internet
[7,29,47-49,91,92]; yet, interventions for T2D over the past 15
years have not led to significant long-term improvements in
self-management [49]. Therefore, a need exists for sustainable,

innovative interventions that increase an individual’s
self-management behaviors by providing long-term contact with
providers and peers that provide T2D specific support [93-95].

Type 2 diabetes self-management is positively influenced by
sustained, continuous support via face-to-face or Internet
environments [26,49]. Research shows that relationships formed
in CMEs augment face-to-face support; however, specifics of
these relationships remain unknown [96,97]. Thus, we do not
have sufficient evidence for how to encourage and support
effective interactions in CMEs. Sufficient knowledge about
interaction in CMEs is needed as approximately 81% of all US
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adults use the Internet and 72% look for health information
online [98-100]. Thus, the analysis of verbatim, naturalistic
conversations in a virtual environment, will characterize enacted,
supportive interactions among individuals living with a chronic
illness who are seeking information and support. Results from
this study will provide a way to measure social support as it is
provided in daily conversation and interaction to identify the
real-time exchange of support among adults living with chronic
illness.

The SLIDES platform allowed participants to have conversations
online and exchange support in naturalistic conversations.
Interactions in virtual environments are synchronous and include
sight (eg, one can see graphics), sound (eg, one can hear other
individuals talking and other ambient sounds in the
environment), voice (eg, one can talk to others via a headset),
text (eg, text-chatting with another person), and motion (eg, one
can direct their avatar and navigate around the CME) [61,101].
This synchronous communication and the feelings of presence
and co-presence mimic the real-time communication that occurs
in relationships in the real world. Our belief is that
conversational depth and breadth will occur in the virtual
environment because individuals will feel like they are in the
virtual environment (presence), with others (co-presence), and
in a real-life conversation with another person and not an avatar
(synchronous communication) [61]. Analysis of these
naturalistic conversations will determine if the four categories
of social support are reflected in social interactions in a CME.
To our knowledge, this is the first study to analyze and
characterize (1) social interaction among participants interacting
in a T2D CME, in order to understand the nature of this kind
of social interaction, and (2) social support in naturalistic
conversations, in order to understand how to improve the
exchange and delivery of social support in T2D specific
interventions to populations with high rates of T2D. This
data-rich sample allows for the identification of the nature of

T2D-specific social support and social interaction in a CME
using descriptive analysis and trajectory creation.

Limitations
Limitations of this study include the small sample size (N=20),
having only one male participant, and the inability to probe
individuals to clarify statements. These factors limit the
generalizability of the findings, and thus findings will be
interpreted with caution. However, a sample of this size will
enable us to analyze the conversations among individuals in
depth, so that we can fully understand the phenomenon of
interaction in a CME [102]. The value of analyzing naturalistic
conversations will aid in understanding the nature of social
support and social interaction in a CME and its benefits for
self-management. With these data, we hope to see instances of
social support that are rich in personal narratives, describe living
with T2D, and contain emotional connections with others.

Conclusions
The current study is unique because in the parent study, all
interaction occurred within the virtual environment, which
mimicked real life. The proposed study will determine the type
of social support being exchanged in natural conversation
through social interaction within a virtual environment by
participants, and the subsequent changes in self-management.
These results could be used to develop sustainable
self-management interventions that promote high-frequency
support. The proposed study will lead to further research to
validate the findings in other populations. Subsequent research
will aid in the development of effective and scalable
self-management interventions that can reach large numbers of
individuals including disadvantaged or diverse groups. The
proposed study is a conceptual step in the development of
self-management interventions aimed at improving
population-level prevention and management of T2D, thus
addressing the population burden and disparities seen with this
chronic illness.
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Abstract

Background: Clinical guidelines provide systematically developed recommendations for deciding on appropriate health care
options for specific conditions and clinical circumstances. Up until recently, patients and caregivers have rarely been included
in the process of developing care guidelines.

Objective: This project will develop and test a new online method for including patients and their caregivers in this process
using Duchenne muscular dystrophy (DMD) care guidelines as an example. The new method will mirror and complement the
RAND/UCLA Appropriateness Method (RAM)—the gold standard approach for conducting clinical expert panels that uses a
modified Delphi format. RAM is often used in clinical guideline development to determine care appropriateness and necessity
in situations where existing clinical evidence is uncertain, weak, or unavailable.

Methods: To develop the new method for engaging patients and their caregivers in guideline development, we will first conduct
interviews with experts on RAM, guideline development, patient engagement, and patient-centeredness and engage with Duchenne
patients and caregivers to identify how RAM should be modified for the purposes of patient engagement and what rating criteria
should patients and caregivers use to provide their input during the process of guideline development. Once the new method is
piloted, we will test it by conducting two concurrently run patient/caregiver panels that will rate patient-centeredness of a subset
of DMD care management recommendations already deemed clinically appropriate and necessary. The ExpertLens™ system—a
previously evaluated online modified Delphi system that combines two rounds of rating with a round of feedback and moderated
online discussions—will be used to conduct these panels. In addition to developing and testing the new engagement method, we
will work with the members of our project’s Advisory Board to generate a list of best practices for enhancing the level of patient
and caregiver involvement in the guideline development process. We will solicit input on these best practice from Duchenne
patients, caregivers, and clinicians by conducting a series of round-table discussions and making a presentation at an annual
conference on Duchenne.

Results: The study protocol was reviewed by RAND’s Human Subjects Protection Committee, which determined it to be exempt
from review. Interviews with RAM experts have been completed. The projected study completion date is May 2020.

Conclusions: We expect that the new method will make it easier to engage large numbers of patients and caregivers in the
process of guideline development in a rigorous and culturally appropriate manner that is consistent with the way clinicians
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participate in guideline development. Moreover, this project will develop best practices that could help involve patients and
caregivers in the clinical guideline development process in other clinical areas, thereby facilitating the work of guideline developers.

(JMIR Res Protoc 2017;6(4):e57)   doi:10.2196/resprot.6902

KEYWORDS

Delphi method; Duchenne muscular dystrophy; ExpertLens; guideline development; online stakeholder engagement panels;
patient engagement

Introduction

Clinical guidelines provide systematically developed
recommendations for deciding on appropriate health care options
for specific conditions and clinical circumstances [1]. A key
methodological aspect that influences the quality of guideline
recommendations is the composition of the group developing
the guideline [2]. All stakeholders with a legitimate interest in
a clinical guideline should be engaged in guideline development
to ensure that guidelines are created in a transparent, democratic
manner and are acceptable to different stakeholder groups [3].
However, clinical guideline development groups traditionally
have not directly involved patients or their caregivers [4]. For
example, only an estimated 25% of guidelines involve patients
in the development process [4]. Moreover, a review of 51
evidence-based clinical practice guidelines found only 5% of
guideline word count and 6% of references were related to
patient preferences [5].

Patients, their caregivers, and many organizations concerned
about guideline development have long argued that guideline
development groups need to better include patients and
caregivers because these stakeholders have particular knowledge
and expertise on the direct experience of conditions of interest
[1]. Research shows that patients and clinicians value the
balance between risks and benefits differently [6] and that
patients and their families provide unique perspectives that may
differ from areas of focus in a clinical encounter [7]. For
instance, while some care recommendations might be deemed
appropriate and necessary by clinicians, they may not be
acceptable from the patient perspective [8]; patients may focus
more on issues related to overall quality of life rather than
specific disease areas or life expectancy [9]. Effective
implementation of guidelines ultimately requires patient
adherence, and one might argue that the practical use of
guidelines will be higher where patients feel the guidelines are
sensitive and relevant to their needs. Moreover, the World
Health Organization, National Institute for Health and Care
Excellence (NICE), and Institute of Medicine also called for
involving patients and other public stakeholders in developing
and implementing clinical guidelines [4,8,10]. For example, the
Guideline International Network (G-I-N)—an international
organization dedicated to guidelines and to hosting the largest
international guideline library—created a Patient and Public
Involvement Group (G-I-N PUBLIC) to more effectively engage
patient stakeholders in developing and implementing clinical
guidelines [11]. Finally, the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) approach
to guideline development also encourages guideline developers
to ensure that guidelines address the outcomes that patients

value and that their recommendations are likely to be acceptable
from the patient perspective [12].

While there is agreement that patients should be involved in
guideline development, there is no consensus on how patients
should participate in this process. Patients can be involved at
different stages of the process, from topic selection, to reviewing
and grading the strength of evidence, to developing
recommendations [13]. They can also be asked to provide their
views on living with their condition, accessing services,
perceived benefits and harms of treatment options, or clinical
outcomes of importance [1,14]. Perhaps more than any other
stakeholder, patients are able to reflect on what outcomes they
are looking for from the guidelines. Besides asking patients to
join the evidence review group [15] or to submit evidence to
be considered for guideline development [1], which could lead
to a broader range of evidence being considered, guideline
development groups have engaged patients in reviewing existing
studies on patient preferences and solicited patient input in
designing data collection instruments to help identify areas
where patients and their caregivers feel guideline
recommendations are most needed [16]. Some guideline groups
have dedicated time during meetings to focus on patient and
caregiver perspectives [17]. For example, NICE uses deliberative
participation methods that involve members of the general
public, including patients, in discussing social values related to
clinical guideline development, so panel experts can interact
directly with citizens [18]. Some guideline organizations include
professional advocates acting on behalf of patients with a given
condition in guideline development groups or panels to promote
“the patient perspective” as an influence on guideline
recommendations [19]. Although professional patient advocates
play an important role, lay people with a given medical condition
should also be directly engaged in the process of developing
guideline recommendations [20] because when they are
excluded, trade-offs on what makes the cut as a recommendation
are made on behalf of patients rather than with and by patients
[21]. Finally, it is generally not possible for one person or a
small number of people to adequately represent the diversity of
perspectives of all patients with the condition. Therefore,
approaches that encourage participation of larger groups of
patients are needed.

In summary, research is needed to develop a systematic,
scalable, and culturally appropriate method to engage
patients—particularly those with rare diseases or disabilities
that limit their mobility—and their caregivers in developing
guideline recommendations. Ideally, this method should
facilitate the practical use of care guidelines given low levels
of compliance and adherence to care recommendations among
both clinicians and patients [22,23]. Finally, this new method
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should be consistent with the method used by clinicians in the
process of developing consensus-based clinical guidelines and
account for key recommendations from a workshop of
international leaders in guideline development that
recommended to expand patient engagement methods to include
Web-based consultations and to analyze the benefits and
drawbacks of specific methods for patient involvement [13].

In this project, we will develop such a method using Duchenne
muscular dystrophy (DMD) as an example. DMD is a
progressive, fatal disorder where caregiving, financial,
emotional, and physical demands increase over time and can
impact the entire family. Affected individuals have progressive
loss of functional muscle fibers, which results in weakness, loss
of ambulation (typically in the teen years), and premature death
(typically in the mid-to-late second decade of life) [24]. The
DMD community developed a set of clinical care guidelines
covering 8 domains of care [25,26], but patients and caregivers
have been consulted in the development of guidelines for 2
domains only.

Methods

Overview
This project is an equal partnership between researchers from
RAND, a nonprofit research institution that developed Delphi
and RAND/UCLA Appropriateness Method (RAM), and
community partners from Parent Project Muscular Dystrophy
(PPMD), the largest most comprehensive nonprofit organization
in the United States focused on finding a cure for DMD. The
partnership is a natural fit given the complementary expertise,
skills, and resources both organizations bring to the partnership.
We assembled a strong interdisciplinary team of academic and
community investigators, along with patient and caregiver
representatives, who bring the right mix of methodological skills
and clinical expertise combined with the lived experience of
caring for a Duchenne patient. The project has a 7-person
interdisciplinary Advisory Board that includes an adult DMD
patient, caregivers and patient advocates, researchers, a clinician,
a guideline developer, and a RAM expert.

Data Collection
Our study relies on a 3-step mixed-methods approach to develop
and test a new approach for patient engagement in clinical
guideline development.

First, we will adapt RAM, a gold standard approach used by
clinical experts in the process of guideline development to reach
consensus on appropriateness and necessity of care
recommendations [27], for the purposes of systematic online
engagement of DMD patients and their caregivers in the process
of determining patient-centeredness of already existing care
guidelines. RAM is a modified Delphi method that combines
two rating rounds with a face-to-face moderated discussion.
Nine clinical experts review the existing evidence (if any) and
rate the appropriateness and sometimes necessity of existing
treatment options or procedures using a 9-point Likert scale.
Appropriateness and necessity ratings are based on experts’
own clinical judgments—informed by the systematic review of
existing evidence—about what treatment options are best for

“an average patient presenting to an average physician who
performs the procedure in an average hospital” [27]. RAM is
considered a formal consensus exploration method that meets
the requirements of a scientific method; it has been
recommended for use in guideline development in the absence
of rigorously conducted randomized controlled trials [28]
because it helps provide explicit links between the scientific
evidence and the guideline recommendation. RAM was used
to develop Duchenne guidelines. RAM panels, however, have
been criticized for their small size and inclusion of only
clinicians and researchers [29].

In modifying RAM, we will consult with up to 10 researchers
and clinicians who have used RAM in the past, engaged patients
in guideline development, or worked on topics related to
patient-centeredness. We will solicit their perspectives on what
modifications to RAM are needed to facilitate patient and
caregiver engagement in guideline development, how
patient-centeredness ratings of care management strategies can
be included in guidelines, how guidelines can be rated and
perceived by the clinical community, and how these ratings
could help providers, patients, and their caregivers determine
the best course of action and ensure adherence to care
recommendations.

To triangulate these findings, we will also solicit input from a
maximum variation purposive sample of up to 10 adult DMD
patients and up to 30 caregivers. We can achieve diversity of
perspectives and experiences by recruiting adult patients and
caregivers of patients at various stages of disease progression,
which is typically associated with the patient’s age, and from
different geographic locations. Participants will be recruited by
PPMD through its Duchenne Connect (DCN) registry—the
largest repository of patient self-reported information on DMD.

We will be asking patients and caregivers to share their
perspectives on the topics covered during the RAM expert
interviews and comment on the usability of and suggest
modifications to the ExpertLens (EL) system, an online modified
Delphi platform that we will use for patient and caregiver
engagement. EL is a previously evaluated online modified
Delphi system that typically combines two rounds of rating with
a round of asynchronous moderated online discussions [30,31].
EL has been used in numerous research studies [32-39] but has
yet to be used in the context of patient involvement in clinical
guideline development. We chose EL because it allows for
conducting RAM panels and soliciting input from large, diverse,
and geographically distributed groups of participants iteratively;
for combining quantitative and qualitative data; for engaging
participants anonymously; and for exploring points of agreement
and disagreement among participants [40,41]. These
characteristics make EL particularly useful for engaging DMD
patients and caregivers—who are located around the country,
with some living abroad—and for collecting their input on
existing care guidelines for DMD. Patients and caregivers will
rate patient-centeredness of care recommendations using 9-point
Likert scales and share their thoughts using online discussion
boards that use the same open-ended format as previous PPMD
engagement efforts.
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To learn what DMD patients and their caregivers think about
EL, we will first ask them to watch a short video describing
each EL round and what participation in the panel will entail.
We will then provide them with access to the EL system and
ask them to share their thoughts on the user-friendliness of the
EL tool, the instructions on how to use EL, the statistical
feedback that will be provided to participants, and the
interactiveness of the discussion round, among other topics. To
do this, participants will answer a series of open-ended questions
and join threaded discussion boards within EL. We will also
ask questions about participants’understanding of and thoughts
about patient-centeredness, participation burden in the EL
process that is likely to be acceptable from the perspective of
patients and caregivers, the maximum number of clinical
scenarios, and the amount and type of background information
on DMD patient and caregiver preferences and clinical
information that should be included. We anticipate that
participants will spend approximately 1 to 2 hours answering
these questions and engaging in an online discussion over a
period of 7 to 10 days. They will receive a $50 gift card for their
participation.

Based on the input obtained from expert interviews and DMD
patients and caregivers, we will implement changes to the EL
platform and develop the modified Delphi protocol for rating
patient-centeredness of already developed clinical guidelines.
The revised version of the EL will be pilot tested by 2 to 3 DMD
patients and 7 to 8 caregivers, who will go through all three
rounds of the EL process as if they were real study participants.
After each round, pilot-testers will share feedback by answering
questions either by email or phone. These open-ended questions
will focus on specific issues related to system usability, question
clarity, and ease of discussion use, among other topics. We
anticipate that participation in all three rounds will take about
3 to 4 hours over a period of 3 weeks. Participants will receive
a $50 gift card for each round completed at the end of the pilot.

Second, we will test the new approach using one of the DMD
care guideline domains that was developed using RAM but
without patient or caregiver input, such as cardiac or endocrine
care management guidelines. To do so, we will conduct two
3-round EL panels using a modified version of the EL system
to determine the level of patient-centeredness of selected DMD
care recommendations already deemed clinically appropriate.
Our operational definition of patient-centeredness will be
informed by the existing literature and consistent with the
operationalization of appropriateness used in RAM. Our 3-round
design is consistent with a recommendation for conducting
Delphi studies with 2 or 3 rating rounds [42]. In testing the new
approach, we will compare participants’ ratings of
patient-centeredness, satisfaction levels, and participation rates
after rounds 1 and 3 in both panels. Because round 1 of the EL
process is essentially a survey, we will treat round 1 ratings as
data from a patient engagement survey—a more common mode
of patient engagement than the modified Delphi approach [43].
Such a strategy is particularly relevant for comparing the two
approaches in a rare disease community where the pool of
potential participants is limited. Finally, as in previous studies
validating the EL approach [31,39], we will determine the
replicability of final panel ratings of patient-centeredness by

comparing results of two EL panels conducted using the same
protocol.

We will use the DCN patient registry and PPMD social media
channels to recruit 20 to 25 adult patients and 60 to 70 caregivers
with a range of experiences with Duchenne care and varying
degrees of comfort using technology. We will then randomly
assign them to two panels similar in their composition. Doing
so will help us determine the replicability of panel
determinations and adhere to the best practice of conducting
online modified Delphi panels that suggests including 20 to 40
participants [31] to ensure their active participation while
minimizing burden associated with reading comments posted
by all panel members. We will recruit more than 40 participants
per panel to account for attrition typical for multiround Delphi
studies without face-to-face meetings. Our panels will be
significantly larger than a traditional 9-person RAM clinical
panel [27]. We can engage more participants because of the
online nature of the panel, which helps increase the reliability
of panel findings [28]. Our goal is to recruit a maximum
variation sample [44] that reflects the diversity of DMD patient
and caregiver experiences. This sample will not be random,
because participants will be chosen on purpose to ensure their
knowledge, expertise, and diversity of experiences. This is a
standard approach to recruiting Delphi participants [28,45].

In round 1, participants will use 9-point Likert scales to rate the
level of patient-centeredness of selected care management
strategies and explain their responses using open-text boxes
provided after each rating question (Figure 1). In round 2,
participants will see a distribution of responses to all round 1
questions (Figure 2). While only the panelist knows his or her
individual rating, all participants know the group’s ratings.
Showing statistical feedback to the participant is an essential
component of the Delphi process [42]. For each question,
participants will see a bar chart showing the frequency of each
response category (yellow bars), a group median (blue line),
their individual response (red dot), and a short statement
describing the group decision based on the group agreement as
produced by the RAM [27]. Consistent with best practices in
Delphi studies [45], we will provide instructions on how to
interpret statistical results using instructional videos and text
boxes that appear when a participant hovers over a chart.
Participants will be also able to review all rationale comments
posted in round 1 and discuss group ratings using an
asynchronous and anonymous discussion board moderated by
content experts from PPMD/DCN and online engagement
experts from RAND. In round 3, participants will reanswer
round 1 questions and rate any new care management strategies
that might have been suggested in round 2. Allowing for new
questions to be added in round 3 is consistent with the best
practices for conducting Delphi studies [42]. All participants
will receive a $50 gift card for completing each round.

At the end of each EL panel, participants will use 7-point
Likert-type scales to rate their satisfaction with the online
engagement process [31] by expressing their level of agreement
with such statements as “participation in this study was
interesting,” “the discussions brought out views I hadn’t
considered,” and “I was comfortable expressing my views in
the discussion round,” among others. We will use a modified
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version of these questions after round 1 and 3 to compare
participants’experiences. Modifications to satisfaction questions
that are asked after round 1 are needed because participants
would not have participated in the discussion round at that time.
We will develop additional questions about the usefulness and
feasibility of widespread use of the online process of rating
patient-centeredness of care guidelines. Open-ended questions
will be added to encourage participants to use their own words
to share their experiences and perspectives. A subsample of
patients and caregivers involved in the EL process will be asked
to participate in semistructured phone interviews to further share
their experiences and thoughts after they complete all study
rounds.

Third, we will develop a series of best practices for engaging
patients and their caregivers in the process of care guideline
development. To do so, we will identify generalizable lessons
learned that could inform the methodology of engaging patients

and caregivers in the process of guideline development by
working in close collaboration with our study Advisory Board.
We will share these best practices during one of the PPMD’s
annual Connect Conferences that are attended by nearly 500
families from around the world. During the conference, we will
engage with adult DMD patients, caregivers, and clinicians in
a series of up to three round-table discussions that will allow
us to discuss how to address care management approaches
deemed appropriate but not consistent with patient’s care
preferences or desired outcomes (eg, not patient-centered). Such
small group discussions are a core component of the
community-partnered research conference model that we
developed for ensuring appropriate dissemination of study
findings and for soliciting community input on study outcomes
[46]. Each round-table discussion will last for about 60 to 90
minutes and include up to 8 participants. As a token of
appreciation, participants will receive a $50 gift card.

Figure 1. Round 1 mock-up screenshot.

Figure 2. Round 2 mock-up screenshot.
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Data Analysis
There are two types of data analysis that will be performed in
this study. First, qualitative data from expert and EL participant
interviews; feedback from pilot testers about EL; responses to
all open-ended questions, rationale comments, and discussions
within EL; and round-table discussions will be analyzed
thematically by identifying and describing explicit and implicit
ideas in the data. Applied thematic analysis [47] will be used
because it helps reduce large amounts of textual data and present
them in easy-to-understand statements that could be used to
explain how experts feel about patient engagement in guideline
development, how the EL system should be modified to facilitate
patient engagement in care guideline development, how patient
input should be solicited, and what participants think about an
online approach to patient and caregiver engagement in
guideline development once they participate in the study. To
expedite the data analysis and ensure its usefulness, we will
begin with a deductive approach to directly answer our research
questions. At the same time, we will use an open coding strategy
to flag interesting ideas and themes that may not be directly
relevant to research questions but should be explored further
once preliminary data analysis is complete or once more data
have been analyzed [48]. Such an inductive approach is crucial
for identifying unanticipated ideas and issues that frequently
emerge from open-ended questions.

Given the volume of data collected from different types of
participants, we will ensure efficient data management by using
qualitative data analysis (QDA) software such as MAXQDA
(Verbi GmbH) to code and retrieve large amount of textual data
to help ensure analysis rigor [49]. Doing so will help us
organize, evaluate, code, annotate, and interpret qualitative data
by creating easy-to-read reports and data visualizations. We
will develop, program within the QDA software, and update on
an as-needed basis a codebook—a list of codes, often
hierarchically organized, accompanied by a description and
examples of each code—to facilitate data coding. Data coders
will be trained on how to use the codebook, work jointly to code
approximately 20 percent of the data, and discuss any
discrepancies until consensus is achieved and the codebook is
appropriately adjusted.

Second, ratings of patient-centeredness collected during the EL
panel process will be analyzed quantitatively to determine the
existence of consensus among participants. It is recommended
that every Delphi study determine how consensus will be defined
among participants before the data collection begins [42]. One
of the EL features is its use of the RAM [27] to automatically
determine the group decision (eg, whether a particular care
management strategy was deemed patient-centered) for each
round 1 item, which is displayed in round 2 and is also
calculated after round 3. This process, identical to that used in
determining appropriateness of different DMD care management
strategies, begins with determining the existence of disagreement
among participants using the following a priori process. EL
automatically (1) calculates the value of interpercentile range
(IPR), or the range of responses that fall between the 70th and
the 30th percentiles; (2) calculates the value of the
interpercentile range adjusted for symmetry (IPRAS), which is
a measure of dispersion for asymmetric distributions; and (3)

compares the values of IPR and IPRAS to see if there is
disagreement. Disagreement is said to exist if IPR>IPRAS
[27,50]. Disagreement among participants automatically
produces an uncertain decision. If, instead, there is no
disagreement among panelists, the value of the median will
determine if the group decision is positive, negative, or
uncertain. If the median is within the upper tertile of the 9-point
response scale (response categories 7-9), then the decision is
positive, meaning that a care management approach is
considered to be patient-centered. If the median is within the
lower tertile of the 9-point response scale (response categories
1-3), then the decision is negative, meaning that a care
management approach is considered to be not patient-centered.
A median that lies within the middle tertile (response categories
4-6) produces an uncertain decision. We will use this approach
to determining consensus on the patient-centeredness of care
management strategies in both EL panels using round 1 and
round 3 rating data.

To compare survey and modified Delphi results, we will pool
the data across two EL panels and compare determinations of
patient-centeredness after round 1 (survey) and round 3 (Delphi).
Because there is no right or wrong response, it is not possible
to determine which approach produces better results or is more
valid at the time the data are collected. However, we follow a
recommended practice in Delphi studies and focus on how much
each method can help patients and their caregivers reach
consensus [28]. To do so, we will first calculate the percentage
of care management strategies for which panelists reached
agreement versus those where agreement was not achieved. We
will then focus on strategies where panelists reached agreement
and calculate the proportion with positive, negative, and
uncertain determinations. Our assumption is that there will be
fewer strategies characterized by participant disagreement after
round 3, which we treat as an indicator of the benefit of using
the modified Delphi approach. Still, we believe the survey
approach may have its own benefit. Indeed, we assume that
participant attrition rates (eg, the number of nonresponders)
will be smaller in round 1 than in round 3. Larger samples may
help provide a better description of the diversity of patient
experiences, albeit with potentially fewer qualitative details that
will crystalize after round 2 discussion.

To determine the replicability of online panel ratings, we will
adopt the following a priori analytic approach originally
developed by Shekelle and colleagues [51] to analyze
reproducibility of in-person panel ratings. We will first examine
round 3 determinations of patient-centeredness for each care
management strategy and identify the proportion of strategies
receiving positive, negative, or uncertain determinations. Then,
we will determine the pairwise percentage of agreement between
the two panels and use t tests to identify any statistically
significant differences in panel ratings. Because the distribution
of ratings may be nonnormal, we will conduct sensitivity
analyses using the Wilcoxon rank sum, a nonparametric method.
We will treat a 70% agreement as an indicator of acceptable
reproducibility, which is at least as good as that of in in-person
panels [51]. Finally, we will calculate kappa coefficients
comparing the determinations made by the two panels across
items. If the kappa statistic is at least moderate (.41-.60), we
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will consider the online approach to be a reliable mode of
collecting patient-centeredness ratings using the modified RAM
approach [52]. This threshold is conservative; previous research
shows that the reproducibility of both in-person [51] and online
[31] panel findings is rarely better than moderate.

Besides comparing ratings of patient-centeredness, we will also
focus on participant experiences after round 1 (survey) and
round 3 (Delphi). As in earlier studies [31], we will pool the
data across the two EL panels and look at the average response
to each satisfaction question asked in round 1 and round 3. We
will consider a mean value of 5 (agree slightly) and higher on
the 7-point positively worded agreement scale to be an indicator
of a generally positive opinion. Depending on sample size, we
may conduct exploratory factor analyses to identify constructs
that capture participant experiences and opinions about the new
online system. To explore differences in participant satisfaction
and perceived usefulness of the online approach after rounds 1
and 3, we will use a paired t test. We anticipate greater
satisfaction and perceived usefulness after round 3 but a higher
level of perceived participation burden.

Results

The study protocol was reviewed by RAND’s Human Subjects
Protection Committee, which determined it to be exempt from
review. Interviews with RAM experts have been completed.
The study team is in the process of analyzing these interviews.
The projected study completion date is May 2020.

Discussion

Our study is expected to make a number of significant
methodological contributions to a growing body of approaches
to integrate patients and caregivers as active participants in
research teams and decision-making bodies. First, by adapting
an existing gold standard approach to expert elicitation for the
purposes of systematic engagement of patients and caregivers
in a culturally appropriate yet scientifically rigorous manner,
our study will help address a methodological gap in evidence
on consumer involvement and systematic integration of patient
preferences in clinical practice guidelines [4,43]. Second, the
proposed project augments and complements efforts to update
the existing care and management guidelines for DMD, led by
the Centers for Disease Control and Prevention’s DMD Care
Considerations Working Group. In the proposed project, we
will introduce an innovative new step that could be integrated
into care guideline development where patients and their
caregivers will rate DMD care management strategies already
deemed clinically appropriate and necessary on the
patient-centeredness criteria that will be developed in close
partnership between patients, clinicians, and researchers. Doing
so may help mitigate barriers that have led to variability in
guideline implementation and increase guideline adherence,
which may lead to improved treatment and quality of life for
affected patients and families. Third, the proposed project will
develop best practices that could help involve patients and
caregivers in the clinical guideline development process in other
clinical areas, thereby facilitating the work of groups aiming to
incorporate patient values and preferences into guideline
development, such as G-I-N and GRADE.
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DCN: Duchenne Connect
DMD: Duchenne muscular dystrophy
EL: ExpertLens
G-I-N: Guideline International Network
G-I-N PUBLIC: Guideline International Network Patient and Public Involvement Group
GRADE: Grading of Recommendations Assessment, Development, and Evaluation
IPR: interpercentile range
IPRAS: interpercentile range adjusted for symmetry
NICE: National Institute for Health and Care Excellence
PPMD: Parent Project Muscular Dystrophy
QDA: qualitative data analysis
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Abstract

Background: Morbidity before retirement has a huge cost, burdening both public health and workplace finances. Multiple
factors increase morbidity such as stress at work, sedentary behavior or low physical activity, and poor nutrition practices.
Nowadays, the digital world offers infinite opportunities to interact with workers. The WittyFit software was designed to understand
holistic issues of workers by promoting individualized behavior changes at the workplace.

Objective: The shorter term feasibility objective is to demonstrate that effective use of WittyFit will increase well-being and
improve health-related behaviors. The mid-term objective is to demonstrate that WittyFit improves economic data of the companies
such as productivity and benefits. The ultimate objective is to increase life expectancy of workers.

Methods: This is an exploratory interventional cohort study in an ecological situation. Three groups of participants will be
purposefully sampled: employees, middle managers, and executive managers. Four levels of engagement are planned for employees:
commencing with baseline health profiling from validated questionnaires; individualized feedback based on evidence-based
medicine; support for behavioral change; and formal evaluation of changes in knowledge, practices, and health outcomes over
time. Middle managers will also receive anonymous feedback on problems encountered by employees, and executive top managers
will have indicators by division, location, department, age, seniority, gender and occupational position. Managers will be able to
introduce specific initiatives in the workplace. WittyFit is based on two databases: behavioral data (WittyFit) and medical data
(WittyFit Research). Statistical analyses will incorporate morbidity and well-being data. When a worker leaves a workplace, the
company documents one of three major explanations: retirement, relocation to another company, or premature death. Therefore,
WittyFit will have the ability to include mortality as an outcome. WittyFit will evolve with the waves of connected objects further
increasing its data accuracy. Ethical approval was obtained from the ethics committee of the University Hospital of
Clermont-Ferrand, France.

Results: WittyFit recruitment and enrollment started in January 2016. First publications are expected to be available at the
beginning of 2017.
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Conclusions: The name WittyFit came from Witty and Fitness. The concept of WittyFit reflects the concept of health from the
World Health Organization: being spiritually and physically healthy. WittyFit is a health-monitoring, health-promoting tool that
may improve the health of workers and health of companies. WittyFit will evolve with the waves of connected objects further
increasing its data accuracy with objective measures. WittyFit may constitute a powerful epidemiological database. Finally, the
WittyFit concept may extend healthy living into the general population.

Trial Registration: Clinicaltrials.gov: NCT02596737; https://www.clinicaltrials.gov/ct2/show/NCT02596737 (Archived by
WebCite at http://www.webcitation.org/6pM5toQ7Y)

(JMIR Res Protoc 2017;6(4):e58)   doi:10.2196/resprot.6267

KEYWORDS

health; work; lifestyle; behavior; management; stress; physical activity; nutrition; sleep; musculoskeletal disorders; depression;
anxiety; absenteeism; organization; morbidity; mortality; public health; mhealth; mobile app

Introduction

We spend one-third of our lives working. The age of retirement
is regularly pushed back [1]. The main challenge in the near
future will be to help workers maintain adequate health to do
their work until retirement [1]. Morbidity before retirement
carries a substantial public health and workplace burden.
Therefore, there is a need to promote health globally, and
targeting the workplace appears inherently appropriate. Current
advances in technology offer infinite possibilities to interact
with individuals universally. Software with the capacity to
understand an individual within the context of the immediate
environment seems to address this challenge. Workplace
managers may benefit from advancing their understanding of
the perceived well-being of the employees within their company.

The definition of health generated in 1948 by the World Health
Organization remains fit for current purposes: “not merely the
absence of disease or infirmity but a state of complete physical,
mental and social well-being” [2]. Particularly, the role of
well-being at work plays a major role in social well-being [3],
and research remains limited by few large-scale investigations
into physical and mental well-being in this setting. Therefore,
we built a software tool based on three major health-related
categories derived from the World Health Organization
definition of health: physical, mental, and work-related
well-being.

Taken separately, there is strong evidence between those factors
and health-related outcomes but data are not typically gathered
and synthesized in workplace settings. Within physical
well-being, we investigate nutrition, physical activity, sleep,
and musculoskeletal function. Current evidence strongly
supports the benefits of a healthy diet. Multiple aspects of food
intake and health have been investigated including the influence
of eating breakfast [4] and the effect of excessive dietary sugars
[5] and coffee [6] on heart health. The American College of
Sports Medicine recommends a minimum of 150 minutes of
moderate or 75 minutes of vigorous intensity of physical activity
per week to achieve and maintain global health for adults and
at least 30 minutes of moderate intensity physical activity per
day [7]. Even a smaller amount [8] and even only standing
[9,10] without substantially further increasing physical activity
have shown benefits on life expectancy. Dose relationships have
been identified between physical activity, life expectancy, and
health benefits, even when sedentary individuals start to train

more intensively after 50 years of age [11]. Therefore, any form
of physical activity is better than no activity [7-9]. Similarly,
shortened and prolonged sleep durations were associated with
increased risk of mortality [12,13]. Also, for musculoskeletal
function, the role of pain and pain-inducing musculoskeletal
disorders were linked to relationships between perceived health
and mortality [14]. By mental well-being, we investigate stress
and mood. Stress is now considered a stand-alone risk factor
for mortality [15]. Anxiety and depression are common and
disabling conditions [16,17]. We investigate work-related
well-being with validated and recognized models exploring
work organization, job strain, latitude/decision-making, social
support, and recognition [18-23].

There is also evidence demonstrating the relationships between
physical, mental, and work-related well-being. This is
particularly interesting for variables related to work. We will
deliberately cite only the most common associations. High job
strain and effort-reward imbalance seem to increase the risk of
cardiovascular mortality [24]. Some working conditions, such
as shift work, have been associated with abnormal eating
behavior such as rescheduling of meals and eating different
types of food (processed, sweets) [25], promoting an increased
risk of developing obesity and metabolic disorders [26]. In
addition, stress alone can facilitate unhealthy eating behaviors
and the development of obesity [27]. Physical activity is a
well-established coping mechanism for stress [28] and mental
well-being [29]. Along with reduced workplace absenteeism
[29,30], a strong negative association can exist between physical
activity and mood states [31]. Working conditions are a strong
determinant of morbidity [1,18,19,21,22,32-41]. For example,
limited social support at work has been linked with
cardiovascular events [42] and depression [43]. Deleterious,
contagious effects of poor psychological working conditions
are known to be associated with emotional exhaustion and
depersonalization [44]. Changes in organization and subsequent
conflict of loyalties resulting from work changes can lead to
suicide [45]. Ultimately, stress at work is also a complex
interplay with sleep [46], diet [47], and physical activity [48,49].

Because physical, mental, and work-related well-being are
interconnected, a multifaceted and global understanding of
individual perceptions may lead to better and more efficient
preventive results. Despite the strong evidence of the benefits
of stress management, diet counseling, and exercise training in
patients, intervention studies on broad and representative
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samples of employees remain scarce. Preventive programs
specific to work organizations can be implemented at the
worksite [50-55]. Whereas other interventional software
programs focus on specific problems such as musculoskeletal
disorders [56], WittyFit aims to promote health with a holistic
understanding of worker health, dynamically aligned to updated
scientific knowledge (evidence-based medicine). The
development of the health-promoting WittyFit software will be
the first interventional study with an epidemiological cohort
design that is inclusive of specific details on both leisure time
and working conditions, providing a global understanding of
individuals. WittyFit software will support recommendations
to promote more personalized health prevention initiatives
focusing on physical, mental, and work-related well-being. The
shorter term hypothesis is that effective use of the WittyFit
software will increase well-being and improve health-related
behaviors. The ultimate hypothesis of the development of the
WittyFit software is that it will increase life expectancy.

Therefore, the overall aim was to build an epidemiological
database generated using Wittyfit and combining major lifestyle
parameters. We aim to use these data to generate initiatives for
decreasing premature mortality and morbidity in conjunction
with improved well-being. WittyFit will function to generate a
powerful database for strengthening the evidence and advancing
knowledge on the relationships between work, behavior, and
health derived from a large amount of epidemiological data.

Methods

Ethics
This exploratory interventional cohort study in an ecological
situation received approval from the ethics committee of the
University Hospital of Clermont-Ferrand, France, and has been
registered at ClinicalTrials.gov [NCT02596737]. See
Multimedia Appendix 1 for the original protocol.

Participants
All workers agreeing to participate in the WittyFit study will
be included from any companies willing to permit their
employees to be invited to participate. The WittyFit concept
follows an epidemiological design without sample size
limitation. Like the Nutrinet-Santé study [57-63], the WittyFit
study is never expected to end. Recruitment will commence in
January 2016, and data collection will be ongoing due to the
prolonged longevity of the project. Duration of participation
per individual is unlimited. A staggered strategy will be to target
a sample size of 200 workers from Voyages-SNCF.com within
the first 6 months in order to improve and evolve the WittyFit
software. WittyFit will then extend to other companies in the
following year.

Outcomes

Behavioral Outcomes: Three Major Health-Related
Categories (WittyFit)
Workers will answer validated questionnaires within three major
health-related behavioral categories: physical, mental, and
work-related well-being (Textbox 1). Each main category is
divided in subcategories:

• Physical well-being investigates nutrition, physical activity,
sleep, and musculoskeletal function. Nutrition will be
assessed through 24-hour recalls of food intake. Physical
activity combines questions about time spent in activity at
work and leisure, as well as estimates of sedentary behavior
time. This category also includes a questionnaire on sleep
quality and quantity [46]. Musculoskeletal function is based
on an adapted version of the Nordic Musculoskeletal
Questionnaire [64].

• Mental well-being explores stress and mood. We will use
the validated Hospital and Anxiety Depression Scale [65]
and the visual analog scale of stress [66,67]. Questions on
smoking and addiction will be added later.

• Work-related health questions explore job strain,
latitude/decision-making, work organization and tasks,
social support, and recognition. We will use the validated
Job Demand-Control-Support model of Karasek [18-20]
and the effort reward model of Sieigrist [21-23] with the
addition of some specific questions such as visual analog
scales (demand, control, etc) that we want to further
validate.

Participants complete questionnaires at times convenient to
them; however, participants will be prompted to complete a
general visual analog scale from the main categories and major
subcategories every 15 days and the more detailed
questionnaires every 6 months. When a significant difference
appears on the latest visual analog scale, the user is asked to
complete specific questionnaires linked with the problem
detected by the visual analog scale. Gaming and trophies are
incentive strategies for workers to fulfill questionnaires.

Economic Outcomes and Outcomes Provided by
Employers (WittyFit)
Economic data will be provided by volunteering employers
from participating companies: professional roles (unskilled,
skilled, mid-level workers, and senior executives), occupational
sector, type of contract (full-time, part-time), absenteeism,
turnover, and sales revenue and benefits. These data will be
continuously updated and monitored. When a participant
disappears from the database, the company will provide the
relevant reason: retirement, relocation to another company, or
death (premature mortality) (Textbox 1).

Medical Outcomes (WittyFit Research)
WittyFit is based on two databases: WittyFit, which deals with
behavioral data, and WittyFit Research, which deals with
medical data. To guarantee the highest level of security, the two
databases are separate and do not interact; physicians from the
University Hospital of Clermont-Ferrand will be the only
researchers with access to medical data. Behavioral data
(WittyFit) are those within the three major health-related
categories: physical, mental, and work-related well-being.
Medical data (WittyFit Research) are medical history and
chronic diseases classified using the International Classification
of Diseases, medications classified using the Anatomical
Therapeutic Chemical classification, any clinical data known
by participants such as heart rate or blood pressure, and the most
common biological data such as blood glucose levels,
hemoglobin A1c, or blood cholesterol levels (Textbox 1).
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Textbox 1. Parameters measured.

Data retrieved from self-reported questionnaires:

• WittyFit—behavioral data:

• Physical health:

• Nutrition

• Physical activity

• Sleep

• Musculoskeletal function

• Mental health:

• Stress

• Mood

• Addiction (to be added)

• Work-related health:

• Job strain

• Latitude/decision-making

• Work orgainzation and tasks

• Social support

• Recognition

• Wittyfit Research—medical data:

• Medical history and chronic diseases classified using the International Classification of Diseases

• Medications classified using the Anatomical Therapeutic Chemical classification

• Clinical data known by participants, such as:

• Heart rate

• Blood pressure

• Common biological data known by participants, such as:

• Blood glucose level

• Hemoglobin A1c

• Blood cholesterol level

Data retrieved from companies—economic data:

• Continuously monitored:

• Occupation, type of contract

• Benefits

• Sales revenue

• Absenteeism

• Turnover

• Productivity

• When a worker (identified by human resource–generated number) disappears:

• Retirement

• Relocation to another company

• Death (premature mortality)
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Objectives
The shorter term objectives will be to demonstrate that WittyFit
improves parameters of well-being and morbidity based on three
major health-related behavioral categories. The mid-term
objectives will be to demonstrate that WittyFit improves
economic data of the companies such as productivity and
benefits. The primary long-term objective will be to demonstrate
that WittyFit will contribute to decrease premature mortality.

Confidentiality
All medical data (medical history, treatments, etc) will be only
accessible from a carefully restricted WittyFit researcher access
platform. All data are anonymous, and the name of the employee
is never entered into the database. The database is implemented
from a human resource–generated number, which is then
automatically converted into another number in the WittyFit
database. Data provided by employers (such as professional
roles, occupational sector, type of contract, and absenteeism)
are automatically associated with the human resource–generated
number.

Intervention
The WittyFit program offers tiered access to employee data for
those with middle- and high-level management status.

Holistic Understanding of Workers
In contrast to other interventional software focusing on a specific
aim (such as relaxation or identification of musculoskeletal
disorders), WittyFit aims to promote health with a holistic
understanding of workers (see Figure 1) based on continuous
and updated scientific knowledge (evidence-based medicine).
Feedback and counseling are provided on targets (relevant goals)
screened from questionnaires (see Figure 2) using an e-learning
platform or a “Did you know?” information approach based on
personalized analyses of responses to questionnaires.

Each e-learning module (see Figure 3) is based on a 4-step
approach used in pedagogy [68-70]: (1) answer a quiz (pretest),
(2) understand the issue, (3) act on the issue, and (4) answer a
quiz. The quiz is designed both for learning purposes and to
evaluate workers [71]. The number of questions on the quiz is
based on learning techniques [72]. The planned process involves
the employees accessing their own personal data on a panel of
indicators displaying their status, progress, and success.
Employees may also contribute new ideas in the “digital idea
box” and “likes” about ideas of others (see Figure 4). Employees
may participate in company-specific surveys about healthful
and feasible changes in the workplace. When some changes for
employees are available to consider, a red dot will appear on
the access button of the relevant topic.

Figure 1. Screen capture of WittyFit: surveys foster a global understanding of workers.
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Figure 2. Screen capture of WittyFit: the homepage synthesizing the 3 major health-related categories in a personal dashboard with a menu structure
on the left for access to visual analog scales, questionnaires, e-learning sessions, statistics, digital idea box, and polls.

Figure 3. Screen capture of WittyFit: examples of e-learning sessions.
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Figure 4. Screen capture of WittyFit: the Digital Idea Box.

Manager Feedback
The second feature of WittyFit is that managers will receive
anonymous feedback on the general state of health and problems
encountered by their employees (see Figure 5) for whole or
sectional divisions of the workplace if the sample size is
sufficiently high (ratios of 1/10). Middle managers will be able
to target specific actions such as promoting physical activity at
work or workplace initiatives assisting employees to quit
smoking. They will have access to the Best Practice database.
Middle managers will also have access to the Forum Manager
anonymous community to share their experience. They will

have a Go/No Go functionality regarding the proposals in the
digital idea box. If they are not in position to decide, the middle
managers can propose an idea for the top management.
Executive-level managers will have similar access as the middle
managers, including indicators by division, location, department,
age, seniority, gender, and occupational position. In addition,
executive managers will have summaries of the turnover and
absenteeism within the context of the visual analog scale data
profiles. They can put in motion relevant ideas from the digital
idea box and use the “What’s new?” editing tool to predict future
changes to the work force in light of the nature of engagement
of employees with the WittyFit software.

Figure 5. Screen capture of WittyFit access for top management, including anonymous mean level of stress by location, department, age, gender,
occupation, etc.
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Epidemiological Database
WittyFit has the capacity and innovation to strengthen evidence
and build new knowledge on the relationships between lifestyle
and health based on an increasing volume of epidemiological
data.

Connected Objects
Eventually, WittyFit will further evolve with the waves of
connected objective measures of health and lifestyle, further
increasing its data relevance, with the use of devices such as
pedometers, heart rate monitors, accelerometers, and
thermometers. Only volunteering workers will connect these
objects to WittyFit. We will soon propose devices able to
analyze these objective measures. For example, we have the
expertise for objective measure of stress from heart rate
variability or skin conductance [73-75].

Multidisciplinary Project
WittyFit is building a spectrum of health-related data: work
(shiftwork, sedentary workplace demands, specific and perhaps
high-risk occupations), psychology and physiology, statistics
modeling, public health, and medical health.

Friendly Use
Ease of use of Wittyfit is our goal. When an action is needed,
the user can follow a link from the homepage so there is no
waste of time. Users can access previous answers but can only
modify specific items. Questionnaires never exceed 12 to 14
questions. Users can stop answering questionnaire and resume
later where they left off. At first log-in, completing all
questionnaires takes approximately 30 minutes; to reduce the
burden, we ask new users to complete all questionnaires over
2 to 3 weeks. Users can refer to an interactive guide that gives
them advice on what’s next. WittyFit is available on any device
connected to the Internet including computers, tablets, and
smartphones; therefore, users can have access to WittyFit from
where they want, including outside of their workplace. The
gaming process is designed to increase the use of WittyFit by
awarding points and badges for participation. The company is
free to decide how to reward the best users with innovative
strategies such as donations to nongovernmental organizations
(see Figure 6).

Figure 6. Screen captures of WittyFit mobile app (French version). Left screen: homepage; middle screen: body shape to self-report musculoskeletal
disorders; right screen: gaming and trophies are incentive strategies for workers to complete questionnaires.

Statistical Considerations

Sample Size Calculations
Using only Internet or computer interventions for behavior
change outcomes improving eating disorders and nutrition [76],
weight and cardiorespiratory fitness [77], or mood [78] and
stress related to the workplace and performance and productivity
[79], the sample size estimation was performed according to
Cohen’s recommendations with the following defined effect

size (ES) bounds: small (ES 0.2), medium (ES 0.5), and large
(ES 0.8, “grossly perceptible and therefore large”) [80].
Considering an effect size of 0.33, a 2-tailed type I error fixed
at a=0.001 to take into account multiple comparisons, and a
moderate loss to follow-up rate, N=1000 participants will allow
us to highlight (1) such ES for a statistical power greater than
95% for paired comparisons (n=225 with a correlation
coefficient of .5) and (2) such ES for a statistical power greater
than 80% for intergroup comparisons (n=311 by group).
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For life expectancy, 100,000 workers followed over 5 years
would provide a sufficient and relevant sample size to achieve
the long-term objectives measured by this study. Purposive
sampling will be conducted to best draw comparisons with
previous research [81] studying leisure time spent sitting in
relation to total mortality in a prospective cohort of US adults
[9] and to further elucidate job strain among blue-collar and
white-collar employees. Job strain has previously been
associated with total mortality in a 28-year cohort study [82].

To address the objective of reducing premature mortality,
statistical power estimation was based on a hazard ratio used
for censored data (hazard ratio of 1.25 and 2) and in accordance
with previously described data. This hazard ratio estimate was
proposed to support a type I error of 5% (2-sided) with statistical
power at 95% (see Figure 7). However, the study will be
unlimited within the long-term aspects of its epidemiological
design.

Figure 7. Sample size estimation for life expectancy based on simulations about hazard ratios for censored data as mortality (2-sided type I error of
5% and statistical power 95%).

Overall Statistical Analyses
Statistical analysis will be performed using Stata version 13
software (StataCorp LLC). All statistical tests will be 2-sided,
and P<.05 will be considered significant. Quantitative variables
will be described in terms of numbers, average, median, standard
deviation, and range.

Analyses of Shorter Term Objectives
To study WittyFit’s effect on morbidity and well-being, analyses
will include comparisons with historical cohorts and literature
and within the paired data from individual participants as they
generate their own basis for comparison. To study longitudinal
evolution of parameters associated to morbidity and well-being,
models for repeated measures will be performed using a
random-effects model (linear or generalized linear) along with
fixed effects for descriptive data (eg, gender, age, body mass
index, type of contract [full-time, part-time], professional roles
[unskilled, skilled, mid-level workers, and senior executives]
and occupational sector [commercial activities and service,
health and social services, manufacturing/blue collar industries,
finance officers]) taking into account within and between

participant variability and company variability. All effect sizes
will be presented with 95% confidence intervals.

When appropriate, comparisons between subgroups described
above will be performed. Typical statistical tests will be applied:
chi-square or Fisher exact tests for comparisons between groups
from categorical parameters and analysis of variance or
Kruskal-Wallis test for quantitative variables. The Shapiro-Wilk
test will be used to assess normality, and the Fisher-Snedecor
test to assess homoscedasticity. For censored data, the
time-to-event curves will be estimated with the use of the
Kaplan-Meier method. Comparisons will be performed by
log-rank test. Then, Cox proportional-hazards regression models
will be considered to study the prognostic factors in a
multivariate situation by backward and forward stepwise
modeling on the factors considered significant in univariate
analysis and in accordance with parameters of clinical relevance
[83,84]. The proportional-hazard hypothesis will be verified
using Schoenfeld’s test and plotting residuals. The interactions
between possible predictive factors will also be tested. Results
will be expressed as hazard ratios and 95% confidence intervals.
Considering repeated correlated censored data, marginal models
may be preferred.
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Analyses of Longer Term Objectives
Decreased premature mortality is the long-term goal of the
development of the WittyFit software. Considering this censored
data, estimation will be performed as described previously using
the Kaplan-Meier approach. Comparison with historical cohorts
and previous research will be included in the estimates of 95%
confidence intervals. WittyFit’s effect will be also studied using
log-ranked comparisons and a Cox proportional hazards model.
Multivariate models will be used according to univariate results
and clinical and epidemiological relevance.

Method Taking Into Account Missing, Unused, or
Invalid Data
A sensitivity analysis of missing data will be applied to assess
the level of attrition and to characterize the statistical nature
(missing at random, missing completely at random, not missing
at random) that will dictate the most appropriate method of
imputation [85-87].

