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Abstract

Background: Trandation of knowledge and skillsfrom classroom settingsto clinical practiceisamajor 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 individual s at risk for alcohol or drug problems, yet effective, routine use
of SBIRT has lagged.

Objective: The objective of this paper isto describe the devel opment, 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 socia 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: Betatesting 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 trandation. If effective, this approach could improve SBIRT
implementation, fidelity, and clinical outcomes.

(JMIR Res Protoc 2017;6(4):€55) doi:10.2196/resprot.7070

http://www.researchprotocols.org/2017/4/e55/ JMIR Res Protoc 2017 | vol. 6 | iss. 4 €55 | p.4
(page number not for citation purposes)


mailto:Derek.Satre@ucsf.edu
http://dx.doi.org/10.2196/resprot.7070
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

KEYWORDS

Satre et d

SBIRT; mobile app; digital health; training, implementation; alcohol; drug; depression; anxiety

Introduction

Thetransition fromlearning clinical skillsto sustained changes
in health provider behavior is a known problem. Even when
evidence-based treatments are available and implementation
decisions have been made, workforce devel opment 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 trandation [4,5], behavioral healthcare providers
can effectively deliver theinterventionsthey are trained to use.
Thus, a magor chalenge for the implementation of
evidence-based behavioral practices concerns how to deliver
cost-effective support for skill trandlation 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 trandation [6].
SBIRT is designed to reach individuals in heath 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. Componentsinclude 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 carefor 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 isweak 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 trandation 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 trandation
include provider attitudes about substance use interventions,
problems with knowledge recall at the point-of-care, lack of
confidence, inadequate knowledge of referral resources, aswell
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

http://www.researchprotocols.org/2017/4/e55/

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 cliniciansisoften poor [29]. These
findings highlight the importance of improving skill tranglation
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 acohol [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 trandationin 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 enhancetraining. Bullock et al (2015)
found that providing amabile 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 tranglation.

Theoretical modelsidentifying barriersand facilitatorsregarding
learning and skill tranglation may help guide the development
of intervention strategies to enhance skill transfer and
implementation. Onthelevel of individua 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
trandation [40]. In the TPB model, behavioral intent (to perform
the behavior of interest) isdetermined by attitudes and/or beliefs
about the behavior, perceived social norms, and perceived
behavioral control. The TPB is contextualized for SBIRT skill
trandation 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.

Satre et d

The aim of this paper is to describe the process of TPB-based
mobile alcohol and drug SBIRT app development, betatesting,
and protocol for arandomized controlled trial (RCT) comparing
health professional learnerswith accessto 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 aso hypothesize that
intervention participantswill 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.
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the application of the
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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
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doctorate degree, and an experienced project manager. Existing
mobile apps were identified to determine needsin 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 aproduct 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 responsesto 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. Learnersidentified 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 learnersto use at their clinic sitesthat could function as both
an SBIRT information resource and as atool to assist in skills
practice and implementation. Content was designed to primarily
address a cohol 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 valueto 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 acohol screening
into electronic health records in Kaiser Permanente Northern
Cdlifornia[22]), and the fact that not al learners are placed in
settingsthat have electronic records, we anticipated that keeping
the app separate from patient record systems would maximize
learner flexibility acrossvariousclinical placementsand assuage
concerns about loss of patient privacy.

http://www.researchprotocols.org/2017/4/e55/
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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 asadevel opment partner based on their prior experience
in developing mobile appsfor healthcare. The wireframeswere
given to the devel opers, who provided an initial aphaversion.
Team memberstested the alphaversion 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 betatest the app for 3 months.
Our testers included learners in an advanced practice nursing
training program who were enrolled in a clinic placement.
L earners compl eted the questionnaires and processesto 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 adebrief focus group. Theteam
tested and refined the app prior to starting the controlled trial.
Betatesting results are described below.

Randomized Controlled Trial

Study Design

The study isa 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). Thetria runsfromfall 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.

Development of SBIRT Mobile App based on the Theory of Planned Behavior

Beta testing with Nursing students (N=22), followed by refinement of app
content and features

Recruitment of learners (N=200) from departments of Nursing, Internal
Medicine, Psychology, Psychiatry and Social Work in San Francisco

Randomized to experimental group, with
access to SBIRT mobile app (n=100)

!

Ny

[

Randomized to comparison group, with no
access to SBIRT mobile app (n=100)

v

Learners are assigned to practicum placements at clinical and social service settings
in San Francisco

(

Learners enter assessment
data via online Qualtrics
surveys at baseline, weekly,
and 10-week follow up

\.

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 Clinical Trials.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
learnersin 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 devel oped by the research team: (1)
Introduction to SBIRT, (2) Screening, and (3) Brief Intervention.
Thelearner must be enrolled in afield placement and isrequired
to have a mobile device to be in the study (Android or iOS).
Field placementsinclude arange of private and public healthcare
and social service agenciesin 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
adetailed information sheet that specifies expectations, timing,
and types of datato be collected. Absent learners areinvited to

http://www.researchprotocols.org/2017/4/e55/

\

Learners enter assessment
data via online Qualtrics
surveys at baseline, weekly,
and 10- week follow-up

J

participate viaemail recruitment. Participants provideinformed
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 alocation to the intervention or control arm
design. These procedures are carried out by the study project
manager. Learners are assigned an identification number that
isused for the randomization. A Web-based randomi zation tool
is used to generate group assignments. Randomization is
stratified by training program in order to have an even
distribution of learnersin the intervention and control groups
from each program.

I ntervention Arm

Participants in the intervention group are asked to download
the app, useitintheir clinical rotations (either on their personal
mobile phones or tablets), and compl ete periodic questionnaires
via a Qualtrics link. The learners have the opportunity to use
the app asmuch asthey need to review SBIRT, receive guidance
on structured steps in SBIRT delivery, and receive tailored
recommendations on what they can do toimprove. Weincluded
modest incentivesfor app use to maximize our ability to measure
the potential effects of app usein thetrial.

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 questionnairesviaa Qualtricslink throughout
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the study period. Upon completion of the study, they areinvited
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 learnersare 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).

Satre et d

I ncentives

Learners in both groups receive incentives for participating.
Theincentivesare intended to enhance motivation of thelearners
to use the mobile app and compl ete 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).

Source Data elements Instrument Timeline

All participants Demographic characteristics Self-report Baseline

All participants Type of clinical placement and population served Self-report Baseline

All participants SBIRT?attitudes, norms, behavioral control TPBP-based survey (22items)  Baselineand 10 weeks
All participants Delivery of SBIRT components during clinical placement ~ Survey Weekly

All participants Satisfaction with the app and usability SUS® (10 items) 10 weeks

Control participants Satisfaction with SBIRT Survey (10 items) 10 weeks

8SBIRT: screening, brief intervention, and referral to treatment.
bTPB: theory of planned behavior.
CSUS: system usahility scale.