Quality Control Measures to Reduce or Avoid Bias
The data of employees will be de-identified to assessors when
processing data. A large sample size will be employed to justify
the validity of the statistical treatment of the data.
Generalizability will be ensured via sufficient numbers in each
occupational sector to represent targeted sectors.

Results

WittyFit recruitment and enrollment started in January 2016.
First publications are expected to be available in 2017.

WittyFit is a multidisciplinary project. It involves leading
specialists in relevant fields including epidemiologists and
statisticians, occupational physicians, physiologists,
psychologists, psychiatrists, and economists. Implementation
and conduct of the study will be monitored by the project
management committee (authors) who have extensive
experience in research and conducting clinical trials in
occupational health as well as statistics and engineering.
Outcomes will be disseminated via open-access peer-reviewed
publications, conferences, clinical networks, public lectures,
and our websites. Community reports on the outcomes will also
be made available to participants.

From a workplace and individual perspective, identifying
stressful situations at an early stage may avoid socially
problematic behavior from occurring and may permit early
comprehensive and targeted behavioral intervention. We may
identify unpredicted stressful events and recommend appropriate
therapies. For the participants, our intervention may permit
self-evaluation, giving them the chance to better anticipate and
adapt to stressful situations on their own. If this protocol
includes heart rate monitoring, it may also incidentally detect
cardiac disorders. Such an event will be communicated to the
participant with suggestions of supportive strategies. Any
abnormality discovered will not be covered by insurance
associated with the development of WittyFit but will be
supported by typical sources of health insurance.

Discussion

Summary
The main aim of WittyFit is to provide early comprehensive
and targeted behavioral interventions to improve well-being,
morbidity, and ultimately life expectancy. We aim to build an
epidemiological database combining major lifestyle parameters
including those at work.

Morbidity before retirement has a huge cost, burdening both
public health and workplace finances. Therefore, there is an
urgent need for a tool such as WittyFit. WittyFit is the synthesis
of several novelties. Because all parameters (physical, mental,
and work-related well-being) are linked, providing a
multifaceted understanding of individuals is needed. Whereas
other interventional software focuses on a specific aim
(relaxation, identification of musculoskeletal disorders and
stress) [56], WittyFit aims to promote health with a holistic
understanding of worker health, dynamically aligned to updated
scientific knowledge (evidence-based medicine). Feedback is
provided on targets screened from questionnaires through
e-learning and personalized motivating messages.

The second novelty of WittyFit is that managers will have
feedback on the general state of health and problems
encountered by their employees (de-identified data), in general
or by department if the sample size is sufficiently high.
Managers will be able to target specific actions such as
promoting physical activity at work or helping employees to
quit smoking.

Third, WittyFit is a preventative tool to be used in collaboration
with routine occupational medicine. It has the potential for early
detection of individuals at high risk of health compromise and
the functionality to direct employees to confidential health
support services. This can occur by separating data into two
platforms: WittyFit, which deals with behavioral data, and
WittyFit Research, which deals with medical data.

Fourth, WittyFit will also evolve with more efficient
questionnaires. The epidemiological design and the amount of
data will permit further sensitivity analysis on questionnaires
to select the most discriminant questions and disregard less
useful questions. As data collection has already begun, a putative
change may appear as a limitation. However, we should be able
to compare and follow individuals who have responded to the
same baseline questionnaires. WittyFit will have to evolve with
connected objects and up-to-date science. For example,
calendars of employees may be synchronized with continuous
monitoring of stress provided by wrist tools measuring heart
rate variability or skin conductance [73-75]. Simplification of
questionnaires would therefore be useful and allow the
introduction of other measurements such as job satisfaction [88]
or work engagement [89]. Such parameters may be considered
important aspects of physical, mental, and work-related
well-being, as well as workplace productivity [90].

Potential Limitations
The considerable amount of data may delay comprehensive
analysis. However, the first publications will be on easier data
processing, validation of questionnaires, and relationships
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between them. Health interventions designed around health
behavior theory seemed most effective in changing behavior
[91]. Content analyses of health software indicate that the
software generally contains low levels of health behavior theory
or is not adequately designed for long-term behavior change
[92-95]. WittyFit is based on evidence-based practices. Even if
there are widely varying professional backgrounds in WittyFit,
we will further include behavioral components which may help
the potential long-term development and evolution of WittyFit
and which would also help to identify additional intervention
targets. The findings from WittyFit should be significant for
practical use in public health, especially as software and mobile
apps are being increasingly used in health interventions [96].
The cost up until now to design WittyFit has been €1 million.
Investments are still ongoing (and will continue) for a
continuous improvement of WittyFit. This amount of money
may seem huge, but dissemination of WittyFit within companies
and contracts permits us to have an equilibrate business model
(WittyFit was created in 2014). The challenging target will be

to build a personal health system for workers with the capacity
to interact with different physical activity and stress levels,
sleep, or other health-related objectives using a computing
system such as the one we are developing [73]. We will have
the possibility to register a license and develop industrial
applications.

Conclusion
In conclusion, the name WittyFit came from Witty and Fitness.
The concept of WittyFit reflects the concept of health from the
World Health Organization: being spiritually and physically
healthy. WittyFit is a health-monitoring, health-promoting
initiative that may improve the health of workers and health of
companies. WittyFit will evolve with the waves of connected
objects further increasing its data accuracy with objective
measures. WittyFit may constitute a powerful epidemiological
database. Finally, the WittyFit concept may be spread in the
general population and be a generalizable useful tool for
prevention.
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Abstract

Background: As technology increasingly becomes an integral part of everyday life, many individuals are choosing to use
wearable technology such as activity trackers to monitor their daily physical activity and other health-related goals. Researchers
would benefit from learning more about the health of these individuals remotely, without meeting face-to-face with participants
and avoiding the high cost of providing consumer wearables to participants for the study duration.

Objective: The present study seeks to develop the methods to collect data remotely and establish a linkage between self-reported
survey responses and consumer wearable device biometric data, ultimately producing a de-identified and linked dataset. Establishing
an effective protocol will allow for future studies of large-scale deployment and participant management.

Methods: A total of 30 participants who use a Fitbit will be recruited on Mechanical Turk Prime and asked to complete a short
online self-administered questionnaire. They will also be asked to connect their personal Fitbit activity tracker to an online
third-party software system, called Fitabase, which will allow access to 1 month’s retrospective data and 1 month’s prospective
data, both from the date of consent.

Results: The protocol will be used to create and refine methods to establish linkages between remotely sourced and de-identified
survey responses on health status and consumer wearable device data.

Conclusions: The refinement of the protocol will inform collection and linkage of similar datasets at scale, enabling the integration
of consumer wearable device data collection in cross-sectional and prospective cohort studies.

(JMIR Res Protoc 2017;6(4):e66)   doi:10.2196/resprot.6513

KEYWORDS

Fitbit; Mturk; mHealth; clinical research protocol; consumer wearable; physical activity tracker

Introduction

The increasing variety, functionality, and storage capacity of
consumer wearable devices has created an opportunity for using
the data collected on these devices for research purposes.
Consumer wearables are most commonly worn on the wrist but
may also be worn on clothing, at the waist, or as part of eyewear
or earwear. In this paper, we focus on activity trackers, a type
of consumer wearable which can collect a variety of data
including steps, distance, physical activity, calories burned,

quality and duration of sleep, heart rate, and location [1].
Researchers would benefit from being able to remotely gather
and link these data without the need for face-to-face interaction,
encouraging the use of the respondent’s own devices in the data
collection process.

A remote data collection protocol would reduce the cost of
providing devices to participants, reduce the time spent meeting
and training respondents on their use, and increase the speed at
which data could be collected [2]. Furthermore, with the ability
to efficiently collect health data remotely, hospitals, worksites,
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and other health care providers could monitor participants in
real time, reducing the need for frequent check-ups and the
financial strain that is associated with those appointments [3].
The utility and success of remote-access interventions was
demonstrated to be effective in collecting biometric (eg,
continuous heart rate, sleep, and other health indicators) [4]
data, yet research using consumer wearable devices is limited
and presents challenges.

While research investigating the viability and functionality of
consumer wearables has increased in recent years, thanks in
part to calls for research from the National Institutes of Health
and United Nations International Children's Fund, challenges
still exist in the utility of these devices as the most efficient and
useful way to learn about the health of an individual. Frequently,
remote data collection may be hindered by burdensome
notification systems, forcing individuals to use study-provided
devices they are not comfortable with and requiring frequent
face-to-face contact with participants in order to download data
from their devices. For example, many present studies employ
experience sampling methodology, which requires that
researchers notify participants throughout the day requesting
that they provide their remote data, a burdensome process for
both respondents and researchers [5,6,7]. They often frequently
require that participants travel to the researcher’s location in
order to allow for the data to be downloaded. Furthermore, in
regard to biometric tracking data, researchers are often required
to call upon the services of a third-party software company to
extract the data because there currently lacks a system that
allows remote access to consumer devices for data extraction
purposes [8]. Finally, many health-related research studies intend
to collect data from a variety of mediums including physiologic
data such as heart rate and self-reported questionnaire data such
as how participants view their health. The result is a
cumbersome data collection process that does not allow for a
smooth data acquisition and linkage process of data from varying
modes of collection.

This study seeks to explore a protocol whereby physical activity
and health-related data are collected remotely through the use
of personally owned activity trackers without the need for a
face-to-face meeting with the respondents and without the use
of study-provided devices. The primary aim of the study will
be determining the feasibility of the proposed data collection
protocol using an activity tracker and specifically if we are able
to pair consumer wearable physiological data (ie, information
from a Fitbit activity tracker) together with self-reported
questionnaire data in order to have a better understanding of
the health of respondents.

Methods

Ethics
Prior to initiation, this study will be reviewed and approved by
the RTI International Institutional Review Board.

Participant Eligibility Criteria
This study will make use of a panel of Mturkers via Amazon’s
Mechanical Turk (Mturk) platform. Mturkers are a workforce
of individuals willing to participate in online research studies

in exchange for money deposited into their Amazon.com
personal account. With the help of Mturk Prime, this study will
use Mturkers as a basis for the sample. Mturk Prime operates
as a team of online support staff who assist researchers in
managing, communicating with, and collecting data from
Mturkers (www.turkprime.com). Research using Mturkers has
increased dramatically in the past few years due to the low cost
and vast acquisition of data [9]. Additionally, studies show that
Mturkers are more demographically diverse than standard
convenience samples and samples from other online forms of
data collection such as Twitter [10] and may be generalizable
to the greater population [11,12]. In order for an Mturker to
become a part of this study’s panel, the person will be required
to either keep track of their own weight, diet, or exercise routine
or keep track of their own blood pressure, blood sugar, sleep
patterns, headaches, or some other health-related indicator. An
eligible Mturker must also be at least 18 years of age, regularly
wear a Fitbit, and be willing to give the research team access
to their Fitbit data for the previous month and the upcoming
month from the date of sign-up.

Study Design and Procedure
The sample will consist of 30 Mturk participants. Participants
will read a short task description and compensation information
on Mturk’s research studies advertisement page. Interested
participants will be asked to click a link directing them to a
series of eligibility questions. If they qualify for the study based
on their answers, participants will complete an electronic
informed consent and become part of the Mturk Prime panel.
All panelists will receive a unique numeric participant ID. Once
the panel is confirmed, all 30 panelists will complete a health
questionnaire that assesses demographics, general health,
physical activity, health tracking processes, and consumer
technology (see Multimedia Appendix 1 for full questionnaire
specifications including skip logic and response codes).
Participants will be asked to enter their unique participant ID
into a text box at the start of the questionnaire. At the end of
the questionnaire, participants will be queried for their
willingness to allow researchers to download their Fitbit data.
All varieties and models of Fitbit will be allowed in this study
(a range of devices is summarized in the research of Evenson
et al [13]).

Upon consent to Fitbit data access, participants will be routed
to a third-party data service provider called Fitabase LLC (San
Diego, California). Using the Fitbit application programming
interface, third-party services such as Fitabase can access and
aggregate self-tracker data. Fitabase provides researchers with
a connection to the Fitbit infrastructure to support data
collection. The research team will generate unique Fitabase
links for each participant. When respondents reach the end of
the self-administered survey, they will click on the link to
Fitabase that corresponds to their participant ID (Figure 1).
Upon completion of the Fitabase sign-up, participants will be
given $10 via Mturk Prime’s customer service team. Participants
who complete the questionnaire but do not sign up with Fitabase
will not receive the $10 incentive. Participants can refuse to
participate or cancel registration at any time. We will contract
with Fitabase to provide the research team with 30 days of
retrospective data and 30 days of prospective data, both from
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the date of sign-up. After the 30 days of prospective data are
complete, Fitabase will terminate the connection to the
individuals’ Fitbit device.

Study Proposed Variables
Fitabase will be used to extract daily and intraday data from the
linked Fitbit accounts. These variables include daily-level data
on total steps, distance, calories burned, total sleep time, and
daily active versus sedentary time. We will also obtain
hourly-level data on calories burned, active versus sedentary
time, heart rate, sleep, and step counts. The most granular output,
intraday data, will include minute-level step counts. These data
will be downloaded as both raw and aggregated files by day,
per person.

Study Outcomes and Data Analysis

Overview
This study’s main goal is to test the feasibility of extracting
personal Fitbit data from remote survey respondents with whom
the research team will never have direct face-to-face contact
and then linking the biometric data to self-reported questionnaire
health data. Ease of contact, maintenance, troubleshooting, and
collecting participant Fitbit data throughout the study will be a
vital determinant of success. More specifically, the success of
the protocol will be measured by the ability to collect data from
participants without face-to-face contact and high costs but with

fast data acquisition and the ability to easily contact participants
if there is any trouble with data collection or incentive payment.

Future analyses are planned for the physiological and
self-administered data to be collected throughout the study. The
following data management and data analysis plans briefly
outline the proposed future acquisition, management, and
analysis of these data.

Data Management
Study IDs will be assigned to each participant. The consumer
device account identifiers will then be mapped to the assigned
IDs. Once the survey is complete, the responses will be exported
to comma-separated value (CSV) files. Separately, the consumer
wearable datasets will be processed and sent to the researchers
from Fitabase. Both the survey responses and the consumer
wearable dataset will be merged by ID as a de-identified,
compressed CSV file and formatted for analysis.

Data Analysis
Descriptive statistics will be generated for each variable. We
do not expect missing data to be an issue but will explore as
appropriate. The variability in Fitbit device type will be
described, as well as the type, quality, and fidelity of the data
collected. We will explore the Fitbit results with self-reported
characteristics such as how steps per day vary by gender and
age.

Figure 1. Example screen showing the Fitabase linkage.
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Results

Data collection was conducted between April 11, 2016, and
May 12, 2016. Data analysis will take place in 2017.

Discussion

Summary
This study provides a unique and innovative protocol for remote
data collection using a common physical activity tracker. The
study will be cost effective and easily manageable in that
researchers do not need to meet with participants face-to-face
at any point in the study and participants are able to use their
own personal device to participate in the study.

With the acquisition of these data, we will be able to learn
detailed information about the health of these individuals
without meeting the participant face-to-face for an interview or
in-person physiological assessments. Furthermore, we will learn
more about the ease at which participants navigated the
questionnaire-to-Fitabase linkage system by determining what
proportion of participants were able to complete the online
questionnaire but were unable to connect their personal Fitbit
to the Fitabase platform. Finally, these data will indicate the
frequency at which users sync their Fitbit, allowing us to learn
more about the normal use and wearing habits of Fitbit users.

Limitations
This feasibility study has several limitations. First, this study
is targeted to a specific population, and Mturkers may not be
generalizable to other populations. However, Mturkers are
familiar with the online environment and therefore may be more

adept at performing tasks with technology, thus making
feasibility of the protocol administration more likely to be
successful.

Second, this study will require respondents to have access to a
Fitbit device in order to participate. Individuals who can afford
and use Fitbit devices and other consumer wearables are more
likely to be younger (between the ages of 18 and 34 years) and
affluent [14], thus impacting generalizability. Third, the initial
process of gathering a panel of participants will require
respondents to complete a screener and then at a later date,
complete a questionnaire in order to allow researchers to choose
a varied participant pool who all use Fitbit devices. A more
streamlined process would be preferred in future studies
whereby participants would be able to fill out the screener and
immediately begin the questionnaire if they are eligible, without
the need to create a panel of participants. Unfortunately, this
study will not be able to employ this methodology due to panel
restrictions.

Conclusion
This study will demonstrate that activity tracker data (ie, Fitbit
data) can be remotely gathered from participants without
face-to-face contact and with the use of respondent’s personal
consumer wearable devices. Future research could investigate
the feasibility of remote data collection without the need of a
2-step data management process as well as assess the clinical
validity of consumer wearable devices, like Fitbit, to ensure
that the data are accurate. If effective, this methodology could
be used as a guide for researchers to implement when setting
up a remote data collection system and could be applied to other
consumer wearable devices as well.
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Abstract

Background: Health care providers resort to informal temporary practices known as workarounds for handling exceptions to
normal workflow that are unintentionally imposed by electronic health record (EHR) systems. Although workarounds may seem
favorable at first sight, they are generally suboptimal and may jeopardize patient safety, effectiveness, and efficiency of care.
Identifying workarounds and understanding their motivations, scope, and impact is pivotal to support the design of user-friendly
EHRs and achieve closer alignment between EHRs and work contexts.

Objective: We propose a study protocol to identify EHR workarounds and subsequently determine their scope and impact on
health care providers’ workflows, patient safety, effectiveness, and efficiency of care. First, knowing whether a workaround
solely affects the health care provider who devised it, or whether its effects extends beyond the EHR user to the work context of
other health care providers, is key to accurately assessing its degree of influence on the overall patient care workflow. Second,
knowing whether the consequence of an EHR workaround is favorable or unfavorable provides insights into how to address
EHR-related safety, effectiveness, and efficiency concerns. Knowledge of both perspectives can provide input on optimizing
EHR designs.

Methods: In the study, a combination of direct observations, semistructured interviews, and qualitative coding techniques will
be used to identify, analyze, and classify EHR workarounds. The research project will be conducted within three distinct pediatric
care processes and settings at a large university hospital.

Results: Data was collected using the described approach from January 2016 to March 2017. Data analysis is underway and is
expected to be completed in May 2017. We aim to report the results of this study in a follow-up publication.

Conclusions: This study protocol provides a grounded framework to explore EHR workarounds from a holistic and integral
perspective. Insights from this study can inform the design and redesign of EHRs to further align with work contexts of healthcare
professionals, and subsequently lead to better organization and safer provision of care.
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Introduction

In recent years, an increasing number of hospitals around the
world have implemented electronic health record (EHR) systems
[1-3]. According to 2015 American Hospital Association survey

data, 83.8% of all US non-federal acute care hospitals have
adopted at least a basic EHR, representing an almost nine-fold
increase since 2008 (9.4%) [4]. EHRs can improve the ways
that medical information is stored, communicated, and processed
by those involved in delivering health care [5]. Preventable
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adverse events in health care frequently relate to the
unavailability of important patient information, but in this
context health information technology such as EHRs hold
promise for improving the quality of information transfer [6].

Multiple studies have reported on desirable outcomes of EHRs.
Examples include improvements related to patient safety [7-9],
quality of care [9-11], efficiency [9,12-15], and reduced costs
[16,17]. However, achieving these merits expected from EHRs
is far from evident. Many other studies likewise address
unfavorable and often unanticipated outcomes of adopting
EHRs, such as health care providers suffering from alert fatigue
[18,19], paper persistence [20-22], workflow mismatches [23],
difficulties in finding the right information in the systems [24],
never-ending system demands [25], or an EHR interface that is
unsuitable for a highly interruptive health care context [26].

These undesirable and unanticipated consequences of EHR
adoption can have negative and unintended effects on the overall
health care organization and its work processes (and the
outcomes thereof), and have frequently been subject to further
examination. When the practices of health care providers are
unintentionally but negatively influenced by mismatches
between EHR designs and actual workflows, providers devise
so-called workarounds. Workarounds can be defined as,
“informal temporary practices for handling exceptions to normal
workflow” [27] or, “staff actions that do not follow explicit or
implicit rules, assumptions, workflow regulations, or intentions
of systems designers” [28]. Workarounds are solutions to
workflow mismatches that help to coordinate work, especially
under conditions of high time pressure. Existing literature shows
that system users may devise workarounds as a consequence
of: a perceived lack of efficiency causing the user to execute
the task at hand in a different manner, task complexity dictating
workflow or system functionality issues, no correct or desired
option being available in the system-dictated workflow, no
options for customizing the system output, or a lack of trust in
electronic versus paper-based communication [20-22,26,27,29].

Although workarounds may solve the exceptions that EHRs
impose upon the ordinary workflows of their users, they are
generally suboptimal, as the EHR fails to live up to the goals
of its implementation (ie, improving the practices of health care
providers) and may negatively influence the safety,
effectiveness, and efficiency of care. Understanding why and
how workarounds occur is pivotal to develop user-friendly
EHRs, and to achieve greater alignment between work context
and the EHR [22]. Research into workarounds has a prominent
place in health care, and workarounds have been identified,
analyzed, and described in various contexts [20,30-34].

To date, research into the scope and impact of EHR
usage-related workarounds on overall patient care processes
has been limited. First, concerning the scope of EHR
workarounds, it is crucial to know whether a workaround affects
a single EHR user who devised it, or whether its effects extend
beyond the EHR user to the work context of other health care
providers, to accurately assess its impact on the overall patient
care workflow. Second, knowing whether the consequence of
an EHR workaround is favorable or unfavorable provides
insights into how to address EHR-related safety, effectiveness,

and efficiency concerns. Knowledge of both perspectives can
provide input on optimizing EHR design.

This study protocol proposes a way of identifying, analyzing,
and classifying EHR workarounds to determine their scope and
impact on the patient care process. Within a large university
hospital, we intend to conduct direct observations of (and
semistructured interviews with) health care providers while they
use EHRs in three different processes, each taking place in a
distinct physical environment: the preparation of outpatient
consultations in private offices of health care professionals,
actual outpatient consultations in examination rooms, and actual
inpatient consultations with admitted patients in wards. The
research design, clinical setting, and methods to be used in the
research project are described in the following section.

Methods

Study Design
To address the aim of determining the scope and impact of
EHR-related workarounds, we adapted one of the most widely
used health care human factors systems frameworks, the Systems
Engineering Initiative for Patient Safety (SEIPS) framework
[35]. The SEIPS framework corresponds with Donabedian’s
structure-process-outcome framework [36] for examining health
care services and evaluating quality of health care. SEIPS
provides an integral conceptual framework for applying systems
engineering concepts to identify and analyze workarounds in
specific health care contexts. Workarounds in health care
settings have been found to differ as a function of people’s roles,
and can have a cascading effect (meaning that workarounds can
trigger a series of further workarounds) [27]. Using the
integrated and holistic perspective of the SEIPS framework,
relationships between health care work systems, processes, and
resulting outcomes can be studied together, rather than each in
isolation. The SEIPS framework has already proven valuable
in studying workarounds in various health care contexts [28,37].
As illustrated in Figure 1, the framework consists of three main
components: the work system, including persons, tasks, tools
and technologies, organization, and the internal environment;
processes within the work system; and outcomes that result
from those processes.

In our study technology concerns the EHR that is used by
physicians, nurses, and clerks (ie, the persons) within a
university hospital (ie, the health care organization) located in
the Netherlands. The university hospital adopted the EHR in
2015. Over 8000 hospital staff work with the EHR and all
medication, blood, laboratory, and x-rays tests are ordered
through the EHR. Before the university hospital implemented
this EHR, a central hospital information system interfaced with
multiple ancillary systems, including: a Computerized Physician
Order Entry (CPOE) system for ordering medication and
laboratory tests, a hospital pharmacy information system, and
a hospital-wide scheduling system.

In the study, we will investigate workarounds by means of direct
observations and semistructured interviews in three processes.
Each process will take place in a distinct physical environment:
the preparation of outpatient consultations in private offices of
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health care professionals, actual outpatient consultation in
examination rooms, and actual inpatient consultation with
patients admitted into wards. Workarounds occurring within
these three processes can have consequences that affect the
outcomes of each process. We will determine the scope of each
workaround to the patient, the health care professional, and the
overall organization level, or a combination thereof.
Furthermore, to determine the impact of each workaround, we
will classify whether its consequence is favorable or

unfavorable, and assess its impact on patient safety, patient care
effectiveness, and efficiency.

Due to the unique nature of each health care setting to be
studied, the direct observations and semistructured interview
procedures will vary per setting. The research project involves
six major chronological phases, as illustrated in Figure 2. The
following subsections address the proposed research methods
and practical execution for each phase in greater detail. A
summary of the data collection and analysis plans for all three
settings is provided in Table 1.

Table 1. Summary of research design by process to be studied.

Providing inpatient consultationProviding outpatient consultationPreparing outpatient consultationProcess

Approximately 12 physicians, 6 nurses,
and 3 clerks

Approximately 12 physicians, 6 nurses,
and 3 clerks (same staff as in preparing
outpatient consultation process)

Approximately 12 physicians, 6 nurses,
and 3 clerks (same staff as in providing
outpatient consultation process)

Sample

(1) Must have completed the required
training to use EHR, and (2) must have
used EHR from the moment of its imple-
mentation

(1) Must have completed the required
training to use EHR, and (2) must have
used EHR from the moment of its imple-
mentation

(1) Must have completed the required
training to use EHR, and (2) must have
used EHR from the moment of its imple-
mentation

Participant selec-
tion criteria

Inpatient wardExamination roomPrivate officeSetting

User-patient, user-systemUser-patient, user-systemUser-systemInteraction

Direct observation during ward rounds
and post-ward round EHR usage (4
hours), semistructured follow-up inter-
views (1 hour)

Direct observation while providing out-
patient consultation (4-6 hours),
semistructured follow-up interviews (1
hour)

Direct observation while preparing out-
patient consultation (1-2 hours), asking
opportunistic questions while observing,
semistructured follow-up interviews (1
hour)

Procedure (per
person)

Transcribing and subsequent bottom-up
coding of audiovisual recordings in AT-
LAS.ti

Transcribing and subsequent bottom-up
coding of audiovisual recordings in AT-
LAS.ti

Transcribing and subsequent bottom-up
coding of audiovisual recordings in AT-
LAS.ti

Data analysis

Figure 1. Conceptual framework to study electronic health record workarounds, adapted from Holden et al [35].
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Figure 2. Illustration of the six research phases to be conducted. EHR: electronic health record.

Phase I: Data Collection

Data Collection Methods
Workarounds have been identified, analyzed, and described in
various health care contexts, and in different ways; these include
observations [32], interviews [20,31], focus groups [30],
questionnaire surveys [33], document analyses, time and motion
measures, information systems data analyses, and predominantly
a combination of the foregoing methods [34]. In our study, we
will apply nonparticipant direct observation in combination
with semistructured post-observation interviews for two main
reasons. First, workarounds must be observed in vivo, while
work practices and EHR use by health care professionals unfold
in situ [38]. Second, and related to the former, workarounds
tend to be invisible: EHR users may not have any interest in
making their workarounds explicit in interviews or surveys. In
fact, if users reveal their workarounds, they could be held
accountable for not complying with guidelines of system use
[38].

Direct observations will be complemented with a follow-up
semistructured interview with each observed health care
provider. Although we will make use of an interview protocol
with predefined questions that are of particular importance to
maintain coherency across the cases being studied [39], not all
questions will necessarily be asked in a fixed order (or asked
at all). New questions may be formulated during the interviews
to gather more in-depth data related to the subject being
discussed, or an issue being raised by the interviewee. The
questions will primarily be related to the direct observations in
which the interviewee is the main actor. We therefore maintain
a more flexible approach by actively probing and listening to
the interviewee, known as an open-ended interview [40]. This
approach facilitates the use of a standardized list of questions,
thereby enhancing internal validity and reliability, while
retaining a degree of flexibility to adapt to situational interests
ad hoc [39]. Each physician, nurse, and clerk will be observed
and interviewed independently. If a potentially preventable

medical error occurs while observing or interviewing a
participant (and only if the workaround poses a serious and
direct threat, to maintain our nonparticipant approach to
observation), the participant will first be asked about the reason
for their workaround, and later be informed of any potential
preventable medical error(s) that may result from the
workaround. In addition, although an estimation of the number
of physicians, nurses, and clerks to be observed and interviewed
is provided in Table 1, observations and interviews will continue
until the research team agrees that data saturation is achieved.

All direct observations and interviews will be captured by means
of a small audiovisual camera positioned at a designated, static
location (see Figure 3 for an example setup). This procedure
allows us to gather raw data from health care professionals and
clerks using the system from which workarounds can be
identified, to pinpoint moments in the processes when
workarounds occur, and conduct follow-up analyses to gain
deeper insights into how and why the workaround occurred. To
mitigate the Hawthorne effect during the observations and
audiovisual recordings, we will clearly communicate to the
participants what is in it for them. It will be made clear that
participants have no reason to use their EHR in any different
way than they normally would. First, we will explain that
participating in the research project is an opportunity to improve
the EHR and thereby reduce potentially negative impacts on
patient safety, effectiveness, and efficiency of care. Moreover,
we will stress that we will be observing the EHR rather than
the participant him/herself. Second, we will clearly communicate
to participants that all data gathered will be anonymous, cannot
be traced back to them, and will not be shared with anyone but
the research team. This approach will reassure participants that
they can use their EHR as they normally would, without fear
of potentially being reprimanded or rebuked afterwards. Third,
the audiovisual camera will be permanently and unobtrusively
installed for the duration of the observation, and does not require
frequent maintenance or recalibration. Finally, observers will
be positioned at a safe distance from the clinician using the
EHR [41].
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Figure 3. Example of a data collection setup in an outpatient consultation room.

The audiovisual recordings will be imported into a software
application named ATLAS.ti and will be subject to further
processing after this first research phase. All physicians, nurses,
clerks, and patients will be asked for informed consent before
any audiovisual recording takes place. The study has been
proposed to, and discussed with, the chief of medical staff and
the director of operations. We gained approval and support from
these parties to proceed with the study, and no institutional
review board approval was required. To protect patients’ health
information, all audiovisual recordings will be stored on an
encrypted hard drive set to erase itself after a series of incorrect
password entries, and subject to editing, during which any
patient names or contact details will be blurred or blanked out.

Three Distinct Processes
To study the EHR from a broader perspective within the
university hospital, data will be gathered within three pediatric
specialties: hematology, immunology, and infectious diseases.
These specialties use the same EHR, of which the look and feel
is identical, but may use additional functionalities tailored to
each specialty. Within each specialty, providers will be observed
while using the system in three distinct processes: the
preparation of outpatient consultation, providing outpatient
consultation, and providing inpatient consultation. We will
deliberately analyze multiple distinct processes to create
variation with regard to physical environment in which the EHR
is used, tasks performed, and outcomes produced (see Figure
1). We expect to find different types of context-dependent
workarounds in each of these processes. The preparation and

data collection procedures per process are explained in the
following subsections.

Process 1: Preparation of Outpatient Consultation

The first process concerns health care professionals preparing
outpatient visits while using the EHR in their private offices.
When preparing outpatient consultations an EHR user (eg,
physician or nurse) primarily relies on the availability,
retrievability, and quality of the data stored in the EHR by
colleagues and the user him/herself, as important clinical
information is often hidden in a sea of data [42]. Patients will
not be present in this setting and the system user will not have
direct interactions with other colleagues on site, so opportunistic
questions may be asked during direct observations of users
interacting with the EHR. Furthermore, users will be asked to
explain how they use and navigate the EHR to provide richer
insight into their actions. After the observed session, a
semistructured interview will be conducted with the observed
user to enrich the initial observations.

Process 2: Actual Outpatient Consultation

The second process of an outpatient consultation concerns
obtaining the medical history from patients, conducting a
physical examination, and ordering laboratory tests or
medication while a health care professional uses the EHR in a
designated examination room. Since these activities are regularly
carried out in a limited time frame per patient, the ratio between
provider-system and provider-patient interaction demands
careful balancing [43-45]. Furthermore, unexpected complexity
of tasks at hand may dictate workflow or EHR-functionality
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issues, may cause no correct path situations when a desired
option does not exist in the system workflow, or spark data
organization issues when a user would prefer a different
overview of existing data (eg, historical patient data) [22].
Despite such issues, the user must still devise a way to
accomplish his or her intentions within the given time frame;
this likely gives rise to workarounds. Similar to the first process
to be studied, a semistructured interview will be conducted after
the observed session of the user interacting with the EHR in the
presence of the patient.

Process 3: Actual Inpatient Consultation

The third and final setting concerns health care professionals
using the EHR after having made inpatient ward rounds. These
rounds concern regular daily reviews and consultation of
hospitalized patients with regard to their medical condition,
medication, and progress. Subsequently, the EHR is used to
change drug prescriptions, order blood or other laboratory tests,
and document the patient visit. The interface of the EHR differs
from the interface shown to users in the first and second
processes, thereby providing unique insights into
usability-related workarounds. Similar to the first and second
processes to be studied, a semistructured interview will be
conducted after the observed session of the user interacting with
the EHR.

Phase II: Data Preparation

Transcribing
After the data collection phase, we will transcribe the
audiovisual recordings of the direct observations and interviews.
We will purposefully transcribe the recordings ourselves, as
this will aid in data interpretation by developing affinity with
the transcriptions. Each audiovisual recording of the
observations and interviews will be transcribed in a separate
Microsoft Word document. These files, including the original
audiovisual recordings, will be imported into ATLAS.ti as
primary documents within a hermeneutic unit. Within these
primary documents, quotations will be created for selected text
sections or video frames possibly related to a workaround
resulting from EHR usage. Quotations are independent objects
without any codes assigned to them and can be regarded as
bookmarks within the data set. After all transcriptions have been
processed, the research team will jointly review each
transcription and quotation to determine whether (1) the
quotation indeed relates to a workaround of the EHR, (2) there
is consistency among the quotations in terms of the range (eg,
selected string length or number of video frames) of the selected
data, (3) minimal discrepancies exist between the audiovisual
fragments and transcribed text, and (4) to ensure no relevant
sections of data were overlooked.

Bottom-Up Versus Top-Down Coding
Two approaches to coding have been considered while designing
this study: top-down and bottom-up. Top-down coding would
require the configuration of a set of predetermined codes from
existing literature on EHR workarounds [22,28,34]. We would
then simply match our data against the predetermined codes
and develop new codes if a quotation would not fit in the
existing classification of codes. In contrast, using bottom-up

coding, we would develop the codes ourselves with the naming
of codes constantly being tentative and subject to change. As
more data is analyzed over time, the tentativeness of the coding
taxonomy would eventually develop itself into a set of codes
that fit the data well [46]. Despite being more time-demanding,
we will use a bottom-up approach, as this will allow us to
generate potentially new types of categories that may not emerge
from a top-down approach, due to potential analytical bias (ie,
forcing data into predetermined categories).

Provisional Coding Taxonomy Development
In line with a bottom-up approach, a provisional coding
taxonomy will be developed by the lead researcher based on
impressions and notes taken during each observation and
interview, before coding of the transcriptions commences. This
provisional coding taxonomy provides the coding team with a
birds-eye overview of what has been witnessed during the EHR
sessions with users in each of the three processes. This process
will generate a temporary list of codes to be assigned to the
data, to prevent each coder from developing a unique list of
codes, and to ensure that coders use the same names for sections
of data when their interpretations of the transcriptions are
identical.

Coder Training
To establish common ground among members of the coding
team before coding the transcriptions, one or multiple plenary
educational sessions will be organized in which the team will
be instructed on the EHR, the coding scheme, the contents of
the provisional coding taxonomy, the meaning of each code,
and the basics of coding in ATLAS.ti. To achieve a sufficient
level of consistency and quality among coders, they will be
asked to code the same copy of a random interview transcription
using the provisional coding taxonomy before the actual process
of coding the transcriptions starts. The copies will then be
merged in ATLAS.ti to create a single analyzable file that
contains all actions performed by all coders. Results will then
be compared and any discrepancies or ambiguities will be
discussed. If the coding scheme turns out to be ambiguous, the
lead researcher will adjust the taxonomy and coding responses
will be recalibrated.

Phase III: Identifying Workarounds

Open Coding
After the provisional coding taxonomy is finalized, the coding
team will begin open coding. Initially, two coders will
independently code five similar randomly chosen transcriptions
using the provisional coding taxonomy. One or multiple codes
may be assigned to each quotation. When data do not fit into
codes of the provisional taxonomy, new codes may be proposed
by the coders. Coders may likewise propose alternative ways
of labeling the codes. The research team will then come together
and compare the results of the coders. Any discrepancies related
to the codes assigned for the same unit of text or video stills
will be resolved through discussion. The provisional coding
taxonomy will be adjusted accordingly by the lead researcher
and in collaboration with the coders, if deemed necessary.
Whenever the coding taxonomy is altered throughout the
research project, the transcriptions that were already processed
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will be reviewed again to determine whether all quotations
assigned to a code still match the revised coding taxonomy. The
same holds true if a code has been broken into multiple codes,
or multiple codes have been merged into a single one.

We expect the tentativeness of the coding taxonomy to develop
itself into a set of codes that fit the data well, after this initial
round of coding. Most of the remaining transcriptions will be
independently coded by the coding team. An independent
reviewer will review the coded transcriptions on a regular basis
and signal the research team if inconsistencies are noticed (eg,
continuously using an inappropriate code for quotations with
similar semantics). The research team will then resolve the
inconsistencies to ensure that the predefined codes are used by
all coders in the same way.

Calculating Interrater Reliability and Interrater
Agreement
When all transcriptions have been coded and validated by the
research team, a random sample of identical transcriptions that
have been independently coded by at least two coders will be
merged in ATLAS.ti. This process will create a single analyzable
file containing all actions performed by all coders. Within this
file, interrater reliability and interrater agreement of codes
assigned to transcriptions will be calculated. We aim to do this
for 30% of the transcriptions (usually 10-20% [47]). Interrater
reliability will tell us whether there is consistency among the
coding team with regard to selecting the same codes for the
same unit of analysis (ie, quotation) while coding in isolation.
Interrater agreement will tell us the extent to which coders are
able to reconcile through discussion (and mediation by the
independent reviewer in case the coders fail to reach consensus)
if coding discrepancies arise for the same unit of analysis [48].

Tabulation
Finally, the number of quotations associated with each code
will be tabulated to provide insights into which codes are more
prevalent, both overall and within each of the three different
health care settings. A high number of quotations associated
with a given code may prompt further investigation during
follow-up interviews and provide clues as to why the given code
occurs more often than others.

Phase IV: Determining the Scope of Workarounds
The fourth phase aims to analyze the identified workarounds
regarding their scope. As previously mentioned, each
workaround will be related to its impact on the patient, the health
care professional, the overall organization, or a combination
thereof; this is in accordance with the outcome part of a process
influenced by a workaround, as shown in Figure 1. Clues about
which stakeholders are impacted by each workaround will
primarily be gathered from the semistructured follow-up
interviews. We will specifically look for responses that provide
insights into the conditions that caused or influenced the
workaround, the context in which it appeared, and the high-level
consequences of the workaround. Any part of a response
providing such insight will be stored in a separate file unique
to each workaround. These files will be subject to further
analyses in the following research phases.

Phase V: Determining the Consequences of EHR
Workarounds
The fifth phase involves determining the consequences of each
identified workaround. We have been inspired by the approach
of Ash et al [49] who present a thematic hierarchical network
model of consequences of CPOEs that helps in building
understanding of CPOE consequences. CPOE is built upon the
diffusion of innovations theory [50] and distinguishes between
three classifications of outcomes: anticipated versus
unanticipated, desirable versus undesirable, and direct versus
indirect. We believe this model fits well with our aim of
determining the impact of an EHR workaround by classifying
its consequences. For our study, we are limiting ourselves to
unanticipated consequences and whether each of the identified
consequences is regarded as desirable or undesirable (Figure
2). We will purposefully exclude anticipated consequences of
EHR workarounds from our analyses, as the focus of this study
is on workarounds that are inherently suboptimal and their
consequences (by definition) are not anticipated by EHR
designers. Furthermore, we do not distinguish between direct
versus indirect consequences of EHR workarounds since
consequences of workarounds elicited by EHR use may manifest
themselves in the far future rather than the near future. The
following subsections define unanticipated desirable versus
undesirable consequences in an EHR workaround context.

Desirable Unanticipated Consequences of EHR
Workarounds
An unanticipated consequence is a consequence of an EHR
workaround that has not been foreseen in advance [49]. An
unanticipated consequence can be either desirable or
undesirable. Desirable unanticipated consequences are
unforeseen consequences that turn out to have a favorable impact
on an individual or the social system in which the EHR
workaround occurred; these consequences can be described as
serendipity. In the words of Ash et al [49], these consequences
can be regarded as, “happy surprises”. Examples include
increased collaboration and learning from alert messages, or
ordering a wrong drug purposefully to trigger the alert system
to suggest the right one.

Undesirable Unanticipated Consequences of EHR
Workarounds
Undesirable unanticipated consequences are unforeseen
consequences that turn out to have an unfavorable impact on
an individual or the social system in which the EHR workaround
occurred; these consequences can be termed unintended
consequences. Examples include health care professionals
suffering from alert fatigue due to an overload of alerts
generated by the EHR with low specificity [19,25], paper
persistence [25], deteriorated communication and cooperation
among health care professionals [51-53], workflow issues [25],
difficulties in finding information in the system [24],
never-ending system demands [25], or a human-computer
interface that is unsuitable for a highly interruptive health care
context [26].
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Phase VI: Determining the Possible Impact of EHR
Workarounds
The final phase involves determining the possible impact of
EHR workaround consequences. One or multiple sessions will
be organized to convene all members of the research team,
health care professionals, and clerks participating in the study.
The impact of each workaround consequence will then be
collectively analyzed from three perspectives: patient safety,
effectiveness of care, and efficiency of care.

A comprehensive list of indicators to determine the impact of
EHR workaround consequences regarding the three perspectives
is, to our knowledge, nonexistent. We will therefore develop a
list of indicators following a bottom-up approach. Based on this
list of indicators and garnered insights, our final aim is to
develop a model of EHR workaround consequences and their
possible impact on patient safety, effectiveness, and efficiency
of care that builds upon the CPOE consequences model
developed by Ash et al [49]. A concise description of the three
perspectives is provided below.

Patient Safety
Patient safety is a broad discipline that has garnered increasing
attention since the 1990s and has become a cornerstone of
delivering high-quality health care [54]. The Institute of
Medicine defines patient safety as, “the prevention of harm to
patients” [55]. To tailor this definition to our context, we define
patient safety as any EHR-related incident that could possibly
harm one or multiple patients receiving care.

EHRs are regarded as essential to improving patient safety [7].
However, recent evidence highlights substantial and often
unanticipated patient risks resulting from the use of EHRs or
workarounds [34,56-58]. The safe delivery of patient care can
be jeopardized by bypassing security blocks (eg, working in
emergency mode in nonemergency situations and thereby
omitting security checks) [28], cloaking deficiencies (ie,
devising workarounds rather than bringing problems to the
attention of systems designers, causing problems to remain
hidden) [59], and undermining standardization (eg, using an
alternative way to accomplish a task, thereby not conforming
to a system-enforced way of working that is designed to
safeguard patient safety) [60]. Understanding how consequences
of EHR workarounds could impact patient safety is therefore
key when formulating design and redesign interventions for
EHRs.

Effectiveness of Care
According to ISO 9241-11 (1998), effectiveness can be defined
as the accuracy and completeness with which users achieve
specified goals [61]. Workarounds often have a negative impact
on the effectiveness of user-EHR interaction; specifically, they
have been found to result in information on patient care
(processes) or work protocols that are unstable, unavailable, or
unreliable [27]. To achieve closer alignment between work
context and EHR design, it will be important to understand the
impacts that workaround consequences have on the accuracy
and completeness of the goals that EHR users hope to achieve.

Efficiency of Care
According to ISO 9241-11 (1998), efficiency can be defined as
resources expended in relation to the accuracy and completeness
with which EHR users achieve goals [61]. As previously
mentioned, the ratio between provider-EHR and provider-patient
interaction demands careful balancing [43-45]. Recent evidence
confirms that EHRs claim a significant portion of physicians'
time and draw attention away from their direct interactions with
patients, and from their personal lives [62,63]. Physicians may
spend 3-4 hours on EHR tasks and desk work for every hour of
direct clinical time spent with patients [63]. Similar to the
effectiveness of care potentially being jeopardized by
workarounds, the same holds true for efficiency of care, as work
protocols enforced by EHRs that are unstable, unavailable, or
unreliable are sources of inefficiency [27].

Results

Data was collected using the described approach from January
2016 to March 2017. Data analysis is underway and is expected
to be completed in May 2017. We aim to report the results of
this study in a follow-up publication.

Discussion

Health care providers resort to informal work practices known
as workarounds to handle exceptions to normal workflow
unintentionally imposed by EHRs. Although these workarounds
may seem favorable at first sight, they are generally suboptimal
and may jeopardize patient safety, effectiveness, and efficiency
of care. Understanding why and how workarounds occur is
pivotal to developing user-friendly EHRs, and to achieve greater
alignment between work context and the EHR.

Research on the scope and impact of EHR usage-related
workarounds on the overall patient care processes is currently
limited. Insights into the consequences of EHR workarounds
on patients, health care providers, and health care organizations
provide guidance on how to address EHR-related safety,
effectiveness, and efficiency concerns, and to optimize EHR
designs.

Our study protocol, based on the SEIPS conceptual framework
[35], the thematic hierarchical network model [49], and an
ethnographic approach using a combination of direct
observations, semistructured interviews, and qualitative coding
techniques provides a grounded framework to explore EHR
workarounds from a holistic and integral perspective. More
specifically, workarounds emerging from EHR use in three
different health care settings will be assessed on their scope (ie,
patient-, professional- or organization-related), consequences
(ie, desirable versus undesirable) and impact (on patient safety,
patient care effectiveness, and efficiency). Insights from this
study can inform the redesign of our EHR to further align with
these work contexts and subsequently lead to better organization
and safer provision of care.

In addition to reporting on identified workarounds to EHR usage
in an academic hospital in multiple distinct processes and
settings, our final aim is to develop a model of EHR workaround
consequences and their impacts on patient care that builds upon
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the CPOE consequences model developed by Ash et al [49].
This model will benefit researchers and practitioners alike when
analyzing EHR workarounds, and subsequently in their efforts

to improve EHR design for optimal EHR usage in health care
practice.
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Abstract

Background: Pediatric chronic illness care models are traditionally organized around acute episodes of care and may not meet
the needs of patients and their families. Interventions that extend the patient-clinician interaction beyond the health care visit,
allow for asynchronous and bidirectional feedback loops that span visits and daily life, and facilitate seamless sharing of information
are needed to support a care delivery system that is more collaborative, continuous, and data-driven. Orchestra is a mobile health
technology platform and intervention designed to transform the management of chronic diseases by optimizing patient-clinician
coproduction of care.

Objective: The aim of this study is to assess the feasibility, acceptability, and preliminary impact of the Orchestra technology
and intervention in the context of pediatric chronic illness care.

Methods: This study will be conducted in the cystic fibrosis and inflammatory bowel disease clinics at Cincinnati Children’s
Hospital Medical Center. We will enroll interested patients and their caregivers to work with clinicians to use the Orchestra
technology platform and care model over a 6-month period. In parallel, we will use quality improvement methods to improve
processes for integrating Orchestra into clinic workflows and patient/family lifestyles. We will use surveys, interviews, technology
use data, and measures of clinical outcomes to assess the feasibility, acceptability, and preliminary impact of Orchestra. Outcome
measures will include assessments of: (1) enrollment and dropout rates; (2) duration of engagement/sustained use; (3) symptom
and patient-reported outcome tracker completion rates; (4) perceived impact on treatment plan, communication with the clinical
team, visit preparation, and overall care; (5) changes in disease self-efficacy and engagement in care; and (6) clinical outcomes
and health care utilization.

Results: Participant recruitment began in mid-2015, with results expected in 2017.

Conclusions: Chronic disease management needs a dramatic transformation to support more collaborative, effective, and
patient-centered care. This study is unique in that it is testing not only the impact of technology, but also the necessary processes
that facilitate patient and clinician collaboration. This pilot study is designed to examine how technology-enabled coproduction
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can be implemented in real-life clinical contexts. Once the Orchestra technology and intervention are optimized to ensure feasibility
and acceptability, future studies can test the effectiveness of this approach to improve patient outcomes and health care value.

(JMIR Res Protoc 2017;6(4):e71)   doi:10.2196/resprot.7074

KEYWORDS

mobile applications; chronic disease; physician-patient relationship; cystic fibrosis; inflammatory bowel disease

Introduction

Effective management of chronic illness requires a different
type of health care delivery system than presently exists [1].
Our current models of care, which are organized around treating
acute episodic conditions, do not meet the needs of the growing
number of patients with serious, chronic health problems [2,3].
Typically, individuals with chronic illness are seen by their
specialist a few times a year. During these brief visits, patients
and families are expected to identify, remember, and
communicate to the clinical team the most relevant aspects of
their illness experience from the previous weeks or months.
Clinicians are then charged with gathering enough detail from
the information shared by patients and families to make optimal
treatment recommendations. Traditional clinic visits provide
the clinician with only a blurry and fleeting snapshot of a
patient’s disease [4]. The experience is similar for patients and
families, who generally lack access to clinical data and test
results and, even when results are made available, they are not
accompanied by understandable explanations. These issues
hamper patients’ ability to fully participate in decision-making
[4].

While the clinical encounter is a valuable interaction, its design
does not support optimal patient engagement, clinician
efficiency and effectiveness, or health outcomes [1,3-5]. To
improve the clinical encounter, we need ways to: (1) easily
extend patient-clinician interaction beyond the circumscribed
visit; (2) allow for asynchronous, bidirectional feedback loops
that span both visits and daily life; (3) regularly collect and
monitor patient-reported data between visits; and (4) seamlessly
share clinically-generated and patient-generated information
[2,4]. In addition, patients and clinicians need support to truly
coproduce care, allowing them to collaborate to produce
information (eg, clinical data, patient-reported outcomes
[PROs]), knowledge (insights), and know-how (expertise) to
improve health care and health outcomes [1,3-5].

Technology can help to address these gaps by enabling
low-friction data collection, sharing, and communication [3,6-8].
An increasing number of technologies designed to support
chronic disease management are being developed. A recent
study of an electronic health record (EHR)-linked patient portal
to track family treatment concerns, goals, symptoms, medication
side-effects, and adherence in pediatric asthma showed promise
for improving communication, self-management, and outcomes
[9]. In addition, there is an exponential rise in reports of apps
being developed to support better chronic disease management
in diabetes [10-12], hypertension [13], chronic pain [14].
However, technology is only part of the solution. A recent
systematic review that examined the effectiveness of mobile
health (mHealth) in supporting chronic disease management

found mixed results [15]. The authors concluded that while the
potential for improved outcomes is high, more work is needed
to focus on how technology is implemented in ways that
overcome existing barriers [15]. Technology alone will have
minimal impact on chronic disease management unless it is
seamlessly integrated into patients’ lives and clinicians’
workflows in a way that relieves burdens and addresses unmet
needs [6,7].

Orchestra is an mHealth technology platform (mobile, tablet,
desktop) and intervention designed with and for patients,
families, and clinicians to facilitate coproduction of care.
Orchestra is aimed at transforming the management of chronic
disease by making care more collaborative, continuous, and
effective. Orchestra emerged from goal-directed design work
conducted as part of the development of a collaborative chronic
care network for pediatric inflammatory bowel disease (IBD)
[16]. Interviews and direct observations led to the creation of
personas and scenarios that were used to derive requirements
of an improved chronic care system. The personas and scenarios
guided the generation of 100 prototype interventions designed
to address these requirements. Among these prototypes were:
(1) the Personalized Learning System [17], a Web-based and
short messaging system (SMS) technology platform that enabled
patients with chronic diseases to work collaboratively with their
clinicians to identify issues of importance to them, track
outcomes, and learn from both routine changes in everyday life
(eg, diet changes, sleep patterns) and formal planned

experiments; and (2) the E3(Engaged, Empowered, Electronic)
Healthcare Study [18], which developed and tested mobile and
Web-based tools, including a previsit planner and weekly
symptom tracker designed to optimize clinical interactions and
shared decision-making. Observations and learnings from these
two prototypes were used to inform the design and development
of the Orchestra technology platform and intervention.

The aim of this pilot study is to assess the feasibility,
acceptability, and preliminary impact of Orchestra in the context
of pediatric chronic illness, while simultaneously developing
and refining the processes that allow for integration into the
care delivery system [19].

Methods

Study Setting
This study is being conducted in the Cystic Fibrosis (CF) Center
and IBD clinic at Cincinnati Children’s Hospital Medical Center
(CCHMC). CCHMC is a 629-bed children’s hospital with
associated ambulatory clinics, and is the only children’s hospital
in the Cincinnati metropolitan area (population 2.3 million).
The CF clinic within the pulmonology division cares for
approximately 225 patients with CF and is one of 10 CF
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Foundation Research Centers in the United States. The Schubert
Martin IBD Center cares for approximately 700 patients with
Crohn’s disease and ulcerative colitis, and is home to a wide
array of cutting-edge basic and translational research. Both
clinics are staffed with multidisciplinary teams that include
psychology, nutrition, and social work. CCHMC uses Epic
(Verona, Wisconsin) as its EHR.

Project Timeline
The development of the Orchestra technology and intervention
has proceeded through a series of small pilot studies, using a
rapid iteration process. The first phase of pilot testing was
designed to refine the technology (June to December 2014).
The platform was tested with 4 physicians, 17 patients, and 31
caregivers. The current phase of testing (phase 2) is designed
to: increase the number and type of clinicians involved
(physicians, nurses, dietitians, social workers, psychologist, and
respiratory therapists); increase the number of patients using
Orchestra; refine the processes necessary to integrate Orchestra
into patients’ lives and clinicians’ workflows; and measure the
feasibility, acceptability, and impact of the Orchestra
intervention when used over a 6-month period. Phase 2 aims to
enroll 100 participants.

Study Intervention

Overview
The Orchestra technology and intervention is designed to: (1)
extend clinical data sharing and decision-making beyond the
circumscribed clinic visit by allowing ongoing, asynchronous,
and bidirectional symptom monitoring and feedback loops
between clinicians and patients; (2) support patients and
clinicians in preparing for the clinic visit and having the right
information at the right time so that they can effectively
collaborate, communicate, and codesign a care plan that works;
(3) prepare patients and clinicians to be equal partners in a
culture of medicine in which they have not been trained to do
this; (4) transform the valuable time spent during the clinic visit
from information transfer based on ambiguous memory and
limited recall to data-based problem-solving that addresses
patient and family goals; and (5) support patients and clinicians
in using data, quality improvement methods, and planned
experimentation to learn about which treatments and lifestyle
modifications help them feel better. Screenshots of the Orchestra
technology components are provided in Multimedia Appendix
1.

Technology Components

Symptom Tracking and Journal/Note Entry

This feature allows patients/caregivers to regularly track
symptoms, health behaviors, and standardized multi-item PRO
measures between clinic visits. Frequency of data tracking can
range from daily to weekly, based on the specific measure and
the schedule agreed upon by the patient/caregiver and clinician.
Tracking is done on the mobile app or the desktop platform and
can be prompted through push notification, SMS, and/or email.
Tracked symptoms are depicted via line graphs and are viewable
in real-time by patient/caregiver and clinician. Patient/caregiver
and clinician can attach a note to a specific data point and can

capture general thoughts in journal entries. Notes and journals
are designed to document observations about the data that
facilitate learning from variation and natural experiments (eg,
impact of travel or a diet change) and enhance communication.
Symptom tracking is meant to improve clarity regarding the
patient’s condition and refine hypotheses about changes that
might improve the patient’s symptoms. Examples of
participants’ symptom trackers are provided in Multimedia
Appendix 2.

Automated Signals for Changes in Patient Status

Clinicians are notified of changes in a patient’s symptoms when
certain preestablished criteria are met. This feature is meant to
alert clinicians to data that is potentially actionable. Clinicians
can enable and customize automated signals for each individual
measure being tracked by the participant. Data signals are sent
to clinicians via email and generated using two distinct methods.
The statistical process control (SPC) option generates signals
by using statistical algorithms to identify significant changes
in the individual measures. Once a sufficient amount of baseline
data has been entered by the participant (usually the first 20
data entries) [20], it is continuously analyzed using SPC rules
to identify significant changes. Alternatively, the threshold
option employs user-defined formulas to signal clinicians if
established criteria are met (eg, if frequency of coughing is
greater than most of the day for more than three days in a row).
By default, measures are set up with signals turned off.
Clinicians have the option of enabling one or both types of
signals on measures that are key symptom indicators of a
patient’s health status. At this time, patients and caregivers are
not notified of signals.

The Previsit Plan

A previsit plan (PVP) is pushed to the patient’s/caregiver’s
account two weeks prior to a clinic appointment, and consists
of two components: (1) a health metric review with personalized
feedback, and (2) a previsit survey. In the health metric review,
laboratory and other relevant health metrics from the previous
12 months (obtained from the HER) are displayed using intuitive
visualizations and plain language to help patients/caregivers
understand the meaning of their results and health trends. Results
are accompanied by personalized suggestions of topics to
address during the clinical encounter, based on the results. This
component contains health metrics specific to the relevant
chronic condition. For example, in IBD key metrics include
variables such as hematocrit, serum albumin, height, weight,
body mass index (BMI), and physician global assessment of
disease activity. CF key metrics include the percent predicted
Forced Expiratory Volume in 1 second (FEV1) and BMI
percentile. The previsit survey graphically depicts all responses
to tracked data during the intervisit period, prompts the
patient/caregiver to respond to a set of questions related to
current symptoms and functioning, provides the patient/caregiver
with an opportunity to review all notes and journal entries
recorded during the intervisit period and select the ones that the
participant would like to discuss with their clinicians, and
solicits goals for the upcoming visit. The previsit survey, once
complete, is viewable in real time by the patient/caregiver and
by the clinician. The clinician view includes flagging of
responses outside of normal limits.
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Planned Experimentation

Patients/caregivers and clinicians are supported in using
quasi-experimental or experimental designs to learn from data
tracking and test hypotheses. Experimental designs can range
from simple pre/post designs to more formal N-of-1 studies
using multiple cross-over designs. Participants and clinicians
work together to test hypotheses related to starting new
medications or making diet and lifestyle changes.

Clinician Portal

Clinicians view their Orchestra patients via a Web-based portal.
Clinicians can access the portal, using one-click single-sign-on
authentication through the EHR, to support seamless workflow
integration. A basic population panel includes patient name,
age, gender, names of individuals tracking (patient and/or
caregiver), and date of the next scheduled visit (pulled from the
EHR). The population panel enables simple hierarchical sorting
of patients by clinician, care team, and clinic, and serves as the
gateway to accessing detailed symptom-tracking graphs,
journals/notes, and PVPs.

Intervention Components

Shared Decision-Making Regarding Goal for Use

As a participant is introduced to Orchestra, the clinician guides
a collaborative discussion with the patient/caregiver about
identifying a clear purpose for how Orchestra will be used to
benefit the patient’s care, and which are the best measures to
track, in order to achieve the shared goal.

Establishment of a Social Contract

As a participant is introduced to Orchestra, the clinician guides
a discussion on how often the clinical team will look at the data.
The social contract supports expectation-setting around
frequency of communication, helps participants understand that
the clinical team values the data and is looking at data during
the intervisit period, and supports clinicians in using the platform
during the intervisit period .

Reinforcing Use During Intervisit Period

Clinicians review all data signals during the intervisit period
and reach out to the patient/caregiver as appropriate. Clinicians
are encouraged to review and refer to Orchestra data prior to or
during any intervisit phone or email communication with a
patient/caregiver. Clinicians are encouraged to incorporate the
PVP into their preclinic planning process in order to be apprised
of the patient’s current status, and be prepared to address patient
goals at the visit. In addition, clinicians are encouraged to use
the Orchestra journaling feature to leave notes of encouragement
related to system use for participants.

Collaborative Review of Tracked Data and Previsit Plan at
Clinic Visits

Clinicians are encouraged to refer to Orchestra tracker data and
the PVP during the clinical encounter to make the
patient/caregiver aware that they have reviewed the data and
that it is contributing to clinical decision making, and to
reinforce system use. Clinicians are also encouraged to jointly
review the Orchestra graphs with patients/caregivers during the
encounter as a tool for education and collaboration.

Study Population
Participants are eligible for the study if they (1) are able to
speak/read English, (2) have a clinical diagnosis of CF or IBD,
(3) are between the ages of 14 and 21 years and/or are parents
or legal guardians of patients between the ages of birth and 21
years, (4) have a smartphone or tablet device with compatible
iOS or Android operating system, (5) have a mobile data plan
and/or Internet connection, (6) have at least two clinic visits
during the period of tool deployment (one at study entry, and
at least one subsequent visit within 6 months), and (7) do not
have a comorbid disorder that prohibits participation.

Ethics
The protocol, all research staff, and all patient-facing materials
related to the study were approved by the Institutional Review
Board (IRB) at CCHMC. Data security was addressed as part
of the IRB review and is managed in three ways. First, the
Orchestra platform is hosted on a cluster of dedicated machines
isolated within a virtual private cloud (VPC). Second, data are
fully encrypted in transit between machines within the VPC.
Simple messages that do not carry protected health information
(PHI) are sent by the system, and unidentifiable numeric
responses are typically returned. The only PHI involved in the
transaction is the phone number or unique identification (ID)
used to identify the participant’s phone. Participants are able to
opt out of these mechanisms and respond entirely through a
secure website if they choose. Third, the Orchestra platform
makes selective, secure connections to CCHMC Web services
for the specific purposes of gathering laboratory values and
visit-scheduling information, and registering new participants.
Registration activities pass a short set of personal identifiers
(eg, name, date of birth, and cell phone number) to the platform
and the platform returns a unique ID to Epic, which is used to
open the platform within Epic and access laboratory data.

Study Procedures
This is a prospective, single group, pre/post pilot study. Study
procedures are summarized in Figure 1 and are broken down
into the following phases: Clinic Planning, Clinician
Onboarding and Training, Participant In-Clinic Training and
Onboarding (Baseline Visit), Intervisit Period, Follow-Up Visits,
Ongoing Process Improvements for Integrating Orchestra in
the Clinic, and Technology Support.
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Figure 1. Study Procedures.

Clinic Planning
Select clinicians in the CF and IBD clinics (ie, clinician
champions) partnered with the research team to develop a
standard, condition-specific catalogue of relevant measures for
participants to track. Validated measures were used when
available; otherwise new questions were written to assess
relevant symptoms and behaviors. Measures were preloaded
into the Orchestra platform for ease of tracker selection and set
up. Clinical champions selected the previsit survey questions
and health metrics for the PVP, developed text for clinical
algorithms that describe what each health metric means, and
suggested topics based on the patient’s results to discuss at the
visit. The planning phase also included the development of
process maps defining how Orchestra integrates into clinic visits
and intervisit workflows, including when and how potential
participants are introduced to the study, how clinicians work
with their patients/families to select trackers, when and how
patients are set up and oriented to the Orchestra technology,
and how Orchestra data are integrated into the care process to
facilitate coproduction.

Clinician Onboarding and Training
All clinicians that cared for patients, including physicians,
nurses, dietitians, respiratory therapists, and social workers,
received training on the use of Orchestra. Two 90-minute,
condition-specific, in-person training sessions were conducted.
Training included instructions on how to use the Orchestra
technology platform and how to incorporate the Orchestra
intervention into patient care. Clinicians received individual
accounts with clinic-level access to the Orchestra platform that
allowed them to access all patients using Orchestra in their
clinic.

Participant In-Clinic Training and Onboarding (Baseline
Visit)
Three main methods of study recruitment are employed, and
the recruitment method varies depending on the clinic flow and
scheduling. Eligible participants are either identified and
contacted by study and/or clinic staff prior to an upcoming

appointment or, if not contacted in advance, approached
in-person at the clinic appointment. Recruitment is completed
with interested participants at the clinic visit. Research staff
meets with all interested caregivers and patients to review and
complete informed consent. Assent is obtained from all children
aged 14-17 who are participating in the study. Consent is
obtained from parents (or legal guardians) or study participants
who are 18 years of age or older.

After clinic check-in, eligible participants are shown a 2-minute
introductory video designed to spark interest in using Orchestra.
This video focuses on inspiring patients to visualize a redesigned
approach to care. Research coordinators (RCs) initiate study
enrollment and inform the clinical team of a patient’s/caregiver’s
interest in using Orchestra. During the clinical encounter,
participants collaborate with their clinicians to identify goals
for Orchestra use and select trackers and tracker frequency (eg,
daily, weekly, other). Upon completion of the visit, clinicians
independently decide whether to set data signals, and the type
of signal to set (SPC and/or threshold), on any of the selected
trackers in order to be alerted to a change in patient status.

After the clinical encounter, the RC meets with the participant
to complete baseline surveys. The RC creates an Orchestra
participant account via administrator functionality on the
platform and supports the participant in downloading and setting
up the app on their mobile device before they leave the clinic.
After installation, the RC ensures that the account is functioning
correctly and the participant is comfortable with basic app use.
The app was developed with strong user interface design
principles, and we anticipate that minimal training will be
necessary to ensure patients can use the Orchestra app features.
All participants receive a verbal review of the Orchestra features
(during the consent process) and a paper-based quick start guide
(included in Multimedia Appendix 3). In-depth tutorials are
provided by RC coordinators if requested by a patient or family,
or if the RC feels the patient needs additional instruction.

Intervisit Period
At the specified time and frequency, participants receive
notifications to answer their selected trackers via their mobile

JMIR Res Protoc 2017 | vol. 6 | iss. 4 |e71 | p.206http://www.researchprotocols.org/2017/4/e71/
(page number not for citation purposes)

Kaplan et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


device. Participants’ responses to trackers are displayed
graphically, in real-time, on the app and on the Web-based
platform. Line graphs display all data points chronologically
with zoom in/out functionality. On the clinician-facing Web
interface only, graphs include a median or mean line describing
the central tendency of the data. Continuous measures also
display control limits reflecting approximately 3 standard
deviations from the mean, based on SPC rules. During the
intervisit period, participants and clinicians are encouraged to
record observations or questions by annotating data points, or
via journal entries.

Clinicians are notified of significant changes in symptoms by
email if SPC and/or threshold signals are set and the symptom
data meet specified firing criteria. At any time during the
intervisit period, if a participant shows a pattern of nonresponse
(eg, is not completing daily trackers for 3 days in a row or
weekly trackers for 2 weeks in a row), an RC contacts the
participant to determine if the participant is experiencing
technical problems or any other barriers to Orchestra use. As
established in the social contract during the initial participant
setup, check-ins are completed by the participant and clinician
at the predetermined frequency. Check-ins are completed via
MyChart (a patient communication portal available via the Epic
EHR), email, phone, in-person, or using the journaling feature
of the Orchestra app.

The PVP is automatically pushed to a participant’s account
approximately two weeks prior to a scheduled clinic visit.
Participants are notified via their mobile device to review and
complete the PVP. Clinicians are notified via email when a PVP
is completed, and completed PVPs can be accessed at any time
via the Orchestra platform.

Follow-Up Visits
Study follow-ups occur during routine clinic visits at 3 months
(if applicable) and 6 months after enrollment. All participants
are expected to have at least one follow up visit within 6 months
of enrollment, based on standard clinical follow-up
recommendations for IBD and CF. During the follow-up visit,
clinicians and participants are encouraged to collaboratively
review the PVP, symptom trackers, and journal entries and
notes. Participants and clinicians are also encouraged to identify
any changes in Orchestra setup (ie, tracker frequency, addition
of a new tracker, discontinuation of a current tracker) that are
needed to better learn from the data. After the clinical encounter,
the RC meets with the participant to complete follow-up surveys
and a structured qualitative interview.

Ongoing Process Improvements for Integrating
Orchestra in the Clinic
Weekly standing meetings involving the research team and
clinician champions from the CF and IBD clinics are held to
discuss approaches to improve clinical processes, including:
(1) how the patient/caregiver is introduced to Orchestra; (2)
how clinicians are supported in using shared decision-making
principles when discussing Orchestra during the clinical
encounter; (3) patient technology setup (ie, Orchestra app
install); and (4) workflows for managing the intervisit period.
We use quality improvement methods to improve processes.

Technology Support
RCs are the first-line responders to technology issues reported
by participants and clinicians. RCs attempt to solve barriers to
using the technology and, if unsuccessful, report the technology
issue to Vital Labs, Inc., which attempts to resolve the issue
within 48 hours. RCs track the number and type of technology
issues (bugs) to inform future improvements of the technology
and develop more scalable processes for technology support.

Data Collection

Data Sources
Data are collected from participants via several sources,
including: Participant Assessments (Survey/Interview), Clinician
Assessments (Survey), Orchestra Data, and Electronic Health
Record/Clinical Outcome Data.

Participant Assessments (Survey/Interview)

Enrolled participants complete surveys either at a scheduled
clinic visit or via mail/email immediately following a clinic
visit. Participants complete up to three assessments: baseline,
3-month (if applicable), and 6-month follow-up visits. Surveys
are completed electronically via iPads or laptops directly linked
to a Research Electronic Data Capture (REDCap) database for
instant and secure electronic data storage. In-person interviews
are conducted by the RC at the follow-up visits using a
structured interview guide. Questions are designed to assess
participants’ experience with the tools, including how they used
Orchestra, barriers and facilitators of use, ways in which
Orchestra improves the patient’s health status and experience
with care delivery, and how the tool and intervention could be
improved. RCs audio-record interviews and take written notes
immediately following the interviews.

Clinician Assessments (Survey)

At each study visit, the patient’s physician and, if applicable, a
second clinical team member involved in using Orchestra with
the patient complete surveys. Clinician surveys are emailed to
each clinician via the REDCap survey administration feature.

Orchestra Data

Using the Orchestra mobile app and Web-based platform,
participants input data, including but not limited to, self-report
of symptoms and behaviors and validated PRO measures.
Participants and clinicians can also enter journal comments and
notes using the Orchestra platform. All data entered into the
Orchestra platform are available to export in standard file
formats.

Electronic Health Record/Clinical Outcome Data

Basic demographic information and data on patient outcomes
are collected from the patient medical record and entered into
the REDCap database. In addition, for the subset of patients
who have a data alert signal during the study period, RCs review
the EHR to determine if the data alert signal leads to action or
a change in treatment plan. If unable to determine whether action
occurred or if the action is related to the signal, the RC contacts
the clinician to verify.
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Measures
Demographic data are collected from all participants 18 years
or older and caregivers provide data for patients under 18. We
record the participants’ age, race, ethnicity, gender, education,
socioeconomic status, and familiarity with (and usage of) various
technology platforms (eg, blogging, texting, using a tablet, video
chatting). We also collect data on the patients’ age at diagnosis
and any comorbid medical conditions from the EHR.

We are evaluating fidelity to the Orchestra intervention by
determining the extent to which the key components of the

intervention are used, including selection of goal and measures,
completion of PVP, in-clinic discussion of tracked data/PVP,
and follow-up of signals generated by the Orchestra system.
We are also examining how participants choose to configure
Orchestra to meet individual patient and clinician goals by
measuring: (1) who has elected to track (adolescent patients vs
caregivers vs both), (2) how many symptoms they have chosen
to track, (3) the most common symptoms tracked, and (4) use
of the surveillance versus planned experimentation features.
The main quantitative outcome measures (Table 1) are designed
to assess Feasibility, Acceptability, and Clinical Impact.

Table 1. Quantitative outcome measures.

Study Dura-
tion

6-month
Visit

3-month
Visit

BaselineMeasure

Feasibility

XSet up time for appa

XAdded burden to clinical visit (subjective)

Acceptability

XEnrollment rateb

XDrop-out rateb

XDuration of engagementb

XOrchestra use (eg, chart views, use of notes, journals)

XTracker completion rate

XXCompletion rate of PVP survey

Clinical Impact

XXPerceived value

XXImproved treatment plan

XXImproved communication

XXPositive impact on care

XXImproved clinic preparation

XXUtility of the tools

XXImproved disease insight

XPercent of signals resulting in change in care planc

XXXDisease self-efficacy (change from baseline)

XXXParticipant engagement (change from baseline)

XNumber of hospitalizations

XNumber of emergency department visits

XXXWeight, BMI, BMI percentile (CF)

XXXFEV1 (CF)

XNumber of pulmonary exacerbations (CF)

XNumber of intravenous antibiotic courses (CF)

XDays in remission (IBD)

XDays in sustained remission (IBD)

aIncludes app download/installation, account and tracker configuration, delivery of the quick start guide, and verbal instruction for select patients.
bMeasure of both feasibility and acceptability.
cBased on review of the EHR and/or discussion with clinician.
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Feasibility

We are evaluating the feasibility of the Orchestra intervention
and technology platform in a clinical environment. We are
assessing the costs and benefits of adding Orchestra into the
clinical workflow, including added time during the encounter
and impact on visit and intervisit care management.

Acceptability

The acceptability of the Orchestra intervention and technology
is being determined by examining the participants’ tracker
completion rate and the completion rate of the PVP. Other
measures of acceptability include dropout rate (including
participants who withdraw or those that are lost-to-follow-up)
and sustained use over time.

Clinical Impact

We are evaluating the preliminary impact of the Orchestra
intervention on outcomes, as reported by patients/caregivers
and clinicians. We are assessing the perceived utility of
Orchestra and impressions of the impact of Orchestra on care,
collaboration, preparation and involvement in the clinic visit,
disease insight, and treatment plan quality. We are also assessing
changes in participant engagement in the visit and disease
self-efficacy [21] from baseline to follow-up visits. Impact on
the treatment plan is being measured objectively by examining
whether data signals lead to action or change in treatment plan.
We are also examining impact on clinical outcomes and health
care utilization, although we anticipate that changes in these
outcomes may not be realized in a short 6-month intervention.

Self-efficacy is being measured with the validated Self Efficacy
for Managing Chronic Disease Questionnaire [21]. Engagement
in the clinic and impact of using the Orchestra tool on care
quality, patient-clinician collaboration, visit preparation, disease
insight, treatment plan, and the tool’s perceived usefulness are
being assessed using a novel survey developed specifically for
this study. Survey questions are answered using a 6-point scale
ranging from Strongly Disagree (1) to Strongly Agree (6).

Sample Size Calculation
The goal sample size of 100 was determined based on
knowledge of the eligible population in each clinic, frequency
of clinic visits, available research resources, and a desire to
complete the study within the span of one year while the
technology remains current. As efficacy is not the primary
endpoint, we did not perform an a priori power calculation.

Statistical Analyses

Quantitative Data

Version 24 of the IBM SPSS Statistics program will be used to
perform all data analyses. Participant characteristics will be
summarized and described. Measures of fidelity, feasibility,
acceptability, and proximal clinical impact of the Orchestra
intervention and technology platform that are obtained only at
follow up-visits (eg, after the start of the intervention) will be
summarized with descriptive statistics, including means and
ranges for continuous variables and percentages for categorical
variables. Data will be described separately for 3-month and
6-month follow-up visits because some patients may have only
a 3-month or 6-month follow up-visit. For measures that are

being assessed at both baseline and follow-up (eg, measures of
disease self-efficacy and visit engagement), we will use paired
t-tests to compare outcomes at the beginning and end of
participation. We will use t-tests and the Cohen d statistic to
determine the impact of condition (CF vs IBD), person tracking
(caregiver or child), and baseline health status. Univariate
analyses of variances will be used to assess participants’ tool
usage across study clinicians and across baseline health status.
Pearson Correlation Coefficients will be used to examine
relationships between tool use and perceived impact on care.
Data regarding changes in health outcomes will be
hypothesis-generating, as we do not expect impact on disease
outcomes in a 6-month time frame.

Qualitative Data

The research team will review and code notes and audio
recordings from patient interviews in addition to the log of
issues, problems, and suggestions maintained by the research
team. We will identify themes that emerge from the data to
develop a better understanding of the experience of engaging
with the Orchestra technology platform and intervention, and
a more complete view of the ways in which this complex
intervention impacts the patient’s health status and experience
with care delivery. Qualitative data will be used to enrich the
quantitative data collection by providing a deeper and better
understanding of acceptability, feasibility, and impact.

Results

Participant recruitment for phase 2 pilot testing began in May
2015 and continued until May 2016. Follow-up data collection
was completed in autumn 2016. Results are expected in 2017.

Discussion

The clinical encounter is the setting in which outpatient health
care happens; however, we are far from maximizing its potential
to improve patient understanding, clinician efficiency and
effectiveness, patient-clinician collaboration, and health
outcomes [3,4]. mHealth technology has the potential to support
a care delivery system that enables patients and clinicians to
work together to create more collaborative, continuous,
proactive, data-driven, and effective care [3,6-8]. However,
despite the growth in mHealth technology, we have yet to see
transformation in the way care is delivered to individuals with
chronic illnesses [22]. By its very nature, chronic care delivery
is always shared work (eg, coproduced) between patient and
clinician [5], yet the vast majority of mHealth technology is
built to facilitate the work of either patients (ie, personal health
record, health tracking) or clinicians (ie, communication among
colleagues, access to drug information, continuing education),
as opposed to enabling patients and clinicians to collaboratively
work together to coproduce better health and health care [6,7].

This study is designed to test the feasibility, acceptability, and
preliminary impact of an mHealth technology platform and
intervention aimed at transforming the management of chronic
diseases and facilitating coproduction between patients and
clinicians. Orchestra is designed to make care more
collaborative, continuous, and effective by enabling
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symptom/wellness tracking with real-time data visualization
and sharing between patients and clinicians, automated symptom
surveillance with actionable alerts to signal potential changes
in patient status, collaborative previsit planning that includes
personalized lab results and health metric feedback for patients,
and opportunities for planned experimentation. While Orchestra
can enable low-friction data collection, sharing, and
communication, it will have minimal impact on chronic disease
management unless it integrates seamlessly into patients’ lives
and clinicians’ workflows in a way that relieves burden and
addresses unmet needs [23]. Therefore, we have designed this
pilot study to field-test the logistical aspects of Orchestra
implementation in a real-life clinical setting in preparation for
a larger, more definitive study to test the effectiveness of this
type of technology-enabled coproduction in improving patient
outcomes and health care value [9]. Our approach is focused
not only on testing the feasibility and acceptability of the
Orchestra technology, but also on refining the processes to
optimize how Orchestra integrates into patients’ and families’
lives and clinicians’ workflows, and to support patients and
clinicians in using this technology to collaboratively produce
better health care outcomes.

This study has several limitations. While broad inclusion criteria
encourage a wide range of participants, we are recruiting from
patients seen in two clinics at a single hospital. This convenience
sample may not be representative of other clinics or the larger
populations of children with IBD and CF. In addition, while
measures of acceptability and feasibility can be obtained by
directly measuring interaction with the app, our core measures
of impact are being obtained from surveys of patients/caregivers

and clinicians following clinical encounters. We have
maximized research processes to optimize survey completion
rates. However, our results have the potential to be negatively
impacted by low response rates. Due to the pilot nature of this
study and the desire to obtain feedback across a narrow range
of acceptability [24] and feasibility dimensions, we are not
explicitly using the Unified Theory of Acceptance and Use of
Technology (UTAUT) model. Future larger-scale studies and
any planned implementation efforts of the Orchestra technology
should examine the UTAUT model. Furthermore, there are
multiple facets of feasibility and acceptability that are not being
measured due to resource constraints and concerns about
participant burden. For example, while we are tracking the
frequency of technology bugs, we are not including robust
measures of time and resources spent on technology support
(eg, how much support was needed to address connectivity
issues or data loss). Finally, this study is not designed to assess
impact on clinical outcomes. Given the short duration of
participant involvement (6-months), we do not anticipate seeing
changes in longer-term health outcomes. Despite this limitation,
if we observe improvements in short-term outcomes as measured
in this study, we would feel more confident proceeding with a
larger study designed to measure impact on clinical outcomes
and health care value.

This study is novel in testing a technology coupled with
processes that facilitate patient and clinician collaboration. This
approach has the potential to shift the way mHealth technology
is developed to support a model whereby equal attention is paid
to the technology and the humans (patients, caregivers, and
clinicians) who are the true agents of transformation.
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Abstract

Background: Oral chemotherapy is increasingly used in place of traditional intravenous chemotherapy to treat patients with
cancer. While oral chemotherapy includes benefits such as ease of administration, convenience, and minimization of invasive
infusions, patients receive less oversight, support, and symptom monitoring from clinicians. Additionally, adherence is a
well-documented challenge for patients with cancer prescribed oral chemotherapy regimens. With the ever-growing presence of
smartphones and potential for efficacious behavioral intervention technology, we created a mobile health intervention for medication
and symptom management.

Objective: The objective of this study was to develop and evaluate the usability and acceptability of a smartphone app to support
adherence to oral chemotherapy and symptom management in patients with cancer.

Methods: We used a 5-step development model to create a comprehensive mobile app with theoretically informed content. The
research and technical development team worked together to develop and iteratively test the app. In addition to the research team,
key stakeholders including patients and family members, oncology clinicians, health care representatives, and practice administrators
contributed to the content refinement of the intervention. Patient and family members also participated in alpha and beta testing
of the final prototype to assess usability and acceptability before we began the randomized controlled trial.

Results: We incorporated app components based on the stakeholder feedback we received in focus groups and alpha and beta
testing. App components included medication reminders, self-reporting of medication adherence and symptoms, an education
library including nutritional information, Fitbit integration, social networking resources, and individually tailored symptom
management feedback. We are conducting a randomized controlled trial to determine the effectiveness of the app in improving
adherence to oral chemotherapy, quality of life, and burden of symptoms and side effects. At every stage in this trial, we are
engaging stakeholders to solicit feedback on our progress and next steps.
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Conclusions: To our knowledge, we are the first to describe the development of an app designed for people taking oral
chemotherapy. The app addresses many concerns with oral chemotherapy, such as medication adherence and symptom management.
Soliciting feedback from stakeholders with broad perspectives and expertise ensured that the app was acceptable and potentially
beneficial for patients, caregivers, and clinicians. In our development process, we instantiated 7 of the 8 best practices proposed
in a recent review of mobile health app development. Our process demonstrated the importance of effective communication
between research groups and technical teams, as well as meticulous planning of technical specifications before development
begins. Future efforts should consider incorporating other proven strategies in software, such as gamification, to bolster the impact
of mobile health apps. Forthcoming results from our randomized controlled trial will provide key data on the effectiveness of
this app in improving medication adherence and symptom management.

Trial Registration: ClinicalTrials.gov NCT02157519; https://clinicaltrials.gov/ct2/show/NCT02157519 (Archived by WebCite
at http://www.webcitation.org/6prj3xfKA)

(JMIR Res Protoc 2017;6(4):e62)   doi:10.2196/resprot.6198

KEYWORDS

telemedicine; neoplasms; mobile apps; medication adherence; self-administration; antineoplastic agents; ambulatory monitoring;
mHealth; software design

Introduction

Background
Oral chemotherapies are increasingly prescribed as an alternative
therapeutic delivery method to traditional intravenous
chemotherapy. In 2008, an estimated 25% of the more than 400
chemotherapeutics being developed involved oral agents [1].
Oral chemotherapy provides many benefits, including ease of
administration, convenience, and minimization of invasive
infusions. In addition, research has shown that patients receiving
cancer treatment prefer oral chemotherapy versus intravenous,
given equal efficacy and toxicity [2,3]. Thus, oral chemotherapy
medications offer flexible, home-based treatment that has been
associated with improvements in quality of life by reducing
interference with daily activities, heightening perceived control
over treatment, and increasing convenience [2,4,5].

Despite this revolutionary shift in cancer care delivery, home
administration presents unique challenges to patients and
clinicians. Home administration results in less oversight,
support, and symptom monitoring from clinicians as compared
to directly observed infusion chemotherapy [6]. In turn, patients
may waver with regard to their medication adherence, and
treatment might not be as effective as intended. It is well
documented that patients with cancer have suboptimal adherence
to oral chemotherapy [7-9]. Researchers have observed wide
variations in adherence to oral chemotherapy depending on
method of assessment, reporting rates as low as 16% [8]. The
importance of oral chemotherapy adherence cannot be
overstated, as patients who have poor adherence are more likely
to experience worse clinical outcomes, such as morbidity,
recurrence, and mortality . Suboptimal adherence to oral
chemotherapy results in poor quality care, presenting a
significant public health concern. As oral chemotherapy plays
a more prominent role in cancer treatment, it is important to
address medication adherence and improve symptom
management for patients [10].

Limited research has been conducted to examine intervention
methods to improve adherence to oral chemotherapy. The few
intervention studies conducted to date have proven inconclusive

in their effectiveness in improving adherence and display
methodological limitations such as nonrandomized design and
small sample sizes [11]. Thus, further research is greatly needed
to develop and test novel, theoretically grounded, accessible
interventions to promote patient medication adherence behaviors
and symptom management.

Intervention accessibility is enhanced with the use of mobile
health (mHealth) technology for the delivery of health care and
wellness support [12]. Specifically, mobile phones allow
behavioral science researchers to implement ecological
momentary interventions and ecological momentary assessments
(EMIs, EMAs) to deliver interventions and gather data in real
time, under convenient and accessible real world situations [13].
Smartphones present an opportunity to implement more
sophisticated EMIs and gather more detailed EMAs than prior
research that has used short message service technology through
pagers or non-Internet enabled cellular devices [14,15].
Researchers are thus able to optimize the delivery of behavioral
interventions and collect ongoing data with minimal burden to
the patient and provider. A recent review indicates that
leveraging mobile technologies to deliver accessible
interventions can improve health behaviors in patients with
cancer [16]. Additionally, there is a proliferation of efforts in
the literature to develop smartphone mobile app-based
medication adherence interventions across varying chronic
illnesses [17-22]. Smartphone mobile apps provide an ideal
platform to provide relevant patient support in a context of
medication adherence. Thus, we developed a mobile app
intervention, C hem o the r apy A ssistant (CORA), to improve
medication adherence and symptom management for patients
with cancer taking oral chemotherapies.

The aim of this paper is to describe the theoretically based
development of a smartphone mobile app intervention for oral
chemotherapy adherence and symptom self-management in a
diverse cancer population. Experts in behavioral intervention
technology and mHealth implementation science have called
for contributions to the literature that detail the development
process of mHealth interventions [23]. Approximately 30,000
to 90,000 health care–related apps are currently available to
consumers, while the US Food and Drug Administration has
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reviewed approximately 100 [12]. In an effort to increase
transparency in mHealth intervention development, we describe
the theoretical framework that supports the use of modern
mobile technology to address oral chemotherapy adherence and
symptom management and we detail the iterative process that
our research and development teams undertook to design and
create the CORA mobile app. Specifically, we used a framework
for mHealth intervention development detailed by Whittaker et
al [24] to guide the creation of our mobile app intervention.
Steps identified as leading to successful intervention
development include theoretical conceptualization, formative
research, pretesting, piloting, randomized controlled trial, and
qualitative follow-up. The remainder of this paper details our
conceptual model, design stages, and stakeholder engagement
in qualitative formative research, as well as development,
refinement, finalization, and piloting of our smartphone app for
improving symptom management and adherence to oral
chemotherapy. We conclude with a discussion of lessons learned
throughout the process.

Methods

Setting
This mixed-methods, randomized, parallel assignment,
intervention trial [ClinicalTrials.gov: NCT02157519] began in
2014 and is currently being conducted at the Massachusetts
General Hospital (MGH) Cancer Center, an academic hospital
comprised of 24 multidisciplinary disease centers. The study
was approved by the Dana Farber/Harvard Cancer Center
Institutional Review Board (IRB) and is supported by the
Patient-Centered Outcomes Research Institute
(IHS-1306-03616).

Procedure
Phase I (the study being described here) consisted of the mobile
app development process and initial results of acceptability that
were completed in 5 steps. Phase II, currently underway, consists
of a randomized controlled trial (RCT) to test acceptability,
feasibility, and efficacy of the mobile app intervention in
improving adherence to oral chemotherapy and symptom
management in patients with cancer.

The 5-step development process in phase I consisted of
identifying desired features, content, and functionality of a
mobile app in an iterative process. Step 1 included using expert
collaboration and theoretical framework to guide initial content
development. In step 2, we conducted focus groups with key
stakeholder groups to inform the study design and development
of the mobile app. Step 3 involved the creation of wireframes
for the initial app components (eg, adherence, symptom
management, communication with treatment team, educational
resources) and individual interviews with patients and clinicians

to review the proposed app content using these screen blueprints.
Step 4 consisted of designing, programming, and further refining
the prototype of the app for testing. Last, step 5 entailed the
finalization of the prototype for the RCT.

Research, Development, and Stakeholder Teams
The multidisciplinary research team consisted of the principal
investigator, co-investigators (expert clinicians and scientists
specializing in psychology, oncology, and psychiatry), a project
director, and 3 research assistants. The technical development
team was comprised of programmers and project managers at
Partners HealthCare Connected Health. Stakeholders served as
expert consultants, including oncology clinicians, health care
representatives, practice administrators, patients, and family
members. All stakeholder groups reviewed the proposed study
design and app features, providing initial feedback on
acceptability of content and implementation of the intervention.
Patients and family caregiver stakeholders also participated in
alpha and beta testing, including qualitative interviews to assess
the acceptability and ease of using the intervention.

Step 1: Implementing a Theoretical Framework
As oncology clinicians are increasingly prescribing oral
chemotherapy in cancer care settings, new concerns are
emerging with respect to patients self-administering medications
with high toxicity profiles. Patients and their family caregivers
now bear the primary responsibility of administering care, often
with less frequent follow-up and support from their health care
team to ensure proper adherence and to monitor and manage
symptoms. To address these salient issues and guide the
development of CORA, our research and development team
consulted the conceptual model by Murray et al [25] which
identifies key elements of medication adherence. Factors
contributing to medication adherence in chronic illness are best
understood across patient, provider, and health care system
levels. The model describes the interaction among these patient,
provider, and health care system factors and their influence on
the relationship between increased medication adherence and
improved health outcomes. Four factors were identified as the
most important barriers to oral chemotherapy adherence:
complexity of medication regimens, symptom burden, poor
self-management of side effects, and low clinician support. A
description of how the present mobile app intervention was
designed to intervene on these barriers to medication adherence
and symptom management is provided in Table 1 and is the
basis for the development of app content. By increasing patient
engagement with treatment, providing simple medication
reminders, assisting patients with symptom monitoring and
management, and facilitating communication with the care team
in the form of a low-burden, easily accessible, and user-friendly
mobile smartphone app, barriers to optimal adherence to
medication may be overcome.

JMIR Res Protoc 2017 | vol. 6 | iss. 4 |e62 | p.215http://www.researchprotocols.org/2017/4/e62/
(page number not for citation purposes)

Fishbein et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Table 1. Assessing and intervening on the barriers to optimal medication adherence.

How addressed in Chemotherapy Assistant (CORA)Barrier

Personalized medication treatment plan: medication, dosage, frequency of drug, breaks/chemo
holiday, medication reminder alerts.

Complex medication regimens

Symptom reporting: patients can report symptoms as they are occurring, receive tailored feedback,
and send the symptom report to their care team.

Symptom burden

Symptom feedback: CORA asks questions to assess the severity and frequency of symptoms and
provides feedback for managing symptoms and resources for contacting care team.

Poor self-management of side effects

Weekly symptom reports: symptom reports are sent to each patient’s care team on a weekly basis
to inform clinical decision making.

Low clinician support

Step 2: Conducting Initial Focus Group Interviews
With Key Stakeholders

Stakeholder Selection
To inform the study and development of the intervention, we
sought out stakeholders both within and outside the local
community, obtaining comprehensive feedback across levels
of expertise in cancer. Drawing from a model of
population-based patient-centered care, 32 stakeholders served
as study collaborators and comprised 4 key stakeholder groups:
(1) patient/families (n=8); (2) oncology clinicians (n=8); (3)
cancer practice administrators (n=8); and (4) representatives of
the health system, community, and society (n=8). We pulled
from a diverse group of professionals, including pharmacists,
health care leaders, lawyers, and patient advocates to inform
decisions related to pharmacology, liability, health
communication, and support resources. The patient and family
member stakeholder group took place in person onsite at the
MGH Cancer Center. For the other stakeholder groups, the
interviews took place via teleconference call, as many of the
participants were from organizations and care settings across
the United States. Stakeholders were included as consultants in
the study and were not consented as participants; therefore, we
did not collect demographic or other personal information from
the stakeholders.

The goal of these initial focus group interviews was to obtain
feedback about the proposed study topic, design, and
intervention. The stakeholder interview guide included the
following topics: (1) perceived importance of monitoring of
adherence to oral chemotherapy; (2) barriers to communication
between patients and oncology team regarding management of
side effects and medication adherence; (3) potential role of the
mobile app to address barriers to quality of cancer care; (4)
potential feasibility, acceptability, and usability of an mHealth
intervention; (5) feedback on the overall study design; and (6)
systems barriers and facilitators to implementation. Stakeholder
conversations were heavily focused on logistics of
implementation in the clinic.

Patient and Family Member Stakeholder Group
A total of 8 patient and family caregiver stakeholders
participated in a focus group to provide feedback about their
experiences relevant to the patient taking oral chemotherapy in
order to promote user acceptability. Although the app is intended
for use only by patients, we believed that family caregivers
could provide additional insights as they are often highly

involved in patient medication and symptom management. Key
points from these focus groups included developing features
that would optimize potential benefit and minimize burden.
Both patients and family members strongly recommended a
symptom monitoring feature with easily interpretable graphics
to display symptom severity over time. In addition, patients and
family members emphasized the importance of clear instructions
within the app regarding how to address and follow-up on urgent
versus nonurgent symptoms. This feedback was integral toward
informing the development of the app and establishing a protocol
to alert patients when they should immediately contact their
care team after reporting a concerning symptom.

Oncology Clinician, Practice Administrator, and Health
Care Representative Stakeholders
We conducted 3 separate focus group interviews via
teleconference call for the oncology clinician, practice
administrator, and health care representative stakeholders. These
focus groups identified themes related to intervention content,
randomized trial study design, and methods for implementation.
Health care representatives suggested providing patients with
relevant clinical resources in the app such as disease-specific
social networking sites, as well as the importance of promoting
patient-physician communication through symptom reporting.
Practice administrators provided suggestions for capturing
important outcomes and data management, from stratifying
randomization in the RCT by line of chemotherapy to tracking
participant usage of CORA. Oncology clinicians provided
feedback on involving the care team without burden, as well as
promoting participant engagement through incentivizing features
such as a Fitbit device with activity tracking enabled in the
mobile CORA app.

Step 3: Creating Wireframes and Collecting Specific
Feedback on App Components

Creation of Wireframes and Interview Guide
In addition to conducting initial stakeholder focus groups, the
research and design teams created content wireframes (ie, screen
blueprints) to provide a visual guide for the components of
CORA (see Figure 1). We created wireframes for the following
mobile app sections: personalized treatment plan, medication
reminder system, symptom reporting, education library, and
notes and questions. The research team then used these
wireframes to conduct individual qualitative interviews with
10 patients and 8 oncology clinicians at the MGH Cancer Center.
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The semistructured interview guides for patients and clinicians
addressed 3 domains: (1) components of the mobile app, (2)
feasibility and usability of the mobile app, and (3) weekly in-app
symptom assessments to be shared with the prescribing oncology
clinician. Patients were asked to consider which features they
would be likely to use in a mobile app to support medication

taking. Clinicians were asked to provide input on the timing,
frequency, and feasibility of receiving symptom assessment
reports weekly, as well as potential barriers or burdens of this
feature. All patient and clinician participants signed
IRB-approved consent forms, and the interviews were
audiorecorded.

Figure 1. Wireframes for Chemotherapy Assistant mobile app.

Collecting Feedback From Massachusetts General
Hospital Patient Participants
A total of 10 patients at the MGH Cancer Center participated
in qualitative interviews to evaluate the acceptability as well as
potential feasibility and usability of a mobile app intervention
to help improve adherence to oral chemotherapy and symptom
management. The majority of the patients were female (6
female, 4 male), white (8 white, 1 Asian, 1 Hispanic/Latino),
married (7 married, 3 single), and well-educated (6 completed
college or higher, 2 completed high school or GED) with a mean
age of 58.40 (SD 8.02) years. All the patients had been
prescribed oral chemotherapy for the treatment of either
non–small cell lung cancer (n=4), breast cancer (n=2), prostate
cancer (n=1), chronic myeloid leukemia (n=1), or multiple
myeloma (n=1).

Goals of the individual interviews were to gauge patient interest
in a mobile app intervention and gather feedback about
suggested topics to include within the education section,
aesthetics, and frequency of push notifications to patients. The
patient participants also provided feedback on current problems
and difficulties as well as their preferences for using CORA.

Collecting Feedback From Massachusetts General
Hospital Oncology Clinicians
A total of 8 oncology clinicians (6 female, 2 male), including
4 physicians and 4 nurse practitioners who specialize in breast
oncology (n=2), genitourinary oncology (n=3), thoracic
oncology (n=2), and melanoma (n=1) at the MGH Cancer
Center, also viewed the wireframes and completed qualitative
interviews to inform the implementation of the mobile app
intervention. Themes from these qualitative interviews included
the structure and frequency of weekly symptom reports sent
from the mobile app server to the clinician, incorporation of the
intervention into a patient’s treatment plan, and mitigating risk
involved with symptom reporting via CORA. These interviews
were integral in establishing the practical methodology for
successfully implementing this project locally, at the main site,
before disseminating more widely at community affiliates.

Step 4: Developing, Programming, and Refining the
App

Technical Specifications and Process
The CORA mobile app was originally developed on the
Titanium 3.5 (Appcelerator Inc) platform to ensure
cross-platform functionality on both Apple iOS and Android
devices. Later updates were developed on Titanium 5.0. While
CORA was written primarily in JavaScript language, some
custom features (using native functionality) were written in
Objective-C and Java, such as the local notifications.

CORA was developed to minimize app-driven data and battery
use. For example, symptom data and survey responses were
programmed to be transmitted to the server once weekly.
Analytics data were programmed to be sent once daily. In both
cases, in the event of no Internet connection, CORA transmits
the data at the next connection opportunity. Medication
reminders were programmed as local notifications to ensure
delivery independent of Internet connection. All app-related
data are encrypted both on the smartphone and during data
transmission, independent of the user phone’s level of
encryption.

CORA is supported by a PHP/MySQL database, which is hosted
on a LAMP (Linux, Apache, MySQL, Perl/PHP/Python) server
that meets all Health Insurance Portability and Accountability
Act (HIPAA) Security Rule requirements. The database collects
and stores all user-inputted information and engagement metrics,
tracking which pages each user visits and how long the user
remains on a given page. User-inputted information is used to
generate weekly symptom reports to providers and measure
study outcomes.

CORA underwent code reviews and quality assurance testing
with each code release. The entire study team, including
developers, research staff, and clinicians, participated in the
quality assurance process.
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Alpha Testing
The development of CORA was conducted through an iterative
process between the research and technical development teams.
In addition to the focus group and qualitative interviews that
were conducted before development, we gathered feedback
from the patient and family stakeholders throughout the
development process and following the release of the beta app.

Toward the conclusion of the development cycle, we invited
members of the initial patient and family stakeholder group to
participate in user acceptance testing (UAT). Participants with
varying levels of comfort using technology were included in
order to maximize generalizability. During UAT sessions,
research and development staff observed users during their
initial interactions with CORA. Participants were then asked to
complete specific tasks within the demo app. For example,
participants were asked, “How do you think you would go about
adding your oral chemotherapy medication to this app?”
Research and development staff then observed participants
completing the different tasks. Participants were invited to share
general feedback on CORA toward the end of the testing session,
specifically on how intuitive they considered the tasks to be.
We recorded participant responses, and this exercise helped the
development team determine whether users would be able to
navigate CORA intuitively on their own. Feedback from the
UAT was then incorporated into the development cycle to
improve the user experience within CORA. Prior to the
finalization of the prototype, the research team (N=4) reviewed
multiple iterations of CORA and provided aesthetic and
functional feedback to the technical team on a weekly basis.

Step 5: Finalizing the App Prototype

Beta Testing
To obtain and incorporate more long-term user feedback, the
research team considered the first 5 participants enrolled in the
subsequent RCT phase who received the CORA app intervention
as beta testers. After the first 5 participants completed the
12-week follow-up assessment, research staff conducted
qualitative interviews with them to learn about their use of the
CORA app. The 5 participants completed a 20-minute,
semistructured interview about their experiences using CORA.
Interview questions evaluated the feasibility, usability, and
aesthetics, allowing users to suggest changes or enhancements.

Additionally, the research team conducted qualitative interviews
with 5 oncology clinicians who had patients assigned to the
intervention group. Upon completion of study procedures, these
clinicians were interviewed about their conversations with
patients pertaining to CORA, as well as interpretation and
helpfulness of the weekly symptom reporting feature.

Results

Feedback from stakeholders and beta testers highlighted specific
features that they believed needed to be addressed in the app.
Patients, caregivers, health care representatives, and practice
administrators provided suggestions related to the patient
experience of the app; oncology clinicians also made suggestions
that would best enable oncology care teams to make use of the
data that patients enter into the app. Key feedback provided by
each group and the implementation of that feedback in the app
is shown in Table 2.

Table 2. Stakeholder and beta tester feedback and implementation of that feedback.

ImplementationQuotes from stakeholder feedbackGroup

Feature: Education Library Module—Resources and Social
Networking.

CORA includes a list of reputable, disease-specific re-
sources for patients looking to connect with others.

“Connect patients with the same disease type for social sup-
port.”

Patients and families

Feature: Symptom Reporting Module.

When a patient reports a symptom, CORA asks several
questions about the frequency and duration before providing
tailored feedback.

“Provide patients with anchors and definitions of symptoms
so they can appropriately determine the severity and urgency
of their symptoms.”

Health care representa-
tives

Feature: Symptom Reporting Trends Module.

Weekly symptom reports provide a list of symptoms report-
ed by the patient, as well as a color and numeric value (1-
10) denoting severity.

“The weekly symptom reports that are sent to clinicians should
be concise and easy to understand.”

Oncology clinicians

Feature: Symptom Reporting Module—“touch to call
clinical team” feature.

Patients are provided with the study team contact informa-
tion at baseline. Embedded in the symptom reporting fea-
ture is a “touch to call” button for their specific clinic.

“Provide resources and contact information for patients to use
when they miss a dose of their medication.”

Practice administrators

The version of CORA delivered at the end of the development
process described here is organized into 6 functional modules
(Table 3). Each module is accessed via a navigation bar at the
bottom of the app’s screen. In the Homepage module, a
personalized medication treatment plan shows users their oral
chemotherapy medication name and dosage and provides

reminder alerts to take their oral chemotherapy at their
self-selected daily dosage time. The Homepage also displays
healthy recipe recommendations. The Symptom Reporting
Module enables users to record concerning symptoms (eg, high
fever) or more common symptoms (eg, fatigue) on a daily basis.
Users can report severity of these symptoms on a continuous
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sliding scale from mild to severe. When users report symptoms,
the module probes them to provide specific information about
each symptom with multiple choice questions, and based on
user responses, provides personalized management
recommendations for that symptom. Additionally, if participants
report concerning symptoms in the app such as high fever, the
app recommends that the participant immediately call their
doctor and provides the oncology on-call clinic number
onscreen. Weekly summaries of user reported symptoms and
severity, converted to a 0 to 10 value based on where the
participant placed the slider on the scale, are compiled into
automated report documents. The study team then sends these
reports via secure email to users’ medical oncologists and
oncology nurse practitioners. Trends in these symptoms are

displayed on the CORA app in graphical format in the Symptom
Reporting Trends module, showing users the severity of each
symptom on each day it was reported. The Education Library
module provides information about common symptoms and
symptom management, nutrition, and links to online resources
relevant for individuals with cancer, such as the Leukemia and
Lymphoma Society’s online community discussion forum. To
help users remember what they want to discuss at their next
clinic visit, the Notes and Questions module provides a
free-response text field to record questions for their oncologist.
The Wearable Fitness Tracking Device module syncs data from
Fitbit devices and displays daily step counts. Finally, the app
also enables users to set daily step goals and displays progress
toward their goals.