Pre-Post Assessment Questions

The team developed a 22-item questionnaire based on the TPB
model. Likert-scaled items assess attitudes and beliefsincluding
importance and efficacy of SBIRT, perceived patient willingness
to participatein 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.
Oneitem assessesintent to perform SBIRT “whenever possible
in my clinical/field placement.” All participants complete this
guestionnaire at baselineand 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’slibrary.

The system usability scale (SUS) [46] isa 10-item Likert scale
instrument devel oped to measure aspects of usability including
system complexity and need for support and training. It yields
a single score ranging from O 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
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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 equival ent 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
abrief intervention with, and how many they either referred to
aspeciaty substance usetreatment 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 skillsin clinic practice
(to help impact attitudes, perceived behavioral contral), and (3)
Report SBIRT use (to report norms, aswell 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 thelearners
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 checklistin
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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
(whichisalso availableto learnersonline), aswell asadditional
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),

http://www.researchprotocols.org/2017/4/e55/

XSL-FO

RenderX

“Referral  to  Treatment” (eg, referra  processes,
pharmacotherapy), and “Key Resources’ (eg, caseillustrations,
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 abrief intervention or referring apatient to a cohol
or drug treatment. For example, the app allows usersto specify
what they want to screen (eg, acohol, 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|dentification 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 subsectionsincludetipsfor 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
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pre-post surveys and weekly SBIRT usage items that
intervention participantswould 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 till 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” allowslearnersto check their progresson
which pages they have visited and which pages they still need
to review. “Technological Support” isincluded 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 Ingtitute Inc.,
2011). Descriptive statistics, including distributions, means,
standard deviations, skewness, and kurtosis will be obtained
for al 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) testswill be used to determine inclusion in
multivariate regression models. Bivariate analyseswill 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
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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. Betatesting
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 asingle screen). These formative betatest 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
availablein 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
trandation 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 acohol and drug
problems among patients in heathcare and socia 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
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available for free downloading (iOS only) viathe i Tunes store
[55] (Figure5). The RCT in processwill determinewhether 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 tool s 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 isultimately 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.

Figure5. 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
schoolsin nursing, psychology, social work, and medicine, and
may not generalize to other types of professional training or to
providerslearning SBIRT inthe context of continuing education.
A limitation of the trial methodology that could impact our
study resultsistheinclusion of incentiveswithin theintervention
arm for participantsto use the app, which likely would not exist
inactua clinical settings. In addition, someclinical settingsand
supervisors may not be support the use of SBIRT, and thiscould
impact alearner’s ability to usethe app. Although use of mobile
devices is becoming widespread, limitations in access to
technology could impact the reach of thistool [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 adherenceto
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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 acohol 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 trandation 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 approachesto 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 MAESs 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: Thisisamulticenter 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 analysisis 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 afocused approach to reduce workarounds and thus
increase patient safety.

Trial Registration: Netherlands Trial Register NTR4355; http://www.trialregister.nl/trialreg/admin/rctview.asp?T C=4355
(Archived by WebCite at http://www.webcitation.org/6pgTLXxc6i).

(JMIR Res Protoc 2017;6(4):€74) doi:10.2196/resprot.7060

KEYWORDS

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

: [1-6]. Many hospitds have implemented information
Introduction technol ogy-based systems such as computerized physician order
Minimizing the risks of prescribing and medication €Nty (CPOE) systemsto reduce prescribing errors[7-10]. Some
administration isimportant to enhance patient safety in hospitals ~ N@ve asoimplemented 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 “informa temporary practices for
handling exceptionsto normal workflow.” Investigating the use
of CPOE systems in hospitals, Niazkhani et a [25] described
42 types of workarounds. Koppel et al [26] documented 15
types of workaroundsinthe BCMA process, including affixing
patients’ identification bar codesto computer cartsand 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 workaroundsintheBCMA
process [27,28]. Little research has been done to quantify the
frequency of workaroundsinthe BCMA process and investigate
theimpact of workarounds on patient safety, in particular, MAES
as apotential consequence of workarounds. Furthermore, little
isknown about the potential risk factorsleading 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 patientswho are admitted to a participating hospital inthe
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 hospital s haveimplemented CPOE [10] and BCMA
systems. They use a variety of software packages, both for the
CPOE and for the BCMA systems. As a conseguence,
proceduresfor prescribing and medication administration differ
between hospitals. Table 1 summarizesthe main characteristics.
Medication administration procedures within a hospital vary
dlightly between wards because of differencesin patient groups
or tasks (eg, in some hospitals, short stay surgical patients do
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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 adrug 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 al so take along the computer on wheels or theworkstation
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 M easures

The primary outcome measure of the study is the proportion of
medication administrations with 1 or more MAESs. 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.
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Item Hospital 1 Hospital 2 Hospital 3 Hospital 4
Software system RH Dharma ViPharma Klinicom Pharma
System screen layout Fixed layout Fixed layout Fixed layout User-controlled screen lay-

Administration system

Log-in procedure for nurse

Log-out procedure for nurse

Built-in additional check by
nurse's colleagues

Signal/alert system

Patient has no bar code

Patient selection per admin-
istration round

Medication in the cart has
no bar code

Morethan 1 unit of the same
drug for the same time pre-
scribed

Patient away or sleeping

One-half or one-quarter of a
tablet prescribed

Instructions on screen for
nurse from pharmacy or
prescriber

Bedside assortment picking
cart

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

Manual; automatic log-out
after 15 minutes of inactivity

Extralog-in for another
nurse builtin

Scanner beep and scanner
warning light

Not described in theinstruc-
tions

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

Robot-packed bar coded
medication ordered from

pharmacy

Scanned once, then the
number of tabletsismanual-
ly adjusted

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

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

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

Cart with prefilled patient-
labeled trays

Oncefor 1 session
Manual

Not possible
Computer beep

Manual patient selection

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

Manua drug selection

Every drug unit is scanned

Medication not given and
not registered; noted in
memo field

Not described in theinstruc-
tions

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

Cart with prefilled patient-
labeled trays

Oncefor 1 session

Manual

Extralog-in for another
nurse built in

Computer beep

Manual patient selection

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

Manua drug selection

Scanned once, then the
number of tabletsis manual-
ly adjusted

Medication not given and
not registered; noted in
memo field

Tablet scanned, plus noted
by nursein memo field on
the screen

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

out

Cart with prefilled patient-
|abeled trays

Oncefor 1 session

Manual

Not described in theinstruc-
tions

Computer beep

Manual patient selection

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

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

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

Not described in theinstruc-
tions

Not described in theinstruc-
tions

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

We will collect the following potential risk factors for
workarounds using astructured 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 al 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. Wewill extract the number of patients
on the ward, the medication and ATC code, and the number of
drugsto administer to each individual patient during the specific
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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 unschedul ed medication administrations. The
observer will randomly pick amedication administration round
with aminimum of 3 rounds every day and aweekly 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 hospita’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 wewill record the observation dataand which
wewill link to each patient’s prescription and medication data.