Table 3. Organization of Chemotherapy Assistant (CORA) modules and their components.

ComponentsModule

Medication treatment plan, suggested healthy recipes.Homepage

Weekly and real-time symptom reporting for common symptoms and treatment side effects, with algorithms
that personalize symptom management suggestions or enable participants to call their care team directly
from the app.

Symptom reporting

Graphical display of weekly symptom trends, customized for each patient and their medical oncologist.Symptom reporting trends

Symptom management, social networking and support resources, nutrition, and clinic contact information.Education library

Store notes and questions for future clinic visits.Notes and questions

Stream data from Fitbit devices to CORA, display daily step counts, and allow users to set daily step goals
and display progress towards those step goals.

Wearable fitness tracking device

CORA is compatible with iOS [iPhone] and Android smartphone
operating systems and all Fitbit wearable fitness tracker devices.
Due to limited engineering resources, we could not support
compatibility with other operating systems and wearable device
brands in this version of CORA.

As we are now testing CORA in an RCT (since the trial is in
progress, results of the RCT are not reported here), we continue
to refine the app. For example, as newer iOS, Android, and
Fitbit software is released, we make changes to the app to ensure
continuing compatibility. We likewise address any software
bugs that emerge by communicating with the programming
team to determine the cause of and the solution to the bug. Once
the new CORA version is ready, the research team guides
participants through upgrading to that version and provides that
version to new participants. We have created 7 updated versions
of the app during the RCT phase (since August 2014): 4 updates
addressed integration with third-party smartphone operating
systems and 3 updates addressed bugs or minor improvements
(eg, adding additional question logic to the medication treatment
plan in the Homepage module) deemed necessary by the study
team.

We also continue to engage with our stakeholders throughout
the RCT phase with quarterly updates on progress of the study.
Twice, we have asked stakeholders to provide feedback on
aspects of the RCT, including whether any additional incentives
should be provided to study participants and how best to engage
clinicians in the study. After the RCT is complete, we will solicit
final feedback from our stakeholders about the preliminary
analyses and interpretation of the results, methods for improving

the app for future uses, and plans for broader dissemination
across care settings.

Discussion

Principal Findings
We developed a novel smartphone app to improve oral
chemotherapy adherence and self-management of symptoms
for patients with cancer. The app development was informed
by a conceptual model that attributed poor oral chemotherapy
adherence to patient, clinician, and health care system factors.
Based on this model, we designed a prototype version of the
app. In focus groups and individual qualitative interviews, we
solicited feedback from stakeholder groups, including patients,
patients family members, oncology clinicians, oncology practice
administrators, and representatives of health care organizations.
We also conducted user testing on an early version of the app
to assess acceptability and usability. The feedback elicited from
our stakeholders and testers informed ongoing refinement of
the prototype. Having completed initial development, we are
iteratively updating and improving the app based on feedback
from stakeholders and participants in an ongoing RCT.

CORA addresses many challenges that patients and providers
face with oral chemotherapy. Although oral chemotherapies are
increasingly being developed and used in standard care [1,26]
and patients prefer these treatments to intravenous chemotherapy
[2,27], treatment with oral chemotherapy poses barriers for
adherence and monitoring of side effects [28]. We aimed to
improve adherence with CORA by providing automated
medication reminders, personalized dosing and treatment
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information, and weekly questionnaires assessing adherence
and symptoms. Patient responses on the weekly adherence
questionnaires are sent to their care teams, which may help
clinicians intervene when patients are struggling to take their
medication as prescribed. Likewise, we aimed to address
management of side effects with app features for reporting and
tracking symptoms and side effects in real time. We included
an ad hoc symptom questionnaire in the app for patients to log
symptoms they are experiencing at any time. Simple graphs
show users the trends in symptoms they have reported over
time. As with the adherence questionnaires, we send symptom
summaries to their respective clinicians so they can follow up
with patients about new or chronic symptoms at their next
scheduled visit or intervene sooner based on their clinical
judgment.

We engaged stakeholders representing all types of individuals
and organizations that could be influenced by the dissemination
of our app. One stakeholder group was patients diagnosed with
cancer, the intended future users of the technology. We also
included family members as stakeholders, given that caregivers
often administer medications and communicate with the care
team. As our app aims to enhance how clinicians manage their
patients taking oral chemotherapy, we included stakeholder
groups of oncology clinicians and practice administrators.
Finally, we included stakeholders representing health care
institutions, including insurers, patient advocacy groups,
research hospitals, and pharmaceutical companies. These
organizations may influence future development, use, and
dissemination of our app.

Feedback from experts in diverse fields ensured that our app is
relevant for individuals and organizations involved in cancer
care. For example, the clinician stakeholder group provided
useful feedback about how to avoid overburdening clinicians
with symptom reports from their patients. Their suggestions
ultimately shaped the system that was implemented. We engaged
stakeholders at every stage of development. Focus groups
conducted before any development took place informed the
modules of the app that were ultimately included. Reviewing
wireframes and early app versions with patients and clinicians
helped us address concerns with the look, feel, and use of the
app before it was finalized. We are continuing to solicit feedback
from stakeholder groups during the RCT phase to ensure that
our app remains current with continuously changing trends in
technology and health care. Additional focus groups conducted
at the end of the RCT phase with each of the stakeholder groups
will help us to plan our next steps for dissemination.

Limitations
Our development process was not without limitations. First, the
patient population at the academic hospital where we developed
the app is homogeneous. Most patients identify as white and
non-Hispanic and have higher income and education levels than
average for the greater Boston area where the hospital is located.
Furthermore, including only patients with iPhone or Android
smartphones biases our sample toward younger, wealthier, and
better educated individuals. Therefore, our findings in the
development process and the RCT may not be applicable to
broader populations. However, we did recruit a diverse sample

of stakeholders, representing many disciplines and professions,
community and academic medical centers, and geographical
locations. Additionally, acknowledging this limitation we later
deployed the app on data-enabled tablets and had these tablets
available for study participants who did not have a compatible
smartphone.

CORA would ideally upload weekly symptom reports directly
into patient charts in the electronic health record (EHR) so that
oncologists can easily consult them when reviewing a chart
before or during the patient’s visit. Unfortunately, logistical
limitations of the EHR system in use at the study sites prevented
us from delivering symptom reports to clinicians in a way that
would be most convenient for them. We sent symptom reports
to oncologists by HIPAA-compliant email instead. Thus, we
cannot guarantee that oncologists open the symptom report
emails that we send them. As more flexible EHRs are developed
[29,30] and patient-reported outcomes are integrated into cancer
care [31,32] we expect that this barrier to effectively
communicating patient symptom trends to oncologists will be
removed in future studies.

A methodological limitation is that we did not collect
quantitative usage or acceptability data during the development
and preliminary testing phase. Surveys probing user
acceptability of the CORA app and its modules would have
provided useful information for refining the app and justifying
its readiness for deployment in an RCT. We have addressed
this lack of quantitative feedback data by including app usability
and acceptability questions in the RCT. These data will inform
how we change and improve future versions of CORA.
Likewise, it would have been optimal to collect demographic
data from our stakeholders; unfortunately, this was not possible
as stakeholders were considered as study team members rather
than participants. Ethically, we could not collect personal data
from individuals who were not formally consented through IRB
processes. However, we did collect demographic information
from patients and clinicians who consented as study participants
to review the app wireframes. Future studies should seek to
create arrangements with funding agencies and IRBs that enable
collection of basic demographic information from all
stakeholders.

A final limitation is that the version of CORA described in this
manuscript does not support all available smartphone operating
systems or wearable activity tracking device brands. While
integrating more third-party software with CORA entails
considerable engineering efforts, it is critical to support the
majority of these devices used by individuals with cancer. We
intend to make CORA compatible with more types of
smartphone devices and wearable activity trackers.

Comparison With Prior Work
Our development process aligns with the best practices used by
teams developing similar apps. Darlow and Wen [16] conducted
a review of existing mHealth interventions in oncology and
defined a framework for successful mHealth intervention
development. Key elements of successful intervention
development identified in this review include stakeholder
involvement in the development process, addressing the unique
needs and experiences of patients and caregivers in the target
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population, and ensuring user satisfaction with the system along
with perceived benefits and limitations. The review also
highlights several frameworks for mHealth intervention
development, one of which we consider within the theoretical
framework of the present intervention development.

Darlow and Wen’s review [16] outlines 8 best practices for the
development of mHealth interventions; however, it was

published as we were in the final stages of our development
process. Despite not being part of our initial aims, our
development process met these criteria (Table 4). We engaged
stakeholders at all points in development, including health
professionals who could ensure that the burden introduced by
the intervention would be minimal. Through extensive user
testing, we confirmed that our app was simple and intuitive and
gave patients a sense of control over their care.

Table 4. Best practices of the development phase.

Input from stakeholders to meet criteriaCriteria fulfillment in the Chemotherapy Assistant (CORA)Best practice criteria

Stakeholders did not participate in this
aspect of the development process.

Partially met criterion: we consulted the model of medication
adherence proposed by Murray et al [18] in designing our
intervention. However, we did not use a model for our mobile
development process.

Use a framework for developing mobile
health interventions.

Stakeholders provided feedback in focus
groups and individual interviews during
the development process.

Met criterion: we conducted extensive qualitative interview-
ing through focus groups and individual interviews. We also
conducted quantitative surveys with our stakeholders to
elicit their feedback. In the second phase of the study, we
are collecting quantitative acceptability and usability data.

Conduct thorough user testing using mixed
methods.

Stakeholders did not participate in this
aspect of the development process.

Met criterion: we allotted time and funding in our initial
grant proposal for development testing with revision between
phases.

Anticipate and plan for the time it will take
to carry out the development testing phases,
as well as the time it will take to make revi-
sions to a system in between phases.

We engaged stakeholders throughout the
development process. Key feedback
items from each stakeholder group were
implemented into app features (see Table
2).

Met criterion: patient, clinician, and community stakeholder
feedback was solicited during conceptualization, pilot testing,
and final testing of the app.

Engage stakeholders throughout the entire
development process.

Feedback on wireframes from patient
and family stakeholders demonstrated
how to simplify the app design.

Met criterion: we tested an early version of our app prototype
with patient and family member stakeholders, eliciting their
feedback to inform revisions.

Ensure that system is simple and that use is
intuitive.

Feedback from patient and family stake-
holders confirmed that our design was
acceptable.

Feedback from clinicians ensured that
patients were provided with timely and
accurate information in CORA to man-
age symptoms.

Met criterion: our app enables patients to self-monitor
symptom trends and provides advice to help them manage
their own symptoms when clinically appropriate.

System component should instill a sense of
competence and agency over patient’s own
care.

Feedback from clinician and practice
administrator stakeholders directed how
we implemented CORA into clinician
workflows.

Met criterion: clinicians were included as key stakeholders
throughout the development of the app to ensure burden was
low. Also, at the start of the trial, we presented our study
design to each oncology clinic team at our hospital to ensure
clinician acceptability.

If health professionals will be needed for
system implementation, ensure that any
burden is not considerable.

Stakeholder feedback collected since
completion of the development process
has guided how best to describe CORA
in this manuscript.

Met criterion: this manuscript details the results of our devel-
opment, pilot testing, and ongoing testing efforts.

Publish results of development testing.

To our knowledge, we are the first to describe the development
of an app targeted at promoting adherence to oral chemotherapy
for patients with cancer. A recent systematic review describes
various interventions to improve adherence to oral
chemotherapies; however, none of these interventions is based
in mobile technology [11]. We have also described the
development of features to address symptom monitoring and
management as well as patient-provider communication, which
have been included in previous interventions [33-38]. A recent
review of mHealth intervention development suggests that these
features are the most frequently included in apps designed for

cancer patients [16]. Our app enables EMAs of adherence to
medication and symptoms. This represents an improvement in
validity over methodologies that rely on retrospective reports
of symptoms and adherence and addresses the longstanding
need for technologies that provide more granular and accurate
data reflecting health behaviors [39,40], including adherence
[41].

Lessons Learned and Conclusions
There are a number of ways to streamline app development that
we learned in this process. First, it is important to optimize
communications between the investigative research team and
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the technical development team. Initial development of the app,
iterating on the design, and fixing bugs may take longer than
the study team anticipates. Research and technical teams may
have different perspectives on which bugs and features should
be prioritized. Based on our experiences, we would advise that
study teams anticipate up to 50% more time for development
and iteration of software beyond their initial estimates.

Careful planning by the study team members can mitigate
difficulties in development. If the initial specifications for the
app do not include requirements for reporting of all needed
study data, later development of those reporting systems requires
a revision. These types of data reporting systems may require
significant changes to back-end databases, and thus may cause
delays. Furthermore, we found that it is preferable to generate
continuous reports of study data rather than infrequent data
extractions. Continuous data enables the study team to conduct
data quality assurance checks, minimizing potential loss of data
occurring due to bugs in the app. Investigators should refer to
the eHealth Consolidated Standards of Reporting Trials
document to identify data points to collect for accurate reporting
on their app [42].

A final lesson learned is the importance of engaging stakeholders
and soliciting their feedback. Beginning with our initial
conception of an app targeted toward helping patients track their
medications, our stakeholders suggested numerous additions
and improvements to the app that would enhance the experience
for patients and their clinicians. As a result of stakeholder
involvement, the final app is patient-centered, user-friendly,
and minimally burdensome to clinicians. Stakeholder
engagement is an emerging trend not only in development of
mHealth apps but in health interventions and patient-centered
outcomes research more generally [43], and we believe our
development process provides a template for how stakeholders
can be engaged to make health interventions more relevant for
patients, clinicians, and health care systems alike.

Future directions in the development of our app include pursuing
strategies for health-behavior modification that have proven
successful in other apps. For example, we could include

functionality to integrate other adherence-promoting
technologies with our systems. Electronic pill bottles that track
when they are opened and closed (as a proxy for when doses
are taken) are now widely available as commercial
products—for example, the Medication Event Monitoring
System. Integrating these technologies with our software could
enable patients and clinicians to check via their mobile phones
or online portals whether scheduled doses have been taken.
Such a system could even upload adherence data to a hospitals
electronic medical record and send email or text message
notifications to patients and clinicians after missed doses. We
also could provide more mechanisms for rewarding user
engagement in the app, such as by gamifying the app.
Gamification is the application of video game elements, such
as embarking on quests and earning trophies or badges, in
contexts such as health care [44,45]. Using CORA, a patient
could earn an in-app badge or even a real-world reward such
as a gift card or discount coupon at a local pharmacy for
completing a week with no missed doses.

In addition, given the integral role of caregivers in patient care,
features could be added that aid the caregiver in caring for their
loved one. For example, a version of CORA designed for
caregivers could enable caregivers to set reminders for
appointments and medication administration, rate patient
symptoms, receive feedback for how to help their loved one
manage symptoms, and access tips for caregiver self-care. Future
versions of our app could incorporate these and other strategies
to improve adherence to oral chemotherapy. Results of our
ongoing RCT will inform next steps in app development as well
as future research questions.

We have developed a novel app to improve oral chemotherapy
adherence and detailed the iterative process here. In developing
the app, we engaged stakeholders from across the continuum
of care and followed a design process of iteration and usability
testing with patients. We will build upon this work through
validation of our app in an RCT and developing this app toward
wide dissemination to individuals receiving oral chemotherapy
treatment.
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Abstract

Background: Diet and fluid restrictions that need continuous self-management are among the most difficult aspects of dialysis
treatment. Smartphone applications may be useful for supporting self-management.

Objective: Our objective is to investigate the feasibility and usability of a novel smartphone-based self-management support
system for dialysis patients.

Methods: We developed the Self-Management and Recording System for Dialysis (SMART-D), which supports self-monitoring
of three mortality-related factors that can be modified by lifestyle: interdialytic weight gain and predialysis serum potassium and
phosphorus concentrations. Data is displayed graphically, with all data evaluated automatically to determine whether they achieve
the values suggested by the Japanese Society for Dialysis Therapy guidelines. In a pilot study, 9 dialysis patients used SMART-D
system for 2 weeks. A total of 7 of them completed questionnaires rating their assessment of SMART-D’s usability and their
satisfaction with the system. In addition, the Kidney Disease Quality of Life scale was compared before and after the study period.

Results: All 9 participants were able to use SMART-D with no major problems. Completion rates for body weight, pre- and
postdialysis weight, and serum potassium and phosphorus concentrations were, respectively, 89% (SD 23), 95% (SD 7), and 78%
(SD 44). Of the 7 participants who completed the usability survey, all were motivated by the sense of security derived from using
the system, and 6 of the 7 (86%) reported that using SMART-D helped improve their lifestyle and self-management.
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Conclusions: Using SMART-D was feasible, and the system was well regarded by patients. Further study with larger scale
cohorts and longer study and follow-up periods is needed to evaluate the effects of SMART-D on clinical outcomes and quality
of life.

(JMIR Res Protoc 2017;6(4):e63)   doi:10.2196/resprot.7105

KEYWORDS

telemedicine; mobile phone app; hemodialysis; self-management

Introduction

Management of fluids, sodium, serum potassium, and
phosphorus is critical in dialysis therapy. Excessive amounts
of any of these may lead to dialysis-related complications such
as heart failure, which has been identified as one of the risk
factors in dialysis for mortality [1-3]. As a consequence, patients
on dialysis are prescribed a diet therapy that restricts intake of
sodium, potassium, phosphorus, and fluids. Poor adherence to
that diet increases the risk of progression of hypertension and
cardiovascular disease, eventually resulting in heart failure,
which increases the mortality rate [2,4-6].

Interdialytic weight gain (IWG)—which is measured as (current
predialysis weight – previous postdialysis weight)/dry weight
× 100—is an indicator of patient adherence to diet therapy,
reflecting their sodium and fluid intake. It is also important in
itself because IWG is associated with blood pressure and
mortality [1,5]. Moreover, increase in percentage of IWG is
associated with an increase in predialysis systolic blood pressure
[4].

Serum potassium and phosphorus levels are also good indicators
of dialysis patient adherence to a diet therapy, and they are also
associated with mortality. A recent study reported that higher
potassium intake is associated with increased death risk [7].
Similarly, looking at mineral values, phosphorus level is
considered the strongest predictor of mortality for dialysis
patients [3,8]. Accordingly, dialysis patients are advised to
restrict protein intake and avoid processed foods.

That is easier said than done. Patients receiving hemodialysis
often display great difficulty in adhering to a diet therapy that
requires strict and continued self-management over a long period
of time. The very mechanics of self-management make
adherence difficult. Some patients record their body weight and
dietary content in a paper diary. But recording data that way is
unrewarding because it does not let patients know whether they
are achieving target values or let them easily track changes in
the data. Systems that do facilitate such understanding of
patients’ current status and changes in it may motivate patients,
leading to better self-management with improved adherence to
diet therapy and improved survival.

Improving quality of life (QOL) is also crucial for dialysis
patients because health-related QOL as measured by the Kidney
Disease Quality of Life Short Form (KDQOL-SF)[9,10] was
shown to be a predictor of mortality and hospitalization in
dialysis patients, even after taking into account other risk factors
[11,12]. Improving self-management is an effective way to
improve QOL for hemodialysis patients [13-15], raising the

expectations that tools to help self-management may be effective
in improving their QOL.

It was obvious that recent developments in mobile
technology—such as smartphone and tablet computer
apps—could be the basis for developing a platform for systems
to improve self-management of chronic disease. We developed
DialBetics, a novel smartphone-based self-management support
system for type 2 diabetes patients that provides those patients
with real-time advice on diet and lifestyle based on the patients’
at-home measurements and input [16]. The system significantly
improved glycemic control by helping patients improve
self-management skills.

Given the importance of self-management for dialysis patients,
similar self-management support systems are likely to be
effective, and, indeed, there have been a few reports of success
with self-management support systems for dialysis patients
based on mobile technology. Sevick et al [17] reported a case
in which a dietary self-monitoring system based on a personal
digital assistant (PDA) device augmented by a dietician’s
behavioral counseling was effective in reducing IWG and
alleviating hyperphosphatemia and hyperkalemia. Connelly et
al [18] reported the effect of a mobile app for hemodialysis
patients that assisted them in recording their dietary intake and
showed them their consumption levels of fluid, sodium, and
potassium: 12 of 18 of those patients said that the app helped
them modify their diet.

Although these reports are encouraging, the systems involved
are relatively complicated and painstaking; patients must
faithfully enter every detail of their daily meals. To help improve
adherence by hemodialysis patients in the long term, we felt
that a simpler system might be preferable.

To that end, we developed the Self-Management and Recording
System for Dialysis (SMART-D), a simple smartphone-based
system focused on three key factors—IWG, potassium, and
phosphorus—that are associated with mortality but are
modifiable by improving diet. SMART-D helps patients record
body weight, predialysis serum potassium, and phosphorus
concentrations with reference to target values with all recorded
data displayed in a line chart so patients can recognize at a
glance any changes and see whether they are meeting those
target values. We conducted a pilot study to evaluate the
feasibility and usability of the system for patients at two dialysis
facilities in Tokyo.
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Methods

Design of the Self-Management and Recording System
for Dialysis
The system is composed of two modules (Figure 1). The
first—the data management and evaluation module—is for entry
of patients’ body weight, serum potassium, and phosphorus
concentrations. Body weight (measured twice a day, in the
morning and the afternoon) is either automatically transferred
by Bluetooth from the weight scale to the patients’ smartphone
or entered manually by the patients. When entered manually,
if the weight does not seem consonant with the patient’s other
recent entries—if it is unreasonably high or low—the
smartphone gives an alert to notify the patient of a possible
inputting error. Patients manually enter their predialysis serum
potassium and phosphorus concentrations; these come from
blood tests at their clinic visits (generally every 2 weeks) where
they usually receive the full results of the tests. All the data are
automatically evaluated according to target values and displayed
as a graph so patients can track the day-to-day trend of their
weight and the general trend of their potassium and phosphorus
levels. Body weight, IWG, and serum phosphorus concentrations
are evaluated based on the Japanese Society for Dialysis Therapy
(JSDT) guidelines; serum potassium concentrations are

evaluated based on annual statistics provided by the JSDT.
Optimally, IWG is <3% of the dry weight (DW) when the
interval between dialysis sessions is one day and <6% of the
DW when the interval is 2 days; serum potassium concentrations
are ≥3.5 mEq/L and ≤5.5 mEq/L; serum phosphorus
concentrations are ≥3.5 mg/dL and ≤6.0 mg/dL (Figure 2). To
help patients monitor their status at a glance, the background
of the graph is color-coded: blue if within the range of target
values, yellow if marginally outside, and red if seriously outside
the target values for body weight (specifically, blue if ≥100%
and <103% of DW, yellow if ≥103% and <106% of DW, red
if <100% or ≥106% of DW; for potassium, blue if ≥3.5 and
≤5.5 mEq/L, yellow if ≥3.0 and <3.5/>5.5 and <6.0 mEq/L, red
if <3.0 or >6.0 mEq/L; and for phosphorus, blue if ≥3.5 and
≤6.0 mg/dL, yellow if ≥2.0 and <3.5/>6.0 and ≤8.0 mg/dL, red
if <2.0 or >8.0 mg/dL).

All data are automatically sent by the smartphone to the medical
staff administrator module, SMART-D’s second module, which
allows the medical staff in dialysis facilities to monitor the data
transferred from each patient’s data management and evaluation
module and give advice on intake if the readings suggest that
intervention is advisable. Patient use of the system is output by
a comma-separated values (CSV) file, so how often patients
input data and how often they checked their data can also be
monitored.

Figure 1. An overview of the Self-Management and Recording System for Dialysis.

JMIR Res Protoc 2017 | vol. 6 | iss. 4 |e63 | p.228http://www.researchprotocols.org/2017/4/e63/
(page number not for citation purposes)

Hayashi et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 2. Sample view of the Self-Management and Recording System for Dialysis screen.

Study Design and Participants
A questionnaire survey about QOL and a 2-week pilot study
whose purpose was to evaluate the feasibility and usability of
the system were designed and approved by the Institutional
Review Board of the University of Tokyo Hospital. Participants
were recruited at two outpatient hemodialysis facilities in Tokyo,
with written informed consent obtained from all. To be eligible
as participants, patients had to have end-stage renal
disease—having received outpatient hemodialysis treatment for
at least 2 years—and be aged 20 years or older with an average
IWG rate >5% of DW and serum potassium concentration >5.5
mEq/L or serum phosphorus concentration >6 mg/dL when the
interval between dialysis sessions was 2 days. Patients who
proved unable to use a smartphone correctly because of
dementia, vision disorder, or other reasons were excluded. A
total of 20 patients agreed to participate in the survey; of those,
9 who were willing to participate in the pilot study using
SMART-D were assigned to the SMART-D group. A total of
11 patients who did not wish to use SMART-D but agreed to
give their clinical data (IWG, serum potassium, and phosphorus
concentration) and to complete the survey were assigned to the
non–SMART-D group. All participants would continue their
regular dialysis treatment 3 times a week. There were roughly
the same number of each group at each dialysis facility.
However, those using SMART-D at one dialysis facility used
it for 2 weeks from March to April 2014, and those at the other
dialysis facility used SMART-D for 2 weeks from September

to October 2014. The IWG, serum potassium, and phosphorus
concentrations at baseline and follow-up periods were taken,
respectively, 2 weeks before and after the study period.

The research team included a nephrologist and system
administration specialists, experts in technical and database
apps, and a research nurse. The questionnaire survey that
patients completed was the Japanese version of the questionnaire
summary of dialysis self-care activities and the KDQOL-SF
version 1.3 [19]; the survey was made both before and after the
study period (the mean interval was 16.9 [SD 11.6] weeks)
(Figure 3). One participant in the SMART-D group was
hospitalized and one in the non–SMART-D group changed
dialysis facilities before completion of the KDQOL during
follow-up. This means that only 8 SMART-D users and 10
non–SMART-D users completed the Japanese version of the
KDQOL after the study period.

For each participant in the SMART-D group, frequency of the
SMART-D use was evaluated by completion rates for body
weight in the morning and the afternoon, predialysis and
postdialysis weight, and serum potassium and phosphorus
concentrations. Completion rates of body weight in the morning
and the afternoon, predialysis and postdialysis weight and serum
potassium and phosphorus concentrations were calculated as
(1) number of entries/(number of days × 2) × 100, (2) number
of entries/(number of dialysis days × 2) × 100, and (3) number
of entries/number of blood-test days × 100.
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Figure 3. Timeline of the study.

Questionnaires rating participant assessment of SMART-D’s
usability and their satisfaction with the system were collected
after the study ended (Figure 3). Of the 9 SMART-D users, one
was hospitalized as mentioned above and one did not complete
the usability survey because that participant dropped out before
completion of the survey, so only 7 SMART-D users completed
the questionnaires.

Study Methods
Participants in the SMART-D group received a smartphone
(Samsung GALAXY Note II SC-02E) and the scale paired with
the smartphone (Omron HBF-206IT). In this study, body weight
of SMART-D users was measured at home every day and
automatically transmitted to the smartphone. On dialysis days,
the SMART-D group measured their body weight before and
after dialysis. They also entered their predialysis blood test
results. Participants in the non–SMART-D group followed their
usual self-care regimen.

Members of the SMART-D group were asked to contact the
research team nurse by smartphone or email only for technical
questions or if, for some reason, they got a weight-input error
alert. For questions related to their health status, they were asked
to consult their primary physicians or the staff at the dialysis
facility.

Statistical Analysis
Paired t tests or Wilcoxon tests were performed to compare
IWG, serum potassium concentrations, serum phosphorous
concentrations, and KDQOL before and after the study period.
Unpaired t tests and Fisher exact tests were performed to

compare baseline characteristics of the two groups. Repeated
measures analysis of variance was performed to compare IWG,
serum potassium, and phosphorus concentrations at baseline,
study period, and follow-up period. We considered P values
<.05 statistically significant. All statistical analyses were
performed with Excel (Microsoft Corp) or EZR (Saitama
Medical Center) [20].

Results

Baseline Characteristics
Demographic characteristics of the 9 participants in the
SMART-D group are shown in Table 1. The mean age was 47.9
(SD 14.4) years, with the average dialysis vintage being 6.0
(SD 2.9) years. All participants had been receiving dialysis 3
times a week. Their average IWG was 2.2% (SD 0.4) DW/day,
average hemoglobin level 10.8 (SD 0.6) g/dL, serum albumin
concentration 3.7 (SD 0.2) g/dL, serum potassium concentration
4.9 (SD 0.6) mEq/L, and serum phosphorus concentration 5.4
(SD 1.2) mg/dL. The average number of body weight
measurements per day was 1.2 (SD 1.3). Of 9 participants, 7
(78%) were users of a smartphone, PDA, and the Internet, while
2 (22%) were users of a feature phone and nonusers of the
Internet (Table 1).

Their demographic characteristics were compared with those
of the non–SMART-D group (n=11) who did not wish to use
SMART-D. Patients in the non–SMART-D group were older
(60.3 [SD 10.5] years, P=.04). Of 11 participants, only 3 (27%)
were smartphone and PDA users and 4 (36%) were Internet
users (Table 1).
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Table 1. Baseline characteristics of the participants in the study.

P valuebNon–SMART-D (n=11)SMART-Da (n=9)Total (n=20)

Demographics

Sex, n (%)

>.997 (64)6 (67)13 (65)Male

4 (36)3 (33)7 (35)Female

.0460.3 (10.5)47.9 (14.4)54.7 (13.6)Age (years), mean (SD)

Medical information

.1510.7 (6.7)6.0 (2.9)8.6 (5.6)Dialysis vintage (years), mean (SD)

>.99Hemodialysis frequency in a week, n (%)

11 (100)9 (100)20 (100)Three times

.20Primary cause of end stage renal disease, n (%)

3 (27)3 (33)6 (30)Diabetes mellitus

4 (36)0 (0)4 (20)Glomerulonephritis

1 (9)3 (33)4 (20)Nephrosclerosis

0 (0)1 (11)1 (5)Malignant hypertension

1 (9)0 (0)1 (5)Polycystic kidney disease

1 (9)0 (0)1 (5)Rheumatoid arthritis

1 (9)2 (22)3 (15)Unknown

.85Comorbid conditions, n (%)

3 (27)2 (22)5 (25)Diabetes

7 (64)8 (89)15 (75)Hypertension

1 (9)1 (11)2 (10)Lipid disorders

0 (0)2 (22)2 (10)Cardiovascular disease

0 (0)1 (11)1 (5)Cerebrovascular disease

Disease status

.1263.8 (14.0)76.4 (20.3)69.5 (17.8)Predialysis weight (kg), mean (SD)

.922.2 (0.4)2.2 (0.4)2.2 (0.4)IWGc(%DWd/day), mean (SD)

.04811.9 (1.8)10.8 (0.6)11.4 (1.5)Hemoglobin (g/dL), mean (SD)

.243.8 (0.2)3.7 (0.2)3.8 (0.2)Serum albumin concentrations (g/dL), mean (SD)

.405.1 (0.8)4.9 (0.6)5.0 (0.7)Serum potassium concentrations (mEq/L), mean (SD)

.415.0 (1.1)5.4 (1.2)5.2 (1.1)Serum phosphorus concentrations (mg/dL), mean (SD)

Lifestyle

.320.6 (0.7)1.2 (1.3)0.9 (1.0)Weight measurement frequency per day, mean (SD)

.07Cell phone user, n (%)

7 (64)2 (22)9 (45)Feature phone

3 (27)7 (78)10 (50)Smartphone

1 (9)0 (0)1 (5)Non–cell phone user

.073 (27)7 (78)10 (50)Portable digital assistant user, n (%)

.094 (36)7 (78)11 (55)Internet user, n (%)

aSMART-D: Self-Management and Recording System for Dialysis.
bP value between the SMART-D group and the non–SMART-D group.
cIWG: interdialysis weight gain.
dDW: dry weight.
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Feasibility and Usability
All 9 patients in the SMART-D group were able to complete
the 2-week use of the system without any major problems. The
mean number of daily entries for the dialysis date when there
were 4 items to be entered (body weight in the morning and
afternoon, predialysis weight, and postdialysis weight) was 3.9
(SD 0.2). The mean number of daily entries for the nondialysis

date when there were 2 items to be entered (body weight in the
morning and afternoon) was 1.8 (SD 0.5). The average
completion rates for body weight in the morning and the
afternoon and predialysis/postdialysis weight were, respectively,
89% (SD 23) and 95% (SD 7). The average completion rate for
serum potassium and phosphorus concentrations was 78% (SD
44) (Table 2).

Table 2. Average number of daily entries and completion rates (n=9).

Mean (SD)

Mean number of daily entries

3.9 (0.2)Dialysis date (4 items to be entered)

1.8 (0.5)Nondialysis date (2 items to be entered)

Completion rate (%)

89 (23)Body weight in the morning and the afternoon

95 (7)Predialysis/postdialysis weight

78 (44)Serum potassium and phosphorus concentrations

Of the 7 participants who answered an end-of-study usability
survey, all were motivated by the sense of security derived from
using the system (Table 3). The devices, including smartphone,
did not cause physical discomfort to any of the participants. Of
the 7 patients, 6 (86%) felt that using the system helped to
improve their lifestyle and dialysis self-management and that
the system had a positive impact on their dialysis management.
The average usage time per day was 7.7 (SD 3.9) minutes, and
6 of the 7 patients (86%) felt the system was worth the time

they spent. Only one participant—who took 10 minutes per
day—felt that using the system was unduly time-consuming.
Of the 7 participants, 5 (71%) were willing to continue to use
the system (Table 3), citing such reasons as the way it made
self-management easier or motivated them to improve health
status (Table 4). One (14%) expressed the desire to continue
using it if an additional function could be implemented to enable
management of blood pressure and medication, while another
patient (14%) was undecided (Tables 3 and 4).

Table 3. Usability survey results.

ResponseStatement or question (n=7)

5 (71)I could use a smartphone with no problem. (n [%])

6 (86)I could use a weight scale with no problem. (n [%])

7 (100)The interface of the data registration was easy to use. (n [%])

6 (86)The interface of the data browsing was easy to watch. (n [%])

5 (100)The instructions were easy to understand. (n=5a) (n [%])

0 (0)The devices caused me physical discomfort. (n [%])

5 (71)I easily incorporated using the system into my daily routine. (n [%])

7 (100)Using the system gave me a sense of security. (n [%])

6 (86)Participation in the study helped me to improve lifestyle and dialysis self-management. (n [%])

1(14)bUsing the system caused me some problems. (n [%])

7.7 (3.9)How much time did you spend using the system per day? (minutes, mean [SD])

6 (86)Is the system worth using for the time you spent? (n [%])

6 (86)Did this system give a positive impact on your dialysis management? (n [%])

5 (71)cWould you like to continue using this system? (n [%])

aTwo participants answered that they did not use the instructions.
bOne participant felt that using the SMART-D was time-consuming.
cThe reasons given by the participants are shown in Table 4.
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Table 4. Reasons why the participants would like or not like to continue using the Self-Management and Recording System for Dialysis.

Would you like to continue using this system? (n=7)

Undecided (1)No (1)Yes (5)

Although it is useful for monitoring water in-
take at a glance, it is sometimes too much
work.

I would like to continue using it if additional
function is implemented to enable management
of blood pressure and medication.

Since the water intake of the day can be confirmed
at a glance, I can be careful of the water intake.

It makes self- management easier.

It helps me motivated to improve my health status.

Recording the body weight every day enabled me
to know the physical condition better.

Getting aware that the data deviated from the
normal range motivated me to make efforts to re-
turn to the target range.

It is convenient because the change of data can
be seen immediately.

The medical staff in the dialysis facilities monitored the data
transferred from each patient's module and found no reason to
contact the patients outside of the regular dialysis sessions
during the 2 weeks.

Clinical Outcomes
For IWG, serum potassium concentrations, and serum
phosphorus concentrations, the values during the study and
follow-up periods were compared with those at baseline with
no significant differences found in the SMART-D group and
the non–SMART-D group (Multimedia Appendix 1).

Quality of Life
The QOL before and after the study was evaluated, as noted,
by the KDQOL scale, which consists of 79 items, 36 asking
about health-related QOL in general (the Medical Outcomes

Study SF-36) and 43 asking about QOL as it is affected by
kidney disease and by dialysis. The scores range from 0 to 100,
with higher scores indicating better QOL [19]. As noted in
Methods, 8 patients in the SMART-D group and 10 in the
non–SMART-D group completed the questionnaire before and
after the study period.

The KDQOL scores of the SMART-D group were compared
before and after the study period (Table 5). The Social
Functioning score showed a significant change, improving by
9.4 points (mean values 75.0 to 84.4; P=.048), while the other
KDQOL scores remained unchanged. In the non–SMART-D
group, the Role Functioning Emotional score was lower than
in the SMART-D group before the study period (Multimedia
Appendix 2), and none of the KDQOL scores improved over
time (Multimedia Appendix 3).
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Table 5. Comparison of changes in the Kidney Disease Quality of Life scores before and after the study period in the Self-Management and Recording
System for Dialysis group (n=8).

P valueFollow-up score

mean (SD)

Baseline score

mean (SD)

Kidney Disease Quality of Life

.8484.4 (8.4)83.6 (7.8)Symptoms/problems

.4279.7 (16.3)78.4 (16.3)Effect of kidney disease

.7938.3 (16.5)36.7 (21.8)Burden of kidney disease

>.9975.0 (37.8)75.0 (37.8)Work status

.5287.5 (12.6)87.6 (11.8)Cognitive function

.2086.7 (19.2)90.5 (10.1)Quality of social interaction

.1666.9 (18.1)58.5 (7.5)Sleep

.5862.5 (36.5)68.7 (25.9)Social support

.1082.8 (14.8)75.0 (11.6)Dialysis staff encouragement

.2079.2 (21.3)85.4 (16.5)Patient satisfaction

.2883.8 (20.0)91.3 (7.4)Physical functioning

.6784.4 (35.2)78.1 (28.1)Role functioning physical

.1774.1 (25.9)65.3 (26.2)Bodily pain

.6554.4 (13.5)52.9 (16.0)General health perception

.1065.0 (22.7)56.3 (15.8)Vitality

.04884.4 (14.6)75.0 (20.0)Social functioning

.17100 (0.0)91.7 (15.4)Role functioning emotional

.9674.6 (16.)275.0 (16.1)Mental health

Discussion

Principal Findings
This study has shown the feasibility and usability of SMART-D,
a novel smartphone-based self-management system for dialysis
patients. Patients record their body weight and predialysis serum
potassium and phosphorus concentrations, and the app displays
the data in graph form showing automatic evaluation with
reference to target values, providing the patients with visual
feedback and reinforcement that helps self-monitoring.

The average completion rates for body weight,
predialysis/postdialysis weight, and serum potassium and
phosphorus concentrations were high: respectively, 89% (SD
23), 95% (SD 7), and 78% (SD 44) (Table 2), proving that
SMART-D is a feasible tool. The usability survey demonstrated
that participants were comfortable with the use of the system,
and most of the participants reported that using the system
helped improve their lifestyle and dialysis self-managements
and that they wanted to continue using the system (Tables 3
and 4).

The KDQOL scores of the SMART-D group’s Social
Functioning score improved significantly while their other
KDQOL scores remained unchanged (Table 5). This suggests
that SMART-D may be effective in improving the QOL of
dialysis patients. The clinical relevance of QOL in dialysis
patients has been recognized since it was shown to be an
independent predictor of mortality and hospitalization
[11,12,21]. Improving self-management is an effective way to

improve QOL in hemodialysis patients [13-15], and SMART-D
may have contributed to improving QOL by supporting
self-management. However, this result should be interpreted
with caution because the current study was not randomized and
had a small sample size with a short study period.

Self-Monitoring and Dialysis
More and more evidence has recently emerged that
smartphone-based apps can be powerful tools in supporting
self-management for patients with chronic conditions. We have
reported on DialBetics, a smartphone-based self-management
support system for diabetes patients. DialBetics is an interactive
system that provides real-time advice on diet and lifestyle based
on input of patient data measured at home including exercise
and diet. A 3-month randomized study showed that DialBetics
is an effective tool for improving glycemic control [16].
Compared with self-management systems such as DialBetics,
SMART-D is a relatively simple system with limited feedback.
The system provides no real-time lifestyle advice except when
medical staff considers it necessary to intervene with the
patients. Rather, the function of SMART-D is to support patient
self-monitoring, making it easier and more sustainable for them.

Evidence has suggested that simple self-monitoring is effective
for managing various conditions. Obesity is one of them. It was
reported that frequent self-weighing by obese patients,
accompanied by daily charting of their weight pattern, was
effective in weight reduction programs [22,23]. It is interesting
and highly relevant that, while increasing patient nutritional
education does not necessarily help patients modify behavior
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related to obesity in diverse community settings [24],
self-weighing—a simple self-monitoring behavior—along with
behavioral weight-loss education has proven effective. The
power of self-monitoring is quite understandable. With obesity,
for instance, self-monitoring promotes greater awareness of
how behaviors such as diet and physical activity are impacting
weight. Frequent self-weighing provides immediate feedback,
helping patients perceive the connection between weight changes
and their specific eating behavior and/or lifestyles, making it
easier for them to correct these behaviors. Patients who adhere
to diets are visibly rewarded by weight loss, and this in turn
reinforces adherence to diet and lifestyle changes and, thus,
maintenance of weight reduction. Pacanowski and Levitsky
[25] reported that frequent self-weighing with visual feedback
of weight history—even without any prescribed diet or exercise
plan—was effective enough to produce and maintain weight
loss. Such is the importance of self-monitoring!

The relevance to hemodialysis is clear. As with obese patients,
eating behavior and lifestyle directly impact the body weight
and serum potassium and phosphorus concentrations of dialysis
patients. Despite repeated attempts to educate such patients
about the consequences of noncompliance, their adherence to
fluid control and diets that restrict sodium, potassium, and
phosphorus intake is generally poor. The SMART-D system
helps these patients self-monitor by making it easy for them to
view their history of body weight and serum potassium and
phosphorus levels with reference to target values. This
self-monitoring should help the patients attribute body weight
and blood test results to their diet and lifestyle behavior, correct
errant behavior, and improve their self-management skills.
Medical staff members will also benefit from SMART-D
because the system lets them monitor the course of patient
at-home body weight and gives them an electronically accurate,
objective view of how faithfully patients are measuring their
weight and checking their laboratory data, an important insight
into patient attitude and seriousness about improving their health
status. Combined with access to their own data from the
laboratory, this additional information enables medical staff to
give patients more precise and appropriate advice on diet and
lifestyle.

Limitations
There are several limitations of this study. First, the study period
was too short to observe improvement of clinical outcomes

although SMART-D is expected to improve clinical outcomes
and QOL by supporting self-management; previous studies have
reported that apps and programs to improve adherence of
dialysis patients to diet and lifestyle changes led to improvement
of clinical outcomes and QOL [17,26,27]. Since our study period
of 2 weeks was markedly shorter than those of the studies
reporting such notable effects, a longer period is necessary to
assess the impact of SMART-D on clinical outcomes and QOL.
However, we assumed that feasibility and usability could be
sufficiently evaluated in a 2-week study period because we had
previously successfully evaluated usability and compliance of
a smartphone-based self-management tool for type 2 diabetes
patients in a 1-week study [28]. Others have also demonstrated
the feasibility and acceptability of a mobile phone-based
self-management tool for asthma patients in a 2-week study
[29]. Even so, a longer study is necessary because it has been
reported that the longer a study period becomes, the greater the
decline in completion rates [16,30-32].

Second, the overall favorable results of the usability survey
might be biased because only those patients willing to use
SMART-D were assigned to the SMART-D group while the
patients assigned to the non–SMART-D group did not wish to
use the system. The differences of demographic characteristics
between the two groups are likely to reflect the patient
characteristics associated with willingness to use such tools.
Patients in the SMART-D group tended to be younger and more
likely to be users of a smartphone, PDA, and the Internet (Table
1), suggesting that patients in the SMART-D group had better
technology literacy. Future tasks include developing more
user-friendly systems that can be widely used by patients with
lower information and communication technology literacy.

Conclusions
We have shown the feasibility of SMART-D, a novel
smartphone-based self-management system for hemodialysis
patients. The system supports self-monitoring of three crucial
mortality-related factors that patients can modify by correcting
their diet and lifestyle: IWG and predialysis serum potassium
and phosphorus concentrations. Most of the participants reported
that using SMART-D helped improve their self-management.
Further large-scale study with a larger cohort and longer system
use and follow-up periods is needed to evaluate the effects of
SMART-D on clinical outcomes and QOL.
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Multimedia Appendix 1
Table showing clinical parameters at baseline, study period and follow-up period in the Self-Management and Recording System
for Dialysis group (n=9) and the non-Self-Management and Recording System for Dialysis group (n=11).

[PDF File (Adobe PDF File), 20KB - resprot_v6i4e63_app1.pdf ]

Multimedia Appendix 2
Table showing comparison of Kidney Disease Quality of Life scores between the Self-Management and Recording System for
Dialysis group and the non-Self-Management and Recording System for Dialysis group before the study period.

[PDF File (Adobe PDF File), 33KB - resprot_v6i4e63_app2.pdf ]

Multimedia Appendix 3
Table showing comparison of changes in Kidney Disease Quality of Life scores before and after the study period in the
non-Self-Management and Recording System for Dialysis group.

[PDF File (Adobe PDF File), 20KB - resprot_v6i4e63_app3.pdf ]
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KDQOL-SF: Kidney Disease Quality of Life Short Form
PDA: portable digital assistant
QOL: quality of life
SMART-D: Self-Management and Recording System for Dialysis
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Abstract

Background: Malaria is a public health problem that affects remote areas worldwide. Climate change has contributed to the
problem by allowing for the survival of Anopheles in previously uninhabited areas. As such, several groups have made developing
news systems for the automated diagnosis of malaria a priority.

Objective: The objective of this study was to develop a new, automated, mobile device-based diagnostic system for malaria.
The system uses Giemsa-stained peripheral blood samples combined with light microscopy to identify the Plasmodium falciparum
species in the ring stage of development.

Methods: The system uses image processing and artificial intelligence techniques as well as a known face detection algorithm
to identify Plasmodium parasites. The algorithm is based on integral image and haar-like features concepts, and makes use of
weak classifiers with adaptive boosting learning. The search scope of the learning algorithm is reduced in the preprocessing step
by removing the background around blood cells.

Results: As a proof of concept experiment, the tool was used on 555 malaria-positive and 777 malaria-negative previously-made
slides. The accuracy of the system was, on average, 91%, meaning that for every 100 parasite-infected samples, 91 were identified
correctly.

Conclusions: Accessibility barriers of low-resource countries can be addressed with low-cost diagnostic tools. Our system,
developed for mobile devices (mobile phones and tablets), addresses this by enabling access to health centers in remote communities,
and importantly, not depending on extensive malaria expertise or expensive diagnostic detection equipment.

(JMIR Res Protoc 2017;6(4):e70)   doi:10.2196/resprot.6758
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Introduction

Malaria is a public health problem worldwide. A total of 214
million cases of malaria occurred globally in 2015 with 438,000
deaths [1]. In 2014, 97 countries reported the continuous
transmission of malaria and the World Health Organization
(WHO) estimates that around 3.2 billion people are at risk of
becoming infected with this disease [1]. In most of the
high-burden countries, weak healthcare systems contribute to
slower than average declines in malaria incidences and high
rates of mortality [1]. Therefore, early and accurate diagnosis
of malaria is essential for effective disease management and
surveillance. Indeed, misdiagnosis can result in significant
morbidity and mortality. In addition, the correct diagnosis of
patients with febrile illnesses may help to reduce the emergence
and spread of drug resistance by reserving antimalarial
treatments for those with a malaria diagnosis.

Malaria is currently diagnosed by microscopy with stained slides
(thick blood films or blood smear) or by rapid diagnostic tests
(RDTs) [2,3]. The thick blood film method of slide staining is
the most common and inexpensive technique to diagnose
malaria, whereas, the blood smear method is specifically used
to identify the morphology and species of the Plasmodium
parasite [4]. Today, it is essential that malaria diagnosis
technicians are experienced in identifying species of
Plasmodium using these techniques. For this reason, RDT
methods are quite effective and widely used in some regions
(ie, the Brazilian Amazon). However, RDT methods are
expensive and not always effective in identifying samples with
mixed species [3,5]. Furthermore, scientists are concerned about
parasite resistance to antimalarial medicines and mosquito vector
anopheles to insecticides [1]. Thus, a fast, in-place diagnosis
system is essential to control malaria.

In recent decades, a number of researchers, including those from
computing areas, have sought cost-effective solutions to assist
health professionals in the control of epidemics and diseases.
For example, Leal Neto et al (2014) developed a real-time
diagnostic system for epidemiological events simulations [6].
Medical imaging has also been used successfully in the diagnosis
of diseases. Kaewkamnerd and colleagues (2012) developed a
5-phase image analysis system to detect and classify malaria
[7]. Techniques, such as hue-saturation-value (HSV) and
adaptive threshold, have been used to extract image
characteristics and automated systems of image capturing using
a motor adapted to a microscope have been proposed [8]. In
another study, Anggraini et al (2011) developed an application
to successfully separate background of blood cells by solving
image segmentation problems [9].

Here, we propose a low-cost, automated diagnostic system for
malaria. Digital processing image techniques and a learning
process based on artificial intelligence algorithms were
combined to develop the system. Prior to app development,
training and validation of the classifier were implemented on a
personal computer in C++ language with Microsoft Windows
8.1. The minimum requirements for the app were that is used
an Android operating system of 4.2 or higher and had a rear
camera of at least 5 megapixels (MPs). Therefore, the Galaxy
Tab 2 was used for testing. Taking advantage of this computing
infrastructure, the system aims to aid public health officials in
remote locations by trying to solve pending issues such as
accessibility, cost, rapidness, and accuracy in malaria diagnosis.

Methods

The facial recognition method proposed by Viola and Jones is
known as a heuristic method for the robust, fast, and accurate
detection of faces in images [10]. Indeed, several studies have
demonstrated the application of the technique [11-13]. The
Viola and Jones' facial recognition method was used to develop
a new method for the representation of images called integral
image, which makes use of a simple and efficient classifier
using an adaptive boosting learning algorithm [14]. It has also
been used in the development of the cascade of classifiers
method. This method uses a constant computational cost , which
enables its use in real-time applications. The steps of the
algorithm will be presented in the following sections.

Haar-Like Features
Historically, direct pixel manipulation has been a
computationally complex problem [15]. As such, Viola and
Jones [10] aimed to build a system that could be executed in
constant time. They suggested an adaptation of the basic
functions of haar described by Papageorgiou and colleagues
[16], and began to use haar-like features added to the use of the
integral image. Haar-like features are rectangles of white and
dark regions. The features value is given by the difference
between the sum of the intensities of the pixels of the light
region (white) and the sum of pixel intensities in dark region
(black) (equation a, Figure 1) where f(w) is a value of feature
in the windows w, Σ Pblack is the sum of pixels in the black
region, and Σ Pwhite is the sum of pixels in the white region.

Four basic haar-like features are described to face-detection
problems (Figure 2). Each resource-type of haar-like features
indicates attendance or absence of features in the image, such
as edge detection, texture, and others. The standard detector is
used in 24 x 24 pixels, generating up to 160,000 rectangle
features by subwindow [10,16].
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Figure 1. Equations.

Figure 2. Haar-like features.

Integral Image
Integral image is an intermediate representation to quickly
calculate the sum of values in a rectangular subset of a grid.
The algorithm is used to calculate pixel function in real numbers
f(x,y) (ie, to calculate pixel intensity along a rectangular region
of the image). For a fast calculation of haar features’ rectangles,
Viola and Jones [10] proposed the use of integral image
(equation b, Figure 1), where ii(x,y) is the integral image and
i(x,y) is the original image. For each point (x,y) the value of the

sum of all pixels higher and to the left is assigned, such that x1≤
x,y1≤ y.

The integral image can be obtained with a single pass over the
image, using sum area value added in (x,y) (equation c, Figure
1). Once an integral image is computed, the evaluation of any
area of the rectangle can be performed in constant time, using
only four image references.

Adaptive Boost Algorithm
Viola and Jones [10] used the idea of weak classifiers, h(x,f,p,θ).
In that definition, there is a simple structure containing a
subwindow (x) that consists of a feature (f), threshold (θ), and
parity (p).

The learning algorithm selects a unique feature that best
separates the positive and negative examples. This feature was
based on a machine learning meta-algorithm proposed by Freund
and Schapire [14]. The outputs of the learning algorithm are
called weak classifiers. These weak classifiers were combined

with a weighted sum that represented the final result of the
potential classifier. Its main feature was the distribution of
weights in sets of examples and the distribution change over
the course of the algorithm iterations [10].

Cascade of Classifiers
In the learning tasks, a high cost was given for evaluating the
entire training set. While the reduction in the number of
classifiers tended to improve the speed, the decrease of
classifiers reduced the hit hat [15]. Viola and Jones proposed a
solution to get a choice of good classifiers in a large set by
creating decision trees called cascades of classifiers [10]. In the
initial stage, the cascade of classifiers searched the simplest
classifiers (generic) and rejected the greatest number of potential
negative subwindows. The algorithm began with few features
and, as it advanced, the number of cascade stages increased.
With more stages the number of classifiers grew and the
accuracy improved. In the detection of faces, the best cases are
given between 15 to 25 stages [10].

Image Processing
Image processing techniques seek to improve the appearance
or simplify an image, by correcting and/or eliminating noise
that arose during image acquisition (equipment) or as a result
of image degradations (lighting problems). Domains that are
given to highlight on images are space, which refers to the plane
of the image working directly on top of the pixels and frequency,
which are changes in the images after Fourier transformation
[17]. The interpretation of digital data is a computationally
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complex task with a high computational cost [8]. The
segmentation or partitioning of digital images into smaller parts
is thus an essential task to assist the image interpretation process
and images, in general, often contain distinct features that can
complicate this process.

Differently-sized images, distorted shapes, lighting problems,
and other characteristics contribute to image noise. Image noise,
along with certain data contained in images can hamper the
identification of features. For example, the image capture of car
license plates occurs in uncontrolled environments (ie, lighting
variations by virtue of time and weather conditions) [17]. The
simplest and most widely used image segmentation technique
is binarization which consists of classifying the pixels of a given
image according to one or several thresholds. This technique is
widely used to separate the background from the objects of
interest. In global binarization, cutting a single threshold value
is set for the entire image. This is advantageous because it
improves processing time; however, image quality may be poor

because of potential image noise. As such, global binarization
is more suitable for controlled environments. On the other hand,
local binarization allows for different cutoff points to different
regions of the image. A disadvantage of this technique is the
high processing time [14,18].

Experimental Approach
We developed a mobile device-based automated system to detect
malaria. The algorithm specifically identifies Plasmodium
falciparum in the trophozoite ring stage. Preprocessing steps
were used to improve the quality of the microscopy images (eg,
Otsu [19]), and Gaussian filters [20] and mathematical
morphology techniques [14] were used for training and
classification. With respect to image acquisition, preprocessing,
training, and validation were performed on a personal computer
(Intel Core i3-3217U 1.8 GHz 4096MB RAM) prior to the
development of the mobile app (Android 4.2 or higher). The
flow of activities in the experimental model is illustrated in
Figure 3.

Figure 3. Flowchart of the experimental model.

Image Acquisition
An image acquisition step was necessary in the development
of the experimental model. The Microbiology Department
(Drassanes Unit) of Vall Hebron Hospital, Barcelona, Spain
and the microbiology lab of the Research Center Aggeu
Magalhães(FIOCRUZ) Recife, Brazil have a collection of about
500 slides from patients diagnosed with malaria. All the images
obtained were classified by experimental parasitologists. This

collection was used to perform the image acquisition for the
diagnosis algorithm.

Malaria parasites require magnification of at least 1000 times
for their identification in blood smears [1]. A light microscopy
was used along with the Logitech c270 (webcam), the Samsung
Galaxy Tab 2 (mobile phone), and the Sony DSC H1
(semi-professional camera). Polyvinyl chloride (PVC), low-cost
support pieces (less than US $1) were designed to attach the
devices to the light microscopes and to the 3D printer. The
image acquisition stage is illustrated in Figure 4.
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Figure 4. Polyvinyl chloride (PVC) was used as support for the tablet (left) and mobile phone (right).

Image Preprocessing
In the preprocessing step, some improvements in the images
were made to limit the scope or search space for the
classification algorithm. The preprocessing step is shown in
Figure 5. The original image was given in the red, green, blue
(RGB) color model. This model was used because it is the most
popular and simple to implement. In addition, since RGB is
used in devices such as monitors, video cameras, and mobile
phones, conversions to other color models was not required [8].
For this step, the original image was acquired through the blood
smear method [1].

The objective of this preprocessing step was to reduce the search
scope, such as separate blood smears of the background. In this
study, we did not use the entire RGB color space model, since
performing segmentation operations on images with several
layers of colors can be quite expensive computationally [8].
The original image was thus converted to grayscale with only
a single color space (equation d, Figure) where res (x,y) is the
image in grayscale. After converting the image, the grayscale
was replaced by a single color space, with black of lesser
intensity and white of greater intensity [9].

A Gaussian filter was then used which gave the convolution,
where, for each item on the input array, a Gaussian kernel was
applied. The output is the filter operation based in a Gaussian
function [14,19]. The kernel size was fixed to 7 x 7, so that the
result was a smoother image. This operation was justified for
a better bottom extraction [14], and with the reduction of some
details and elements of the images, the edges of the red blood

cells became more defined. Thresholding separated the grayscale
in a given image such that the image was transformed into two
grayscales groups: 0 (100% black) and 255 (100% white). For
this process, it was necessary to set a cutoff or threshold to
separate the two groups. The definition of this cutoff point was
very important, because the images had different characteristics
(eg, lighting and focus).

The Otsu thresholding technique [19] was chosen because it is
widely used in the literature and the cutoff feature has an
optimal, automatic threshold. The OTSU technique uses a
nonparametric approach (not estimating the parameters of the
model) and an unsupervised stop to find the automatic threshold
in a given image [21]. The method contains the background and
foreground pixel classes, represented by C1 and C2, respectively
[19]. After the image was smoothed by the Gausssian filter, it
was transformed into a binary image containing only foreground
(blood cells) and background (rest of the image). With respect
to malaria detection, the background is not important because
most parasites lie within the cells of the prepared blood smears
[5]. Morphological operations may be applied to images to
enhance the geometric structures on a set of pixels. Erosion is
a morphological technique that seeks to combine two sets by
subtracting the vectors for the intersection sets of A and B
(equation e, Figure 1).

The preprocessing transformation steps were necessary for
locating the RBCs and restricting the search space of the
algorithm. After the erosion, a subtraction was performed with
the image converted to grayscale and the background was
removed. The final result is shown in Figure 5.
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Figure 5. Image preprocessing steps.

Training and Validation
The objective of the training and validation steps was to find a
good classifier to recognize the parasite Plasmodium falciparum
in the trophozoite (ring stage) in a given image. The training
and validation of classifiers was performed according to the
method by Viola and Jones [10] using an Intel Core i3-3217U
(1.8 GHz 4096MB) computer.

For all the training sets, the following parameters were used:
(1) the amount of memory was 1024, (2) a minimum hit rate of
0.99500, (3) a maximum false alarm rate of 0.400000, (4) basic,
haar-like features mode [10,22], (5) a subwindow weight of 24,
and (6) a subwindow height of 24.

Every image was classified as positive or negative, where
positive referred to images infected with the Plasmodium
falciparum parasites (trophozoite ring stage), whereas negative
referred to white blood cells and empty RBCs (false positive).
After classifying the images, the adaptive boosting algorithm

was used to select the best features according to the stage of the
cascade of classifiers [10]. The result of the training was a
degenerative decisions tree with two positive and negative
classes.

Mobile App Development
Currently, the major developers of operating systems for mobile
devices are Google Android, Apple IOS, and Microsoft
Windows Phone [23-26]. Globally, Android is the most popular
mobile operating system with about 1 billion users connected
on various devices (tablets, mobile phones, televisions, etc)
[24]. Android-based apps are mostly developed in Java [27];
however, apps can be also created in C/C++ using the Native
Development Kit (NDK) [24].

We developed an automated, mobile device-based tool
(Android) for the rapid and accurate diagnosis of malaria. The
prototype development flow (pseudocode) is shown in Table
1.
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Table 1. Prototype development flow.

Algorithm

1: initialize camera

2: set the camera resolution to 640 x 480 pixels

3: While true do

view image in camera4:

perform to image scanning through windows 24 x 24 pixels (multi-scale)5:

if find the object of interests then6:

mark the object and count7:

end if8:

else keep looking9:

10: end while

11: ifpress the button returnthen

close the application and release the camera12:

13: End if

Detection was performed by the mobile camera operating at a
resolution of 640 x 480 pixels, with an average rate of 5 frames
per second (FPS). Factors such as distance, lighting, and training
set influenced the detection rate. While the camera is fixed,
sight (focus) is adjusted manually on a light microscope.
Parasites were detected on a frame-by-frame basis [10].

A second app was also developed that detects malaria in
previously-acquired images. While the image analysis procedure
is the same, the second app has a button that can upload an
image rather than acquiring it with the device camera.

Results

A set of experiments was designed to evaluate and quantify the
accuracy of the developed tool in diagnosing malaria. The
evaluation was binary, using positive (infected with
Plasmodium-type parasites) and negative (not infected) classes.
The acronyms used in the evaluation were positive sample (P),
negative sample (N), parasites correctly detected as positive
(TP), correctly identified as negative objects (TN), objects that
are not parasites of the Plasmodium sp (FP), and positive
parasites not detected by the classifier (FN).

In the field of artificial intelligence, metrics to evaluate
performance are given. Here, the metrics of recall or sensitivity,

specificity, precision rate (PR), and accuracy were used to
evaluate the classifiers [28,29]. Recall or sensitivity measured
the percentage of positive samples correctly classified as positive
samples (equation f, Figure 1). Specificity measured the
percentage of correctly identified negative samples out of the
total number of negative samples (equation g, Figure 1). PR
was the probability that a retrieved sample was relevant
(equation h, Figure), whereas accuracy was the proximity degree
between the value obtained and the true value (equation i, Figure
1).

Our system was tested using samples from the Microbiology
Department (Parasitology Drassanes Unit) of Vall Hebron
Hospital, Barcelona, Spain and the (microbiology lab) of
Research Center Aggeu Magalhães (FIOCRUZ) Recife, Brazil.
For these samples, the images were acquired using the mobile
devices (Figure 4). The rest of the images were obtained from
Wellcome Images [30,31].

As a preliminary experiment, the classifier was given 555
positive and 777 negative samples. A 10-fold cross-validation
procedure was used for training and testing [10] using the
adaptive boost algorithm. The results are shown in Tables 2 and
3.
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Table 2. The 10-fold, cross-validation procedure on 10-, 15-, and 20-stage cascades.

PRaAccuracyRecall or sensitivitySpecificityIteration (K)Cascade

10-stage

0.22720.70960.72720.70751

0.53730.90190.64280.93312

0.21690.65960.80700.64143

0.40000.85960.65450.88384

0.39790.85570.70900.87315

0.43630.86730.87270.86666

0.11010.3750.67850.33837

0.12070.24610.89830.16268

0.20000.63840.78570.62069

0.36730.80190.84370.796010

15-stage

0.57140.90760.50900.95481

0.81480.92690.40000.98922

0.49360.89030.69640.91373

0.71180.94230.76360.96344

0.67790.93260.71420.95905

0.68000.94420.91070.94826

0.34350.80760.76270.81347

0.36270.83840.66070.85998

0.40380.85380.75000.86639

0.56790.90000.73010.923410

20-stage

0.69230.90380.16360.99131

0.83330.90960.18180.99562

0.64100.91340.44640.96983

0.72410.94230.75000.96554

0.76270.95190.80350.96985

0.70760.94420.82140.95906

0.46830.88070.64910.90927

0.62790.90760.45760.96528

0.53160.90190.75000.92029

0.64440.90570.46770.965010

aPR: precision rate.
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Table 3. Metric results reported as means (SDs).

Mean (SD)StageMetric

Recall or sensitivitya

0.7619851 (0.092387416)10

0.6897741 (0.142576715)15

0.5491375 (0.244642849)20

Specificityb

0.6823637 (0.2541448)10

0.9191804 (0.0558795)15

0.9611227 (0.0272376)20

Average accuracy

0.6915384 (0.2224334)10

0.8938034 (0.0497291)15

0.9161538 (0.0225766)20

PRc

0.3014110 (0.1450627)10

0.5627748 (0.1602032)15

0.6633560 (0.1068479)20

aFalse positive rate.
bFalse positive rate.
cPR: precision rate.

Discussion

Principal Findings
We developed a low-cost, automated, mobile device-based tool
to diagnose malaria using image segmentation and artificial
intelligence techniques. Based on the preliminary results, the
classifier algorithm performed better using the 20-stage cascade
with average specificity and accuracy values of 96% and 91%,

respectively. Recall, however, was better using the 10-stage
cascade, even though there were a high number of false positives
that decreased the precision of the algorithm. Precision-recall
curves were generated for the four best iterations (K) using the
cross-validation method (Figure 6). The best area under the
precision-recall curve was when recall and precision assumed
a value of 1. After analyzing the curves, it was estimated that
the 15-stage cascade in iteration 6 yielded the best result with
respect to area under the curve (70%).

Figure 6. Precision-recall curve of the four iterations of the cross-validation method.
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Future Work
Currently, the highest level of accuracy was 91%. Based on
these findings, the tool is feasible [12,13] and with new sets of
positive images, higher rankings with respect to specificity and
sensitivity are possible. In the future, variations and adaptations
to the Viola and Jones [10] method may be enable detection of
other species and stages of malaria development. In addition,
new training algorithms such as neural networks [32], support
vector machines [33], and even other image processing
techniques [8,20] may be explored.

Conclusions
The development of a low-cost, rapid, and accurate diagnosis
tools for mobile phones and tablets that can be used in health
centers in remote communities without the need for specific
expertise could help break the accessibility barriers of
low-resource countries. The tool that we developed can achieve
this by virtue of its accessibility and on the spot, real-time
diagnostic potential that may facilitate immediate treatment.
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Multimedia Appendix 1
Screenshot of the Malaria System app beta version.
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Multimedia Appendix 2
Video demo of the Malaria System.

[MOV File, 5MB - resprot_v6i4e70_app2.mov ]

References
1. World Health Organization. World Malaria Report 2015. 2015 Dec. URL: http://www.who.int/malaria/publications/

world-malaria-report-2015/report/en/ [accessed 2016-10-01] [WebCite Cache ID 6kwew4pPq]
2. World Health Organization. Management of Severe Malaria: A Practical Handbook, Third Edition. 2012. URL: http://apps.

who.int/iris/bitstream/10665/79317/1/9789241548526_eng.pdf?ua=1 [WebCite Cache ID 6png8iL9Z]
3. de Oliveira MR, de Castro Gomes A, Toscano CM. Cost effectiveness of OptiMal® rapid diagnostic test for malaria in

remote areas of the Amazon Region, Brazil. Malar J 2010 Oct 11;9:277 [FREE Full text] [doi: 10.1186/1475-2875-9-277]
[Medline: 20937094]

4. World Health Organization. Basic Malaria Microscopy: Part 1 Learner's Guide. Geneva: World Health Organization; 1991.
5. World Health Organization. New Perspectives: Malaria Diagnosis. URL: http://www.who.int/tdr/publications/documents/

malaria-diagnosis.pdf [accessed 2016-09-19] [WebCite Cache ID 6ke1kzDx4]
6. Leal Neto OB, Albuquerque CM, Albuquerque JO, Barbosa CS. The schisto track: a system for gathering and monitoring

epidemiological surveys by connecting geographical information systems in real time. JMIR Mhealth Uhealth 2014 Mar
10;2(1):e10 [FREE Full text] [doi: 10.2196/mhealth.2859] [Medline: 25099881]

7. Kaewkamnerd S, Uthaipibull C, Intarapanich A, Pannarut M, Chaotheing S, Tongsima S. An automatic device for detection
and classification of malaria parasite species in thick blood film. BMC Bioinformatics 2012;13 Suppl 17:S18 [FREE Full
text] [doi: 10.1186/1471-2105-13-S17-S18] [Medline: 23281600]

8. Gonzalez RC, Woods RS. Digital Image Processing. Upper Saddle River, NJ: Pearson/Prentice Hall; 2008.
9. Anggraini D, Nugroho A, Pratama C, Rozi I, Iskandar A, Hartono R. Automated status identification of microscopic images

obtained from malaria thin blood smears. 2011 Presented at: 2011 International Conference on Electrical Engineering and
Informatics (ICEEI); 2011 July 17-19; Bandung, Indonesia p. 6. [doi: 10.1109/ICEEI.2011.6021762]

10. Viola P, Jones MJ. Robust real-time face detection. Int J Comput Vision 2004 May;57(2):137-154. [doi:
10.1023/B:VISI.0000013087.49260.fb]

11. Firmo AC, Oliveira AD, Viegas J, Albuquerque J. Schistosystem - inteligencia artificial para diagnostico automatico por
imagens. Porto Alegre, Brazil: IADIS; 2013 Presented at: Atas da Conferencia IADIS Ibero-Americana Computacao
Aplicada; 2013 Dec 10-11; Lisbon, Portugal p. 87.

JMIR Res Protoc 2017 | vol. 6 | iss. 4 |e70 | p.248http://www.researchprotocols.org/2017/4/e70/
(page number not for citation purposes)

Oliveira et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

resprot_v6i4e70_app1.pdf
resprot_v6i4e70_app1.pdf
resprot_v6i4e70_app2.mov
resprot_v6i4e70_app2.mov
http://www.who.int/malaria/publications/world-malaria-report-2015/report/en/
http://www.who.int/malaria/publications/world-malaria-report-2015/report/en/
http://www.webcitation.org/6kwew4pPq
http://apps.who.int/iris/bitstream/10665/79317/1/9789241548526_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/79317/1/9789241548526_eng.pdf?ua=1
http://www.webcitation.org/6png8iL9Z
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-9-277
http://dx.doi.org/10.1186/1475-2875-9-277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20937094&dopt=Abstract
http://www.who.int/tdr/publications/documents/malaria-diagnosis.pdf
http://www.who.int/tdr/publications/documents/malaria-diagnosis.pdf
http://www.webcitation.org/6ke1kzDx4
http://mhealth.jmir.org/2014/1/e10/
http://dx.doi.org/10.2196/mhealth.2859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25099881&dopt=Abstract
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-13-S17-S18
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-13-S17-S18
http://dx.doi.org/10.1186/1471-2105-13-S17-S18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23281600&dopt=Abstract
http://dx.doi.org/10.1109/ICEEI.2011.6021762
http://dx.doi.org/10.1023/B:VISI.0000013087.49260.fb
http://www.w3.org/Style/XSL
http://www.renderx.com/


12. de Oliveira AD, Cabral G, López D, Firmo C, Serrat ZF, Albuquerque JO. A proposal for automatic diagnosis of malaria:
extended abstract. 2013 Presented at: Proceedings of the 22nd International Conference on World Wide Web (WWW '13
Companion); 2013 May 13-17; Rio de Janeiro, Brazil p. 681-682. [doi: 10.1145/2487788.2488022]

13. de Oliveira AD, Arruda ME, Prat JG, Codina DL, Serrat FZ, Albuquerque JO. Malaria system: a new tool for automatic
diagnosis of malaria in mobile devices. : JMIR; 2014 Presented at: 7th World Congress Medicine 2.0; 2014 Oct 9-10;
Malaga, Spain p. 1 URL: http://www.medicine20congress.com/ocs/index.php/med/med2014b/paper/view/2487

14. Freund Y, Schapire RE. Journal of JSAI. 1999. A short introduction to boosting URL: http://www.yorku.ca/gisweb/eats4400/
boost.pdf [accessed 2016-09-20] [WebCite Cache ID 6kfHYe9Si]

15. Gonzalez RC, Woods RE. Processamento de Imagens Digitais. São Paulo, Brazil: Edgard Blucher; 2000:85-212.
16. Papageorgiou C, Oren M, Poggio T. A general framework for object detection. 1998 Presented at: IEEE International

Conference on Computer Vision; 1998 Jan 7; Bombay, India. [doi: 10.1109/ICCV.1998.710772]
17. Pedrini H, Schwartz W. Análise de Imagens Digitais: Princípios, Algoritmos e Aplicações. São Paulo, Brazil: Thomson

Learning; 2008:506.
18. Bradski G, Kaehler A. Learning OpenCV: Computer Vision With the OpenCV Library. Sebastopol, CA: O'Reilly; 2008.
19. Otsu N. A threshold selection method from gray-level histograms. IEEE Trans Syst Man Cybern 1979 Jan;9(1):62-66. [doi:

10.1109/TSMC.1979.4310076]
20. Szeliski R. Computer Vision: Algorithms and Applications (Texts in Computer Science) 2011th Edition. Springer London:

Springer; 2011.
21. Laganière R. OpenCV 2 Computer Vision Application Programming Cookbook. Ottawa: Packt Publishing Limited; 2011.
22. Lienhart R, Maydt J. An extended set of haar-like features for rapid object detection. Piscataway, New Jersey: IEEE; 2002

Presented at: ICIP: 2002 International Conference on Image Processing; 2002 Sept 22-25; Rochester.
23. Android Developer. URL: https://developer.android.com/index.html [accessed 2016-09-20] [WebCite Cache ID 6kfIHUOUN]
24. Mednieks Z, Dornin L, Meike G, Nakamura M. Programming Android: Java Programming for the New Generation of

Mobile Devices. California: O'Reilly Media; 2012.
25. IOS Developer. URL: https://developer.apple.com/ [accessed 2016-09-20] [WebCite Cache ID 6kfItR0Ek]
26. Microsoft Windows Phone. URL: https://www.microsoft.com/windows/phones [accessed 2016-09-20] [WebCite Cache

ID 6kfIzUwOV]
27. Schildt H, Skrien D. Programação com Java: Uma Introdução Abrangente. São Paulo, Brazil: Bookman Editora; 2013.
28. Olson DL, Delen D. Advanced Data Mining Techniques. Berlin: Springer; 2008.
29. Araujo GM. Algoritmo Para Reconhecimento de Características Faciais Baseado em Filtros de Correlação. Master's thesis.

PPEE - UFRJ. 2010. URL: http://www02.smt.ufrj.br/~eduardo/teses/gabriel-matos-mestrado.pdf [accessed 2016-09-20]
[WebCite Cache ID 6kfJOJJf7]

30. Center for Disease Control Prevention. Public Health Image Library (PHIL). URL: http://phil.cdc.gov/phil/default.asp
[accessed 2016-09-20] [WebCite Cache ID 6kfJVUdyl]

31. Wellcome Images. URL: https://wellcomeimages.org/ [accessed 2016-09-20] [WebCite Cache ID 6kfJaKLQJ]
32. Haykin SS. Redes Neurais: Princípios e Práticas. São Paulo, Brazil: Bookman Companhia Ed; 2001.
33. Duda RO, Hart PW, Stork DG. Pattern Classification. New York: John Wiley & Sons; 2001.

Abbreviations
FPR: false positives rate
PR: precision rate
RBCs: red blood cells
RCT: randomized controlled trial
RDT: rapid diagnostic tests
RGB: red, green, blue
ROC: receiver operating characteristic
TPR: true positives rate

JMIR Res Protoc 2017 | vol. 6 | iss. 4 |e70 | p.249http://www.researchprotocols.org/2017/4/e70/
(page number not for citation purposes)

Oliveira et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1145/2487788.2488022
http://www.medicine20congress.com/ocs/index.php/med/med2014b/paper/view/2487
http://www.yorku.ca/gisweb/eats4400/boost.pdf
http://www.yorku.ca/gisweb/eats4400/boost.pdf
http://www.webcitation.org/6kfHYe9Si
http://dx.doi.org/10.1109/ICCV.1998.710772
http://dx.doi.org/10.1109/TSMC.1979.4310076
https://developer.android.com/index.html
http://www.webcitation.org/6kfIHUOUN
https://developer.apple.com/
http://www.webcitation.org/6kfItR0Ek
https://www.microsoft.com/windows/phones
http://www.webcitation.org/6kfIzUwOV
http://www.webcitation.org/6kfIzUwOV
http://www02.smt.ufrj.br/~eduardo/teses/gabriel-matos-mestrado.pdf
http://www.webcitation.org/6kfJOJJf7
http://phil.cdc.gov/phil/default.asp
http://www.webcitation.org/6kfJVUdyl
https://wellcomeimages.org/
http://www.webcitation.org/6kfJaKLQJ
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 06.10.16; peer-reviewed by F Ofli, S Chen, K Gary; comments to author 25.11.16; revised version
received 07.01.17; accepted 04.03.17; published 25.04.17.

Please cite as:
Oliveira AD, Prats C, Espasa M, Zarzuela Serrat F, Montañola Sales C, Silgado A, Codina DL, Arruda ME, i Prat JG, Albuquerque
J
The Malaria System MicroApp: A New, Mobile Device-Based Tool for Malaria Diagnosis
JMIR Res Protoc 2017;6(4):e70
URL: http://www.researchprotocols.org/2017/4/e70/ 
doi:10.2196/resprot.6758
PMID:28442456

©Allisson Dantas Oliveira, Clara Prats, Mateu Espasa, Francesc Zarzuela Serrat, Cristina Montañola Sales, Aroa Silgado, Daniel
Lopez Codina, Mercia Eliane Arruda, Jordi Gomez i Prat, Jones Albuquerque. Originally published in JMIR Research Protocols
(http://www.researchprotocols.org), 25.04.2017. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information
must be included.

JMIR Res Protoc 2017 | vol. 6 | iss. 4 |e70 | p.250http://www.researchprotocols.org/2017/4/e70/
(page number not for citation purposes)

Oliveira et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.researchprotocols.org/2017/4/e70/
http://dx.doi.org/10.2196/resprot.6758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28442456&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Evaluation of a Mindfulness-Based Mobile App Aimed at Promoting
Awareness of Weight-Related Behaviors in Adolescents: A Pilot
Study

Tami Turner1, PhD; Melanie Hingle1, RD, MPH, PhD
Department of Nutritional Sciences, The University of Arizona, Tucson, AZ, United States

Corresponding Author:
Tami Turner, PhD
Department of Nutritional Sciences
The University of Arizona
1177 E 4th St, Shantz Bldg, Room 328
Tucson, AZ,
United States
Phone: 1 520 626 7112
Fax: 1 520 626 3446
Email: tamiturner@email.arizona.edu

Abstract

Background: Mindfulness-based interventions are reported to be highly acceptable and have positive effects on youth, yet most
are clinic- or school-based aimed at emotional regulation or academic performance. To provide flexible program delivery, we
developed and tested a standalone mindfulness-based app aimed at improving weight-related behaviors (eg, diet, physical activity,
sleep) in adolescents.

Objective: Our objective was to assess the feasibility, acceptability, and utility of a mindfulness-based mobile app.

Methods: In a single-arm pilot study, 15 adolescents (14-18 years) were prompted to access the app once a day, every day for
6 weeks. Outcomes were measured by in-app and poststudy surveys, and descriptive statistical analyses were performed. Time
within a mindfulness state was self-reported during weekly timed practices.

Results: The app was rated highly for content and encouraging the practice of activities to promote mindfulness states. Teens
reported increased awareness of eating behaviors and high adherence, particularly during physically active practices. Average
self-reported time spent in a mindfulness state increased 2.5 times by week 6 (78 [SD 17] seconds) compared to week 1 (31 [SD
21] seconds).

Conclusions: The high acceptability and utility ratings of the app, increases in reported time in mindfulness states, and high
frequency of participation, including mindful eating and physical activity, suggest the mindfulness-based mobile app has the
potential to improve awareness of weight-related behaviors.

(JMIR Res Protoc 2017;6(4):e67)   doi:10.2196/resprot.6695

KEYWORDS

mindfulness; adolescent; mHealth; diet; physical activity; app

Introduction

The psychological state of mindfulness facilitates present
moment awareness, objective self-observation, and attention to
the environment without judgement [1-3]. Mindfulness may
promote greater self-regulation, as is required for successful
weight management, because intermittent self-monitoring of
goals produces less effective self-regulation than does regular
attention to one’s present behavior [4]. In adults,
mindfulness-based interventions related to eating have increased

awareness of satiety; feelings and thoughts about food and the
food environment [5-8]; and reduced weight, body mass index
(BMI), and caloric and fat intake [5,7]. Mindfulness-based
interventions have decreased blood pressure in adolescents with
increased risk of cardiovascular disease [9], improved body
satisfaction and reduced disordered eating thoughts in fifth grade
girls [10], improved sleep in youth with history of substance
abuse [11], and increased physical activity and improved dietary
habits in overweight and obese teens [12]. However, the majority
of mindfulness-based interventions for youth have been school-
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or clinic-based programs aimed at improving emotional
regulation and academic performance [13,14]. Little research
has investigated the effect of mindfulness on weight-related
behaviors in youth.

Acceptability of mindfulness interventions in youth is high
[14,15]; however, time commitment associated with attending
face-to-face programs is a frequently cited reason for
nonparticipation in adolescents [16]. Research also confirms
mobile health (mHealth) interventions are feasible and
acceptable approaches in the prevention and treatment of
pediatric obesity [17], and teens report a preference for virtual
mindfulness-based health promotion programs [18]. We are
unaware of mHealth programs focused on mindfulness to
increase awareness of weight-related behaviors in adolescents.
The objective of this study was to evaluate the acceptability,
feasibility, and utility of a mindfulness-based intervention
delivered via mobile app in teens aged 14 to 18 years.

Methods

App Development
A series of videos was created using animation software
(GoAnimate.com) and integrated into an established mobile-

and cloud-based app platform developed by our industry partners
at Vignet, Inc, thereby creating the b@Ease Mindfulness App.
The mobile app and its cloud server are secured and compliant
with the Health Insurance Portability and Accountability Act
and the Health Information Technology for Economic and
Clinical Health Act to protect participant privacy and
confidentiality.

Elements of face-to-face mindfulness-based programs were
integrated into the videos, including self-observation
skill-building, increasing awareness of hunger/satiety cues and
the sensory aspects of eating, and purposefully paying attention
to physical movement of the body. Regardless of the method
used to focus attention (eg, breath), intervention content
emphasized achieving and remaining in a mindful state. Videos
used fictional storytelling and analogy to communicate,
presented techniques to evoke a state of mindfulness, encouraged
participation during guided practices, and challenged teens to
integrate mindfulness into life as independent practice. Videos
range from 2 to 15 minutes (mean 7.5 [SD 2.8] minutes).

Guided practices occurred on 37 days (88% of videos), with
mindful eating and physical movement practices presented on
18 days (43% of videos). Textbox 1 summarizes video topics,
techniques, and storytelling examples.

Textbox 1. Content of videos within the b@Ease Mindfulness App.

Topics:

• General mindfulness

• Sleep

• Mindful eating

• Physical activity

• Stress

• Social/relationships

Techniques to initiate mindfulness states:

• Meditation

• Guided imagery

• Mindful eating

• Sensory (eg, auditory, visual)

• Body scans (eg, hunger, emotions)

• Progressive muscle relaxation

• Seated and standing stretching and movement

• Yoga and stationary standing postures (eg, balancing)

• Mindful walking and martial arts forms

Story examples:

• Hippo with insomnia learns breath meditation

• Talking body parts argue over who’s really hungry; mindful eating instruction follows

• Alien dies from mindless eating accident; how to prevent being a victim with mindful eating

• Boyfriend assumes mate is cheating but learns thoughts are not necessarily true; a sensory guided practice follows

• Frankenstein’s monster complains about achy body and learns mindful stretching

• Boy catastrophizing over a future public speaking event learns mindful walking
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Recruitment and Enrollment
Adolescents were recruited from Tucson, Arizona, via flyers
posted at community organizations and online (eg, Facebook).
Eligibility criteria included teens aged 14 to 18 years willing to
participate and use personal mobile devices to use the study app
and able to read and speak fluent English. Exclusion criteria
included psychological pathologies (depression, anxiety
disorders, posttraumatic stress disorder, schizophrenia, bipolar
disorder), conditions that affect attention or mood (attention
deficit hyperactivity disorder, medications), trauma, epilepsy,
and disordered eating behaviors. The Patient Health
Questionnaire (PHQ-4) [19] was used to screen for anxiety and
depression, the Eating Attitudes Test (EAT-26) [20] for eating
disorders, and participants were asked if they had experienced
or were diagnosed with or seen by a professional for the
remaining conditions. While body weight status (eg, obesity)
was not included as an eligibility criterion, it was collected to
understand more about the teens who chose to participate.
Interested teens provided parental-permitted assent or consent
and were screened using an online, encrypted,
password-protected survey distributed via Qualtrics survey
software sent as a link to the participant’s email. Participants
received up to $50 for completing study procedures. The
Institutional Review Board of The University of Arizona,
Tucson, Arizona, approved the study.

Intervention
At baseline, participants self-reported height, weight, gender,
race, and ethnicity. Participants were asked if they had
previously heard of mindfulness and whether they had
participated in yoga, meditation, guided imagery, body scans,
internal martial arts (eg, Ba Gua, Tai Chi), or other mind-body
techniques. Participants downloaded the app onto their mobile
devices, registered the app, and were asked to access the app
every day for 6 weeks. To prevent the study from extending
beyond 6 weeks, participants were only able to view one video
per day and unable to skip or return to previous videos and the
corresponding in-app surveys. Daily prompts encouraged video
viewing each morning (streamed from YouTube), and a
postvideo in-app survey requested self-reported adherence to
video viewing and acceptability (based on a 5-point Likert
scale). If the survey remained incomplete by 8 PM, an additional
notification was sent. In-app surveys also assessed whether
participants engaged in independent practices at least weekly
on 8 separate occasions. If the participant indicated they tried
the independent practice, a follow-up question asked if it was
helpful or enjoyable. The poststudy survey included questions
on facilitators and barriers to performing mindful eating and
physical activity, likelihood of adopting mindfulness techniques,
perceived utility of the content within the app, and app
functionality ratings.

Once a week, a scheduled video led participants through a
guided timed practice to estimate how long they were able to
remain in a mindfulness state. Following the video, participants
reported the number of times they were not in a mindful state
during the practice (ie, when they caught themselves thinking
of something else and had to start over). Durations were
computed as the sum of the intervals of time within a

mindfulness state during the practice (eg, if during a 3-minute
timed practice they started over twice, 3 periods resulted, and
1-minute average time was computed). Timed sessions
progressively increased from 3 to 15 minutes over the study
duration.

Acceptability and utility were defined as interest and enjoyment,
perceived usefulness, perceived influence on behavior and/or
affect, likelihood of adoption of mindfulness techniques, and
app functionality. Feasibility was defined as the capacity of the
app to engage participants measured by adherence to
recommended app use and participant-reported facilitators and
barriers to mindful eating and physical activity practices. Data
collected within the app included video ratings (based on a
5-point Likert scale) and frequency of adherence to and
usefulness of several guided and independent practices (eg,
“Did you try it?” and “Did you like it?”) (see Multimedia
Appendix 1). The poststudy survey (Multimedia Appendix 2)
asked participants to assign Likert scale ratings or A to F
“grades” to indicate liking of content and practices; perceived
influence of the app and facilitators/barriers to mindfulness
related to eating, physical activity, and sleep-related activities;
likelihood of adopting mindfulness as a practice; ease of use;
and technical ratings of the app. Free text comments for
suggestions for improvement of the app were also solicited as
part of the poststudy survey. Survey questions of facilitators
and barriers to participating in mindful eating and physical
activity were only asked if participants stated they participated
in the activity at least sometimes or more frequently.
Furthermore, participants were able to submit in-app comments
or questions if desired (Multimedia Appendix 3).

Statistical Analysis
Analyses were conducted using Excel 2010 (Microsoft Corp),
Qualtrics survey software (Qualtrics), and SPSS version 23.0
(IBM Corp). Descriptive analyses provided central tendency
and dispersion for characteristics of participants, data collected
within the app, and from the poststudy survey. Fisher exact test
was used to determine whether baseline participant
characteristics differed between teens completing the poststudy
survey and teens who did not. Statistical significance was
defined at the 95% confidence level (P<.05, 2-tailed). Changes
in self-reported time spent in a mindfulness state for participants
who viewed the guided practice videos are summarized.

Results

Participant Characteristics
Of the 95 interested respondents, 66 provided their email address
to receive a secure link to complete the screening survey. The
majority of ineligible participants (43/66, 65%) indicated they
may have a mental health condition or received scores on the
PHQ-4 suggesting they may have depression or anxiety. A
smaller number of teens (12/66, 18%) were ineligible due to
scores on the EAT-26 suggesting they were affected by
disordered eating behaviors.

Of the 66 participants screened, 20 met eligibility criteria and
were enrolled (Figure 1). A total of 5 participants did not
complete app registration or experienced device difficulties
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preventing app use. A total of 15 teens completed baseline
surveys and answered surveys within the app, and 9 completed
the poststudy questionnaire. Characteristics of participants who
registered for the app are shown in Table 1. A high proportion
of participants were Hispanic, 20% were overweight or obese,
and one-third had heard of mindfulness. Of the 15 teens, 9
indicated they had performed activities such as yoga, which
may or may not have been mindfully executed, indicating some
may have had prior experience.

All 15 participants provided data within the app including rating
videos and answering questions related to independent practices

(eg, “Did you try the technique?” and “Did it help you?”), and
9 participants completed the poststudy survey and rated content,
techniques, frequency of mindfulness practice, utility of the app
to promote mindfulness in various ways, and likelihood of
adoption. There were no differences between teens who
completed the poststudy survey and teens who did not when
comparing gender (P=.12), race (white vs mixed or nonwhite,
P=.53), Hispanic versus non-Hispanic (P=.13), age group (14-16
years vs 17-18 years, P=.98), familiarity with mindfulness
(P=.61), any previous practices that may have included
mindfulness (P=.58), or weight status (normal vs overweight
or obese, P=.77).

Table 1. Characteristics of the participants registered for the b@Ease Mindfulness App (n=15).

User testingVariable

16.5 (1.4)Age, years, mean (SD)

Gender, n (%)

8 (53)Male

7 (47)Female

Race/ethnicitya , n (%)

9 (60)Hispanic/Latino

6 (40)Not Hispanic/Latino

1 (7)African American

2 (13)Asian

1 (7)Native American

14 (93)White

2 (13)Unknown/refuse

23.1 (4.3)BMIb (kg/m2), mean (SD)

62.1 (26.1)BMI percentile, mean (SD)

Weight, n (%)

12 (80)Normalc

3 (20)Overweight/obesec

5 (33)Heard of mindfulness, n (%)

9 (60)Possible prior mind-body practicesd, n (%)

aAll applicable races were allowed.
bBMI: body mass index.
cBased upon BMI percentile.
dChoices included yoga (n=7), meditation (n=4), guided imagery (n=0), body scans (n=0), internal martials arts (eg, Chi Gong, n=1), or other mind-body
techniques (n=1).

Acceptability and Utility
Participants highly rated the videos (in-app survey mean 3.8
[SD 0.3] out of 5). The techniques, guided practices, and the
utility of the app were rated highly in the poststudy survey (see
Figure 2), especially videos related to physical movement,
mindful eating, and sensory practices. Participants reported
increased awareness of eating behaviors in poststudy surveys;
comments included, “I was surprised at how much better my
food tasted and how I ate less than I normally would have.”
Physical activity practices were also highly rated, especially

when presented as a way to appreciate and reward the body.
The lowest rated videos were timed practices exceeding 8
minutes. Suggestions for improvement included shortening
timed practices, allowing users to return to earlier videos, and
allowing customization of app prompts to coincide with meal
times. There were no reported adverse effects. Participants
reported the app to be very helpful and enjoyable and reported
feeling more relaxed, focused, and peaceful. Furthermore,
participants stated the videos explained mindfulness as “so
simple and understandable,” and users reported a high likelihood
of adopting mindfulness practices. Overall, the intervention
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content was given an average grade of B while the functionality of the app received a B+ (scale of A-D, F).

Figure 1. Flow of participants in the b@Ease Mindfulness App for Teens study.

Figure 2. Poststudy survey results of the b@Ease Mindfulness App for Teens study (n=9, all data are mean [SD]).
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Feasibility
Using in-app survey responses as a proxy to measure adherence,
the percentage of daily responses averaged 55% (all participants)
to 73% (excluding 4 teens who stopped participating within the
first few days). Thus, participants received an average of 23
(SD 17) days to 31 (SD 15) days of intervention time
representing 3 to 4 hours of total viewing. All but one participant
reported practicing with real food from some to every time
during the guided practices focused on mindful eating;
facilitators were timing of video (eg, near mealtime), desire to
understand, being told to try it, and feeling appreciation for the
body. Participants reported a high frequency of participation
during guided physical movement-focused practices, with all
but one user participating most to every time. Facilitators
included being told to participate (“even though I didn't want
to, I did it anyway”), increased positive outcome expectancies,
and curiosity. Frequency of independent practice reported within
app surveys was moderate with 50% of participants reporting
sensory practices and 57% using breath meditation as a means
to initiate sleep.

Mindfulness Timed Practice
Participants increased their ability to initiate and remain in a
mindful state during timed practices over the 6-week study from
an average of 31 (SD 21) seconds to 78 (SD 17) seconds.
Participation was highest when the duration was 10 minutes or
less, and no participant attempted the 15-minute practice.

Discussion

Mindfulness and Health
Mindfulness promotes present moment attention to and
observation of the self and environment, which in turn may
facilitate self-monitoring of behavior and improve
self-regulatory capacities [2,21,22]. Mindfulness-based pediatric
interventions have improved dietary quality [12], increased
physical activity [12], decreased stress [23], and improved sleep
[11], factors associated with healthy weight management. The
amount of time required to practice mindfulness to improve
behaviors is unknown [13,16]. However, research suggests
practicing mindfulness for 10 to 15 minutes a day may improve
health outcomes [24,25].

Principal Findings and Comparison With Prior Work
The b@Ease Mindfulness App provided 5.5 hours of
mindfulness-based content and 3 hours of guided practice time
over 42 days. This is similar to face-to-face mindfulness-based
pediatric interventions which are often delivered less than an

hour weekly for 8 to 12 weeks (8-12 days or 6-9 total hours)
[13,26]. Inclusive of elements presented in face-to-face
interventions, the program presents a light-hearted and
entertaining way to encourage adolescents to practice achieving
mindfulness states. However, unlike face-to-face programs, the
b@Ease Mindfulness App provides flexible program delivery.
Furthermore, the videos are easily adaptable as a program
separate from the app and deliverable across a variety of
platforms (eg, website). Participants in our study received 23
(SD 17) days of intervention and reported their experiences as
highly acceptable and useful, and the app-based mindfulness
program was feasibly delivered to this sample of teens.

Limitations
This study demonstrates the potential for the app to increase
mindfulness in teens, but our method of measuring mindfulness
has not been validated and is a limitation of the study. However,
participant-reported time within a mindfulness state increased
over the study (even though practice times also increased),
suggesting the app increased the ability of participants to initiate
and sustain longer periods of mindfulness states. App survey
responses were used as a proxy to measure dose. Videos were
streamed from YouTube to reduce file size, and long or repeated
buffering reported by a few participants increased the likelihood
of the app being closed before surveys were administered.
Furthermore, app-generated data indicated high receipt of
commands from mobile devices, but these data do not confirm
the videos were viewed. We acknowledge the small sample size
of this study is a limitation; however, it provides valuable
information to allow iterative development of an app involving
novel techniques for teaching mindfulness.

Conclusions
A mindfulness-based mobile app, the b@Ease Mindfulness
App, was developed and tested for acceptance, utility, and
feasibility in 14- to 18-year-old teens. The mobile app
successfully delivered videos, which were typically viewed in
less than 10 minutes every day for 6 weeks, to participants using
an existing app platform. The mindfulness app was rated as an
acceptable and useful program by participants, potentially
providing greater reach to teens, a demographic who have
expressed preference for virtual mindfulness-based health
promotion programs [18]. Both comments and ratings support
the app as a potential way to improve eating behaviors,
encourage guided physical activity practices, facilitate sleep
initiation, and improve overall well-being. Taken together, these
factors may in turn improve weight-related behaviors [27,28].
Further refinement of this mobile app is warranted to confirm
these posited impacts.
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Abstract

Background: Vascular Cognitive Impairment (VCI) refers to cognitive dysfunction due to vascular brain injury, as a single
cause or in combination with other, often neurodegenerative, etiologies. VCI is a broad construct that captures a heterogeneous
patient population both in terms of cognitive and noncognitive symptoms and in terms of etiology and prognosis. This provides
a challenge when applying this construct in clinical practice.

Objective: This paper presents the rationale and design of the TRACE-VCI study, which investigates the clinical features and
prognosis of VCI in a memory clinic setting.

Methods: The TRACE-VCI project is an observational, prospective cohort study of 861 consecutive memory clinic patients
with possible VCI. Between 2009 and 2013, patients were recruited through the Amsterdam Dementia Cohort of the VU University
Medical Centre (VUMC) (N=665) and the outpatient memory clinic and VCI cohort of the University Medical Centre Utrecht
(UMCU) (N=196). We included all patients attending the clinics with magnetic resonance imaging (MRI) evidence of vascular
brain injury. Patients with a primary etiology other than vascular brain injury or neurodegeneration were excluded. Patients
underwent an extensive 1-day memory clinic evaluation including an interview, physical and neurological examination, assessment
of biomarkers (including those for Alzheimer-type pathologies), extensive neuropsychological testing, and an MRI scan of the
brain. For prognostic analyses, the composite primary outcome measure was defined as accelerated cognitive decline (change of
clinical dementia rating ≥1 or institutionalization) or (recurrent) major vascular events or death over the course of 2 years.
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Results: The mean age at baseline was 67.7 (SD 8.5) years and 46.3% of patients (399/861) were female. At baseline, the median
Clinical Dementia Rating was 0.5 (interquartile range [IQR] 0.5-1.0) and the median Mini-Mental State Examination score was
25 (IQR 22-28). The clinical diagnosis at baseline was dementia in 52.4% of patients (451/861), mild cognitive impairment in
24.6% (212/861), and no objective cognitive impairment in the remaining 23.0% (198/861).

Conclusions: The TRACE-VCI study represents a large cohort of well-characterized patients with VCI in a memory clinic
setting. Data processing and collection for follow-up are currently being completed. The TRACE-VCI study will provide insight
into the clinical features of memory clinic patients that meet VCI criteria and establish key prognostic factors for further cognitive
decline and (recurrent) major vascular events.

(JMIR Res Protoc 2017;6(4):e60)   doi:10.2196/resprot.6864

KEYWORDS

vascular cognitive impairment; memory clinic; small vessel disease; vascular disease; prognosis; dementia

Introduction

Cerebral vascular injury is a common cause of dementia and
milder forms of cognitive dysfunction [1]. This vascular burden
in cognitive decline and dementia is referred to as vascular
cognitive impairment (VCI) [2,3]. According to the current
literature, the concept or construct of VCI covers the entire
spectrum of cognitive disorders ranging from mild cognitive
impairment (MCI) through fully developed dementia, due to
all forms of vascular brain injury [4]. It includes vascular disease
as a single etiology, but also in combination with other, often
neurodegenerative, causes of cognitive impairment [3,4].

VCI is thus a broad construct that captures a heterogeneous
patient population both in terms of cognitive and noncognitive
symptoms and in terms of etiology and prognosis. In clinical
practice, VCI is mainly observed in stroke (in- and outpatient)
services and in memory clinics (ie, outpatient cognitive
impairment and dementia diagnostic centers). In a stroke clinic
setting, mild to severe cognitive deficits may manifest
themselves acutely or delayed after an ischemic or hemorrhagic
stroke, in which case it is generally straightforward to establish
a causal link between the vascular event and the cognitive
deficit. In a memory clinic setting, patients more often present
with insidious cognitive changes evolving over the course of
many years. Vascular injury in these patients most commonly
involves small vessel disease [5]. In many cases, multiple
vascular lesions co-exist and often also co-occur with
neurodegenerative pathologies, in particular Alzheimer’s disease
[3,4]. These mixed pathologies can make it more challenging
to establish causality between the vascular lesions and the
cognitive deficits in individual patients. In fact, there are no
validated and generally accepted thresholds at which visible
vascular brain injury can be considered “clinically relevant” in
a patient presenting at a memory clinic. Moreover, it is still
unclear to which extent vascular injury determines prognosis
in a memory clinic setting, particularly when it co-occurs with
other etiologies [6]. Addressing these uncertainties is important,
given the frequent occurrence of vascular lesions in memory
clinic patients. Yet, there are few studies on VCI in memory
clinic cohorts [7].

The overall aim of the “Utrecht-Amsterdam clinical features
and prognosis in vascular cognitive impairment” (TRACE-VCI)
study is to establish the relation between different patterns of
cerebral vascular injury and the cognitive profile and prognosis

of patients in a memory clinic setting. We want to establish
which clinical features of patients cluster in particular VCI
phenotypes. In addition, we aim to identify key prognostic
factors for further cognitive decline and/or (recurrent) major
vascular events. To this end, we prospectively collected data of
all patients with cognitive complaints and any burden of vascular
brain injury on magnetic resonance imaging (MRI) from our
memory clinics between 2009 and 2013. When this study was
initiated, the construct of VCI had been introduced [2,3], but
widely accepted clinical criteria for VCI were still lacking. In
the absence of applicable VCI criteria, we intentionally
developed nonrestrictive inclusion criteria for our study. We
did not define minimal thresholds for cognitive impairment or
specific patterns of vascular brain injury, in order to capture the
whole spectrum of patients presenting at a memory clinic with
cognitive complaints and visible vascular injury on MRI. We
also did not select patients based on evidence for absence or
presence of other neurodegenerative etiologies. This approach
allowed us to study the full spectrum of cognitive disorders in
relation to vascular brain injury as seen in a memory clinic and
detect critical thresholds for clinically relevant vascular injury
in this setting. Further subdivisions or selections according to
stages of cognitive impairment, specific burden of vascular
injury, and co-occurring pathologies will be applied as part of
the analytic strategy of the TRACE-VCI study. This paper
describes the design and protocol of the study including the
baseline characteristics of the study population.

Methods/Design

Study Design
The TRACE-VCI study is a prospective observational follow-up
study of 861 consecutive memory clinic patients from three
Dutch outpatient clinics at two university hospitals. These
tertiary referral clinics receive referrals from specialists from
other memory clinics (eg, for a second opinion) but also direct
referrals from general practitioners. Subjects were included
from the outpatient clinic of the VU University Medical Centre
(VUMC), registered in the Amsterdam Dementia Cohort
(N=665) and from the two outpatient memory clinics of the
University Medical Centre Utrecht (UMCU) (N=196) [8,9].
Patients with cognitive complaints and any burden of vascular
brain injury on MRI (inclusion criteria are specified below)
were prospectively included at their first visit to the clinics
between September 2009 and December 2013. Each patient
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received a standardized extensive 1-day memory clinic
evaluation including an interview, physical and neurological
examination, laboratory testing, extensive neuropsychological
testing, and an MRI scan of the brain [4]. The study was
approved by the institutional review board of the VUMC and
the UMCU. All patients provided informed consent prior to
research related procedures.

Follow-up investigation was performed around 2 years from
baseline visit. Primary outcome variable for the prognostic
studies was cognitive decline and/or (recurrent) major vascular
events. These outcome variables are described in detail in the
follow-up investigation section.