If the observer becomes aware of apotentially seriouserror, 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 chancesto passthe exam.
In case of asecond failure, he or shewill not be ableto observe.
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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 afinal training of the observer. Pilot
data will be discarded.

Definitions and Classification

Workarounds are defined as “informal temporary practices for
handling exceptionsto 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 a [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.

h@ad of the BCMA proceh
Blockade in the No blockade in the
BCMA process BCMA process

# No workaround

A 4
No medication No medication
administration administration
error error
\ 4 \ 4
Medication Medication
administration administration
Flitriels error

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

Workaround type Example workaround

Procedure related: standard operating procedure, or procedure unclear or unknown  Nothing scanned

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

Medication related: medication not bar coded Unscanned, unidentified medication given

Nurse related: nurse disturbed Nurse forgets patient or gives medication twice

Computer or scanner related: computer or scanner down or broken Signals or aerts unseen, unscanned medication given

Other workarounds Medication scanned for multiple patients; half tablets scanned
asfull dose

@Derived from Koppel et al [26].
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Table 3. The most basic characterization of medication administration errors (MAES)?

MAE type Example MAE

Omission
Unordered drug administration

Wrong dosage form
to tablet

Wrong route of administration
Wrong administration technique
Wrong dosage

Wrong time of administration

Drug prescribed, but not administered
Drug administered, but not prescribed
Drug dosage form administered to the patient deviating from prescribed dosage form: solution asan alternative

Drug given by awrong route of administration: oral liquid administered intravenously
Drug administered using awrong technique: intravenous push instead of intravenous infusion
Drug dosage too high or low: 20 mg instead of 20 pg

Drug given at least 60 minutes too early or too late

3From van den Bemt et a [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 errorsin 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
samplesize calculation isto 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 assumein 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 aworkaround is 2-fold compared
with the situation without aworkaround; that givesusarelative
risk of 2. With alpha of .05 and a power of 0.9, we need to
observe 1500 individual medication administrationsto patients
per hospital to reject the null hypothesis.

Data Monitoring

We will enter all data into an Access database (version 2010,
Microsoft Corporation). The basisfor the Access database will
bethe casereport formsin Multimedia Appendix 1,Multimedia
Appendix 2, and Multimedia Appendix 3. Thefirst (Multimedia
Appendix 1) isdesigned to collect dataon 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 datawill 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
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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 bethelevels
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 parametersin 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%
confidenceinterval. For the frequency and type of workarounds
and MAEs, we will use descriptive statistics. Univariate and
multivariate logistic regression will determine the association
of therisk factors with the workarounds.

Results

The project was funded in 2014 and enrollment was compl eted
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 shownthat BCMA systems
can contribute to patient safety in this fina step of the
medication distribution process [11-18]. On the other hand,
computer technology can giveriseto new MAES, asisdescribed
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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 workaroundsin aqualitative way, very littleisknown
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
guantitative 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 generd, isthat the use of BCMA cannot
prevent all MAESs. 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 studiesinto other ways of preventing MAEs will
remain necessary.

Although disguised observation is the best method for data
collectionin 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
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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 becometired and thus
less accurate. How to train observers is not well documented
intheliterature. Patterson et a [19] performed an observational
study in acute and long-term care wards using observerstrained
in ethnographic observations in complex settings. Other
researchers trained nurse students as observers [51]. We will
use al 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,
inthistype 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 studiesin 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) isalogical target for
ageneral 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 acomputer-delivered tail ored 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 isto develop a computer-delivered mobile intervention that will provide individuals with
chronic conditions the necessary information to cope with their conditions.

Methods: Inthisproject, wewill complete aqualitative 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
challengesin the areas of pain, dleep, fatigue, depression, anger, stress, memory problems, and treatment adherence. The impact
of theintervention on patient quality of life, patient-provider relationships, health literacy, and patient activation will be assessed.
We will aso 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: Resultswill provide evidence on the usefulness of amobiletailored 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://lwww.webcitation.org/6pTigDAYN)

(JMIR Res Protoc 2017;6(4):€53) 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 isacritically important ability that isakey route
by which people can become active participantsin 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 1in 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 includerisk 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 unableto 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 | nterventions Tar geting
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 especialy 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

http://www.researchprotocols.org/2017/4/e53/

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

Multimor bidity and Chronic Disease Self-M anagement

Chronic disease self-management (CDSM) is a logical target
for a downstream intervention to address disparities and low
health literacy. CDSM skillsinvolve awide variety of strategies
that can be implemented by patients themselves to cope with
chronic conditions. These strategies can include, for example,
cognitive techniquesfor 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-rel ated 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 apreviously devel oped in-person
group-delivered CDSM intervention [21-24]. In this continuation
of our research on hedlth literacy, we will expand on other
interventions by first completing a qualitative study to inform
the development of ageneral CDSM intervention. We will use
the measure of health literacy createdin an earlier study [25-27]
to evaluate participants’ levels of health literacy and provide
them with aversion 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 atailored
intervention to improve health literacy (Aim 2, discussed more
extensively below).

Chronic Disease Self-M anagement and Health Literacy

CDSM integrates well with our previously developed and
validated model of hedth 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 aso 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 improvementsin disease-rel ated 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 dlternate strategy to provide patients with the skills and
knowledge to understand and manage their health is aso
important, because the dominant format for information delivery
to patientsin clinical careis 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 impossibleto help
patients develop self-management skills if they do not have
basic health-related reading and math skills or health-related
knowledge. Health literacy islikely to be an essential aspect of
developing CDSM skills.

The ASK model will be the explicit basis for the devel opment
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 I nterventions

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-rel ated conceptua knowledge (ASK). An
advantage of thismodel isthat 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 hasemerged [ 3,8,35,36]. Expert recommendations
for health literacy interventions include rejecting a one size fits
all approach [37], creating interventionsthat promote partici pant
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
multimediaintervention to improve CDSM skillsin participants
with low levels of hedlth literacy.