Study Objectives
The main objectives of the TRACE-VCI study are:

1. To establish the clinical features of memory clinic patients
with vascular brain injury on MRI, addressing the following
questions:
• What are the patterns of vascular brain injury on MRI?
• What are the cognitive profiles of the patients and how

does the nature and severity of vascular brain injury
relate to these profiles?

• How does vascular brain injury relate to noncognitive
outcomes, for example, depression, gait, and falls?

• How do vascular brain injury and co-existent
neurodegenerative disease interact?

• Which features cluster in particular VCI phenotypes?

2. To identify key prognostic factors in patients with possible
VCI at a memory clinic:
• Which factors predict further cognitive decline or

(recurrent) major vascular events?
• Can poor outcome be reliably predicted on an

individual basis?

Inclusion Criteria
We included patients with possible VCI with minimal
constraints in terms of cognitive impairment and vascular brain
injury. The presence of other co-occurring etiologies, such as
neurodegenerative disease or depression was accepted because
many patients with VCI have neurodegenerative disease as a

comorbid etiology and depression can be a manifestation of
cerebrovascular disease [3,10]. According to this rationale,
possible VCI was defined according to the following criteria in
the TRACE-VCI study.

Cognitive Impairment
Patients were included in the TRACE-VCI study regardless of
the severity of cognitive impairment. The only criterion was
that people had to be referred to the memory clinic because of
suspected cognitive impairment. Patients were divided in three
categories related to the extent of cognitive impairment:
dementia, mild cognitive impairment (MCI), and a third group
with no objective cognitive impairment (NOCI). The rationale
for including patients with NOCI (also referred to as subjective
cognitive impairment in memory clinics [11]) is that some
patients with cognitive complaints and cognitive dysfunction
due to vascular brain injury may not meet formal criteria for
cognitive impairment on psychometric testing. We therefore
decided to include all patients with cognitive complaints and
evidence of vascular brain injury in the cohort and address
different categories of cognitive impairment in the analyses.

Vascular Brain Injury
Any patient with at least a minimal burden of vascular brain
injury on MRI was eligible for TRACE-VCI. As for cognition,
we deliberately did not specify a threshold of injury. Moreover,
we included patients regardless of the judgment of the treating
physician on the clinical relevance of the vascular brain injury.
To be included in TRACE-VCI, patients had to show at least
one of the following forms of vascular brain injury on MRI,
rated according to established criteria (Table 1) [12]:

1. white matter hyperintensities (WMH) with a Fazekas scale
[13] grade ≥2

2. Fazekas scale grade 1 and an increased vascular risk defined
as the presence of ≥2 vascular risk factors (hypertension,
hypercholesterolemia, diabetes mellitus, obesity, current
smoking, or a reported history of a vascular event other
than stroke)

3. ≥1 lacunar infarct(s)
4. ≥1 nonlacunar infarct(s)
5. ≥1 cerebral microbleed(s)
6. ≥1 intracerebral hemorrhage

Table 1. Entry criteria for vascular brain injurya.

Single vascular injury only, n

(N=510)

Mixed or single vascular injury, n

(N=861)

Vascular brain injury

210307Fazekas score 1 and ≥2 vascular risk factors

160399Fazekas score 2 or 3

13188≥1 Lacunar infarct(s)

483≥1 Nonlacunar infarct(s)

120368≥1 Microbleed(s) (N=849)

316≥1 Intracerebral hemorrhage(s)

aIf there were missing data, the number (n=) is specifically mentioned.The first column presents the proportion of patients meeting the different entry
criteria of vascular brain injury, either as a single criterion or in combination with others. The second column lists only patients who presented with a
single category of vascular brain injury markers.
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For criterion 2, the presence of hypertension was determined
based on a self-reported medical history, use of antihypertensive
drugs, or a newly diagnosed hypertension defined as a blood
pressure of 140/90 mmHg or more, measured by means of a
sphygmomanometer [14]. Hypercholesterolemia was determined
based on medical history or medication use. Diabetes mellitus
was based on medical history or medication use. Glucose or
HbA1c levels were available from 96.9% (834/861) of patients.
Patients were classified as newly diagnosed diabetes mellitus
if they had a nonfasting glucose of ≥11.1 mmol/l or an HbA1c
≥48 mmol/mol (or ≥6.5%) [15]. Obesity was defined as a
baseline body mass index (BMI) ≥30, calculated as weight in
kilograms divided by height in meters squared. A self-reported
history of a vascular event other than stroke was defined as a
history of ischemic heart disease (myocardial infarction, surgery,
or endovascular treatment for coronary artery disease) [16],
peripheral arterial disease (any arterial occlusion or surgical
intervention of a peripheral artery such as an abdominal or leg
artery), and carotid artery stenting.

Exclusion Criteria
Patients with a monogenic nonvascular or vascular cause of
cognitive dysfunction were excluded from the study population.
These genetic diseases are relatively rare and have a distinct
disease profile, which is in many aspects different from the
other patients in this cohort. Patients with other nonvascular
and nondegenerative primary causes of cognitive dysfunction
such as a brain tumor, extensive traumatic head injury, substance
or alcohol abuse, and multiple sclerosis were also excluded.
Finally, patients with psychiatric diseases, other than depression,
resulting in cognitive dysfunction were excluded.

Interview and Physical and Neurological Examination
Patients received a standardized diagnostic assessment
performed by a neurologist or geriatrician including an interview
on cognitive complaints and medical history, medication use
(verified through listings provided by pharmacy), educational
level, smoking, alcohol and drug abuse, family medical history,
and social status. Patients were asked to bring a relative or good
friend for an informant interview. Table 2 shows demographic
characteristics and vascular risk factors of the study population.

Table 2. Demographic characteristics and vascular risk factors in the TRACE-VCI study.

Patients

(N=861)

Demographic characteristics

399 (46.3)Female, n (%)

67.7 (8.5)Age in years, mean (SD)

5 (4-6)Level of education (Verhage scale range 1-7)a (N=856), median (IQR)

Vascular risk factors, n (%)

729 (84.7)Hypertension

499 (68.4)Medical history/use of medication

230 (31.6)Newly diagnosed hypertension (>140/90mmHg) (N=834)

386 (44.8)Hypercholesterolemia

169 (19.6)Diabetes mellitus

146 (86.4)Medical history/ use of medication

23 (13.6)Newly diagnosed diabetes mellitus (N=834)

173 (20.1)Current smoker (N=853)

176 (20.4)Obesity (BMI ≥30) (N=848)

History of reported vascular events, n (%)

78 (9.1)History of reported stroke

86 (10.0)History of reported vascular events other than stroke

60 (69.8)History of ischemic heart diseaseb

4 (4.7)History of carotid artery stenting

31 (36.0)History of peripheral arterial diseasec

aVerhage scale: (1) <6 years of primary education, (2) finished 6 years of primary education, (3) 6 years primary education and <2 years of low level
secondary education, (4) 4 years of low level secondary education, (5) 4 years of average level secondary education, (6) 5 years of high level secondary
education, (7) university degree [17].
bMyocardial infarction, surgery or endovascular treatment for coronary artery disease [16].
cAny arterial occlusion or surgical intervention of a peripheral artery (eg, abdominal or leg artery).
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Physical examination included blood pressure measurement,
height (centimeters), weight (kilograms), and BMI. Neurological
examination was performed with special attention for higher
cortical functions, focal deficits, extrapyramidal signs, balance,
gait, primitive reflexes, and postural reaction.

Cognitive Assessment

Cognitive Screening and Education
We used the Dutch version of the Mini-Mental State
Examination (MMSE; maximum score of 30) as a cognitive
screening test [18]. Furthermore, the cognitive and
self-contained part of the Cambridge Examination for Mental
Disorders of the Elderly (CAMCOG; maximum score of 107)
was performed [19]. Level of education was defined according

to a 7-point rating scale (Verhage scale 1-7; low to high
education) [17]. The severity of cognitive symptoms was
assessed using the Clinical Dementia Rating (CDR; 0-3) global
score [20].

Psychological Assessment and Other Questionnaires
Neuropsychiatric and behavioral symptoms were evaluated by
the 15-item Geriatric Depression Scale (GDS) [21] and the
Neuropsychiatric Inventory (NPI; maximum score of 144) [22].
The Disability Assessment for Dementia (DAD; maximum
score of 100) questionnaire investigated functional decline [23].
The NPI and DAD were collected through the use of a
proxy-respondent. Table 3 shows the cognitive and
psychological screening scores at baseline.

Table 3. Cognitive and psychological assessment in the TRACE-VCI population (N=861).

Median (IQR)n (%)Instruments/methods

Global functioning

89 (75-98)738 (85.7)DAD

Mood

3 (2-5)815 (94.7)GDS

10 (4-19)604 (70.2)NPIa

Measures of global cognitive status

0.5 (0.5-1)861 (100)CDR

25 (22-28)856 (99.4)MMSE score

82 (69-91)698 (81.1)cCAMCOGb

aA higher NPI score relates to more neuropsychiatric symptoms.
bReference values of the CAMCOG score depend on primary education level and age.
cThe outpatient memory clinic of the UMCU did not perform the CAMCOG, and the VCI outpatient clinic of the UMCU introduced it at a later stage;
therefore, 163 (18.9%) were missing

Neuropsychological Assessment
All participants performed an extensive neuropsychological
examination, with some variation between the centers and over
time. This battery has been established through a Dutch
multicenter university memory clinic research program on
diagnosis and prognosis of cognitive impairment and dementia
[8]. Only tasks that were available by the majority of patients
(>80%) were included. The tasks were summarized in five major
widely used cognitive domains to reduce the amount of
neuropsychological variables for statistical analysis and clinical
interpretation: (1) working memory, (2) memory, (3) attention
and executive functioning, (4) processing speed, and (5)
perception and construction. The tests included in each of the
domains are listed in Table 4.

The domain working memory was assessed by the Digit Span

of the Wechsler Adult Intelligence Scale – 3rd edition
(WAIS-III). Patients were asked to verbally repeat series of
digits of increasing length in forward and backward condition.

The domain memory was assessed by the Dutch version of the
Rey Auditory Verbal Learning Test (RAVLT). For the RAVLT,
the total number of words remembered in five learning trials
was recorded and the delayed recall and recognition tasks were

used. Furthermore, the Visual Association Test (VAT) part A
was included to assess visuospatial association learning.

The domain attention and executive functioning was assessed
using the ratio of the Trail Making Test part B and A (TMT-B
and TMT-A), the Stroop Color Word Test, and the category
naming tasks (animal naming, 1 minute) and lexical fluency
tasks (letters, 1 minute). The used letters in the lexical fluency
tasks were different between the clinics. The letters “N” and
“A” were used in 66 patients of the VCI outpatient clinic
UMCU. The letters “D,” “A,” and “T” were used in 626 patients
of the Amsterdam Dementia Cohort VUMC. The total number
of correct responses was recorded and averaged over the
evaluated amount of letters.

The domain information processing speed was assessed by the
TMTA-A, the Stroop Color Word Test I and II, and the Digit
Symbol-Coding Test (DSCT) of the WAIS-III or the Letter
Digit Substitution Test (LDST). In both the DSCT and the
LDST, patients were asked to copy as many symbols or digits
according to a code key in a specific amount of time. The DSCT
was performed in 65 patients and the LDST in 696 patients.
The difference in time (60 vs 90 seconds) was resolved by the
use of Z scores for each version in the creation of the cognitive
domain.
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Table 4. Neuropsychological test scores and cognitive domains in the study population (N=861).

Raw test scores,

mean (SD)

Patients,

n (%)

Neuropsychological tests and cognitive domains

721 (83.7)Working memory

5.4 (1.1)715 (83.0)WAIS-III Digit Span forward [24]

4.0 (1.0)721 (83.7)WAIS -III Digit Span backward

854 (99.2)Memory

28.9 (11.5)815 (94.7)RAVLT trials 1-5 [25]

8.9 (3.7)783 (90.9)VAT part A [26]

4.3 (3.8)810 (94.1)RAVLT delayed recall

25.0 (4.1)806 (93.6)RAVLT recognition

848 (98.5)Attention and executive functioning

3.1 (1.4)635 (73.8)Ratio TMTA part B/TMT part A [27]

1.2 (0.4)729 (84.7)Stroop Color Word Test III/(I and II) [28]

15.0 (6.6)833 (96.7)Category fluency (Animals) [29]

Letter fluency [29]

17.5 (7.8)66 (7.6)N+A

26.8 (13.2)626 (72.7)D+A+T

837 (97.2)Information processing speed

72.0 (55.2)792 (92.0)TMTA part A

60.3 (25.5)796 (92.5)Stroop Color Word Test I

86.2 (40.6)788 (91.5)Stroop Color Word Test II

WAIS-III [24]

42.0 (15.2)65 (7.5)SDMT

33.1 (12.7)696 (80.8)LDST

705 (81.9)Perception and construction

17.4 (4.0)696 (80.8)Incomplete Letters

9.3 (1.3)682 (79.2)Dot Counting

The cognitive domain perception and construction was made
using the Visual Object and Space Perception Battery,
administering two separate tests known as the Incomplete Letters
and Dot Counting. The numbers of correct responses were
recorded.

Z scores were created for each individual test (reversed Z scores
for the TMT and Stroop Color Word Test). The test Z scores
were averaged to create domain Z scores. If patients were unable
to perform a test for various reasons, the test was defined as a
missing variable. Where applicable, reports on the TRACE-VCI
study will report proportions of subjects with missing values
and explore potential biases. If individual test scores were
missing, the domain Z score was based only on the available
tests.

Laboratory Testing
Plasma fasting or nonfasting glucose level, cerebrospinal fluid
(CSF), and DNA for apolipoprotein E (APOE) genotyping were
collected in a subset of the study population. Collection of CSF
biomarkers is not a standard procedure in memory clinics in the
Netherlands, but in our centers it is performed quite frequently,
at the discretion of the doctor and the patient. CSF
concentrations of amyloid B 1-42 (Aβ42), tau and/or total tau
phosphorylated at threonine 181 (p-tau) were measured at a
central laboratory for clinics at the Department of Clinical
Chemistry of the VUMC in 62.8% (541/861) of patients [30].
In 51.6% (444/861) of patients, APOE genotyping was
performed. For APOE genotyping, DNA was isolated from
10ml ethylenediamine tetraacetic acid blood. Subjects were
classified as APOE e4 carriers if they had one or two e alleles
and as noncarriers if they had no e4 alleles.
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Table 5. Brain MRI acquisition in the study population (N=861).

Patients,

n (%)

Field strength (Tesla)Model

GE Medical Systems

71 (8.2)1.5Signa HDxt

475 (55.2)3.0Signa HDxt

73 (8.5)3.0Discovery MR 750

Philips Medical Systems

44 (5.1)3.0Ingenuity

152 (17.7)3.0Ingenia

40 (4.6)3.0Achieva

6 (0.7)Othersa

a1.5 Tesla GE Medical Systems Signa Excite, n=1 (0.1%); 1.5 Tesla Philips Medical Systems Achieva, n=2 (0.2%); 1.5 Tesla Philip Medical Systems
Intera, n=1 (0.1%); 1.5 Tesla Sonata Siemens, n=2 (0.2%).

MRI Assessment

Brain MRI Scan
Brain MRI scans were performed on a 3.0 Tesla (94.1%,
810/861) or 1.5 Tesla MRI scanner (5.9%, 51/861). Most scans
were performed on a GE (72.0%, 620/861) or Philips (27.8%,
239/861) MRI scanner (Table 5). The MRI scan protocol
included the following sequences: 3D T1-weighted,
T2-weighted, T2*-weighted/susceptibility-weighted imaging
(SWI) and fluid-attenuated inversion recovery (FLAIR)
sequences. A total of 850 (98.7%) patients were scanned using
all of these sequences. In 11 patients (1.3%), a 2D T1-weighted
sequence was acquired instead of a 3D T1-weighted sequence
and/or no FLAIR sequence was available.

The MRI sequence parameters were as follows:

• 1.5 Tesla GE Signa HDxt—3D T1-weighted sequence (172

slices, voxel size: 0.98x0.98x1.50 mm3, Repetition Time
(TR)/Echo Time (TE): 12.3/5.2 ms), 3D FLAIR sequence

(128 slices, voxel size: 1.21x1.21x1.30 mm3,
TR/TE/Inversion Time (TI): 6500/117/1987 ms), 2D
T2-weighted sequence (48 slices, voxel size:

0.98x0.98x3.00 mm3, TR/TE: 1000/23.9 ms), 2D
T2*-weighted sequence (48 slices, voxel size:

0.98x0.98x3,00 mm3, TR/TE: 1000/24 ms)
• 3.0 Tesla GE Signa HDxt—3D T1-weighted sequence (176

slices, voxel size: 0.94x0.94x1.00 mm3, TR/TE: 7.8/3.0
ms), 3D FLAIR sequence (132 slices, voxel size:

0.98x0.98x1.2 mm3, TR/TE/TI: 8000/126/2340), 2D
T2-weighted sequence (48 slices, voxel size:

0.49x0.49x3.00 mm3, TR/TE/: 8610/112 ms), 3D SWI

sequence (48 slices, voxel size: 0.49x0.49x3.00 mm3,
TR/TE: 31/25 ms)

• 3.0 Tesla GE Discovery MR 750—3D T1-weigthed

sequence (176 slices, voxel size: 0.94x0.94x1.00 mm3,
TR/TE: 8.2/3.2 ms), 3D FLAIR sequence (160 slices, voxel

size: 0.98x0.98x1.2 mm3, TR/TE/TI: 8000/130/2340 ms),
2D T2-weighted sequence (48 slices, voxel size:

0.49x0.49x3.00 mm3, TR/TE/: 8300/112 ms), 3D SWI

sequence (44 slices, voxel size: 0.49x0.49x3.00 mm3,
TR/TE: 31/25 ms)

• 3.0 Tesla Philips Ingenuity—3D T1-weighted sequence

(180 slices, voxel size: 0.87x0.87x1.00 mm3, TR/TE: 9.9/4.6
ms, 3D FLAIR sequence (321 slices, voxel size:

1.04x1.04x0.56 mm3, TR/TE/TI: 4800/279/1650 ms), 2D
T2-weighted sequence (45 slices, voxel size: 0.49x0.49x3.3

mm3, TR/TE: 2500-5000/100 ms, 3D SWI sequence (247

slices, voxel size: 0.43x0.43x0.60 mm3, TR/TE: 29x20 ms)
• 3.0 Tesla Philips Achieva and Ingenia—3D T1-weighted

sequence (192 slices, voxel size: 1.00x1.00x1.00 mm3,
TR/TE: 7.9/4.5 ms), 2D FLAIR sequence (48 slices, voxel

size: 0.96x0.95x3.00 mm3, TR/TE/TI: 11000/125/2800 ms),
2D T2-weighted sequence (48 slices, voxel size:

0.96x0.96x3.00 mm3, TR/TE/TE2: 3198/140 ms), 2D
T2*-weighted sequence (48 slices, voxel size:

0.96x0.96x3.00 mm3, TR/TE: 1653/20 ms)

Visual MRI Ratings
Medial temporal lobe atrophy (MTA) was visually rated
(possible range of scores for each side, 0-4) on reconstructions
(perpendicular to the long axis of the hippocampus) of the 3D
T1-weighted images [31]. White matter hyperintensities (WMH)
were rated using the Fazekas scale (WMH grade 0-3: none or
a single punctate lesion, multiple punctate lesions, beginning
confluence of lesions, large confluent lesions) on the FLAIR
images [13]. Lacunar infarct(s), (sub)cortical infarct(s),
microbleed(s), and intracerebral hemorrhage(s) were all rated
in line with the STRIVE (Standards for Reporting Vascular
Changes on Neuroimaging) criteria [12]. Ratings were
performed by or under supervision of a neuroradiologist (in
training).

Image Processing
Despite heterogeneity in MRI acquisition, we will obtain
volumetric brain measures for all subjects. Total brain volume,
white and gray matter volume, CSF volume, intracranial volume,
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and WMH volume will be calculated for all subjects, using the
3D T1-weighted sequences. We are currently evaluating
automated image processing methods that can best accommodate
differences in acquisition. Final methods will be selected based
on accuracy across the different types of MRI acquisitions and
robustness across field strength [32,33].

Clinical Diagnosis
Clinical diagnoses were established at multidisciplinary
consensus meetings after the 1-day memory clinic evaluation
at participating centers. Diagnoses were verified by the
researchers of the TRACE-VCI project based on screening of
medical files. Patients were divided in three categories of
severity of cognitive impairment: dementia, MCI, and NOCI.
Table 6 presents the different categories.

Patients were diagnosed with dementia if there was a clear
decline in cognitive function defined as a deficit in ≥2 cognitive

domains at neuropsychological testing and interference in daily
living [4]. Dementia was further classified due to its main
etiology, based on internationally established diagnostic criteria
without knowledge of CSF biomarkers or APOE genotyping
results, in a vascular [34], neurodegenerative [35-37], or
unknown origin (Table 6).

MCI was a clinical diagnosis defined as complaints of
deterioration in cognitive function from a prior baseline and
objective evidence of impairment in at least one cognitive
domain. Instrumental activities of daily living were normal or
only mildly impaired [4].

Finally, NOCI was defined as having cognitive complaints, but
no objective cognitive impairment on neuropsychological
testing. In a memory clinic setting, such patients are also referred
to as having subjective complaints or subjective cognitive
impairment [11].

Table 6. Severity of cognitive impairment and clinical diagnosis (N=861).

Patients,

n (%)

198 (23.0)No objective cognitive impairment

213 (24.7)Mild cognitive impairment

450 (52.3)Dementia

37 (8.2)Vascular [34]

387 (85.8)Neurodegenerative

305 (78.8)Alzheimer’s disease [36]

25 (6.5)Frontotemporal dementia [37]

20 (5.2)Lewy body dementia [35]

37 (9.6)Othersa

27 (6.0)Unknown etiologyb

aSuch as Primary Progressive Aphasia [38], Cortical Basal Syndrome [39], and Progressive Supranuclear Palsy [40].
bDementia of unknown origin; further examination needed to state diagnosis.

Follow-Up Investigation

Collection of Follow-Up Data
Follow-up data were collected during a visit at the outpatient
clinic around 2 years from baseline visit. At the baseline visit,
the doctor and patient decided if a follow-up visit was necessary
and in the best interest of the patient. All patients who did not
attend the outpatient clinic after approximately 2 years were
contacted by phone and a close relative or friend was also
contacted to complement the information. If patients could not
provide information themselves, only close relatives of friends
were interviewed. If patients were unreachable or gave no
permission to contact them personally in the future, the general
practitioner or doctor of the nursing home was contacted if
permitted by informed consent at baseline visit.

Primary Outcome Measure of Prognostic Studies
The primary goal of the prognostic studies of the TRACE-VCI
study is to identify which patients have a poor clinical outcome
in the years following the initial visit. We therefore defined a

composite primary outcome measure that is robust, clinically
relevant, and could also be collected from patients who did or
could not visit the outpatient clinic again after 2 years.
Follow-up was not collected from patients with a low MMSE
[22] score of <20 or a CDR [25] of >1 at baseline visit. This
included 150 (17.4%) of all patients who were included at
baseline.

For the primary prognostic analyses in the TRACE-VCI study,
poor clinical outcome was defined as a composite of (1) marked
cognitive decline, (2) occurrence of a major vascular event, and
(3) death. Marked cognitive decline was defined as a change in
CDR of ≥1 and/or institutionalization due to cognitive
dysfunction during the follow-up period [41]. Occurrence of a
major vascular event during follow-up was defined as a stroke,
myocardial infarction, or clinical manifestations of arterial
disease requiring surgical or endovascular intervention (eg, a
coronary bypass operation, carotid artery stenosis, arterial dotter
procedure, or stent placement).

JMIR Res Protoc 2017 | vol. 6 | iss. 4 |e60 | p.266http://www.researchprotocols.org/2017/4/e60/
(page number not for citation purposes)

Boomsma et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Additional Follow-Up Measurements
During the outpatient follow-up visit and by telephone contact,
additional follow-up information was collected. The
standardized DAD questionnaire was collected from a
proxy-respondent [23]. The opinion of the patient and
proxy-respondent on progression, stability, or improvement of
cognitive symptoms was recorded. Noncognitive outcome
information collected during the outpatient clinical visit or by
telephone contact included the use of a walking aid, walking
distance, number of falls, and the possible related injury.
Relevant changes in medical history were also recorded in the
database.

The majority of patients who had an outpatient follow-up visit
also underwent an extensive neuropsychological examination.
Cognitive domains were recreated by the use of Z scores, using
the same tests as on baseline visit evaluating changes in the
different cognitive domains.

Statistical Analysis

Sample Size Considerations
The TRACE-VCI study was designed to address several research
questions. Therefore, statistical power is not a unitary construct
for the study. Overall, the total cohort of 861 subjects will allow
exploration of prognostic models including up to 10 predictors,
at a power of 0.8, to detect small effect sizes (Cohen’s d=0.2

and f2=0.02)

Planned Analysis
For the first aim—establishing clinical features of different
patterns of brain injury—cross-sectional analysis on baseline
will be performed on all subjects. Regression analyses will be
used with adjustments for age, level of education, and gender
to investigate the association between vascular brain injury and
cognitive and noncognitive outcomes. Because most injury
types are present in >100 patients (see Table 1), we will be able
to detect small to moderate effect sizes (Cohen’s d=0.2-0.4)
between groups of patients with different lesion types (power
0.8, alpha<.05). Depending on the research questions, other
covariates may be added stepwise to the model to investigate
the relation further. Factor analyses will be used to investigate
clusters of VCI phenotypes.

For the second aim, identification of key prognostic factors,
longitudinal analysis will be performed on all patients that were
eligible for follow-up (as described above). The prognostic
value of a variable will be examined using Cox proportional
hazard models. Accelerated cognitive decline, new major
vascular events, or death are the primary outcome measures.
We will start with univariate models of all possible predictors
with age, level of education, and gender as covariates.

Discussion

Principal Considerations
The TRACE-VCI study is a large prospective cohort study
evaluating the clinical features and prognosis of VCI in a
memory clinic population. The majority of previous studies on
vascular brain injury and cognition are either based on the

general population, focusing on patients who experienced a
stroke or transient ischemic attack (TIA) [7], or primarily
address one particular type of vascular brain injury, such as
WMH [42]. It is clearly important to document which clinical
phenotypes related to vascular injury can be identified in a
memory clinic setting and which factors determine prognosis
for the individual patient. With regard to clinical phenotypes,
it is important to know to which extent the type or location of
vascular injury determines the cognitive profile. This may
support a more accurate diagnosis, particularly in the context
of co-occurring neurodegenerative aetiologies, which will be
much more common in memory clinic patients than in other
populations. The TRACE-VCI study will explore these profiles
and, because of availability of CSF biomarkers in a substantial
proportion of patients, will be able to explore the interaction
between vascular brain injury and processes related to
Alzheimer’s disease. With regard to prognosis, risk factors for
cognitive dysfunction in the general population may not
necessarily determine the rate of further cognitive decline among
people attending a memory clinic. Identification of specific VCI
phenotypes in a memory clinic setting may also support selection
of patients for potential future treatment trials. The TRACE-VCI
study collected this information in the context of actual clinical
practice.

The operational definition of possible VCI as developed for the
TRACE-VCI study should be addressed in this discussion. When
the TRACE-VCI study was initiated in 2009, the construct of
VCI had been introduced [2,3], but widely accepted clinical
criteria for VCI were still lacking. We intentionally developed
nonrestrictive criteria for our study. We chose not to define
minimal thresholds for cognitive dysfunction. The rationale for
this is that patients with cognitive decline as a result of vascular
brain injury may not always develop cognitive deficits that are
severe enough to be classified as MCI. A strict method to
separate people with these more subtle cognitive changes from
patients who complain, but actually have no change in cognitive
performance at all, is not available. Hence, cognitive complaints
are the entry criterion for the TRACE-VCI study and people
without cognitive impairment are classified as NOCI, also
referred to as subjective cognitive impairment [11]. We decided
not to use the label subjective because this term has a
connotation of nonconfirmed or even psychogenic complaints
in medical practice. We did specify a minimal burden of vascular
injury because the construct of VCI requires the presence of
vascular brain injury. We deliberately did not include a criterion
on a presumed causal relation between cognitive dysfunction
and the observed vascular injury as this may in many cases rely
on assumption, while the main purpose of the TRACE-VCI
study is to determine if vascular brain injury really matters in
memory clinic patients. Importantly, we did not exclude patients
with evidence of co-occurring neurodegenerative disease as the
construct of VCI also concerns the presence of vascular as well
as neurodegenerative etiologies [3,4].

After the initiation of the TRACE-VCI study, diagnostic criteria
for VCI have been proposed by international working groups,
including criteria for Vascular Cognitive Impairment from the
American Heart Association/American Stroke Association
(AHA/ASA) [4] and criteria for vascular cognitive disorders
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from the International Society of Vascular Behavioural and
Cognitive Disorders (VasCog) Society [43]. Unlike our
operational VCI criteria, both the AHA/ASA and the VasCog
criteria define a threshold for severity of cognitive dysfunction.
When appropriate, analyses in the TRACE-VCI can be adapted
to modify these criteria by excluding people with NOCI. The
AHA/ASA criteria also apply to patients with evidence for
co-occurring neurodegenerative or other causes of cognitive
impairment, but these patients are labeled as possible VCI,
similar to our operational definition of VCI. This is different
from the VasCog criteria [43], which relates only to subjects
with evidence for predominantly vascular etiology of cognitive
impairment. The VasCog criteria consider evidence of other
etiologies, including a neurodegenerative disorder, as an
exclusion criterion for the diagnosis VCI. With regard to the
causality of the relation between cognitive dysfunction and
vascular injury, the AHA/ASA criteria distinguish between
probable and possible VCI. Probable VCI is diagnosed when a
clear temporal relationship between a vascular event (eg, a
clinical stroke) and onset of cognitive deficits is present or if
there is a clear relationship in the severity and pattern of
cognitive impairment and the presence of diffuse subcortical
cerebrovascular disease pathology (eg, as in cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy). This temporal relationship is also
recorded in the TRACE-VCI database, and we can apply these
AHA/ASA criteria also in our dataset.

A key objective of TRACE-VCI is to identify prognostic factors
in patients with VCI. To this end, we wanted to define a
clinically meaningful outcome measure that we could collect
in the majority of patients and also in those who could or would
not revisit the clinic for follow-up. We chose a composite
measure that reflects the primary poor outcome of VCI: marked
cognitive decline, a major vascular event, or death. We did
perform repeated cognitive assessments in patients who attended
the outpatient clinic again, and we will perform analyses on
these dates. However, we decided not to base our definition of

marked cognitive decline on these assessments as that would
induce substantial attrition.

Strengths and Limitations
A strength of the TRACE-VCI study is that it addresses the
clinical features and prognosis of VCI in a memory clinic
setting. It thus fills a knowledge gap, as there are few available
cohort studies of VCI in this particular setting [7]. As a
consequence, despite the fact that vascular brain injury on MRI
is a very common finding in memory clinic patients, uncertainty
can exist about its clinical and prognostic relevance in individual
cases. TRACE-VCI includes a large cohort of memory clinic
patients with 2-year follow-up and detailed data on cognitive
performance, imaging markers, and comorbid conditions. A
potential weakness of our study is that patients were included
at tertiary referral centers, which may affect generalizability of
the findings. Moreover, although patients were evaluated in a
standardized fashion, the study does rely on data collection in
the context of clinical care. Therefore, there is some
heterogeneity in data acquisition (eg, MRI protocols) and not
all parameters are available for all participants. Where
applicable, reports on the TRACE-VCI study will specify
proportions of subjects with missing values and explore potential
biases. Finally, aspects of medical history (eg, vascular events)
were based on self-report, which could be affected by recall
bias. Yet, in our clinics the information is verified with an
informant (eg, relative) and the information provided by the
referring physician. Moreover, all patients bring a medication
list provided by their pharmacy, and this is also scrutinized by
the treating physician to identify relevant comorbidities.

Conclusion
The follow-up of our study is nearly complete, and data-cleaning
and processing are in progress. The TRACE-VCI cohort study
will provide detailed information on the phenotypes of VCI in
a memory clinic setting to reveal the progression of cognitive
decline and identify prognostic factors.
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Abbreviations
AHA/ASA: American Heart Association/American Stroke Association
APOE: apolipoprotein E
Aβ42: amyloid B 1-42
BMI: body mass index
CAMCOG: Cognitive and Self-Contained Part of the Cambridge Examination for Mental Disorders of the Elderly
(CAMDEX)
CDR: Clinical Dementia Rating
CSF: cerebrospinal fluid
DAD: Disability Assessment for Dementia
DSCT: Digit Symbol-Coding Test
FLAIR: fluid-attenuated inversion recovery
GDS: Geriatric Depression Scale
LDST: Letter Digit Substitution Test
MCI: mild cognitive impairment
MMSE: Mini-Mental State Examination
MTA: medial temporal lobe atrophy
NOCI: no cognitive impairment
NPI: Neuropsychiatric Inventory
p-tau: total tau phosphorylated at threonine 181
RAVLT: Rey Auditory Verbal Learning Test
STRIVE: Standards for Reporting Vascular Changes on Neuroimaging
SWI: susceptibility-weighted imaging
TMT: trail making test
TR/TE/TI: Repetition Time/Echo Time/Inversion Time
TRACE-VCI: Utrecht Amsterdam clinical features and prognosis in vascular cognitive impairment
UMCU: University Medical Centre Utrecht
VasCog: International Society of Vascular Behavioural and Cognitive Disorders
VAT: Visual Association Test
VCI: vascular cognitive impairment
VUMC: VU (Vrije (Free)) University Medical Centre
WAIS-III: Wechsler Adult Intelligence Scale – 3rd edition
WMH: white matter hyperintensities
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Abstract

Background: In the United States, over 15 million informal caregivers provide unpaid care to people with Alzheimer disease
(AD). Compared with others in their age group, AD caregivers have higher rates of stress, and medical and psychiatric illnesses.
Psychosocial interventions improve the health of caregivers. However, constraints of time, distance, and availability inhibit the
use of these services. Newer online technologies, such as social media, online groups, friendsourcing, and crowdsourcing, present
alternative methods of delivering support. However, limited work has been done in this area with caregivers.

Objective: The primary aims of this study were to determine (1) the feasibility of innovating peer support group work delivered
through social media with friendsourcing, (2) whether the intervention provides an acceptable method for AD caregivers to obtain
support, and (3) whether caregiver outcomes were affected by the intervention. A Facebook app provided support to AD caregivers
through collecting friendsourced answers to caregiver questions from participants’ social networks. The study’s secondary aim
was to descriptively compare friendsourced answers versus crowdsourced answers.

Methods: We recruited AD caregivers online to participate in a 6-week-long asynchronous, online, closed group on Facebook,
where caregivers received support through moderator prompts, group member interactions, and friendsourced answers to caregiver
questions. We surveyed and interviewed participants before and after the online group to assess their needs, views on technology,
and experience with the intervention. Caregiver questions were pushed automatically to the participants’ Facebook News Feed,
allowing participants’ Facebook friends to see and post answers to the caregiver questions (Friendsourced answers). Of these
caregiver questions, 2 were pushed to crowdsource workers through the Amazon Mechanical Turk platform. We descriptively
compared characteristics of these crowdsourced answers with the friendsourced answers.

Results: In total, 6 AD caregivers completed the initial online survey and semistructured telephone interview. Of these, 4 AD
caregivers agreed to participate in the online Facebook closed group activity portion of the study. Friendsourcing and crowdsourcing
answers to caregiver questions had similar rates of acceptability as rated by content experts: 90% (27/30) and 100% (45/45),
respectively. Rates of emotional support and informational support for both groups of answers appeared to trend with the type
of support emphasized in the caregiver question (emotional vs informational support question). Friendsourced answers included
more shared experiences (20/30, 67%) than did crowdsourced answers (4/45, 9%).
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Conclusions: We found an asynchronous, online, closed group on Facebook to be generally acceptable as a means to deliver
support to caregivers of people with AD. This pilot is too small to make judgments on effectiveness; however, results trended
toward an improvement in caregivers’ self-efficacy, sense of support, and perceived stress, but these results were not statistically
significant. Both friendsourced and crowdsourced answers may be an acceptable way to provide informational and emotional
support to caregivers of people with AD.

(JMIR Res Protoc 2017;6(4):e56)   doi:10.2196/resprot.6904

KEYWORDS

Alzheimer disease; Alzheimer disease and related dementias; caregivers; mobile health; social media; crowdsourcing; friendsourcing;
emotional support; informational support; online support

Introduction

Studies predict that the worldwide prevalence of dementia will
reach 48.1 million people by the year 2020 [1]. Alzheimer
disease (AD) accounts for the majority of cases of dementia in
the United States [2]. Unlike for many other diseases, to date
there are no disease-modifying agents to slow down or stop the
progression of AD. Until disease-modifying agents become
available, psychosocial and psychoeducational interventions
remain the intervention of choice for addressing treatment needs
of patients and caregivers. Informal, unpaid caregivers deliver
the majority of care received by people with AD [3]. Estimates
for 2013 put the value of this informal, unpaid care for people
with AD and other dementias in the United States at US $470
billion [3]. Fiscal estimates do not account for the mental and
physical health burdens endured by many AD caregivers.
Besides the inherent detriment to caregivers, higher caregiver
burden and lower caregiver subjective health ratings adversely
affect patients with AD. Higher caregiver burden results in
earlier nursing home placement, while lower caregiver
subjective health is associated with higher mortality in people
with AD [4]. Prior work showed that AD caregivers receive
health benefits from psychosocial and psychoeducational
interventions [5]. Yet many caregivers’ needs remain unmet
due to multiple barriers, including time and distance. Social
media offers an opportunity to provide support to AD caregivers
while overcoming some of these barriers [5].

Caregivers have a higher incidence of mental illness and benefit
from emotional support. These mental illnesses include anxiety
[6-8], depression [6,9-15], poor sleep quality [7,8], and
substance abuse or dependence [16]. Caregiving also affects
the work force, with caregivers displaying greater absenteeism
[6,7], higher rates of poor physical health [17-19], and higher
mortality [20,21]. Studies show that strategies of
problem-focused coping, acceptance, and social-emotional
support improve caregiver mental health and depression
[3,22-26].

Caregivers receive emotional and informational support from
many sources, but these existing sources have limitations.
In-person social support groups can meet caregiver support
needs including emotional support and self-appraisal [27], but
they present limitations based on the logistical issues of
scheduling, traveling, and finding alternative supervision for
the person with dementia while the caregiver is absent.
Membership in online health communities can address logistical
barriers to service utilization, and caregivers often seek

emotional and informational support from their peers [28].
However, cautions about the reliability of health care
information being shared [29], the tendency of participants to
lurk by browsing rather than contributing content [30,31], and
participation inequalities [32] point to limitations that interfere
with the ability of online communities to support caregivers in
the process of coping.

Other systems may provide individualized support for the
caregiver, supplementing the benefits of traditional forums.
However, any technological system designed to provide
just-in-time personalized support to caregivers requires a large
number of people who are online and available to respond to
their questions. Systems that connect a caregiver to a clinician
or trained social worker are unlikely to scale well, due to the
limited size of the clinician population. For this study, we
investigated crowdsourcing and friendsourcing as alternatives
to soliciting appropriate and supportive feedback to questions
from caregivers.

Crowdsourcing is a way to leverage remote workers to perform
small tasks, either for financial compensation or on a voluntary
basis [33]. In crowdsourced systems, a task is broken up into
parts and distributed to remote workers, who can complete the
sections in parallel or build on the work of others. The answers
provided by these workers can be aggregated and used to create
systems that leverage human intelligence in novel ways.
Crowdsourcing systems have been used to provide emotional
support to individuals by collecting empathetic responses or
cognitive reappraisals of stressful situations [34]. While online
forums are used by many to seek information, crowdsourcing
can be a more efficient and reliable way of seeking information.
Drawbacks of traditional crowdsourcing include financial costs
and variable quality of answers, depending on the expertise and
experience of the crowd workers.

Friendsourcing is a paradigm that combines social media
information seeking with crowdsourcing [35]. In friendsourcing,
individuals use their friends and contacts online as a resource
for crowdsourcing information or help. While friendsourcing
can be used to identify specific information that only your
network would know [35], as people gain stronger trust in the
information their friends or families provide, they often leverage
these social networks to seek information that might be available
to them in other places [36]. Prior work has shown that as many
as 50% of social media users have friendsourced a question to
their online networks before [36], and that social media can
have significant impacts on health-related behavior change and
well-being [37,38]. There are often benefits to providing this
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information as well. People answering questions have improved
self-efficacy, build a sense of reciprocity with the question asker,
and appreciate the opportunity to show off their expertise
[36,39].

Online peer support activities can help AD caregivers reduce
the stress of caregiving and enhance hands-on knowledge and
self-efficacy. A common model of online peer support involves
the use of online discussion forums. Drawbacks of the online
discussion forum model include low user content contribution
and limited efficiency for accessing correct information.

We designed this pilot study to explore alternative online
methods to address caregiver needs through online peer support.
This research conducted by an interdisciplinary team aimed to
overcome previously mentioned drawbacks by adapting
friendsourcing, within a closed Facebook group. To our
knowledge, our work is the first to use friendsourcing to provide
support to AD caregivers. The underpinning theory of this
intervention is that social support moderates caregiver burden
and stress. We hypothesized that the study intervention would
be acceptable to AD caregivers as a method for obtaining online
support, that friendsourced and crowdsourced answers to
caregiver questions would be of high-quality content, and that
friendsourced answers would have higher rates of shared
experiences in comparison with crowdsourced answers.

The contributions of this study include (1) an assessment of the
feasibility of online support delivery to AD caregivers through
social media and friendsourcing, (2) an evaluation and
comparison of friendsourced and crowdsourced answers to
caregiver questions in terms of content quality, acceptability,
and rates of shared experiences, and (3) suggestions for future
research directions for online support delivery to AD caregivers
through social media.

Methods

Study Participants and Recruitment
Potential participants were nonpaid family caregivers of people
with AD. We distributed a recruiting advertisement across the
United States through organizational webpages, including the
Alzheimer’s Association webpage and newsletter, Indiana
University Purdue University Indianapolis’s online newsletter
News at IUPUI, radio interviews, and social media, including
Twitter (Twitter, Inc, San Francisco, CA, USA) and Facebook
(Facebook, Inc, Menlo Park, CA, USA), from July through
September 2016. Potential participants gained access to the
study through the study website. The website provided study
information, inclusion and exclusion criteria, links to the online
survey, and a PDF of the informed consent form. This study
was approved by the Indiana University Institutional Review
Board (# 160317338) through expedited review.

Study inclusion criteria for participation were as follows: the
participant must (1) be 18 years or older, (2) live in the United
States, (3) be able to read, comprehend, and write in English,
(4) be the caregiver of an individual with AD who lives at home
with the caregiver, (5) provide at least 8 hours of caregiving for
the person with AD per week, (6) have a Facebook account with
at least 40 Facebook friends, (7) have posted or commented on

Facebook on average at least twice per week for the past month,
(8) have ready access to the Internet, and (9) agree to give his
or her informed consent to participate in this research. Exclusion
criteria were a psychiatric hospitalization or suicide attempt in
the past year. We chose age 18 years as the cutoff so that all
participants were legal adults. The requirement of 40 Facebook
friends was arbitrarily chosen as a cutoff to indicate the
participant had a preexisting online social network before joining
the study.

Design
This study used a pretest-posttest design with mixed methods.
We sequentially allotted participating nonpaid family caregivers
of people with AD to 3 closed Facebook groups to receive the
intervention over the course of 6 weeks (September 29, 2016
to October 10, 2016). As this trial is ongoing, the results of this
paper are restricted to the first group of study participants. The
study was composed of 4 parts: (1) the preintervention portion,
where participants completed consent, an online survey, a
semistructured interview, and installation of the study Facebook
app; (2) the 6-week intervention; (3) the postintervention
portion, where participants were asked to complete a
postintervention survey, semistructured interview, and optional
reflection group; and (4) the follow-up portion, where
participants were asked to complete an online role
transformation survey 6 weeks after completion of the
intervention.

All participants provided written informed consent through the
online survey page. Once participants met screening criteria
and consented to the study online, they could proceed to the
online survey preintervention portion of the study. The survey
included questions on demographic information and required
completion of 7 standardized scales (described below). Once
we identified an applicant’s completion of the survey, one of
the research team members conducted a semistructured
telephone interview and guided the participant in installation
of the study app.

The intervention comprised 2 major components: interaction
within a closed Facebook online support group and posting of
anonymous questions about caregiving to each participant’s
Facebook News Feed through the study app. Participants
interacted with other group members within the private
Facebook online support group by posting and responding to
each other’s comments. We facilitated group introductions and
discussion through weekly prompts. These prompts requested
participants to discuss emotional or informational support
questions that the group chose to share with their social network
(Facebook friends). We observed and moderated postings and
participation. Moderation included sending reminder prompts
to post information for participants who did not respond to the
initial prompts to post information, answering technical and
study activity questions, and monitoring for comments that
could cause harm to the participants.

Through the study app, selected questions were automatically
posted to the Facebook News Feed of each participant so that
his or her Facebook friends could review and post responses to
the caregiver questions (Figure 1). These answers from
Facebook friends were then reposted into the private Facebook
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group for group members to read as a way to leverage their
impact on peer social support.

By posting each question to the News Feed of each caregiver,
we were able to expand the number of people available to
provide support at any point. Figure 2 shows how the support
network size is increased by using friends from multiple
networks as potential question answerers. Prior work on social
microvolunteering has shown that this use of multiple networks

can approximate the speed of crowdsourcing in collecting
answers to questions [39].

After finishing the 6-week intervention, participants were asked
to complete the postsurvey and semistructured telephone
interview. They were then offered the opportunity to participate
in an optional reflection group and role transformation survey.
Participants received compensation for their time and effort in
the form of electronic gift cards.

Figure 1. An example of a question from the caregiving group, which is automatically posted to the Facebook News Feed of each caregiver after
screening by the research team.
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Figure 2. Leveraging multiple social networks for support increases the number of people available to answer questions.

Data and Measures
We collected both quantitative and qualitative data at multiple
time periods during the study. We gathered demographic
variables, including age, sex, living arrangement, level of
education, employment status, income, type of residential area,
and relationship with the care recipient, through the
preintervention survey. We also gathered qualitative data from
preintervention and postintervention interviews and follow-up
reflection group interviews. Additionally, comments were
collected from the automatic posts made in each participant’s
Facebook News Feed. These comments included those made
by the participants and those made by their social network
(Facebook friends) in response to posted caregiver questions.

The preintervention and postintervention online surveys included
7 standardized self-reported caregiving-related instruments: the
Zarit Burden Interview Short Form (ZBI-12) [40], the Perceived
Stress Scale-14 (PSS-14) [41], the Revised Scale for Caregiving
Self-Efficacy [42], the Medical Outcomes Study (MOS) Social
Support Survey [43], the Dementia Severity Rating Scale [44],
the Neuropsychiatric Inventory Questionnaire [45], and the
Facebook Intensity Scale (FBI) [46]. Below we describe 3 of
the scales that capture caregiver needs, social support, and views
on technology.

The ZBI-12 [40] measures caregivers’ perceived burdens of
their caregiving roles. The measurement consists of 12 items
in 2 main domains: personal strain and role strain. Each question
asks about the frequency at which a caregiver experiences
certain types of caregiving difficulties. It is scored in a 5-point
Likert-type scale from 0 (never) to 4 (nearly always).

The MOS Social Support Survey measures the availability and
frequency of different types of support [43]. The scale is
composed of 19 items with 3 subsections—8 emotional and
informational support sections, 4 tangible support sections, and

6 affectionate support sections—and 1 additional item. It is
scored on a 5-point Likert scale from 1 (none of the time) to 5
(all the time).

The FBI is composed of 8 items about the level of familiarity
with Facebook: 6 items were scored using a 5-point Likert scale
from 1 (strongly disagree) to 5 (strongly agree) [46], and 2
open-ended questions assessed the user’s Facebook behavior
regarding the total number of Facebook friends and the average
hours per day of availability to use Facebook.

Crowdsourcing Using Amazon Mechanical Turk
Through a separate study approved by the Indiana University
Institutional Review Board (# 1609570045), we posted 2 of our
caregiver questions to the Amazon Mechanical Turk
(Amazon.com, Inc, Seattle, WA, USA). Amazon Mechanical
Turk is a traditional crowdsourcing platform where a vast pool
of workers can select tasks to complete for small payments [33].
Mechanical Turk is frequently used as an input to academic
crowdsourcing systems, including those supporting emotional
health [34] and those evaluating health literacy [47].

We posted our questions on Mechanical Turk with the goal of
comparing these answers with the answers provided by our
caregivers’ online social networks. We recruited Masters-level
Turkers, who have met specific qualifications indicating their
experience level with using the platform. Workers who accepted
the task on Mechanical Turk were presented with an example
question, shown in the same Facebook post format as was posted
to the caregivers’ News Feed (Figure 3). They were asked how
they would respond in the comments to that post.

The workers were paid US $3 for their response. While this is
a higher payment rate than in many other Amazon Mechanical
Turk studies [48], it is in line with worker expectations of
payment on Amazon Mechanical Turk as a labor marketplace
[49].
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Figure 3. An example of a question posted on Amazon Mechanical Turk.

Data Analysis
Survey results helped characterize participants through measures
of caregiving stress, self-efficacy, familiarity with Facebook,
care recipient symptoms, and illness severity. We audio recorded
and transcribed participant interviews and then conducted a
deductive thematic analysis of these transcriptions focused on
participants’access to support [50]. Interviews were open coded
and themes were identified across participants and reported via
prevalence.

We evaluated the Facebook friend (friendsourcing) answers to
caregiving questions. Answers were reviewed by 2 content
experts (DRB and DW) for acceptability, shared experiences,
emotional support, and informational support. Agreement was
obtained through a process of adjudication. Answers were
described qualitatively. We used the same rating process for
the crowdsourced answers obtained through Amazon
Mechanical Turk. Acceptability was defined as an answer that,
without further information or advice, would be unlikely to
cause harm to a caregiver and care recipient, if it were to be
read. We used definitions for “emotional support messages”
and “informational support messages” from Wang et al [51].
Emotional support messages provide or show understanding,
encouragement, affirmation, sympathy, or caring [51].
Informational support messages deliver advice, referrals, or
knowledge [51].

Results

Participants
A total of 12 potential participants accessed the online study
survey. Of these, 6 participants completed the online survey
and semistructured telephone interview, and 4 of these 6 agreed
to participate in the group activity portion of the study. Only 1
of the 6, P6, declined to participate, because she felt she did not
need any extra support. Her MOS Social Support Survey results
were consistent with this reasoning. Another participant, P5,
declined, citing limited time as a result of caregiving obligations
as the main reason for nonparticipation. She estimated her hours
of caregiving at 148 hours per week, 128 hours longer than the
next closest participant (Table 1). Participants’ ages ranged
from 34 to 74 years, with a mean age of 58 years. Of the 6
participants, 5 had completed some college, with 2 participants
having obtained advanced degrees. The hours of caregiving
provided per week ranged from 16 to 148, with a mode of 20.
Duration of caregiving ranged from 7 to 36 months, with a mean
of 20 months. Half (n=3) of the caregivers were either a spouse
or partner to the care recipient. All 5 of the care recipients
(people with AD) were female. Participant ZBI-12 scores ranged
from 12 to 30 (range 0-48) with a mean of 21.83 (SD 5.81)
(Table 2).
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Table 1. Demographic characteristics of persons with Alzheimer disease (AD) and their caregivers (study participants).

ParticipantCharacteristics

P6aP5aP4P3P2P1

Caregivers

FemaleFemaleMaleFemaleMaleMaleSex

Asian AmericanWhiteWhiteWhiteAfrican AmericanWhiteRace/ethnicity

Master’s degreeHigh school2-year collegeMaster’s degree4-year college4-year collegeEducation

Full-timeRetiredPart-timeFull-timeRetiredRetiredEmployment status

MarriedDivorcedMarriedMarriedNot marriedMarriedMarital status

Living togetherLiving aloneLiving togetherLiving togetherLiving togetherLiving togetherLiving arrangement

MetroSuburbanSuburbanUrbanMetroSuburbanLiving area

GoodGoodGoodGoodVery goodGoodSelf-reported health
status

467360346174Age (years)

Caregiving

N/Ab36972424Duration of caregiving
(months)

N/A1481616N/A20Caring time
(hours/week)

Person with AD characteristics

N/AMotherWifeMotherPartnerWifeRelation to caregiver

N/A9365655574Age (years)

N/AFemaleFemaleFemaleFemaleFemaleSex

N/AWhiteWhiteWhiteWhiteWhiteRace/ethnicity

aDid not participate in the group portion of the study.
bN/A: not available.

Table 2. Caregiver burden, social support, and technology use: baseline scores.

Mean (SD) scoreParticipantMeasure

n=4 (P1–P4)n=6 (P1–P6)P6aP5aP4P3P2P1

22.25 (1.26)21.83 (5.81)123021242222Zarit Burden Interview Short Form (5-point scale; 12 items; range 0-48)

Medical Outcomes Study Social Support Survey

3332232188Emotional and informational support (8 items)

16101212416Tangible support (4 items)

121112151512Affectionate support (3 items)

1271215159Positive social interaction (3 items)

433443Additional item (1 item)

55.75 (10.34)60.50 (11.74)776362674648Total (5-point scale; 19 items; range 19-95)

Facebook Intensity Scale

12.00 (7.79)11.67 (6.83)166237612Familiarity with Facebook (5-point scale; 6 items; range 6-30

505 (515.72)420 (431.18)10040040100090080No. in Facebook network (approximate)

65.00 (80.62)65.83 (70.74)1512001806020Available time to use Facebook (min/day)

aDid not participate in the group portion of the study.
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Deductive Thematic Analysis

Limitations of Current Support Resources
All 4 participants in the group portion of the study had access
to some type of support for their caregiving, but these resources
were limited in significant ways. All of our participants reported
insufficient access to in-person support.

In-Person Support
Family was the most commonly referenced source of support,
with all 4 participants describing family members who had
provided them with emotional support. A total of 3 participants
were geographically isolated from most of their family members,
meaning that the burden of caregiving fell primarily on them.
They also had to explicitly contact family members for
emotional support. The caregivers were often the only family
members with enough contextual information to make health
decisions for their care recipient, meaning they could not rely
on family members for informational support. Primary
caregivers often instead provided support to those family
members:

I think a lot of it is, I have a lot of family members
that are in [state] that are not medical and sometimes
don’t understand what is going on with her. They ask
me a lot of questions...I just want to keep her
comfortable and they don’t always understand that.
I think that’s hard for me to justify all of my actions
with her. [P3]

Many participants experienced a change in their ability to leave
their home as a result of their caregiving, which meant they had
less access to social or emotional support from friends in
workplace or recreational settings. Indeed, 2 participants had
cut back or left their jobs to focus on caregiving full-time, while
others gave up existing hobbies or social activities, so as not to
leave their care recipient alone. These changes may have led to
a smaller network of support immediately available to them.

All 4 caregivers relied on their loved one’s doctors as a primary
resource for informational support.

The doctors observed macro-level changes in the patients’
behavior and health, rather than day-to-day issues. Support from
physicians was infrequently available. For example, P4 specified
that he interacted with his wife’s doctor only once every 3
months. Some caregivers also used medical professionals as a
source of emotional support, and 2 participants sought formal
emotional support through therapy. As with informational
support, professional emotional support was highly valued by
the caregivers who accessed it. However, long intervals occurred
between visits, and caregivers expressed a wish to have access
to additional emotional support.

Online Support
To join our study, participants were required to have an active
Facebook account with at least 40 friends, meaning that our
participants were likely to have significant technological
experience. All participants reported having both computers
and smartphones through which they accessed the Internet.
Despite this baseline level of technology and social media use,

we found a variety of use patterns and technology acceptance
among our participants.

Two caregivers, P1 and P4, had small networks on Facebook
(80 and 40 estimated friends, respectively; Table 2). Both
primarily used the sites to catch up with friends and family.
While P4 had not previously used Facebook to access emotional
support, P1 shared how his family used Facebook to encourage
him during his caregiving:

One day my daughter posted on Facebook what a
great job I was doing taking care of her mom and so
on. [P1]

The other 2 participants, P2 and P3, had large networks on
Facebook (900 and 1000 estimated friends, respectively; Table
2) and used the site both to socialize and to access news or
information about AD. P3 described how she valued Facebook
as a resource for her friendships and for learning:

I look up sports there [on Facebook] and I follow
three different Alzheimer’s things. I try to mix work
there so that way I will look at it. It’s like a one-stop
news place for me. Equal half for friends and
information. [P3]

While all participants except P4 used other social network sites,
like Twitter or Pinterest, all participants reported that Facebook
was the site that they used with the highest frequency.

Caregivers used a variety of online resources to access
informational support. Some of that information was acquired
passively, by following or subscribing to updates from AD
organizations via Facebook or email. Others sought information
actively by researching specific informational questions. While
participants used online forums to research information support
questions, none had posted on online forums or discussion
groups related to caregiving themselves. P4 reported that he
had browsed one of these forums for information, but had not
yet posted his own questions:

I read them. I have thought of posting on it. I’m still
new on it. So I’m kind of reading other experiences,
because there is so much good information in there.
For example, a lady posted that her dad keeps
wandering away from the house or another posts
about how their mom does not sleep at night. How to
handle that. I read that to see their responses. It’s
been very helpful. Yes, reading about other people’s
experiences [is] very helpful. [P4]

I’m not sure. I tend to be a private person. I would
not be comfortable opening up with people [I] don’t
know with the exception of Facebook. There is this
thing about the Internet where I may never meet that
person. [P1]

Our participants’ responses indicate a need for additional
support, as well as a familiarity with Facebook that might make
it a more appealing source of support than anonymous forums
or crowdsourcing platforms.

Activity During Facebook Online Support Group
During the online Facebook group portion of the study, we
posted 4 online prompts (Table 3). There were a total of 12
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replies (postings) by group members in response to our prompts.
The group participants had 20 spontaneous voluntary posts or

replies to other members of the group.

Table 3. Summary of online activity for the whole group and by individual participants.

Individual participantsGroup totalsType of activity

P4P3P2P1

Group activities

4No. of group participants (total)

4No. of posted questions by the research team (total)

32No. of activities in the group (total)

12Replies and posts responding to requests from the research team

20Unprompted postings and replies from group members

Facebook crowds activities

3No. of questions pushed to Facebook friends (total)

111119644No. of answers from Facebook friends (total)

3.673.676.332No. of answers from Facebook friends (mean)

26111No. of answers to first question

5142No. of answers to second question

4443No. of answers to third question

40100090080Reported no. of Facebook friends

Friendsourcing Results
We pushed 3 caregiver questions to the participants’ Facebook
News Feed, allowing participants’ Facebook friends to see and
reply to the caregiver questions. The total number of Facebook
friend responses was 44 (Table 3). The range of total number
of Facebook friend responses per participant varied between 6
and 19.

Friendsourcing and crowdsourcing answers had high and similar
rates of acceptability, as judged by content experts: 90% (27/30)

and 100% (45/45), respectively (Table 4). This study lacked
the power to draw quantitative conclusions from these data.
Friendsourced answers contain shared experiences at a higher
rate than Amazon Mechanical Turk answers: 67% (20/30) and
9% (4/45), respectively. Rates of emotional support and
informational support messages present in friendsourcing and
crowdsourcing answers were similar, and appeared more
dependent on the type of question asked rather than the group
answering the question.
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Table 4. Caregiver questions answered through friendsourcing and crowdsourcing (Amazon Mechanical Turk).

Total, n (%)Q2bQ1aType of answers

Friendsourcing answers

1119Total number of answers

27/30 (90)11 (100)16 (84)Acceptable answers, n (%)

20/30 (67)8 (73)12 (63)Shared experiences, n (%)

5 (45)5 (26)Combined (informational + emotional support), n (%)

7 (63)19 (100)Informational support, n (%)

9 (82)5 (26)Emotional support, n (%)

Crowdsourcing answers

2520Total number of answers

45/45 (100)25 (100)20 (100)Acceptable answers, n (%)

4/45 (9)1 (4)3 (15)Shared experiences, n (%)

15 (60)6 (30)Combined (informational + emotional support), n (%)

21 (84)19 (95)Informational support, n (%)

19 (76)7 (35)Emotional support, n (%)

aQ1 was “My father has Alzheimer’s disease and won’t stop driving. What should I do?”
bQ2 was “It is very hard for me to share my personal feelings about my struggles with my mother’s Alzheimer’s so when people ask about how my
mother’s doing, I either minimize her symptoms or just unload on them. How can I explore my own feelings better without having to talk to someone
so that I can better communicate about my mother’s battle with Alzheimer’s? I would love to be an advocate for Alzheimer’s awareness without turning
people off to talking about it.”

Effects of the Intervention
Our small sample prevented the use of parametric statistics;
thus, we used Wilcoxon signed rank tests to compare
preintervention and postintervention measures. This
nonparametric method considers scores as ranks to measure
changes between 2 periods. We calculated both medians and
means. None of the pretest-posttest comparisons showed a
statistically significant difference (Table 5). However, caregiver
burden (measured by ZBI-12) showed a trend toward
improvement in overall caregiver burden. There were trends

toward an increase in emotional and informational support,
tangible support, and total social support, but these results were
not statistically significant. FBI showed a near doubling of the
level of familiarity with Facebook. The number of Facebook
friends and time available to use Facebook also increased. The
median and mean scores of PSS-14 frequencies (having
emotional problems in the last month) decreased, although the
change was not statistically significant. The Revised Scale for
Caregiving Self-Efficacy, a measure of confidence regarding
caring activities, showed a trend toward improved confidence.
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Table 5. Comparisons of preintervention and postintervention caregiver data.

Difference (C–B)Post-scores (C),
median (mean)
(n=4)

Pre-scores (B),
median (mean)
(n=4)

Pre-scores (A),
median (mean)
(n=6)

Scale

P valuez Score

.20–1.2918.00 (18.75)22 (22.25)22.00 (21.83)Zarit Burden Interview Short Form

Medical Outcomes Study Social Support Survey

.10–1.6322.5 (21.25)14.5 (15)22 (20.83)Emotional and informational support

.29–1.0715 (13.5)12 (11)12 (11.67)Tangible support

.29–1.0712 (10)13.5 (13.5)12 (12.83)Affectionate support

.26–1.139 (9)13.5 (12.75)12 (11.67)Positive social interaction

.59–0.543 (3)3.5 (3.5)3.5 (3.5)Additional item

.72–0.3762 (56.75)55 (55.75)62.5 (60.5)Total scores

.07–1.8322.5 (22.75)31 (31.25)31 (31.67)Perceived Stress Scale-14

Revised Scale for Caregiving Self-Efficacy

.59–0.54230 (215)250 (197.5)250 (213.33)Self-efficacy for obtaining respite

.36–0.92430 (397.5)440 (440)445 (445)Self-efficacy for responding to disruptive patient behaviors

.58–0.55345 (342.5)340 (315)335 (335)Self-efficacy for controlling upsetting thoughts about caregiving

>.990.001040 (955)975 (952.5)975 (993.33)Total scores

Facebook Intensity Scale

.07–1.8317.55 (21.55)9.5 (12)9.5 (11.67)Familiarity with Facebook

.11–1.60620 (585)490 (505)250 (420)Approximate no. in Facebook network

>.990.0060 (53.75)40 (65)40 (65.83)Time to use Facebook (min/day)

Discussion

Feasibility of the Intervention
We evaluated the feasibility of soliciting acceptable answers to
informational and emotional questions through the Facebook
News Feeds of caregivers. Based on participation and qualitative
feedback from participants, our study found friendsourcing to
be a feasible Web-based intervention for AD caregivers. Our
online support group and app successfully facilitated “pushing”
caregiver questions to the Facebook News Feed of participants,
allowing their Facebook friends to see and answer these
questions. We compared friendsourcing versus crowdsourcing
answers to caregiver questions. Both provided acceptable
answers as judged by content experts, as well as similar rates
of informational and emotional support messages. However,
we consistently found that friendsourcing provided significantly
higher rates of shared experiences as compared with
crowdsourcing.

While this approach was feasible to collect acceptable answers
in the short term, sustainability is an important concern for
social-microvolunteering systems [39]. For this system to
succeed in a full deployment, it would require a reliable set of
answerers, and the quality of responses would need to be
maintained despite the potential for answerer fatigue. This needs
to be explored further in future studies.

Central to obtaining support and responding to demands for
coping is the shared experience of group membership. Shared
experience has been identified as the basis for engagement in

peer support groups, because peers can provide a level of support
that may be unavailable through natural supports like family
and friends [52]. We designed our Web-based support
intervention to include friendsourcing rather than crowdsourcing,
for reasons of greater financial affordability and greater potential
for shared experiences.

Limitations
Low sample size was a drawback of this study and limits the
generalizability of our results. Our study was too small to
determine the effectiveness of the intervention on caregiver
outcomes. However, we noted that data trended toward an
improvement in caregiver self-efficacy, sense of support, and
perceived stress.

The generalizability of the populations who provided the
friendsourced and crowdsourced answers may also be limited.
Members of crowdsourcing platforms, specifically those on
Mechanical Turk, are likely to be more educated than the
average US population [53]. Any of a user’s Facebook friends
are most likely to be the same age as the user, demonstrating
the homophily of networks around age [54]. As a result, a
caregiver’s network may be composed of more adults with an
age demographic more likely to deal with AD in their spouses
or parents. Users of Mechanical Turk have traditionally skewed
younger [55,56], and recent estimates found that 88% of workers
were 49 years or younger [55]. Thus, these workers may not
have as much experience with AD.

The duration of this study was relatively brief at 6 weeks. It is
unclear whether a longer trial of an online support group and
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friendsourced answers would provide a greater benefit for AD
caregivers. However, Rains and Young’s 2009 meta-analysis
of peer support group outcomes suggest a longer trial would
provide greater benefits to caregivers [57].

Friendsourcing Versus Crowdsourcing
To the best of our knowledge, our study is the first to examine
friendsourcing and crowdsourcing as a tool to support caregivers
of people with AD. Studies have looked at medical and
behavioral science applications of crowdsourcing. Yu et al found
that medical pictogram responses from the crowdsourcing
platform Mechanical Turk were comparable with responses
solicited in laboratory studies [47]. They concluded that the
platform could be used as a low-cost alternative to traditional
experimental studies. Other work has found similar results in
using Mechanical Turk as a venue to collect survey responses
[58], run behavioral experiments [59], collect natural language
samples [60], and build more complex algorithms that leverage
human computation [61].

Social Media for Caregivers and Emotional Support
With the changes brought by Web 2.0, social media became
another means of collecting health care information [62].
Facebook remains the most widely used social media platform
among the 73% of online adults who use a social networking
website [63]. A few of the benefits of using social media as
reported by adults seeking health care information are
interactions with others with the same condition, increased
availability of information, and emotional support [52,64].
Tailoring information and experience to suit personal needs is
another benefit that draws users [52]. Caregiver use of the
Internet and social media is greater than that of noncaregivers.
In a survey of caregivers’ online health behaviors, caregivers
used the Internet to obtain health information more than
noncaregivers, at 72% and 50%, respectively [65]. In the same
survey, 52% of caregivers participated in online social activity
as compared with 33% of noncaregivers. [65].

Online peer support groups provide caregivers with a common
platform to address emotional needs [66,67]. In addition to
being able to share personal problems and stories and to seek
advice in an easy-to-access venue, caregivers also feel
empowered by the group experience that affords intimacy and
bonding [67]. Colvin et al reported that the anonymity afforded
by Internet-based social support made users more comfortable
with using online support groups as compared with their
face-to-face alternatives [68]. Also, the asynchronous and
immediate availability of information or answers to questions
accommodate caregiving needs, such as not having to leave the
care recipient and finding answers faster.

Ethical Considerations
The collaborative nature of social media leads to information
collated from disparate sources, which could be inconsistent
with a health care professional’s knowledge and opinions.
Peer-to-peer communication does not ensure the regulation and
validity of information. Users often report that they crosschecked
information online or waited for consensus to develop in a group
before they regard a piece of information as credible [69]. The
task of processing large volumes of online information and

deriving insights falls on the users. Medical providers often
express concerns that inaccurate health information will be
shared in online communities [70]. Most online communities
address this issue through online moderation.

For many online communities, moderation is limited to policing
of requests for answers to clinical questions. In these situations,
moderators will typically close a post and indicate to a user that
he or she should see his or her doctor to address this question
or a “SeeDoc” thread [29]. Downsides to this approach include
missed opportunities for sharing of experiences, informational
support, and emotional support. Some authors argue that peers
offer an expertise distinct from the medical expertise of health
care professionals [71].

In unmoderated online peer support groups, nonparticipation
or reading-without-posting behavior has been identified as a
drawback that reduces overall group interaction and the
development of mutual aid [30]. With our study design, we
showed that an online social media peer support group was
feasible. Moderation in our study reduced
reading-without-posting behavior.

Future Research
Work presented here included the limited analysis of the first
group of our study cohort. Following completion of the project
(2 more groups), we hope to gain further insights into how
member interaction is influenced by friendsourced answers. We
are also interested in learning how caregiver outcomes may be
modified by an online support group and friendsourced support.

A similar study with a larger sample size and longer intervention
is needed to determine the effectiveness of the intervention on
caregiver outcomes and the overall sustainability of the
intervention. Determination of effectiveness would also allow
for comparisons with other existing caregiver interventions. We
believe there would be value in adding caregiver mental health
outcomes to future studies, as a modification of these outcomes
by either crowdsourcing or friendsourcing could have wide
implications. Additionally, it would be helpful to redesign the
study to allow for a systematic comparison of support received
from crowdsourcing, friendsourcing, and interactions between
group members. Further study of the extended networks and
the impact of ad hoc supportive members is also needed. In
future work, we plan to complete a qualitative analysis of the
open-ended questions answered in the preintervention and
postintervention study interviews.

Friendsourcing and crowdsourcing offer new opportunities for
caregivers of people with AD to receive informational and
emotional support; however, concerns still exist around delivery
of inaccurate health information. More work needs to be done
to assess the quality of information received through these
platforms. The growth of social media and online health
community participation in the United States make the need for
this work even more important, as people are likely to continue
to use these online venues.

Conclusions
We found this asynchronous, online, closed group on Facebook
to be generally acceptable by the peer support group studied as
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a means to deliver support to AD caregivers. Implications could
be wide reaching if larger studies find a significant impact on
caregiver outcomes, as a similar intervention could be applied
to caregivers of other diseases, such as cancer, serious mental
illness, and developmental disabilities.

Both friendsourcing and crowdsourcing displayed potential as
novel delivery methods of emotional and informational support
to AD caregivers. Friendsourced answers demonstrated higher
rates of shared experiences, which suggests that friendsourcing
may be superior.
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Abstract

Background: Despite efforts made by public health organizations to improve consumption of fruits and vegetables, populations
in developed countries usually eat less than the minimum recommended. Social media, such as blogs, represent a unique opportunity
for improving knowledge translation in health care because they facilitate interactive communication between the public and
health professionals. However, no studies have yet evaluated the effect of blogs to promote dietary behavior changes.

Objective: Our study aims to conduct a preliminary assessment before undertaking a full randomized controlled trial (RCT) of
the feasibility of using an evidence-based healthy eating blog promoting the consumption of fruits and vegetables among adult
women.

Methods: A total of 80 women aged 18 years and older (mean 42, SD 13 years) eating less than five servings per day of fruit
and vegetables (mean 2.75, SD 1.84 servings) were recruited. Participants were randomized to the healthy eating blog group
(n=40), which included a weekly blog post over a 6-month period, or to a control group (n=40) that had no exposure to the healthy
eating blog. Blog posts were written by a registered dietitian and focused on the improvement of fruit and vegetable consumption.
We targeted four main determinants of the behavior that were identified as the best predictors for fruit and vegetable intake by
two systematic reviews: (1) knowledge, (2) attitude, (3) self-efficacy, and (4) motivation. The intervention was considered feasible
if (1) more than 70% of questionnaires were completed, (2) attendance rate was more than 90% for in-person appointments with
the research coordinator, (3) participants accessed at least 75% of the blog posts, and (4) the attrition rate was less than 25%.
Blog access was assessed by collecting the blog browsing history data for each participant.

Results: During the intervention, 26 posts were published on the blog. Pre- (baseline) and postintervention (6 months)
questionnaires were completed by mean 97% (SD 3%) of participants. All participants attended their in-person appointments.
Women accessed mean 87% (SD 7%) of the posts published during the intervention. Only 3% (2/80) of participants dropped out
of the study. Between the healthy eating blog and control groups, a difference of 1.0 servings of fruits and vegetables (P<.001)
indicated moderate effects of the intervention (Cohen d=0.54).

Conclusions: These results suggest that an intervention using a healthy eating blog meets preestablished feasibility criteria. A
larger-scale RCT using the same methodology will be conducted to assess the impact of a healthy eating blog on the dietary habits
of women.
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Introduction

Healthy Eating
The incidence of chronic diseases has dramatically increased
worldwide [1]. The adoption of a healthy diet is recognized as
the cornerstone in the prevention and management of chronic
diseases [2-4], which are the leading cause of mortality and
disability worldwide [1]. One of the best indicators of diet
quality is high fruit and vegetable consumption [5], which can
help achieve or maintain a healthy body weight [6] and reduce
the risk of some cancers [7] and cardiovascular diseases [8].
Accordingly, the World Health Organization recommends a
daily consumption of at least 400 grams of fruits and vegetables
for the prevention of chronic diseases [9], which corresponds
to five servings of fruits and vegetables in Canada’s Food Guide
[10]. In Canada, despite the establishment of health promotion
initiatives aiming to increase fruit and vegetable consumption,
only 40% of Canadians aged 12 years and older consumed at
least five servings daily in 2014 [11]. The situation is similar
in the United States and in other developed countries [12-14].

Although it is clear that the adoption of preventive behaviors
such as a healthy diet is associated with health benefits,
nonadherence rates to medication and lifestyle changes are
estimated to be 50% in developed countries [15]. Recent
systematic reviews have shed light on interventions that best
promote dietary behavior change and, thus, adherence to a
healthy diet [16]. More specific to fruit and vegetable
consumption, systematic reviews aimed at identifying
theoretically derived psychosocial determinants of fruit and
vegetable intake reported that habit, motivation/goals, beliefs
about capabilities/self-efficacy, knowledge, and social support
were consistently identified as important determinants of fruit
and vegetable consumption [17,18]. Although the previously
mentioned systematic reviews contribute to our knowledge
about the effective components that should be included in dietary
behavior change interventions, much remains unknown about
the knowledge translation strategies that should be used to
optimally deliver these interventions so that individuals
successfully improve their dietary habits.

Social Media Interventions
Chronic disease prevention and management require sustained
lifestyle behavior changes and a long-term commitment, which
can require help from a health professional. However, dietary
counseling may not be accessible for some patients, such as
those living in rural areas, having inflexible working hours and
schedule, or having reduced mobility. To overcome these
barriers and to inform preventive health care quality
improvement, social media interventions in nutrition, such as
blogs, could be an effective strategy to reach a large proportion
of the Internet population with diverse sociodemographic
characteristics, independently of education, race/ethnicity, or
health care access [19,20]. Blogs are websites where entries,

called posts, are written by individuals or a group of individuals
including health professionals [21]. Blogs display unique
features such as interactivity, social support, and convenience,
which could make them valuable additions or alternatives in
some cases to traditional face-to-face clinical encounters [22,23].
Another interesting feature of blogs is that bloggers have been
found to act as knowledge brokers by playing a crucial role in
directing their readers through opinions and hyperlinks [24].

Purpose of the Feasibility Study
Despite the fact that health blogs are proliferating at high speed,
there is no empirically supported knowledge on the impact of
health blogs on consumers’ health behaviors and outcomes to
promote healthy dietary behavior changes (eg, increase fruit
and vegetable intake). To our knowledge, no study has yet
evaluated the effects of an evidence-based healthy eating blog
on women’s dietary and eating behaviors. Moreover, attrition
rates, which refers to the proportion of users who drop out before
completion of the study [25], are high in most Web-based health
interventions [26-29]. Therefore, as a first step before
conducting a randomized controlled trial (RCT), the purpose
of this pilot study was to assess the feasibility of a dietary
intervention using a healthy eating blog written by a registered
dietitian through collecting blog browsing history data for each
participant to determine compliance rates, participation rates,
and attrition rates.

As a secondary objective, we intended to collect clinical data
such as fruit and vegetable consumption and anthropometric
measurements. Although this feasibility trial was not powered
to detect differences in these outcomes, their assessments will
be useful to evaluate the data collection tools. It will also provide
an indication of the variance in measurement (effect size) to be
used for the power calculation for the definitive RCT.

Methods

Study Design
This study was a randomized feasibility trial comparing two
groups: control and healthy eating blog (access to the healthy
eating blog). The sample size for feasibility trials is typically
determined pragmatically, with recommendations of a minimum
of 30 participants per group [30,31], which is what we aimed
for in our study (n=40 per group to account for dropouts). This
study was created according to Thabane’s checklist for pilot
studies [32].

Participants and Recruitment
An advertisement was sent to a list of people who had indicated
interest in participating in the Institute of Nutrition and
Functional Foods clinical studies. Also, some members of the
research team posted the ad on their personal Facebook page.
The eligibility of participants was assessed over the phone based
on the following inclusion criteria: (1) a woman aged 18 and
older living in the Quebec City metropolitan area, (2) has
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Internet access as well as an active email address, and (3)
consumes less than five servings of fruits and vegetables per
day (assessed with a 24-hour recall performed by a registered
dietitian). We chose to focus the intervention on women because
they are primarily responsible for food purchase and preparation
in households. Therefore, nutrition promotion strategies that
target women have the potential for reach that goes beyond the
individual and can thereby improve their family’s health [33,34].
Moreover, a vast majority of dietitian bloggers are women, with
a readership predominantly made of women, so our study was
shaped around what is available in terms of nutrition blogs
[35-37].

Eligible participants were randomized by the research
coordinator, who generated a random order list using the
Institute of Nutrition and Functional Foods (INAF)’s Web
platform. Participants were then scheduled for an in-person
individual first visit at the research center to complete a baseline
clinical outcomes assessment. All participants gave written
informed consent and received Can $100 financial compensation
at their final visit at INAF. This project was approved by the
ethics committee of Laval University (2014-084 on May 21,
2014).

Intervention

Preliminary Phase
As a preliminary step, in 2013 we performed a qualitative study
exploring women’s views and expectations regarding healthy
eating blogs as a means to improve their dietary behaviors [38].
Focus groups and individual interviews allowed us to identify
the main facilitators and barriers to using a healthy eating blog
and preferred key features. The interviews revealed that women
preferred blogs that clearly identified the dietitian-blogger:
name, picture, academic education, and professional experience.
Women also liked beautiful food pictures, recipes that allowed
them to apply dietary advice addressed in the posts, and videos
showing new cooking techniques. They also mentioned they

appreciated when the dietitian-blogger included scientific
references at the end of the post. These data were used to
develop the healthy eating blog.

Intervention Development
The development of the intervention was inspired by the steps
of the Intervention Mapping protocol [39] and the results of the
preliminary phase described previously [38]. The target behavior
of the healthy eating blog was to increase fruit and vegetable
consumption. Therefore, blog posts aimed at discussing various
positive aspects of healthy eating with a focus on fruit and
vegetable intake.

Based on clinical experience of the registered dietitians on the
research team and on national and international public health
campaigns [40-42], six performance objectives were chosen to
improve the target behavior (Figure 1). The performance
objectives chosen were, in chronological order of appearance
on the blog, (1) eating fruit and vegetables at every meal, (2)
planning fruit and vegetables purchase and preparation, (3)
knowing a variety of fruit and vegetables, (4) healthy ingredient
substitutions in recipes, (5) reading nutritional labels, and (6)
making better choices at the restaurant. Based on two recent
systematic reviews [17,18] that aimed to review psychosocial
determinants of adult fruit and vegetable consumption from
different theories and their constructs, we identified the most
significant psychosocial determinants of fruit and vegetable
consumption applicable to blogs: (1) knowledge, (2) attitude,
(3) self-efficacy, and (4) motivation/goals. For each performance
objective, we focused on one psychosocial determinant per
week. Finally, to promote fruit and vegetable intake through
these psychosocial determinants, we used Abraham and Michie’s
taxonomy of effective behavior change techniques [43,44]. This
taxonomy has been used in multiple studies [45,46] and helped
clarify the evidence base about behavior change, allowing
specification of interventions in published reports and improving
replication, implementation, and evidence synthesis. The
platform used to build the blog was WordPress.
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Figure 1. Conceptual framework of the intervention. F&V: fruits and vegetables.

Intervention Procedure
The 6-month intervention started on January 13, 2015.
Participants received an email to inform them of their allocation
(control group or healthy eating blog group). Women in the
healthy eating blog group received an identification code and
a password to access the healthy eating blog as well as
instructions on how to navigate the experimental blog website
entitled “Salsa Etcetera” (Figure 2), and how to add comments.
They were invited to consult the first two published posts on
the healthy eating blog. The research coordinator (coauthor
VBM) was available throughout the study to support participants
with any issues related to the use of the blog website, while the
dietitian-blogger (first author MEC) was primarily responsible
for the content of the blog posts, each of which was discussed
with coauthors SD and VP. To thank participants in the control
group for participating to our study, we gave them a user code
and a password after the 6-month intervention that gave them

access to the healthy eating blog posts. However, they could
not comment or interact with the dietitian-blogger.

Blog posts and comments were read and reviewed by the team
of researchers and dietitians before they were published online.
Each post included a step-by-step recipe developed by the
research team that featured fruits and vegetables. Recipes were
described using text and pictures and/or video. Twenty-six posts
were created over the 6-month intervention, including the two
that were already on the blog when the participants first logged
on. Because the majority of women who participated in our
preliminary phase mentioned they would like a weekly post to
be published (as opposed to twice a week or once every two
weeks), participants received a new blog post once a week for
24 weeks. An email was sent every week to inform them that
a new post was on the blog. We also sent an email reminder to
participants who did not log on the blog for two consecutive
weeks.

JMIR Res Protoc 2017 | vol. 6 | iss. 4 |e59 | p.291http://www.researchprotocols.org/2017/4/e59/
(page number not for citation purposes)

Caplette et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 2. Home page of the intervention healthy eating blog “Salsa Etcetera.”.

Data Collection
All participants were seen at the INAF twice during the study:
once at the beginning and once at the end of the 6-month
intervention to complete Web-based questionnaires and for
anthropometric measurements using standardized procedures
(height, weight, and waist circumference) [47]. Body mass index
(BMI) was calculated based on measured height and weight.
We asked participants to complete a total of six Web
questionnaires, including a sociodemographic questionnaire (42
questions), a validated food frequency questionnaire (FFQ; 136
questions) [48], the Three-Factor Eating Questionnaire (a
51-item validated questionnaire) [49], the Restraint Scale (a
validated 11-item questionnaire) [50], the Intuitive Eating Scale
(a validated 21-item questionnaire) [51], and a social support
questionnaire (2 questions). A final questionnaire (4 questions)
was added following the intervention to document whether
women had been on a specific diet that could affect their food
intake over the study period. Participants in the healthy eating
blog group also received a monthly Web questionnaire assessing
perceived utility of the blog posts. For example, they were asked
their opinion about the posts published, if information presented
was useful, and if they would use this information in the future.

Feasibility was assessed by evaluating compliance rates,
participation rates, and attrition rates. Compliance rates were
measured for the 80 participants by the (1) completion of
questionnaires assessing clinical outcome data measures for our
definitive RCT (change in fruit and vegetable intake, changes
in eating behaviors, social support, body weight) and (2)

attendance at in-person appointments with the research
coordinator. Based on a previous study at INAF that involved
the completion of a similar number of questionnaires [52],
completion of the questionnaire was considered feasible if it
exceeded 70%. The target of attendance for in-person
appointments at INAF was 90%. Participation rates were
assessed through frequency of use, which was measured
primarily by recording the number of posts women accessed
out of the 26 published, but also by the number of comments
made to the dietitian-blogger’s posts and replies to their peers’
comments initiated by participants. For this specific feasibility
outcome, we expected participants to access 75% of the blog
posts over the 6 months. The control group did not have access
to the blog, so these data were collected for the 40 healthy eating
blog participants using Google Analytics and the Web platform
(WordPress). Based on a systematic review of Web interventions
for changing dietary behaviors [53], we considered the attrition
rate acceptable if it was less than 25%.

This feasibility study was not designed to achieve sufficient
statistical power to address behavioral outcomes. However,
these outcome measures were useful to provide better guidance
with regard to development of the definitive RCT. Among the
behavioral outcomes of interest, fruit and vegetable intake was
assessed with a validated Web-based FFQ [48] at baseline and
6 months. The Web FFQ is an online self-administered
quantitative FFQ that allows measuring usual dietary intake
over a 1-month period.
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Statistical Analysis
The program SAS was used to analyze data obtained from the
questionnaires and to calculate descriptive statistics of the
healthy eating blog group and the control group. We used t tests
to compare the two groups and the generalized linear model
procedure to evaluate the effect of time and group on FFQ
variables. Means and SD were calculated for the healthy eating
blog group. Effect size measures were calculated comparing
the mean for fruit and vegetable consumption postintervention
of the two groups.

Results

Study Recruitment and Baseline Characteristics
Recruitment took place from October 28, 2014 to December
15, 2014 (7 weeks). During this time, eligibility was assessed

for 128 women (Figure 3). Among them, 37 were excluded
from the first screening for not meeting inclusion criteria (eating
≥5 portions of fruits and vegetables a day: n=34; not having
access to Internet during the 6-month intervention: n=3). Eleven
eligible participants did not show up at the first appointment
and did not express further interest in participating in the study.
A total of 80 women (63% of total responding women, n=75
recruited from the mailing list and n=5 recruited on Facebook)
enrolled in the study and submitted consent forms at their first
visit. Two participants left the study during the first month for
personal reasons (one had a concussion and could not use a
computer and the second had a death in her family and did not
want to participate). Demographic information for participants
is described in Table 1.
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Table 1. Sociodemographic characteristics, eating habits, and Internet use characteristics of participants (N=80).

PControl (n=40)Healthy eating blog (n=40)Sociodemographic, eating habits, and Internet use characteristics

.9542.2 (13.4)42.0 (13.7)Age (years), mean (SD)

>.99Race, n (%)

37 (93)36 (90)White

3 (8)4 (10)Other

.56Education completed, n (%)

4 (10)6 (15)High school

13 (33)15 (38)College

23 (58)18 (45)University

0 (0)1 (2.5)Did not answer

.42Family income (Can $), n (%)

2 (5)4 (10)0-19,999

11 (28)15 (38)20,000-49,999

12 (30)12 (30)50,000-99,999

7 (18)4 (10)100,000-149,999

1 (3)1 (3)150,000-199,999

0 (0)1 (3)≥200,000

7 (18)3 (8)Did not answer

.2127.1 (6.4)27.7 (5.2)BMI (m/kg2), mean (SD)

.433.05 (1.70)2.45 (1.94)Fruit and vegetable daily intake (servings), mean (SD)

.39Time spent on Internet for leisure (hours/week), n (%)

1 (3)0 (0)<1

7 (18)5 (13)1-2

12(30)12 (30)3-4

10 (25)17 (43)5-10

10 (25)6 (15)≥10

Most-used tools for Internet navigation, n (%)

30 (75)26 (65)Computer

4 (10)4 (10)Smartphone

6 (15)9 (23)Tablet

0 (0)1 (3)Did not answer

.85Places where Internet is most often used, n (%)

36 (90)34 (85)Home

3 (8)4 (10)Work

1 (3)1 (3)Car or bus

0 (0)1 (3)Other

.5034 (85)36 (90)Read a blog before, n (%)

.6520 (50)22 (55)Read a nutrition blog before,a n (%)

.6327 (68)29 (73)Read comments on a blog,a n (%)

.438 (20)11 (28)Commented on a blog,a n (%)

a Only among participants who had already read a blog before.
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Participants were mostly white women aged between 22 and
71 years of age (mean 42, SD 14 years) and ate less than five
portions of fruits and vegetables per day (mean 2.75, SD 1.83
servings). The majority of these women received college- or
university-level education and more than half of respondents
(38/70) had a family income greater than Can $50,000. Mean
BMI was 27.5 (SD 4.6), and 31% (25/80) were obese according
to Canadian Health Risk Classification (BMI ≥30) [54]. In all,
53% (42/80) had already consulted a blog before. As shown in
Table 1, there were no significant differences between the two
groups.

Feasibility Outcomes

Compliance Rates
Preintervention and postintervention questionnaires were
completed by all participants in both the healthy eating blog
and control groups. The monthly questionnaire was completed
by 97% (37/38) of participants on average. The lowest
completion percentage (92%, 35/38) was observed on month
4. All participants in both groups attended their in-person
appointments (100%, 38/38). Therefore, compliance rates all
reached our feasibility criteria.

Figure 3. Flowchart of participants. F&V: fruits and vegetables.
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Participation Rates
As shown in Figure 4, each weekly post was accessed by at
least 73% of women (27/37). We also filmed and edited two
videos showing cooking techniques that we posted on YouTube
and linked to the blog. Six of 40 participants (16%) viewed the
first video, and 4 of 40 participants (11%) viewed the second

(Table 2). Participants posted a total of 514 comments on the
blog during the intervention. On average, each participant
commented 2 (SD 0.4) times per month. Data logs were
impossible to collect for one participant who had a firewall
installed on her computer. Feasibility criterion was set at 75%
of participants viewing each post, as shown by the bold line in
Figure 4.

Table 2. Participation rates on the healthy eating blog during the 6-month intervention (n=38).a

TotalMonthParticipation

654321

Jun 4-Jul 1May 7-
Jun 3

Apr 9-May 6Mar 12-Apr
8

Feb 12-Mar
11

Jan 13-Feb 11Date range

26444446Articles posted each month, n

Comments

5147571738074141Total comments,b n

17.7 (4.7)16.8 (2.8)15.0 (1.5)17.0 (5.5)16.5 (2.0)17.5 (2.0)23.5 (9.9)Comments/post, mean (SD)

13.5 (0.7)2.0 (0.0)1.9 (0.1)1.9 (0)2.1 (0.1)1.9 (0.2)3.7 (0.3)Comments/participant,b mean (SD)

Posts, recipes, and videos, n

12727301061935Total printed recipesb,c

10460000Total video viewsb,c,d

a n=38 because two participants dropped out.
b For the month’s new posts and precedent posts.
c n=37 because data logs were impossible to collect for one participant who had a firewall installed on her computer.
d First video was posted on May 6 and the second video was posted on June 4. All four views during month 6 were for video 2.

Figure 4. Percentage of participants (n=37) who viewed each post. Note data logs were impossible to collect for one participant who had a firewall
installed on her computer. The bold blue line represents the feasibility criterion of 75% of participants viewing each post.

Attrition Rate
The attrition rate was 3% (2/80), which is less than our
preestablished 25% criteria. The two participants who dropped
out were in the healthy eating blog group and the reasons were
external to the study as mentioned previously.

Clinical Outcomes
We observed no significant differences in fruit and vegetable
consumption between the healthy eating blog group (mean 2.44,
SD 1.91 portions/day) and the control group (mean 3.05, SD

1.70 portions/day) at baseline (Figure 5). However, the healthy
eating blog group significantly increased their fruit and
vegetable consumption at the 6-month visit (mean 4.23, SD
1.85 portions/day, P<.001; mean difference 1.79, SD 2.47
portions/day), and this was significantly different from the
control group (mean 3.22, SD 1.86 portions/day, P<.001). No
significant changes in other food groups were found. The
difference of 1.0 servings of fruits and vegetables (P<.001)
found between groups indicated moderate effects of the
intervention (Cohen d=0.54). There were no significant
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differences between anthropometric measurements before and
after the intervention (Cohen d=0.14).

Figure 5. Mean fruit and vegetable consumption for the two
groups before and after the 6-month intervention (n=78).

Figure 5. Mean fruit and vegetable consumption for the two groups before and after the 6-month intervention (n=78).

Discussion

Our study is the first to evaluate the feasibility of an intervention
using an evidence-based healthy eating blog to improve
women’s dietary and eating behaviors. According to our
preestablished criteria, the intervention is deemed feasible.

Compliance Rates
Measured completion of pre- and postintervention questionnaires
(100%) and in-person appointment attendance (100%) met our
preestablished compliance rate criteria. Unsurprisingly, all
questionnaires were completed because participants filled them
in during their in-person appointment, which everyone attended.
Compliance rates were high for both the healthy eating blog
and control groups. The incentive of Can $100 given at the end
of the study may have contributed to compliance. Completion
of the monthly questionnaires by the healthy eating blog group
(mean 96.5%, SD 3.2%) also met our compliance rate criteria
of 70%. The reminder sent to participants when they did not
complete the monthly questionnaire may have contributed to
achieving this high completion rate.

Participation Rates
It is known that increased participant use of and engagement
with an intervention platform are associated with greater
behavior change [55]. Our criterion to assess participation was
for participants to view at least 75% of published blog posts.
This criterion was met; participants viewed a mean 86.6% of
posts. Only two blog posts were seen by less than 75% of
participants (73% for posts 1 and 7).

In concordance with studies included in Williams et al’s
systematic review of RCTs examining the use of social media
to promote healthy diet and exercise in the general population
[26], participation rates, measured by the number of pages
viewed and the number of comments, were higher in the first
month. Higher participation in our study could probably be
explained by the fact that two blog posts were published before
the study onset so that participants would enter the study and
find an active blog. The challenge, as identified by Williams et
al [26], is to maintain adherence and keep the participants
engaged. However, unlike studies included in this review, we
did not find a decrease in usage throughout the intervention
period. This could have been due to selection of the intervention
components that led to a sustained interest from participants.
The fact that we responded to all comments posted on the blog
by participants in a timely fashion might have helped to optimize
participation.

Participants in our preliminary study [38], and in other studies
as well [27,56], mentioned that receiving an email when a new
post was published was a useful reminder to engage with the
blog. A review examining mobile health interventions for
lifestyle behavior changes mentioned that reminders can improve
adherence to behavioral goals [57]. This, along with reminders
sent to participants who did not log on to the blog for two
consecutive weeks, could have helped maintain adherence to
the intervention.

We did not have a criterion for the number of comments on the
blog, but compared to existing blogs, the participation rate was
very high [58]. The fact that comments were posted
anonymously (participants were named Blog-pilot X) could
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have encouraged participants to publish comments without
apprehensions regarding privacy [59]. Using a narrative
approach and asking a question to blog readers at the end of all
posts could have positively influenced interaction [38,60].

Only a few people watched published videos (16% for video 1
and 11% for video 2). This is consistent with findings from
Strekalova et al [61], who concluded that messages with photos
are more effective than videos for encouraging public
engagement on Facebook. In our preliminary study [38], 45%
(15/33) of women mentioned that videos could be useful;
however, 27% (9/33) thought they were not very relevant and
30% (10/33) mentioned not having enough time to watch them.
In a RCT comparing a video and text version of a Web-based
computer-tailored intervention for obesity prevention, the video
version was the most effective intervention and most appreciated
[62]. Therefore, videos could prove useful for reaching a certain
portion of the population, for instance less-educated people who
could have a lower literacy level [63], so blog interventions
could be adapted according to the target audience. Because
videos were not popular in this pilot study, we will not include
them in the future RCT.

Attrition Rate
Attrition rate was very low (3%, 2/80). This could be due to the
honorarium given to participants in both the control group and
healthy eating blog group at the end of the study (Can $100).
We also think that this study did not imply much time and
involvement because participants could log on to the blog from
home and were not forced to write comments and interact with
the dietitian-blogger or other participants. A recent study
examined the feasibility of delivering a group Web-based and
face-to-face weight-loss intervention to 40 young adults with
low income and reported that 30% of participants completed
the 5-month intervention [56]. This attrition is high, and higher
numbers have been observed in other Web-based weight-loss
interventions [64,65]. A systematic review of 12
computer-tailored dietary behavior change interventions
identified some commonalities between the five studies with
higher retention rates: “all used highly motivated and/or
self-select samples; a majority were intended as multiple
exposure interventions ranging from two to six months and a
majority offered incentives to participants” [53].

Limitations of the Study
Our sample may not be representative of the general population.
According to a 2014 report by the Pew Research Center, users
of social media in the United States are predominantly aged
between 18 and 34 years [66]. Also, a cross-sectional survey
on health-related communication trends and practices concluded

that a significant linear relationship was observed between
younger age and blogging site participation [19]. Our sample
had a mean age of 42.0 (SD 13.7) years, which is older than
what is observed for users of social media. Posting an ad on the
personal Facebook page of the research team members may
have created a bias due to the demographics of the research
team; a more active Facebook or Twitter recruitment could have
helped to recruit younger people [67]. Moreover, participants
in our study were mostly white, well educated (college or more),
and had a relatively high family income. According to a survey
conducted by the Pew Research Center in 2014, the majority
of adults who are active on social media platforms have a family
income less than US $30,000 [68]. In order to reach a more
diverse audience, other recruitment methods for the RCT, such
as posting an ad in local newspapers and in community centers,
should be considered.

Finally, we faced some difficulties in obtaining records of
log-ins. Depending on the WordPress updates (the Web software
used to create the blog), we noticed that statistics were erroneous
for a small number of participants whose log-in statistics were
not recorded for some posts, although they had commented on
these same posts. This is why we chose to focus on the number
of comments and the number of page views to assess
participation rates, and not the number of log-ins, which was a
less reliable statistic.

Conclusion
This feasibility study provided valuable information about how
to optimize and implement a healthy eating blog intervention.
It also contributed to inform the conduct of a future definitive
RCT to assess the efficacy of a healthy eating blog to improve
dietary and eating behaviors. Because preestablished feasibility
criteria were met, characteristics of the intervention to be used
in the RCT will remain unchanged. Given the novelty of this
intervention, this project paves the way for designing and
evaluating the effects of other social media tools on consumers’
health outcomes. This study was the first to provide an
empirically supported basis for the design of interventions using
social media, more specifically blogs, to improve the quality of
health promotion and disease prevention health care services
through enhanced bidirectional exchange of evidence-based
and experiential nutrition-related knowledge.

To date, there is very modest evidence that interventions using
online social media may be effective. Because the Web is used
more and more and this field of research is very recent [29],
more research is needed to determine the effects of a blog on
dietary and eating behaviors.
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Abstract

Background: Mobile phones offer new opportunities to efficiently and interactively collect real-time data from patients with
acute illnesses, such as urinary tract infections (UTIs). One of the main benefits of using mobile data collection methods is
automated data upload, which can reduce the chance of data loss, an issue when using other data collection methods such as
paper-based surveys.

Objective: The aim was to explore differences in collecting data from patients with UTI using text messaging, a mobile phone
app (UTI diary), and an online survey. This paper provides lessons learned from integrating mobile data collection into a randomized
controlled trial.

Methods: Participants included UTI patients consulting in general practices that were participating in the Supporting the
Improvement and Management of UTI (SIMPle) study. SIMPle was designed to improve prescribing antimicrobial therapies for
UTI in the community. Patients were invited to reply to questions regarding their UTI either via a prospective text message survey,
a mobile phone app (UTI diary), or a retrospective online survey. Data were collected from 329 patients who opted in to the text
message survey, 71 UTI patients through the mobile phone UTI symptom diary app, and 91 online survey participants.

Results: The age profile of UTI diary app users was younger than that of the text message and online survey users. The largest
dropout for both the text message survey respondents and UTI diary app users was after the initial opt-in message; once the
participants completed question 1 of the text message survey or day 2 in the UTI diary app, they were more likely to respond to
the remaining questions/days.

Conclusions: This feasibility study highlights the potential of using mobile data collection methods to capture patient data. As
well as improving the efficiency of data collection, these novel approaches highlight the advantage of collecting data in real time
across multiple time points. There was little variation in the number of patients responding between text message survey, UTI
diary, and online survey, but more patients participated in the text message survey than the UTI diary app. The choice between
designing a text message survey or UTI diary app will depend on the age profile of patients and the type of information the
researchers’ desire.

Trial Registration: ClinicalTrials.gov NCT01913860; https://clinicaltrials.gov/ct2/show/NCT01913860 (Archived by WebCite
at http://www.webcitation.org/6pfgCztgT).

(JMIR Res Protoc 2017;6(4):e61)   doi:10.2196/resprot.6389
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Introduction

Paper-based surveys have been the standard for collecting
patient data in health research. This data collection method is
limited due to issues related to data entry and storage costs.
Mobile phones offer new opportunities to collect real-time data
in a much more efficient and interactive way including
automated data upload without data loss, which can be an issue
when using other data collection methods [1]. Mobile phones
have already been used successfully in the past in the
development of health and behavioral change interventions.
Examples include in the areas of diabetes self-management,
weight loss, physical activity, smoking cessation, and medication
adherence [2].

Text messaging or short message service (SMS) has become a
ubiquitous method of communication displacing more traditional
landline infrastructures [3]. In 2009, Irish citizens were the
second-highest users of SMS text messaging in Europe, sending
an average of 2700 text messages per year [4]. In 2010, there
were an estimated 5.5 million mobile phone subscriptions in
Ireland equating to a mobile phone penetration of 119% [5].
Text messaging is fast and convenient giving users flexibility
to respond at any time or place and presenting new opportunities
to evaluate health-related interventions. The use of automated
text messaging services for evaluating health interventions is
growing.

According to a recent survey, 75% of people in Ireland are
mobile phone users [6]. In 2009, worldwide mobile app
downloads amounted to approximately 2.52 billion and are
expected to reach 268.69 billion in 2017 [7]. Mobile phones
offer researchers new data collection opportunities due to the
way in which they are used and how data are shared. Mobile
phone apps can reduce data management and processing time
for researchers; however, technical difficulties are considered
a disadvantage [8]. Mobile phones have been used in the
self-management of health and as an adaptive learning, sharing,
and social support platform for individuals [9]. However, only
recently have apps been used to capture data related to health
for the purposes of scientific research. One of the first initiatives
in this direction has recently been launched by Apple, who
introduced a mobile platform for biomedical research to boost

large-scale health studies [10]. Mobile apps are transforming
how medicine is conducted and taught in the health care setting
[11]; however, there is little evidence of how they can be used
to rigorously monitor patient outcomes. To our knowledge, no
study has captured real-time data from patients to record urinary
tract infection (UTI) symptoms and treatment using a mobile
phone app.

This is the also the first time SMS text messaging and mobile
phone apps have been used as part of an evaluation of a complex
intervention. This paper explores the feasibility of using novel
mobile data collection methods to enhance evaluation of
complex interventions. This paper illustrates how patient data
were collected via a text messaging survey, mobile phone
symptom diary app, and retrospective online questionnaire
within the Supporting the Improvement and Management of
UTI (SIMPle) study. It concludes by discussing the lessons
learned from adopting these novel approaches and the potential
implications.

Methods

Procedure
Data were collected from UTI patients through text message
survey, a mobile phone symptom diary app (UTI diary), and an
online survey. UTIs are the second-most common infections
presenting in primary care. Symptoms include feeling unwell,
frequency and urgency of urination, pain when passing urine,
and pain in the lower abdomen [12]. General practitioners (GPs)
from 30 practices participating in the SIMPle study [13] were
asked to invite patients with suspected UTI to provide their
mobile phone number to the research team. Figure 1 summarizes
how the data were collected. Ethical approval was granted for
this study through the Irish College of General Practitioners
research ethics committee.

The research team initiated contact with UTI patients via text
message. The first text message confirmed consent before further
participation. Patients who replied “yes” (indicating consent)
were invited to complete a text message survey or download
the UTI diary app. Patients who completed the text message
survey were sent a link to an online survey once they had
responded to three questions over five days.
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Figure 1. Data collection procedures for the SIMPIe study.