Tailoring content to make interventions more personally relevant
and appropriate to patients' levels of health literacy has been
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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 level s of education and computer
skills [42-45]. Tailoring interventions to enhance racia 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
Centersfor Disease Control, stressthe need to deliver materials
that are matched to patients' levels of health literacy [49-51].
Brouwer [52] noted that greater persona relevance may be
related to increased likelihood of successful dissemination of
computer-delivered health care interventions. Jerant et a [43]
summarized research on computer-tailored health interventions
and concluded that theseinterventionsare 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 arelikely to go beyond improved knowledge and skills.
Francis et a [53] showed, for example, that improving
low-literacy patients' reading skills also had a positive impact
on their mood, and astudy compl eted 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 a [54] showed that an
intervention to devel op chronic disease management skillswas
associated with increases in patient activation, and Lorig et al
[55] showed changesin 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 beimportant 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/VIDAYS),
we developed a new measure of health literacy [25]. The new
measure was validated with respect to other measures of health
literacy aswell as hedlth-related quality of life [27]. Datafrom
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 hedlth literacy measure on tablet
computers (Aim 1, see below), useit to evaluate a participant’s
health literacy, and feed this information forward to tailor the
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CDSM hedlth literacy intervention to a level of health literacy
that isappropriate for each participant. Datafrom 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 hedlth literacy skillsin personswith low baseline
levels of health literacy. If the strategy is effective, it isalso 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 asimilar 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 goal s, including the ongoing devel opment of the
FLIGHT/VIDAS health literacy measureinitstablet adaptation.
The utility of alternate forms of the measure and their sensitivity
to intervention effects will be evaluated, and afinal 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 individual s 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 racialy- and ethnically-tailored
intervention that isdelivered in away that isappropriateto their
level of hedlth literacy. The two hypotheses of Aim 2 are:
(Hypothesis 3) an interactive multimedia intervention will be
more effectiveinimproving 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 multimediaintervention tailored
to participants’ characteristics will significantly reduce health
literacy  differences  between  white  non-Hispanics,
African-Americans, and Hispanics.

In Aim 3wewill assess mediators and moderators of therelation
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
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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 Hispanicswith 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 aqualitative 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 completeaclinical trial of the
effects of the new intervention on multiple outcome measures.

Phase 1

During the qualitative procedures in Phase 1, individua
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 personsfor
Phase 1 procedures, based on the specific health conditions that
were reported earlier. We will target individuals with a variety
of conditions, aswell 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 aso 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 groupswill be completed
(28 total participants, with one group in Spanish) with
participants who are a so representative of potential consumers
of the intervention, to provide checks on concordance and
trustworthiness of the themes identified in interviews. During
thesefocus group sessions, wewill solicit suggestionsthat 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 anayses. Aninductive thematic analysiswill be used,
asthistechnique allowsfor 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 typol ogies. The study
designwill allow for aconsideration 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 moduleswill be refined and modified, based
on thisiterative process and using data from the interviews.

Intervention material sfocusing 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 interventionsfor deep disturbances
[63], and our own model for treatment adherence [29,38]). All
key problemsin chronic disease management listed above will
be assessed by measures in our battery at baseline and all
follow-ups, alowing for direct evaluation of the intervention’s
effects on specific CDSM problems.

I nterventions

Information from this qualitative phase will lay the basis for
developing general content modulesthat are consistent with the
ASK modd 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 conceptua knowledge.

Interventions will be developed that are consistent with
recommended strategies for personswith limited literacy skills
[64,65]. All materials will use health care-related content as a
vehicle (eg, prose about diseases or atable 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 usto develop
general content modules that will focus on the key problemsin
chronic disease management listed above. Key strategies will
be to teach health literacy skills and improve health
condition-rel ated knowledge. Problems, needed and useful skills,
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and disease-rel ated 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 asimilar strategy
in teaching listening comprehension by focusing on encounters
with healthcare providers. This might involve teaching strategies
for preparing alist of questions before an appointment, taking
notes during the encounter, and being appropriately assertive
in interactions.

Cognitiveload theory [70,71] dictatesthat for optimal learning,
instructional material must be presented in segments of content
that do not exceed the learner’ s ability to takein and retain each
element. Consideration of thisissue may be especially important
in personswith limited health literacy [ 72]. Consistent with this
issue, material will be presented in small segments viatext and
audio, with graphic elements reinforcing themes but not
distracting from participants' learning [70]. Interactions with
the computer will only require that participantstap on the screen
to pressimages of buttons, thereby keeping required computer
skills to a minimum.

In aseries of team meetings, content created by individual team
memberswill bereviewed and aternate versionswill be created
at the three reading levels planned for each intervention group

(39, 6" and 8" grade levels) based on the Flesch-Kincaid
formulafor English [73] and its Fernandez-Huertamodification
for Spanish [74]. No clear criterion for the difficulty of
health-related materials is available for use in tailoring, so we
will usethe 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 trandated by team members fluent in
the target language, with an emphasis on appropriate cultural
adaptation rather than literal translation [75]. This strategy was
previoudy effectivein creating ahealth literacy measurein both
English and Spanish [25], and helped to ensure that both
language versions were intelligible to individual s 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 beidentified [76]. After five
participants have completed this process, the intervention will
berevised and tested again with anew 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), whichis
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 el ders
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.

http://www.researchprotocols.org/2017/4/e53/

Ownby et al

Phase 2

Participants

Wewill recruit Spanish- and English-speaking persons aged 40
years and older whose health literacy is at the 8" 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 usto use
them as screening tools. Theintervention will thus target those
most likely to profit from instruction at a moderate difficulty

level approximately two grade levelslower than this (6th grade),

or thosewho 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 effortsin South Floridato 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 participantsin 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.

Approached (n=2880)

==» Declined/not interested (n=2016)
Enrollment
— Screened/not eligible (n=432)
v
Randomized (n=432)
]
v v
High literacy (n=144) Control literacy
Low literacy (n=144) . (n=144)
[48 each AA, Hisp, Allocation [48 each AA, Hisp,
WNH] WNH]
Lost to follow-up Lost to follow-up
Discontinued FOHOW'“D Discontinued
(n=18 per group) (n=18 per group)
Analyzed Ana]ysis Analyzed
(n=30 per group) (n=30 per group)

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 |east one of the conditionsin 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 8" grade level as indicated by the REALM (English) or
SAHLSA (Spanish), and arewilling 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 impairstheir ability to safely participate
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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 8" grade or lower level of reading
on the Woodcock-Johnson or Mufioz reading tests. Using the
R dtatistical package pROC [92], a score of 62 on the REALM

predicted reading skills less than an 8" grade level on the
Woodcock-Johnson (area under the curve [AUC]=0.79, 95%
Cl 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

JMIR Res Protoc 2017 | vol. 6 | iss. 4 [€53 | p.34
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

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, itispossible
to access the electronic medical record to prescreen study
participants. We will continue this practice after obtaining
Ingtitutional 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 additionto apool of subjectswho 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 popul ation, per US census data, particularly
with respect to country of reference and educational
attainment. In our previous study, we recruited more than 320
Spani sh-speaking Hispanics over 3 years of active recruitment
[25-29].

I nterventions

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

(English or Spanish), (2) level of hedlth literacy (3 or 6"
grade), and (3) racial or ethnic relevance (using verbal and
graphic elementsthat 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 materia that is not yet mastered. The intervention content
will be closaly linked to the ASK model of health literacy [26]
by targeting skillsand knowledge related to CDSM, asinformed
by results of the qualitative study in Phase 1.

Participantsin 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 8" gradereading level (the approximate average
reading level of adultsin the United States[93]) to simulate the
literacy demands that participants typically encounter when
using health care information. Materialswill not betailored for
race or ethnicity, except that Spanish speakers will complete
the intervention in their preferred language.
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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 adiscrete amount of information, areview
screenis presented to consolidate learning (eg, “ Common causes
of insomnia are...”). The next several screens will present
guestions to check participants learning; if questions are
answered incorrectly, the program loopsto areview of thetopic
with asecond 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 afriend 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, participantswill 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 SAHL SA. 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) scalesof FLIGHT/VIDAS. Participantswill
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. Participantsin 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 afina
follow-up visit during which they will complete Form C (a
combination of itemsfrom Forms A and B) of theHL 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 adetailed schedule of assessments.
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Randomization and Blinding

After confirmation of eligibility, participantswill 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/VIDAYS), sef-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 conditionswill be assessed with
the Functional Comorbidity Index [90], a previously validated
measure linked to physical status, and an index based on the
Midlifeinthe United States study [102] protocol, asused in our
earlier study [27], to allow comparisons with data from that
study. Assessments will include information on the specific
symptoms of key problemsin chronic disease management, and
will allow apre/posteval uation of the effects of theintervention
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 instrumentswill be administered viaAutomated
Computer-Assisted Self-Interview (ACASI) software with
assessment material s presented on touchscreen computers. This
strategy enhances data collection by alowing 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 Devel opment 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 availablein 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
softwaretwice [94]. Each entry will be compared using utilities
in REDCap and discrepancies will be resolved via inspection
of original paper-based data collection instruments.
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Data Safety and Monitoring

All assessment procedures planned in this study are either
standard psychological or educational procedures (or aresimilar
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 amonthly 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 eventswill betracked and reviewed viaregular
conference cals 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 participantsin an
ongoing fashion. We will be able to develop and maintain a
relationship with each participant that facilitates communication
about their reactionsto the study. Study personnel will betrained
to be dert 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 servicesif needed.

Finally, wewill 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
guestionnaires, to determineif the study isexcessively stressful
or upsetting.

Informed Consent and Confidentiality

Informed consent is a process that will begin with IRB review
of al 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 Ingtitutional 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
cabinetsin 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 tria) 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 missingnessin 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 a 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 dataare
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 variableswill be
used as covariatesin analyses. Other analyseswill evaluate the
distributional properties of dependent variables to assess the
suitability of planned statistical models.

Study Hypotheses

Hypotheses will be tested viathree 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 smple 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
completersand intent-to-treat groupswill be created. Hypothesis
2, regarding the validity of the measure on tablet computers,
will be assessed by evauating item difficulties and
discriminations, calculation of scales interna reliabilities
(Cronbach apha), evaluation of construct validity via
examination of the measure’s factor structure, and evaluation
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of concurrent validity as correlations and partial correlations of
FLIGHT/VIDAS scaleswith 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 testsfor 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 aso be evaluated in mixed-effects
regression models including relevant covariates, with separate
model's 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 margina means for mixed-effects models will be
compared across levels of effects. Exploratory analyses will
eva uate the effect of the intervention on other outcomes, such
as patient-provider relationships, treatment engagement, and
health care service utilization. Exploratory analyseswill 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 betested using structural models devel oped in the
MPlus dtetistical software. The significance of indirect
(mediating) effects will be tested using bias-corrected
bootstrapped estimates. Hypothesis 6, which suggeststhat 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
interventionsfor low- and high-ability readers, and on the effects
of our computer-delivered intervention on participant
knowledge. Results show that atotal 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 al two-way
interactions; the power to detect all three-way interactionswould
require avery 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 hedlth literacy measure when administered
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on convenient tablet computers, including itsvalidity in relation
to other measures of health literacy and academic measure of
reading and mathematics. Evaluation of the effects of tailoring
strategies, and especialy of providing information at a level
appropriate for our participants level of health literacy, will
provide atest 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 thislong-term strategy has been the decision to develop
theintervention using amedium (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 devel opment process
also allowsfor packaging of theintervention asadownloadable
app. Such apps can be posted for free download on mobile
devicesand beinstalled on commercial sitesincludingthe 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 aso 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 theclinical trial of itsefficacy will also commence
in2017.

Discussion

This study seeks to evaluate the efficacy of a mobile tablet
computer intervention in targeting low health literacy directly,
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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 persona relevance and level of
understanding resulted in significant improvements in
knowledge and treatment adherence [29]. In this project, we
seek to build on thisintervention 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 aformat 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 eventua
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 el ectronic 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 goa 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 portalsthat allow patientsto accesstheir health
records. Most electronic health records that provide portals
make provision for patient education, and the content devel oped
in the planned study might be made avail able through this outl et
aswell. Providerswould be ableto prescribethat patientsreview
material, thereby reducing the time spent in repetitive education
activities, whilefacilitating apositive rel ationship with patients
by providing the opportunity for interaction on patient questions.
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Abstract

Background: The home environment iswhere 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: Theaim of the HomeStyles randomized controlled trial (RCT) is to determine whether the Web-based HomeStyles
intervention enables and motivates parents to shape the weight-rel ated 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 abonafide 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 socia 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 supportsin
and near the home, and media availability and controlsin the home.

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

Conclusions: Thispaper describesthe HomeStylesintervention with regardsto: rationale, theintervention’slogic model, sample
eigibility criteriaand 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 iswhere 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 othersindicating 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’smaterials highly (4-pagefactivity [facts + activity]
folios) with regardsto 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 HomeStylesintervention isintended to enable and motivate
parents of preschoolers to shape their home environment and
lifestyle behavioral practicesto create and support optimal child
growth, health, and weights. Theinterventionisbased 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 yearsinto 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
iseasily 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

http://www.researchprotocols.org/2017/4/€73/
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successful results are likely to be generated by addressing
multiple lifestyle practices in a family context [13,37-41]. An
online delivery mode was sel ected because the vast majority of
familiesin the United States have accessto 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.