Text Message Survey
The text message survey was designed to capture data from
patients on the type of treatment they recieved, when they started
antimicrobial treatment (if at all), and the duration of symptoms.
The text message workflow was designed using a customized
process that included a 24-hour delay between each question.
Text messages were sent at noon each day. Each question used

a different keyword (yes, UTI, start, day, and optout UTI). These
keywords were used to differentiate responses to each of the
questions. Questions were limited to 160 characters including
spaces, keywords, response options, and opt-out instructions.
An example of one of the questions was: “ Did the GP give you
a) antibiotic prescription b) antibiotic prescription & asked to
wait 2 days c) other. Freetext UTI & the answer (eg UTI a) or
OPTOUT UTI.” All messages were free to send and receive
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and patients could opt out of the process at any stage. Text
messages were pretested for comprehension.

Urinary Tract Infection Diary App
The UTI diary app and online survey focused on examining the
type of symptoms, severity of symptoms, and treatment
recommended. Questions were developed from previous
international qualitative and quantitative studies and further
expert opinion. Both the UTI diary app and online survey were
pretested to ensure face validity of measures and usability.

The UTI diary app captured data in “real time” over 7 days
(days 1-5 and day 7; Figure 2). The UTI diary app was
compatible with Android and iOS (Apple) platforms. On

downloading the UTI diary app (day 1), participants completed
profile questions (age, gender, employment status), general
health, severity of symptoms, and outlined the type of treatment
the GP recommended. On days 2 to 5, the same two questions
were repeated: severity of symptoms (pain scale) and medication
taken (if any). On day 7, participants were asked the same
questions as days 2 to 5 with three additional questions on
symptoms, satisfaction of information provided at the GP
consultation, and general health status. The UTI diary app
participants received daily reminders to complete their diary
entry.

Participants who completed the text message survey and UTI
diary were entered into a draw to win an iPad.

Figure 2. Screenshots of the UTI diary app.

Online Survey
The online survey was completed approximately 5 days after
the UTI consultation via SurveyMonkey. The online survey
was much longer than the UTI diary and included 23 questions
on patient satisfaction with the consultation, type and severity
of symptoms, treatment, and demographics. The online survey
included more extensive scales on patient satisfaction and patient
demographics, for example. Online survey participants were
entered into a draw to win €120 of vouchers.

Data Management and Analysis
Data from the text message survey and UTI diary app were
remotely uploaded and transferred to a secure
password-encrypted database. Online survey data were
downloaded from the SurveyMonkey database. Missing data
were coded prior to analysis. The text message survey, UTI
diary app, and online survey were analyzed separately. The data
were analyzed to describe participants’ demographic
characteristics and symptoms and severity experienced. All
participants’ answers were automatically entered into a data
file, which was checked for accuracy by two independent
researchers.

Data are presented as frequencies and univariate analysis was
performed using chi-square tests (at P ≤.05, 95% confidence
interval) to identify variables associated with antimicrobial

prescribing among UTI diary app users only. To evaluate if
antimicrobials improved the speed of recovery, a variable was
created to indicate the day on which they were considered
improved (set at level 2 or less on the pain scale and a second
analysis was performed with level 3 or less). Based on this
outcome, a Cox proportional hazards model with antimicrobial
prescription as an independent predictor was calculated. Data
were analyzed using SPSS version 21.0.

Results

Participants and Sample
During the SIMPle intervention period (9 months), 2264 patients
were coded U71 in the GP patient management software,
meaning these patients were identified as patients with UTIs
[14]. GPs were asked to submit a urine sample to the laboratory
for all patients who they coded as U71; patient mobile phone
numbers were written on the urine sample form and collected
by the researchers. During the intervention period, a urine
sample was obtained and sent to the laboratory from 1286
patients or approximately 50% of index consultations. A total
of 941 mobile phone numbers were collected from these urine
sample forms and these patients were sent an invitation text
message to participate in the text message survey. Of these, 351
(37.3%) patients responded to the initial invitation to participate
in the text message survey. Twenty-two participants were
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excluded from analysis due to missing data; therefore, a total
of 329 participants answered question 1 of the text message
survey. The UTI diary app was downloaded 203 times (175 iOS
users and 28 Android users) over a 6-month period. Of

participants who downloaded the UTI diary app, 71 (35.0%)
responded of whom 31 completed the 7 days of the UTI diary
app. Of the 261 who completed the text message survey, 91
(34.9%) responded to the online survey (Figure 3).

Figure 3. Summary of sampling frame.
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Table 1. Demographic characteristics of participants (N=491).

Online survey, n (%) (n=91)UTI diary app, n (%) (n=71)Text message survey, n (%)
(n=329)

Characteristics

Age (years)

13 (14)30 (42)34 (10.3)18-24

23 (25)18 (25)62 (18.8)25-34

28 (31)13 (18)63 (1901)35-44

13 (14)6 (9)64 (19.5)45-54

14 (15)4 (6)106 (32)>55

Gender

4 (4)12 (17)22 (6.3)Male

87 (96)59 (83)326 (91.7)Female

7 (2)Unknown

Employment

65 (71)50 (70)—Employed

15 (17)10 (14)—Unemployed

11 (12)11 (16)—Students

Antimicrobials prescribeda

86 (95)51 (72)132 (88)Yes

5 (5)20 (28)18 (12)No

a For text message survey, n=150.

Demographic Characteristics
Demographic characteristics of the text message survey, UTI
diary app, and online survey participants are provided in Table
1.

Across the three data collection tools, participants were mostly
female. The majority of UTI diary app participants were aged
between 18 and 34 years (67%, 48/71). This was a much
younger age profile than those completing the text message
survey (28.6%, 94/329) and online participants (40%, 36/91)
for the same age group. Those older than 35 years represented
32% (23/71) in UTI diary app group, 71.1% (234/329) of the
text message group, and 60% (55/91) of the online survey group.

The majority of participants received an antimicrobial
prescription and this was similar in the UTI diary app group
(72%, 51/71) and text messaging group (88.8%, 132/150), but
much higher in the online survey group (95%, 86/91).

Text Message Survey Response
The time taken to respond to the text survey varied between
participants. For the opt-in message and question 1, more than
half of participants responded in less than 1 hour, whereas a
further 30% took more than 12 hours to respond. For questions
2 and 3, nearly all participants responded within less than an
hour (Q2: 97.5%, 196/201; Q3: 99.5%, 213/214).

Table 2 summarizes the number of times each message was sent
before a response was received. The largest dropout from
respondents was after the initial opt-in message; once the
participant completed question 1, they were more likely to
respond to the remaining questions.

The majority of participants who choose to opt out (22.8%,
99/351) did so at the beginning of the process. Nearly 24% did
not respond to questions 2 (63/269) and 3 (63/265).

Participants sometimes used incorrect keywords, such as “UTI”
instead of the question 2 keyword “start.” When wrong
keywords were used, the responses were removed from the
analysis.
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Table 2. Number of times the text message questions were sent to UTI patients.

Thank you message, n (%)
(n=261)

Question 3, n (%)
(n=263)

Question 2, n (%)
(n=268)

Question 1, n (%)
(n=270)

Opt-in message, n (%)
(n=351)

Number of times message sent

261 (100)190 (72.2)161 (60.1)154 (57.0)251 (71.5)1

—73 (27.8)100 (37.3)116 (43.0)99 (28.2)2

——4 (1.5)—1 (0.3)3

——2 (0.7)——4

——1 (0.4)——5

Urinary Tract Infection Diary App
Unlike the text message survey, there was no pattern to when
people completed the UTI diary. The participants’ response
times depended on when they downloaded the UTI diary app.

Table 3 summarizes the overall responses for the UTI diary app.
Similar to the text message survey, there was a drop off between
opting in on day 1 and days 2 to 7. However, Table 3 highlights
that once participants completed day 2 they were less likely to
drop out of participating in the UTI diary app. Finally, Table 3
also highlights that UTI diary participants did not skip any
questions when completing the UTI diary app; therefore, all
fields provided the researchers with data.

Despite the relatively low number of responses to the UTI diary
app, the potential of this feasibility study is demonstrated in the
analysis of the answers.

Urinary Tract Infection Diary Response

Severity of Symptoms
Table 4 compares severity of symptoms reported on day 1
through the UTI diary with the retrospective account of
symptoms on day 5 from the online survey. Overall, double the
online survey participants (39%, 35/91) retrospectively rated
their symptoms to be severe compared to 18% (13/71) of
participants providing real-time data through the UTI diary app.

Table 3. Overall number of participants responding to each question in the UTI diary app.

Day, n (%)App questions

7
(n=33)

5
(n=38)

4
(n=42)

3
(n=46)

2
(n=71)

1
(n=71)

Profile questions

—————71 (100)What type of treatment did your GP recommend?

—————71 (100)Gender

—————71 (100)Age

—————71 (100)Number of children

—————71 (100)Work situations

Health questions

—————71 (100)How good or bad is your health today?

—————71 (100)How is your health in general?

—————71 (100)Overall, how satisfied were you with the treatment recommended by your GP?

—33 (87)38 (91)42 (91)46 (65)71 (100)Which of these best describes your symptoms today?

—33 (87)38 (91)42 (91)46 (65)71 (100)What medication have you taken today?

31 (94)—————Which of the following symptoms (if any) did you experience during your UTI?

31 (94)—————How good or bad is your health today?

31 (94)—————How is your health in general?

31 (94)—————Overall, how satisfied were you with the treatment recommended by your GP?

31 (94)—————How good was your GP at explaining your treatment for your UTI?

JMIR Res Protoc 2017 | vol. 6 | iss. 4 |e61 | p.309http://www.researchprotocols.org/2017/4/e61/
(page number not for citation purposes)

Duane et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Table 4. Severity of symptoms for real-time participants (app) compared to retrospective participants (online survey).

Online survey, n (%) (n=91)UTI diary app, n (%) (n=71)UTI symptoms rated

6 (7)28 (39)Mild

50 (55)30 (42)Moderate

35 (39)13 (18)Severe

Among UTI diary app participants, a significant decrease in

severity was observed between day 1 and day 2 (χ2
1=5.2, P=.02;

Table 5). Of the participants who indicated worsening of
symptoms between days 1 and 2, 64% (21/33) started
antimicrobial therapy immediately.

Figure 4 and Table 6 illustrate the severity of symptoms rated
by UTI diary app users over 5 days (days 1-5). Irrespective of

antimicrobial treatment, patients improved within 1 to 2 days
after their GP consultation. When comparing the speed of
improvement of the patients who did and did not take
antimicrobial therapy, no difference was observed in reaching
a score 2 or less on the pain scale. This was similar for reaching
a score of 3 or less (Cox proportional hazards not significant).

Table 5. Change in the severity of symptoms of the UTI diary app patients from day 1 to day 2.

Total (n=46)Antimicrobial prescription (n=33)No antimicrobial prescription (n=13)Severity of symptoms

25 (54)21 (64)4 (31)Worse

12 (26)8 (24)4 (31)Same

9 (20)4 (12)5 (39)Better

Table 6. The severity of symptoms rated by UTI diary app users over 5 days.

Daily pain scale score, nPrescribed antimicrobial
therapy

Day 5Day 4Day 3Day 2Day 1

5432154321543215432154321

1111121153242437No

192721312153174781514Yes

Figure 4. Severity symptoms rated by apps participants from days 1 to 5 (n=71).
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Discussion

This study shows the feasibility of collecting real-time data
through novel mobile data collection methods, such as text
messaging and mobile phone apps. These methods have the
advantage of collecting data in real time across multiple time
points. The respondents of this research were predominantly
female, which is reflective of the profile of a UTI patient.

Uptake by Patients
There was little variation in response between text message
survey, UTI diary, and online survey, but more patients
participated in the text message survey than the UTI diary app.
There may be a number of reasons for this observation. Firstly,
the profile of the UTI diary app users was younger compared
to text message participants. Because the mean age of patients
within the SIMPle study was 56.1 (SD 20.7) years [14], this
age group may favor text messaging over mobile phone app.
Secondly, the researchers were reliant on the GP to obtain
patient mobile phone numbers. Post intervention interviews
with GPs who participated in SIMPle indicated that some GPs
found it difficult to explain to patients why they were requesting
their mobile phone numbers, some GPs just forgot to ask
patients, whereas others choose not to ask some patients (ie,
elderly patients) thereby introducing selection bias. Therefore,
not every patient was asked to participate. Thirdly, there was
also a delay of one week between the launch of the SIMPle
intervention and the availability of the UTI diary app, which
meant that many GPs did not receive a demonstration of the
UTI diary app. Improving the uptake of any mobile phone app
for use in general practice requires full collaboration from the
GP to be able to encourage download. Our study missed the
buy-in of all GPs due to the delay.

Text Message Design
A total of 351 patients opted in to the text message survey
process, which represented a response of 37%. Each text
message needed to be 160 characters or less, the researchers
were restricted in what they could ask and how questions were
presented. This meant that it was difficult to ask validated
questions, particularly because each text message was required
to contain opt-out instructions.

Questions were organized to follow the natural resolution of
UTI and a 24-hour delay was implemented between each
question in our survey to allow the resolution of symptoms
before the final question. This may not have been clear to
participants because some responded a few times to the same
questions. An automated thank you message and better
communication about the structure of the survey can improve
this.

Repeating the question in the case of no response reminded
participants to complete the entire series of questions. This
strategy seemed to work well and is recommended if text
messaging is considered.

Mobile Phone App Design
The design of the UTI diary app allowed the researcher to
capture real-time information on the participant and their

symptoms over 7 days. Unlike the text message survey, its
design was not restricted by character length; however, cost of
design may be an issue.

Reminder messages (push notifications) were built into the UTI
diary app, but it is unclear if these were helpful for the
participants or whether participants turned these off manually.

The potential richness of data available through the UTI diary
app was also an important factor when designing this app. The
findings from the UTI diary app identified differences in
prospective and retrospective reporting of severity of symptoms.
Patients recalling severity of symptoms retrospectively (via
online survey) were more likely to rate them as severe compared
to those who were asked to rate symptoms in real time (via UTI
diary app).

Similarly, this feasibility study showed little or no association
between type and severity of symptoms and antimicrobial
treatment because the majority of patients received an
antimicrobial prescription (UTI diary app: 72%, 51/71; online
survey: 95%, 86/91). Most patients seem to visit their GP around
the peak of symptom severity. Irrespective of treatment, most
patients improved within one or at the most two days. This
seems to suggest that symptoms improve before the
antimicrobial treatment can have an effect, which is suggested
to take 24 to 48 hours. Although the sample size is too small to
draw conclusions from this data, it highlights avenues for further
research. These issues should be further examined in the
randomized controlled trial (RCT) setting where the combination
of the UTI diary app within an RCT comparing antimicrobial
and symptomatic treatment will provide further insight.

Data Analysis
All data were automatically uploaded to an encrypted server
that the researcher could access. This made the analysis process
more efficient and because data were received in real time the
researchers could observe the uptake of the various data
collection methods.

To our knowledge, no other studies have captured data on patient
symptoms, treatment, and duration of symptoms using a text
message survey or mobile phone app. The UTI diary app
captured data in real time allowing researchers to track the
progression of a UTI from consultation to when participants
were symptom-free.

Data presented in this feasibility study are limited and results
should guide further research. However, even though sample
size was limited, the results are intuitive; real-time data can be
used to capture a greater understanding of actual severity and
symptoms compared to other methods. The impact of prescribing
antimicrobial therapy on the duration or severity of symptoms
could not be established due to the small sample size, but the
results may indicate that antimicrobial treatment is not always
necessary.

Participants could turn off reminder messages resulting in
incomplete diary entries. However, this feasibility study showed
that the collection of patient data through mobile phone apps is
feasible and highly effective to collect real-time data on the
natural course of the infection, subject to treatment. Participants
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should be made aware of the importance of daily entries when
downloading the app and this should be part of the education
for both the GP and patient.

Conclusion
Due to the response rate associated with the UTI mobile phone
app within this feasibility study, it is difficult for the authors to
conclusively outline how text messaging or mobile phone apps
can help improve patient outcomes. However, this feasibility
study does identify the potential for bridging the gap between
data collection from patients recruited from multiple research
sites in clinical studies and disseminating the results to improve
clinical practice. This feasibility study highlights that when a
patient begins to engage with a data collection method related
to their illness, in this case text messaging or a mobile phone
app, they are likely to continue to do so in the end. By collecting
patient data in real time through mobile methods, this study
highlights the potential of monitoring the symptoms of patients
with acute, short-lived illnesses, data that have been difficult
to capture in the past due to minimal interaction with the patient
after their initial consultation. This knowledge highlights the
potential of capturing patient symptom data in real time in the
future within the clinical setting, with the possibility of opening
up a dialog between patients and GPs.

Retrospective accounts of illnesses are often used in primary
care to diagnose illnesses. There are no studies to our knowledge
that report real-time versus retrospective reporting of symptom
type and severity for UTI. A study comparing real-time reporting
of schizophrenic patients used mobile devices to provide
real-time data on their symptoms for 7 days. The same patients
were then asked to complete a survey. Their results showed that
retrospective accounts through surveys captured average ratings
only and surveys were unable to capture variability of symptoms
over time [15]. This feasibility study showed similar trends;
however, more research is needed to investigate this further.

Symptom diaries for lower respiratory tract infections have been
shown to be easy to use for measuring symptoms and treatment
effects [16]. Diaries have also been used in the past to
investigate natural course and treatment options for UTI. In

Little et al’s study [17], only 64% of participants returned
complete symptom diaries. The bias of incomplete data could
be avoided with an app that electronically extracts data entries
each day. In another study on antimicrobial use in UTI,
researchers used follow-up telephone calls three days after
initiation of treatment to remind patients to complete their
diaries. Patients also received a follow-up call 28 days after
their initial consultation to remind them to complete the survey
and return a urine sample [18]. These methods are labor
intensive and biased due to retrospective recording of symptoms
and treatment remains an issue.

Within a recent RCT comparing antimicrobial therapy with
symptomatic treatment, a diary was used to measure severity
of symptoms and treatment compliance [19]. However, to
maximize data collection and quality, they used study nurses
to make telephone calls at days 1, 3, 5, and 7 to record symptoms
and treatment [20]. Even though it improved data quality, this
cost can potentially be saved with the use of the UTI diary app,
in which reminders and pop-ups can help patients record their
symptoms and treatment.

It has been shown that electronic diaries (palm-held devices)
with enhanced compliance features were a more effective
method of collecting information in comparison with
paper-based diaries for chronic pain [21]. This study showed
that compliance with paper-based diaries was poor compared
to electronic diaries; patients did not complete their paper-based
diaries in a timely fashion (ie, backfilling diaries) introducing
bias due to retrospective recall and systematic bias because of
the self-selection of completion times. To reduce any
retrospective recall bias, diaries should be completed close to
the time of the event they are trying to measure (ie, antibiotic
consumption) [22].

The ubiquitous use of mobile phones provides opportunities to
collect high-quality, real-time data through easy-to-use apps.
Paper-based surveys can also be cumbersome and inconvenient
to access depending on their design. Apps have been shown to
be acceptable for patients and to save time and money in health
research.
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Abstract

Background: Limited translational genomic research currently exists to guide the availability, comprehension, and appropriate
use of personalized genomics in diverse general population subgroups. Melanoma skin cancers are preventable, curable, common
in the general population, and disproportionately increasing in Hispanics.

Objective: Variants in the melanocortin-1 receptor (MC1R) gene are present in approximately 50% of the population, are major
factors in determining sun sensitivity, and confer a 2-to-3-fold increase in melanoma risk in the general population, even in
populations with darker skin. Therefore, feedback regarding MC1R risk status may raise risk awareness and protective behavior
in the general population.

Methods: We are conducting a randomized controlled trial examining Internet presentation of the risks and benefits of personalized
genomic testing for MC1R gene variants that are associated with increased melanoma risk. We will enroll a total of 885 participants
(462 participants are currently enrolled), who will be randomized 6:1 to personalized genomic testing for melanoma risk versus
waiting list control. Control participants will be offered testing after outcome assessments. Participants will be balanced across
self-reported Hispanic versus non-Hispanic ethnicity (n=750 in personalized genomic testing for melanoma risk arm; n=135 in
control arm), and will be recruited from a general population cohort in Albuquerque, New Mexico, which is subject to year-round
sun exposure. Baseline surveys will be completed in-person with study staff and follow-up measures will be completed via
telephone.

Results: Aim 1 of the trial will examine the personal utility of personalized genomic testing for melanoma risk in terms of
short-term (3-month) sun protection and skin screening behaviors, family and physician communication, and melanoma threat
and control beliefs (ie, putative mediators of behavior change). We will also examine potential unintended consequences of testing
among those who receive average-risk personalized genomic testing for melanoma risk findings, and examine predictors of sun
protection at 3 months as the outcome. These findings will be used to develop messages for groups that receive average-risk
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feedback. Aim 2 will compare rates of test consideration in Hispanics versus non-Hispanics, including consideration of testing
pros and cons and registration of a decision to either accept or decline testing. Aim 3 will examine personalized genomic testing
for melanoma risk feedback comprehension, recall, satisfaction, and cancer-related distress in those who undergo testing, and
whether these outcomes differ by ethnicity (Hispanic vs non-Hispanic), or sociocultural or demographic factors. Final outcome
data collection is anticipated to be complete by October 2017, at which point data analysis will commence.

Conclusions: This study has important implications for personalized genomics in the context of melanoma risk, and may be
broadly applicable as a model for delivery of personalized genomic feedback for other health conditions.

(JMIR Res Protoc 2017;6(4):e52)   doi:10.2196/resprot.7158

KEYWORDS

genetic testing; primary care; online health education; melanoma prevention; skin cancer risk; genetic risk communication

Introduction

Melanoma is a rapidly increasing and preventable cancer in the
general population. Melanoma incidence rates have increased
more rapidly than any other cancer in the past several decades
[1,2]. Melanoma accounts for 70% of skin cancer deaths each
year [3], and is currently the fourth most common cancer among
men and sixth most common among women, both in the Unites
States [3] and in New Mexico [4]. Among Hispanics,
disproportionate increases in melanoma (particularly thicker
tumors with poorer prognoses) have been documented in states
with high levels of year-round sun exposure, such as California
and Florida [5-9]. For example, in 2010 Rouhani and colleagues
[5] compared data from the Florida Cancer Data System (FCDS)
with national incidence rates from the Surveillance,
Epidemiology, and End Results (SEER) Program. Male
Hispanics from the FCDS had a 20% higher incidence rate of
melanoma between 1992 and 2004, relative to SEER. Nationally,
incidence rates continue to rise among people of lower
socioeconomic status and among older men [9-11]. In
nonwhites, melanoma results in greater morbidity and mortality
due to the disease often being identified at later stages, and
because of low physician and patient awareness that melanomas
occur in these populations [5,8,12-15]. By 2060, Hispanics will
comprise 29% of the US population, further increasing the
public health significance of melanoma in Hispanics [16].

Ultraviolet radiation delivered via sunlight is the predominant
modifiable cause of melanoma, with approximately 65-90% of
melanomas caused by ultraviolet radiation [17-19]. As such,
melanoma risk reduction recommendations include daily sun
protection, such as sun exposure avoidance, use of hats and
clothing, and use of sunscreen [20]. However, most individuals
do not use sunscreen, wear protective clothing, or seek shade
on a regular basis [21], and in the United States, large general
population surveys show that approximately 35% of the
population uses sunscreen consistently [20,22,23]. This behavior
extends to Hispanics of varying skin types [24,25], and
Hispanics in the United States have high sunburn rates [26].

Personalized genomic testing for melanoma risk may promote
risk awareness and risk reduction in the general population.
Variants of the melanocortin-1 receptor gene (MC1R) confer
moderate melanoma and basal cell cancer risks in the general
population [27]. This gene is located on the long arm of
chromosome 16 and is related to cutaneous pigmentation (eg,
fair skin, red hair) [28-37]. A great deal of accumulated

evidence, including systematic analyses of candidate genes,
genome wide-association studies, and a recent meta-analysis of
12 melanoma case-control studies involving 6000 individuals
[38], has identified nine risk-increasing variants for melanoma
with odds ratios ranging from 1.42 (95% CI 1.09-1.85) to 2.45
(95% CI 1.32-4.55) [39].

Importantly, variation in MC1R is associated with melanoma
risk after adjustment for hair color and skin type [32-34,40-42].
As such, MC1R predicts melanoma risk in African-American
[43], Spanish [44], and Mediterranean populations [34], with
at least one study indicating that MC1R may confer greater risk
on individuals with darker skin, compared to those with lighter
skin [45]. Across Hispanic and non-Hispanic populations,
approximately 50% of individuals have at least one risk variant
[40,45]. This frequency is consistent across Europe [46].
Hispanics in Albuquerque, New Mexico have substantial
Spanish ancestry [47,48], so we expect to find the frequency of
at least one risk variant to be 50% across Hispanic and
non-Hispanic study participants [44].

The translation of personalized genomics into real-world general
population application is necessary [49] but understudied [50].
The sequencing of the human genome [51] and the isolation of
high-risk mutations in tumor suppressor genes has led to the
rapid development of clinically useful genetic testing strategies
for various uncommon hereditary cancer syndromes.
Psychosocial research has highlighted predictors and outcomes
of genetic testing in high-risk families who present in specialized
clinics and receive extensive genetic counseling [52,53], and is
increasingly addressing the needs of diverse, high-risk
individuals and families [54,55]. However, since most research
has been conducted in the context of familial disease, it is not
clear how the general population will respond to personalized
genomics. A 2016 report from the National Academy of
Sciences has highlighted the pressing need to address access
issues in genomic medicine [56]. Despite this need, for-profit
companies are already marketing and offering genetic testing
directly to consumers [57-60]. This model has largely bypassed
behavioral research that could ensure broad utility and reach of
this technology through diverse populations, arguing for the
time-sensitive need to develop an empirical basis to maximize
the benefits and minimize the harms of genomic feedback, even
as evidence for specific gene variants and panels inevitably
shifts over time [59].
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Communication and health behavior theories inform the
anticipated impact of personalized genomic testing for
melanoma risk. We propose that the personal utility of
personalized genomic testing for melanoma risk can be best
understood via enhanced communication regarding skin cancer
risk with physicians and family, and individual belief processes
(ie, arousal of health threat and threat control beliefs).
Communication with family and physicians concerning skin
cancer risk might be especially important among some
individuals, if family opinions are prioritized within a collectivist
culture and value system [61]. Protection Motivation Theory
[62,63] proposes that individual beliefs, including heightened
illness threat (beliefs about severity, susceptibility) and
heightened risk information about skin cancer, lead to protective
health behaviors when control beliefs are high. Control beliefs
involve confidence to perform the behavior (self-efficacy) and
confidence in the effectiveness of the behavior
(response-efficacy). This study tests the role of personalized
genomic testing for melanoma risk in influencing control and
illness threat beliefs and communication, which are proposed
mediators of behavioral outcomes.

We will examine the reach (defined as consideration of the pros
and cons of testing and registration of test decision) of a feasible,
generalizable channel with high dissemination potential: the
Internet. We will also compare factors (Hispanic ethnicity,
health literacy, health system distrust, sociocultural factors) that
may differentially impact reach. Over the past decade, the rapid
pace of discovery of risk-influencing genes and the use of the
Internet as an important source of health information have
evolved in parallel. However, the use of the Internet for health
information drops sharply and directly with literacy levels, so
we will assess health literacy as a moderator of reach in this
study [64]. To date, uptake of Internet direct-to-consumer
personalized genomic testing has generally been concentrated
among white, highly-educated, and health-literate consumers
[65]. This disproportionate access is a clear media justice issue,

as the continuation of these trends [65-67] could widen health
knowledge gaps [68] and the digital divide [69,70] in
underserved populations, in the context of personalized
genomics.

Based on these findings, prior work in primary care populations
[71,72], as well as research examining barriers to participation
among minority individuals in general cancer prevention trials
[73,74], we anticipate that Hispanics may be less easily reached
by personalized genomic testing for melanoma risk [75].
However, the Internet gives engaged individuals a direct method
of accessing health information on a breadth of topics, and
represents one of the most frequent reasons that individuals
consult the Internet. A 2012 Pew Research Center Survey found
that most general Internet users (66% of Hispanics; 73% of
non-Hispanic whites) used the Internet to find health information
[76]. A recent study indicated that Hispanics are highly receptive
to online cancer information [77]. In the case of personalized
genomics, the Internet could provide needed privacy for
individuals to consider the benefits and drawbacks of testing.
Indeed, for-profit companies have attempted to capitalize on
this potential, and this may lead to disproportionate utilization
among those who distrust (and may seek to bypass) the health
system. Therefore, distrust of the health system, found to be
highly relevant in minorities [78,79], may differentially impact
reach. Finally, Hispanic sociocultural factors that are known to
influence cancer prevention and screening activities [80],
including cancer fatalism [81,82], an orientation to health that
prioritizes the family over the individual [83], and specific
misperceptions about skin cancer that are more common in
Hispanics than non-Hispanics [15,84], may help us examine
reasons for differential personalized genomic testing for
melanoma risk reach. Examining these factors will help explain
differences in reach by ethnic group, and thus provide critical
direction in future personalized genomic testing for melanoma
risk modifications for broad dissemination (see Figure 1).
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Figure 1. Conceptual model.

Specific Aims
This randomized controlled trial, “SOMBRA: Skin health Online
for Melanoma: Better Risk Assessment” examines Internet
presentation of the risks and benefits of personalized genomic
testing for melanoma risk versus wait-list controls who are not
offered testing. The study will compare personal utility and
reach in a general population of English- or Spanish-speaking
cohort in Albuquerque, New Mexico, which experiences
year-round sun exposure.

In Aim 1, we will examine the personal utility of personalized
genomic testing for melanoma risk in terms of short-term (3
months after testing) sun protection and skin screening (ie,
behaviors), communication, and melanoma threat and control
beliefs (ie, putative mediators of behavior change). Guided by
Protection Motivation Theory [62], we hypothesize that
behaviors and putative mediators will be higher in those who
test, compared to those who decline testing or wait-list controls.
Given that an important challenge of personal genomics involves
the potential for those who receive negative genetic feedback
to increase risky behaviors [85], we will also examine this
potential unintended consequence of testing. To do so, we will
conduct a subgroup analysis among those who receive
average-risk personalized genomic testing for melanoma risk
findings, and examine sun protection at 3 months as the
outcome. Predictors will include baseline melanoma threat and
control beliefs, melanoma risk factors, and demographics. These
findings may be used in future studies to develop messages for
groups that receive average-risk feedback, which accounts for
large segments of those tested for moderate risk susceptibility
factors across many diseases.

In Aim 2, we will examine differential reach of personalized
genomic testing for melanoma risk between Hispanics and
non-Hispanics, and potential explanations for any differential
reach. Additional assessments of reach include baseline survey
completion and the decision to pursue personalized genomic
testing for melanoma risk testing. For the reasons listed above,
we hypothesize that those who self-identify as Hispanic will
show reduced reach, and that this reduction will in fact be the
product of differences between Hispanics and non-Hispanics
in relation to health literacy, health system distrust, and
sociocultural factors [80], including cancer fatalism [81], family
health orientation [83], and skin cancer misperceptions [15,84].
These results will inform future personalized genomic testing
for melanoma risk modifications for Hispanics.

Finally, in Aim 3, among those who undergo testing we will
examine test comprehension, recall and satisfaction, and
cancer-related distress two weeks after test receipt. We will also
examine whether these outcomes differ by ethnicity (Hispanic
vs non-Hispanic) health literacy, health system distrust,
sociocultural, or demographic factors.

Methods

Website Development and Usability Testing
Klein Buendel, Inc., a company specializing in health education
programs and multimedia products in chronic disease prevention
and control, provided the Web-based computer interface for the
personalized genomic testing for melanoma risk education
modules and testing invitation. Dr. David Buller (a study
coinvestigator) is the Klein Buendel Research Director and an
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expert in skin cancer communications strategies. The Multiplex
Study led by the National Human Genome Research Institute
developed an Internet website where participants could opt to
undergo genomic testing and risk feedback for common diseases,
including the MC1R gene for melanoma risk, that was highly
comprehensible, accurately interpreted, and did not increase
distress in a primary care population [86,87]. We adapted these
materials for our current study, and the modules are: (1) What
genetic testing can and cannot tell you, (2) Skin cancer and
genes, (3) Your rights if you take part in genetic research, and
(4) Your decision to be tested or not. The website retains each
of the four feasible Multiplex Study educational modules, with
comprehension questions contained inside a website interface.
The interface includes help files, navigation devices, and data
collection code. The interface was tested and beta-tested by data
professionals at Klein Buendel for stability and accuracy, and
is hosted on secure data servers at Klein Buendel. Participants
randomized to the personalized genomic testing for melanoma
risk study arm view these materials via the Internet. To assess
website usability, we conducted semistructured interviews (n=9)
with English-speaking (n=8) and Spanish-speaking (n=1)
primary care patients at 1209 Clinic, a University of New
Mexico (UNM) General Internal Medicine Clinic that represents
the primary recruitment site for the study. Any issue raised by
at least one participant or study team member was evaluated
for revision. Overall, participants found the website usable with
18 problems identified (eg, web pages with too much text,
confusing wording, and unclear instructions). The research team
developed solutions for these problems, which were confirmed
with Klein Buendel before implementation.

Spanish Translation and Cognitive Interviews
We followed published guidance for translation and cognitive
interviewing drawn from Translation, Review and Adjudication,
Pretesting, and Documentation procedures [88,89]. First, the
Memorial Sloan Kettering Cancer Center Linguistic and Cultural
Competence Team (led by Mr. Javier Gonzalez and Dr.
Francesca Gany, coinvestigators) within the Immigrant Health
and Cancer Disparities Service provided Spanish translations
and certificates of authenticity of all study materials, including:
study invitation flyer, baseline survey, personalized genomic
testing for melanoma risk Internet educational modules and
corresponding knowledge surveys, buccal cell sample provision
instructions, risk feedback comprehension assessment, 3-month
telephone outcome survey, and consent forms. We internally
reviewed the documents and provided fine-tuning.

Next, we conducted semistructured cognitive interviews (n=28)
to assess the comprehension and acceptability of translated
study materials with our target population (primary care
Spanish-speaking Hispanic patients at 1209 Clinic at UNM)
stratified across gender and education levels (≥high school,
<high school). Bilingual interviewers administered only a
portion of the materials to each participant to reduce patient
burden and maximize completion with at least two patients
viewing every item. If any issues were raised by at least one
participant, a research assistant or the investigator panel
(multidisciplinary team composed of experts in qualitative data
analysis, linguistic translation, health and genetic literacy, and
anthropology) evaluated the item for revision and labeled it as

a problem [90]. Procedural details and results are reported
elsewhere [91]. Most materials were comprehensible and
acceptable, but 33 of 246 terms/concepts were not. These items
were modified by the multidisciplinary team and retested.
During this phase the team adopted the term skin cancer rather
than melanoma in Internet and risk communication materials,
due to the greater comprehensibility of this term in the
translation and cognitive interviews.

Randomized Controlled Trial
In our ongoing randomized controlled trial, our bilingual
Research Study Assistants approach primary care patients in
UNM General Internal Medicine clinics with invitation flyers
(English and Spanish) and National Cancer Institute skin cancer
information for diverse skin types (available in English and
Spanish versions; “ Anyone can get skin cancer ”). Patients are
eligible for the study if they have been registered in any UNM
clinic for at least six months, assigned a primary care physician
in the UNM system, are aged ≥18 years, and are fluent in
English or Spanish. We originally limited recruitment to the
1209 Clinic, but expanded to other UNM clinics to boost
recruitment rates. If patients are eligible and interested in study
participation, they complete the Baseline Survey (including an
informed consent form) in-clinic via a semiprivate space with
a Research Study Assistant who enters their responses on a
dedicated study computer (tablet or laptop computer with
wireless Internet access). In prior preliminary studies with UNM
primary care patients, we found high levels of receptivity to
skin cancer genomic information, yet higher skin cancer
misconceptions than in the general population, making this an
appropriate study context [84].

If patients are eligible but not interested in participating, we
assess reasons for study refusal and ask them to complete a
one-minute Refuser Survey (skin cancer risk perceptions,
interest in genomic technologies, and demographics). Based on
the Multiplex Study [86,87], we expect a 30% baseline survey
response rate, for a total sample size of 885. After completion
of the Baseline Survey, participants receive US $15 for their
time and effort, and either a referral to consider personalized
genomic testing for melanoma risk through a secure website or
wait-list control (randomized 1:6; balanced across Hispanic vs
non-Hispanic ethnicity; n=135 in control arm, n=750 in
personalized genomic testing for melanoma risk arm). Hispanic
ethnicity will be recorded by self-report. Trial design and
reporting will adhere to The Consolidated Standards for
Reporting Trials Statement [92,93]. Patients will choose Spanish
or English study materials, and we will record their preference.

After completing the baseline survey in-clinic, all participants
randomized to consider personalized genomic testing for
melanoma risk are given an introductory letter inviting them to
log onto the study website at their earliest convenience
(preferably within the next month) to read the four educational
modules regarding personalized genomic testing for melanoma
risk, and to answer a series of questions regarding
comprehension of, and satisfaction with, the content of each
module. In section 4, participants register a test decision.
Participants are only able to register a test decision if they have
already read and completed the questions in the educational
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modules. Those who complete these steps receive a US $5 gift
card for each educational module completed, for a total of US
$15 in gift cards. Registration of a test decision (yes vs no) is
our primary assessment of reach in this study. We expect a
minimum of 30% of participants who complete the Baseline
Survey to register a test decision, and that this will reach 50%
in some subgroups, including those with higher literacy, and
non-Hispanic subgroups [94]. Additional assessments of reach
include completion of the baseline survey and decision to pursue
personalized genomic testing for melanoma risk testing (yes vs
no). Those who register a decision to proceed with testing will
receive deoxyribonucleic acid (DNA) buccal cell test kits which
will allow them to provide a saliva sample for genetic testing,
postage prepaid envelopes, and instructions for buccal cell
collection. Participants can return their kits at any point. Genetic
counseling sessions are available at the participants’ request.
In accordance with The Multiplex Study [72], we anticipate
that 50% of those who consider personalized genomic testing
for melanoma risk will return a saliva sample for genetic testing.
Testing will be conducted on samples that are received by the
lab and results will be mailed within one month.

Genomic DNA will be isolated from buccal cells using Oragene
(Ottawa, ON, Canada). The Oragene kit generally provides at
least 110 micrograms of high quality DNA. Standard polymerase
chain reaction will be used to amplify the 951-nucleotide MC1R
coding region. All amplified products will be sequenced on an
ABI Prism 3100 (Applied Biosystems, Foster City, CA) using
BigDye Terminators (Applied Biosystems) according to
manufacturer’s specifications. Sequencing primers are:

5’-TCGTCTTCAGCACTCTCTTC-3’

5’-TTTAAGGCCAAAGCCCTGGT-3’

5’-AACCTGCACTCACCCATGTA-3’

5’-CTGCAGGTGATCACGTCAAT-3’

MC1R chromatograms will be read with the aid of Sequencher
software version 4.05 (Gene Codes Corp., Ann Arbor, MI)
and/or SeqScape software versions 1.0 to 2.1.1 (Applied
Biosystems). These data will be read independently by two
reviewers. This procedure is standard and has been used in most
recent studies examining DNA isolation. We will sequence the
coding region of MC1R in participants’ germline DNA and
identify all variants. MC1R variants are typically classified as
their risk for red hair (“R” variant) and low risk (“r” variant).

The MC1R variants identified will be characterized as: (1)
nonsynonymous or synonymous, (2) coding or noncoding, and
(3) MC1R variants that are strongly associated with melanoma
risk and represented as V60L, D84E, V92M, R142H, R151C,
I155T, R160W, R163Q, and D294H; the nine variants that are
associated with melanoma, regardless of skin type [41].
Genotype definitions used in these analyses are adapted from
work exploring the association between MC1R variants and
melanoma risk [39]. We estimate that 50% of participants will
receive findings concerning at least one MC1R risk variant
[40,45].

To provide risk feedback, molecular genotypes are combined
into two categories: (1) average-risk feedback, the presence of
no MC1R risk alleles associated with risk of melanoma; or (2)
higher risk feedback, the presence of at least one MC1R risk
allele, which is associated with risk of developing melanoma
(range of 1.47 [95% CI 1.17-1.84] to 2.74 [95% CI 1.53-4.89]).
We employ state-of-the-art methods of risk communication
used with high comprehension in the Multiplex Study [86,87].
These materials include verbal and picture displays of risk
information [95,96], given that people often neglect base rates
for a disease and have difficulty understanding joint probabilities
and shifting denominators [97]. We will also provide written
information to clarify the bottom line information, given that
individuals tend to rely on the gist of the information [97,98].

All participants who undergo personalized genomic testing for
melanoma risk will receive a follow-up call two weeks after
results are mailed to them, to assess result comprehension and
potential distress (Risk Feedback Comprehension Assessment).
All participants who complete this assessment will receive a
US $5 gift card. Based on prior literature documenting low
levels of distress in individuals undergoing genetic testing for
high-risk mutations [99], and those found to carry
Cyclin-Dependent Kinase Inhibitor 2A mutations indicating
high melanoma risk [100], we expect low levels of distress
regarding personalized genomic testing for melanoma risk
feedback. Those who report high distress will be referred for
follow-up by Clinic Director Dr. Jessica Bigney, who addresses
distress issues in the UNM clinic.

All participants who complete Baseline Assessments (whether
tested or not) are contacted by telephone after 3 months.
Participants who complete the follow-up survey receive a US
$15 gift card. See Figure 2 for study flow. Measures are outlined
in Multimedia Appendix 1.
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Figure 2. Study flow. PGT-M: personalized genomic testing for melanoma.

Data Analysis
We will examine four aspects of data quality and distributional
assumptions: (1) data skewness, kurtosis, and parametric
assumptions; (2) intention-to-treat principles; (3) missing data
considerations; and (4) control of potentially inflated type-1
errors due to multiple statistical tests. We assume that up to
20% of the respondents will be unreachable at follow-up;
missing assessments may be amenable to imputation by several
techniques [101,102].

We will use a series of regression analyses to examine the
personal utility of personalized genomic testing for melanoma
risk. For these analyses, the dependent variables will be:
short-term (3-month) sun protection and skin screening (ie,

behaviors); communication; and skin cancer threat and control
beliefs (ie, putative mediators of behavior change) [62,63,103].
Given guidelines regarding the importance of consistent use of
sunscreen [3], patient-reported sunscreen use frequency will be
dichotomized (frequent or more vs sometimes or less) to indicate
consistent versus inconsistent use. Our expected approximate
sample size for this analysis will be 708, assuming 20% attrition
of our original 885 participants. Personalized genomic testing
for melanoma risk uptake status will be categorized into three
groups: (1) those who undergo personalized genomic testing
for melanoma risk (acceptors), (2) those who decline
personalized genomic testing for melanoma risk (decliners),
and (3) those who are not offered personalized genomic testing
for melanoma risk (controls). A logistic regression model will
be used for sun protection outcomes that are dichotomous (eg,
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consistent use vs inconsistent use) as a function of personalized
genomic testing for melanoma risk uptake. The baseline outcome
assessments will be entered as covariates to provide control for
ceiling and floor effects. Primary moderators will be considered,
including ethnicity (Hispanic vs non-Hispanic), health literacy,
health system distrust, sociocultural factors (cancer fatalism,
family health orientation, skin cancer misconceptions), and
high-risk versus average-risk personalized genomic testing for
melanoma risk feedback, as well as demographics and skin
cancer risk factors. Average ultraviolet index over the 3-month
assessment time period will be considered as a covariate to
provide control over seasonal variations in Albuquerque. The
hypothesis is supported if there is a significant difference in
sunscreen use between personalized genomic testing for
melanoma risk acceptors and personalized genomic testing for
melanoma risk decliners or controls, such that acceptors show
greater sunscreen adherence.

Decreased sun protection may be an unintended consequence
of testing among those who receive average-risk personalized
genomic testing for melanoma risk feedback [85]. To examine
this possibility, we will conduct a subgroup analysis among
those who receive average-risk personalized genomic testing
for melanoma risk feedback, and examine sun protection
outcomes at 3 months as the outcome. Predictors will include
baseline skin cancer threat and control beliefs, melanoma risk
factors, demographics, and sociocultural factors (health literacy
and health system distrust, cancer fatalism, family health
orientation, and skin cancer misconceptions). Given the expected
sample size for the analysis (n=60; participants who undergo
testing and receive average-risk personalized genomic testing
for melanoma risk feedback), we will use univariate analyses
to guide predictor selection. Nonparametric statistics will be
considered when appropriate to guard against violations of
parametric assumptions in this restricted sample.

We will examine differential reach of personalized genomic
testing for melanoma risk across Hispanics and non-Hispanics,
and potential explanations for any differential reach. Reach is
defined as registration of a personalized genomic testing for
melanoma risk test decision, either accepting or declining testing
(dichotomous outcome; test decision or no test decision).
Additional assessments of reach include baseline survey
completion and decision to pursue personalized genomic testing
for melanoma risk testing. Only participants randomized to the
personalized genomic testing for melanoma risk arm–those who
are offered personalized genomic testing for melanoma risk–will
be included in this analysis. Our sample size for this analysis
will be 600, assuming 20% attrition of the original 750 who are
offered personalized genomic testing for melanoma risk. We
aim to offer putative explanations, such as differences in health
literacy or skin cancer misconceptions concerning why Hispanics
offered personalized genomic testing for melanoma risk may
be less likely to register a personalized genomic testing for
melanoma risk decision. This analysis will involve a moderation
framework [104,105], such that reduced reach in Hispanics is
moderated by one or more third variables (eg, skin cancer
misconceptions). We will use a logistic regression modeling
framework to address Aim 2. A standard requirement in
moderation analysis [105] entails two sequential statistical

findings: (1) there should first be a statistically significant
Hispanic effect in Model 1; and (2) after adjusting for the
moderator of interest in Model 2, the previously significant
main Hispanic effect will no longer be significant. This approach
may be applied to a variable coding Hispanic (yes vs no) and
a moderator variable such as skin cancer misconceptions. This
analysis will be applied to other putative explanations of why
Hispanics might be less likely to register a personalized genomic
testing for melanoma risk decision.

Among personalized genomic testing for melanoma risk test
acceptors, we will examine (two weeks after test result receipt)
test comprehension, recall, satisfaction, and distress. Our sample
size for this analysis will be approximately 90, given that we
expect to reach 80% (90/114) of those who undergo personalized
genomic testing for melanoma risk testing, and thus receive
personalized genomic testing for melanoma risk feedback. Based
on the Multiplex Study [86,87], we anticipate that personalized
genomic testing for melanoma risk feedback will be read by at
least 80% of participants who undergo personalized genomic
testing, and that at least 80% will correctly recall and accurately
interpret their results. We anticipate that most participants
(>95%) will report low levels of distress, including nervousness,
testing regret, fear, and confusion. We will examine these
outcomes using bivariate statistics, and examine differences
across ethnicity, health literacy, health system distrust, and
sociocultural factors.

Statistical Power
Regarding personal utility in Aim 1, we hypothesize that there
will be higher rates of sunscreen use in personalized genomic
testing for melanoma risk test acceptors, compared to
personalized genomic testing for melanoma risk decliners or
controls. We predict that those who accept personalized genomic
testing for melanoma risk will have higher levels of sunscreen
use (65% regular sunscreen use, consistent with rates of
sunscreen use in those with melanoma risk factors [106]),
compared to 35% sunscreen use in decliners or controls
(consistent with rates of sunscreen use in the general population
[20,22,23]). We estimated the statistical power in personal utility
between personalized genomic testing for melanoma risk
accepters compared to decliners or controls. The comparison
between a 65% versus 35% difference in sunscreen use was
carried out using Cohen’s method [107]. An estimated 65%
versus 35% contrast translates to an arcsine-transformed effect
size index of 0.61 [107], which yields a statistical power of
99.7% in a hypothesis test of these two proportions between
personalized genomic testing for melanoma risk acceptors (an
estimated n=90 after 20% attrition) and decliners (n=509 after
20% attrition), at a two-sided test with a tail probability of 0.01
(lower than the conventional 0.05 tail probability to reserve
power for subset analyses).

Regarding the outcome of reach in Aim 2, we hypothesize that
Hispanics will show reduced reach, but that differences in health
literacy, health system distrust, and sociocultural factors (cancer
fatalism, family health orientation, skin cancer misconceptions)
will explain these findings. This method involves testing a
moderation relationship in a logistic regression model. To
estimate the statistical power, we ran 400 simulated logistic
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regression models, assuming Hispanics at 50% of the sample,
and that within the Hispanic group high skin cancer
misconceptions would be associated with a 0.38 odds ratio in
personalized genomic testing for melanoma risk test registration;
high skin cancer misconceptions would be associated with lower
personalized genomic testing for melanoma risk registration.
When converted to Cohen d, this 0.38 odds ratio translates to
an effect size of -0.54, which Cohen considers a medium effect
size. Based on the Multiplex Study [86], we estimate a minimum
of 30% of participants will register a personalized genomic
testing for melanoma risk decision among Hispanics, and a
higher reach of 50% among non-Hispanics. This 30% versus
50% difference translates to a Cohen effect size of 0.50 [107].
We estimate 81% statistical power to detect a medium effect
size at a conventional two-sided type-1 error rate of 5% for a
moderator analysis.

In sum, we have adequate power for personal utility and reach
to (1) ensure adequate representation of individuals with low
health literacy, (2) ensure robust protection against missing
data, and (3) ensure sufficient statistical power to detect
moderation. If the effect size is larger than estimated, such as
a 30% versus 80% difference and a Cohen effect size of 0.65,
then we would have power to spare for additional comparisons.

Results

To date, 462 participants have been recruited to the study
(203/462, 43.9% Hispanic; 222/462, 48.1% non-Hispanic white;
356/462, 77.1% female; mean age=54) and randomized 1:6 to
usual care or the personalized genomic testing for melanoma
risk offer. Final outcome data collection is anticipated to be
complete by October 2017, at which point data analyses will
commence.

Discussion

This study is one of the first population-based efforts to widen
the reach of personal genomics in real-world settings. Along
with other work examining ways to maximize the use of the
Internet to bring emerging technologies [108] (including
genomics [109]) to the general population, our research will

use genomic information to raise melanoma risk awareness and
prevention and control behaviors for this rapidly increasing
cancer, which is extremely hard to treat when diagnosed beyond
stage 1. We use a rigorous randomized controlled trial design,
which increases the rigor of the proposal by comparing those
who undergo personalized genomic testing for melanoma risk
testing to: (1) those who have declined, and (2) those who have
not been offered personalized genomic testing for melanoma
risk testing. We use an established and feasible approach to
Web-based communication regarding skin cancer genetic testing,
and measure utility and reach using a real-world approach by
which the general population may realistically access it (Internet
personalized genomic testing for melanoma risk invitation). We
have identified a highly diverse population for assessment in a
geographical location that is exposed to year-round sun
exposure.

The current proposal will examine potential unintended
consequences of actual genetic testing, by directly examining
those who receive personalized genomic testing for melanoma
average-risk results to identify predictors of behavior change
in this group. Examination of this question will have important
implications for personalized genomics in the context of
melanoma risk, and will be broadly applicable as a model for
delivery of personalized genomic feedback for other health
conditions.

Study limitations include the fact that we do not assess
participants for Internet literacy, and do not include detailed
assessments regarding context of sun exposure (occupational,
recreational). Finally, we did not employ blinding of study
condition among study staff.

Conclusions
Our findings will have important implications for personalized
genomics in the context of melanoma risk, and will be broadly
applicable as a model for delivery of personalized genomic
feedback for other conditions in this population. We plan future
work to expand personalized genomic testing for melanoma
risk to include other melanoma risk and protective markers, and
to expand risk stratification to multiple levels as the literature
on genetic factors in skin cancer unfolds.
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