HomeStylesisinnovativein that it isfamily-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 programsfor 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 aimsto shape
these environments to be more supportive of optimal child
health. Thus, the aim of the randomized controlled trial (RCT)
isto determine whether the Web-based HomeStylesintervention
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 Mode

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; stakehol der 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 activitieswere needed to reach the project outcomes.
Thefirst 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. Thefinal stepswereto conduct
the RCT to assess the study aims, analyze RCT data, refine
intervention materialsto improvetheir 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 professional s 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

Figurel. Logic Model for HomeStyles Online Intervention.
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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
areto: disseminate RCT findingsto professional groups, widely
distribute HomeStyles materials to families, make parents and
organizations serving parents aware of HomeStylesand promote
itsuse 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 outcomesinclude: limits on resources
and funding; the obesogenic nature of the prevailing culturein
the United States; and resource (eg, time, energy, money)
scarcity experienced by families, which may impede their
progress. HomeStylesis based on the premisesthat al families
are deserving of the opportunity to benefit from shaping home
environments and lifestyle practices, al 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.

Situation: INPUTS OUTPUTS OUTCOMES

Childhood obesity rates in Activities Reach Short Medium Long-term
the U.S. are of great

concem, particularly in = Project Team = Createan Experts in childhood Build community Disseminate study

young children. Home expertise advisory group to obesity, target partnerships that can be findings through

environment and lifestyle (Project Team, _.guide thel au.dien:e (presc?'.\ool sustainable. present:‘:ltions at ) |mproved
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in childhood that tend to Advisory Group, = Develop and parents), learning and Undergraduate and * and peer-reviewed preventing
serve as the basis for students) Turmativs. test behavior changs., graduate students will publications. childhood
adult behaviors. As role = Stakeholder intervention. outreach education, gain valuable education cbesity.
models and gatekeepers, involvement = Identify/maodify instructional design, and research skills Distribute electronic .

parents strongly influence
children and are key

players in obesity Facilities assessment audience (i.e., parents
prevention. Research ® Technological instruments. of preschool children).
suggests that to generate capacity ® Train intervention
the most successful (computers, facilit.atura. NI& AZ parents with
results, interventions |_"‘te""35t access, || *® .Recrult ) at least one child
need to be placed within a libraries) i "‘tsf“_s"t'”" (aged 2 to 5 years).
family context and = Partnerships participants. '
address multiple home = Media outlet = Conduct Y

access randomized )

environment and lifestyle
practices associated with
weight status. Thus, in-
home obesity prevention
interventions that target
parents of preschool
children are warranted.

= Grant funding
= Equipment and

Jcreate and pilot
test intervention

controlled trial of
intervention.
Analyze data,
refine
intervention
materials to
support
sustainability of
intervention.
Report and
disseminate
project.
outcomes.

and dissemination,
and the target

related to childhood
obesity prevention.

}
'<

Families will be
motivated to shape
home environments and
lifestyles to prevent
excess weight gain in
their preschool children.

;

Local and national
media and obesity
researchers.

Families will have
increased: support
network, awareness,
knowledge, exposure to
family practices related
to improved physical
activity, healthy eating,
and sleep quality, and
parent:child interaction.

Parents and project team
will be satisfied with the
intervention.

HomeStyles kits to
other U.5. families to
help them shape their
home environments
and lifestyle practices.

Parents and
organizations serving
parents will be aware
of HomeStyles”
outcomes and
motivated to use
HomeStyles to shape
home environments
and lifestyle practices
to prevent childhood
obesity.

.

Families will have
improved home
environments and
lifestyle practices after
participating in
HomeStyles.

External Factors:

= Limited resources &
funding.

= Obesigenic cultural
milieu.

= Constrained family
resources and
competing interests.

Assumptions:

= All families are
deserving and can
benefit from shaping
homes environment
and lifestyle practices
to prevent obesity.

= Families have the
ability to shape home
environments and
lifestyle practices.

= HomeStyles will meet
the needs of
participating families.

Sample Eligibility Criteria and Recruitment

To be eligible for the HomeStyles project, individuals required
basi c 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, livein 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
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happier, healthier, safer children” and directed them to awebsite
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) aswell as personal
contacts (eg, colleagues, family, friends, neighbors) and a
professional study recruitment company also distributed
recruitment materials. In-person recruitment strategiesincluded
tabling activities at: community events; parent resource centers;
Women, Infants, and Children program offices; and farmers
markets.

The goa of HomeStyles is obesity prevention. However,
formative testing revedled 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 materialsincluded alink to
a webpage that described the study components and
expectations, and invited parents to complete a brief
guestionnaire to determine eligibility.

Recruitment of participants occurred over a 15-month period.
The rolling enrollment alowed 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 anaysis for
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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 asmall 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.

I ntervention Content

Experimental Group: Healthy HomeStyles

The HomeStyles experimental group intervention materials
(Healthy HomeStyles) are described in detail elsawhere[43,44].
In brief, the materialswere delivered viathe Web and consisted
of 12 instructional guidesin theform of 4-page mini-magazines.
Theintroductory 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 deep (nap) practices because the vast mgjority 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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Figure2. HomeStyles Key Messages.

HEALTHY HOMESTYLES (EXPERIMENTAL CONDITION)

MNutrition

* Eat Together as a Family Often

* Promote Positive Family Mealtimes

* Rethink Beverage Choices

* Serve Age-Appropriate Portion Sizes

* Encourage More FV Availability and Intake

* Encourage Cereal for Breakfast

* Promote Positive Parental Feeding Practices
* Tame the Effects of TV on Food Choices
Physical Activity

* Set Aside Time for Fun, Active Family Playtime
* Trade Screen-time for Active Flay

Sleep

* Promote Adequate Sleep Duration
Childcare

* Advocate for Childcare Settings that promote healthy nutrition,

physical activity, and sleep (nap) behaviors

SAFE HOMESTYLES (CONTROL CONDITION)

SAFE
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[
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 afull-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'stopicisimportant for good health, reminded parents
that they aretheir 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
isthisto 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
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HOGAR
SALUDABLE.
FAMILIA

Indoor Air Quality

* Tame Triggers of Asthma & Allergic Reactions at Home
* Protect Your Family from Carbon Monoxide

* Breather Easier with Quality Indoor Air

* Control Mold & Moisture

Household Poisons

* Safely Store Hazardous Household Products

* Shield Your Family from Pesticides

Home Safety

* Keep Your Home Safe from Slips, Trips, and Falls
* Guard Against Lead Poisoning

Food Safety

* Prevent Foodborne Iliness

* Encourage Refrigerator Thermometer

* Wash Those Hands

to promoteoptimal child health. Theinside recto page provided
tipsandideasfrom other parents of preschoolerswho 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 goa setting and
provided examples of goas 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 photographsand avariety
of graphic elements (eg, shading, highlighting, font treatments)
were used to enhancethe visual appeal of the guides. Each guide
took approximately 15 minutesto 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 enhancementsincluded: measuring cups
for the portion sizes guide, a cutting board for the fruits and
vegetables guide, afamily mealtime conversation ideafan 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 seriesof gentle nudges was created and cognitively tested for
all guides[54]. Nudges are periodic, brief communicationsthat
provide social support to hel p individuals changetheir 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, goa 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).

I ntervention Development Process

The development process used for al 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 messagesto participants (ie, designed using the Attention,
Relevance, Confidence, Satisfaction [ARCS] Modd of
Motivational Design [58,59]) that were delivered using
motivational interviewing principles [50,51,64,65].

Key obesity prevention guidelines used to develop HomeStyles
werefrom the Ingtitute of Medicine, Centersfor 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 Socia 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
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achieved child weight-protective goals), barrier removal/support
building, and self-regulation (ie, goa 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 preschoolerswere involved throughout
the devel opment, implementation, and evaluation of all aspects
of the intervention. Before intervention material devel opment
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 learnersinvolvesthem as equal partners, respectstheir
knowledge-base and life experiences, clarifies the importance
of the content, addressestheir desirefor 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. Asin 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-magazinesto have
a look and fee similar that of the experimental condition.
Additionally, nudges were written, enhancements were
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developed (eg, refrigerator thermometer, reminder magnetsand
wrist bands, lint-free dust cloths, stickersfor labeling household
poisons), and website content was created. Control group
participants only had access to Safe HomeStyles materials on
thewebsite, 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 abrief eligibility screener survey. Those who were
eligible began thefirst of five sequential levels of participation.
Each subsequent level of the intervention commenced
immediately after concluding the activitiesin the previouslevel.
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 atotal of 4 guidesin
Level 2, participants completed the second (mid-point) survey.
InLevel 3, participants selected 4 additional guides, with anew
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 dayslater 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 al levels was designed to
take approximately 12 to 18 months. Levels 1 to 3 were the

http://www.researchprotocols.org/2017/4/€73/

Byrd-Bredbenner et al

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 changesto implement
in their homes for a few weeks; and then choose a new guide.
After selecting aguide 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, participantsthat 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 compl eting each survey. Other strategiesto retain
study participantsincluded 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.
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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
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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 expertsin tests and measurements determined which
was best suited to the study. For lengthy scales (ie, exceeding
6 items), published psychometric and factor analysis datawere
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 devel oped de novo, five expertsin 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)
scaleisan example of the application and outcome of thisscale
development process [97].

All survey items were assembled into an online survey (using
Qualtrics) that was pretested with 48 individuals with
characteristicslike those eligiblefor thefinal 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 afinal 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

Thesurvey 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 aswell asthe
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 Centersfor
Disease Control and Prevention's Health-Related Quality of
Life questionnaire [99,100]. Hager et a’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].
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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 measuresincluded 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 asocia 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 measurementsincluded height and weight datawhich
were used to calculate the parent’s body mass index (BMI).
Height, weight, age, and sex data were used to calculate the
children’sBMI percentile[104]. To increase accuracy of height
reports, participants were instructed to measure height using
the specia 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 fruitsvegetables, 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 al so reported total daily time spent
using sedentary screen-time devices (ie, watching television or
DV Ds, 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
anal ogousto 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 deep (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 theseinteractions (ie, parenta 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]. Scalesal so 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
parentsindicate how confident they feltintheir abilitiesto keep
children's weight healthy and engage in obesity-preventive
eating, physical activity, and deeping behaviors. Parental values
associ ated with achieving obesity-preventive home environments
and lifestyleswere 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 questionnairesthat 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 homelyard, and in the neighborhood [97]. The
household media environment was described with items
assessing the number and types of media devices (including
television) inthehome[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 M anagement

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
procedureswere 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.
Supervisorsregularly reviewed data collection and management
procedures to ensure that they were followed with fidelity.

Thedatagenerated inthisRCT 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
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store data files on password-protected university servers that
are backed up daily. For added redundancy, all project dataare
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-testswill 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 longitudinaly and compare the slope of
independent variables asthey change over time, aswell asmean
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.
HomeStyleswas 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 HomeStylesis 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 devel oped
and validated aheight measurement kit [105]. Thiskit included
aspecial tape measurethat |abel ed 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 material s developed for interventions contain
excellent content but poor design. Consumers have come to
expect materialsequivalent in quality to professional magazines
and websites. The HomeStyles project avoided the homemade
look by including aprofessional 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
materialswere 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 trandation is
especially complicated because it is spoken in many countries,
each of which has some unique phrasing and termsfor 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 transation
challenge, HomeStyles engaged professional translators who
were familiar with the subject matter and who used in-culture
trangdlations (ie, trandations using terms and phrasing common
to the vast majority of Spanish speakers). Another challenge of
the Spanish trandlation in this project wasto capture the warm,
inviting, guilt-free, personalized tone that was used in the
English materials. To achieve the desired tone, the professional
trandatorswereincluded in the devel opment of project materials
from the outset of the project, before even one word waswritten.
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 theintervention was based on aparticular behavior
changetheory [143,144]. However, thereisrarely any indication
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of which constructsfrom the theory were used, or documentation
asto where or how the theory was employed. To overcomethis
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 participantsis a significant obstacle faced by
researchers. Compounding thisissueis, “aclear 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
materialsthat would help them build happier, closer bondswith
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,
HomeStylesisamong thefirst large-scale, rigorously controlled
studies to test the effectiveness of a multifactorial childhood
obesity prevention program that aimsto 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: Thisarticlereportsand discussesthe overall rationale and development of speed of processing training, acomputerized
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 lifein adultswith
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 asthe 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 interms 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 adultswith HIV inthe United Stateswill
be 50 yearsand older [6,7]. Thus, thereisagrowing population
that is particularly vulnerableto HAND dueto the cooccurrence
with aging-related neurocognitive impairments as well as
age-related comorbiditiesthat 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 neurocognitiveimpairments
affect driving safety, medication adherence, instrumental
activities of daily living, and quality of life[9-13]. Furthermore,
in the cART era, these neurocognitive impai rments 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 istherate at which neurocognitive functions
are performed [30-32]. Peoplewith HIV are vulnerableto speed
of processing declines [33,34], especially asthey age [30-32].
In ameta-analysis of 41 HIV neurocognitive studies from both
the pre- and post-cART era[33], speed of processing wasamong
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 deficitsimpair real-world
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functioning [13,36]. Such speed of processing declines are
associated with poorer driving performance and more at-fault
crashesin healthy older adults[30,37,38] aswell asmiddle-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,
especialy in rural areaswith 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
cognitivetraining programs, only 2 such studies have examined
thisin adultswith 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+ yearswith 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 isalaboratory
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 accidentsin the previous 2 years
were associated with slower gross reaction time and a higher
number of collisionsin thedriving simulator. Although thiswas
not a cognitive training study, the results suggest that improving
speed of processing may likewise improve driving in aging
adultswith 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 processinformation
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 aresponse [60,61]. This reduction
in speed of processing places demands on other neurocognitive
systems [31]. For example, Lindenberger et al [62] found that
age-rel ated decrementsin 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 agreater 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 studiesalready indicate
that adultswho 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, especialy in HIV [65,66], may be an inefficient
way to processinformation 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 trandate 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
(1IRO1IMH106366-01A1 — “An RCT of Speed of Processing
Training in Middle-Aged and Older Adults with HIVV"). This
randomized controlled trial (RCT) study described inthisarticle
examines awell-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 providesdifferential therapeutic responses onimproving
this neurocognitive ability over time; (2) examine whether 10
versus 20 hours of speed of processing training will differ in
therapeutic value onimproving 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 criteriaand HAND, (4) intervention
dosage versus control condition, (5) assessment battery, and (6)
assessment of biomarkers. Finaly, 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 globa 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
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likewise produceimprovementsin other areasin 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 sizeswere 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 isapreferred 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's40s[69-71]. With HIV considered asaform of accelerated
aging [72,73], concerns about more profound speed of
processing declines in this population increase. Second, speed
of processing declinesarerelated to poorer everyday functioning
(eg, driving, performing IADLS) aswell aslower quality of life
(eg, hedth-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 trandate 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 asa
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
inHIV that likewiserequireintervention [99]. ThisRCT 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 trandational 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
determineif 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
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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 groupsin 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
adultsinthe ACTIVE study. To retain participants over a 2-year
period, severa strategies are employed; here areafew examples:
(1) sending reminder holiday and birthday cardsto 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.
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We have accessto their
electronic medical records.

Telephone Screen—
Determine Basic Eligibility

o ——— == ———————

264 Patients w/ HAND
(Enroll Further)

264 Patients w/o HAND
(End of Participation) |

,—————— = —

Laboratory Laboratory Contact
Speed of Speed of Control
Processing Processing (Sham)
Training Training Training
(10 1-hr Sessions) (20 1-hr Sessions) (10 1-hr Sessions)
*1 hour perweek *2 hours perweek, *1 hour perweek
for 10 weeks for 10 weeks for 10 weeks

—————— —_———— e . ————————

Recruitment Protocol, Rationale, and TargetingHAND
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, certaininclusion, 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.
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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, participantswith 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 al so necessitates exclusion;
again, thisinformation is conferred in the tel ephone screen and
again at baseline. These typical exclusion criteria are used in
many HIV neurocognitive studies[12,14,101-104]; wewish to
exclude those with other major neurological conditions besides
HIV that affect neurocognition.

H1V-Associated Neurocognitive Disorders

This study focuseson 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 criteriais used to determine
HAND [104]. If aparticipant’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 thetype of HAND diagnosis can be made
based upon functional impairment too (ie, Lawton and Brody
activities of daily living) to compare differences in treatment
responsefor those with varying severity of HAND. In consensus,
2 doctorally-trained psychol ogists determine HAND based upon
the demographically adjusted t scores.

I ntervention Dosage Ver sus 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 | ocate 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 isimportant for driving [107].
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Studies using speed of processing training often vary from 10
to 20 hours. Asmentioned in the prior study in adultswith 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) alsoinitially used 10 hours of speed of processing
training, but additional “ booster” training wasfound to improve
the effect size and these improvements were robust over severa
years[108]. A meta-analysis[52] of cognitive training in older
adultsfound specifically for speed of processing training, adose
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 asan
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 previoudy observed [75,81,109]. Specificaly,
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. Thisapproach hasbeen 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, atreatment 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]. Thiscompleter-only analysisisappropriate for usewhen
examining the actua 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 wasfunded in April 2016 and enrolment is on-going.
Thefirst 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

Table 1. General domains assessed overtime.

Vance et a

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 asthey are used to determine HAND
[12,55,110-118].

Aim1:
Neurocognitive measures

Demographic, background, and
covariate measures

Aim 2:
Everyday functioning measures

Aim 3:
Quality of life measures

Demographic questionnaire
Wide range achivement test- 4
(Educational quality) [119]
Drug urine screen

HIV history and status
Electronic medical records

Speed of processing (ie, U FOVb)
[120]

Attention and working memory
(PASAT2-2000) [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 (IADLYS) (ie, Lawton &
Brody activities of daily living ques-
tionnaire)

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

Centersfor epidemiological studies-
Depression (CES-D) [128,129]
Internal locus of control [85]
Self-rated health and health related
quality of life (measured viamedical
outcomes study short-form (SF-36)
[130]

Neurocognitive Complaints

3PASAT: Paced auditory serial attention test.
PUFOV: Useful field of view.

One primary and nove focal areaof thisstudy (Aim 2) isdriving
and driving-related outcomes. Most adultswith 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, thiscognitive 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]. Asmentioned 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) milesdriven 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 adriving
exposure composite score.
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Driving avoidance[124] is assessed with 10 self-reported items
that ascertain whether participants passed up opportunities to
drivein the past 3-month period dueto avoiding difficult driving
circumstances: (1) driving at night, (2) driving in bad weather,
(3) driving aone, (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 | eft-hand
turns across oncoming traffic, and (10) merging into traffic
while entering ahighway or expressway. Likewise, theseitems
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 (ADQOT). Asin past studies, using participants’
driver'slicense numbers, arequest is made to the ADOT office
requesting for accident reports which are publically available
records and made available for asmall 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 thereisalack of an agreement, athird rater makes
the fina 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 ecologicaly 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 thisintervention
was effective in reducing the frequency and severity of vehicle
crashes. Given the infrequent nature of vehicular crashes, the
large sample size of thisstudy will provideinsight 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 uniquefeatue of this study istheincorporation of biomarkers
of brain health and brain chemistry through a separate K99 and
RO0O (K99AG048762) grant mechanism that uses the
infrastructure of the parent RO1 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
virusin the blood can impair certain cognitive functions[136];
thus, measuring such biomarkers may help examinetheir 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 theintervention.
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 al the
participants are recruited from aninternal HIV and AIDSclinic,
their most current aswell asfuture physiological lab values (eg,
triglyceride levels, glucose levels, CD4+ lymphocyte count,
HIV vira 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
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intervention (ie, if a participant is experiencing cognitive
problems from el evated 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 arefirst to agreeto bein this substudy)
during the time of the baseline visit are al so 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), changesin 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
influencetraining gainsfrom theintervention, 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

Thisstudy protocol examining a cognitive remediation program
isreflective of other methodol ogies that examine their benefits
over time. As such, this study design lendsitself to other types
of computerized cognitive remediation programsthat 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 socia functioning skills
and reduce rumination (eg, cognitive bias modification)
[146,147]. This protocol can be easily modified to examine the
efficacy of these programs. Infact, with enough resources, these
programs can be examined side-by-side and in combination to
examinetheir 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 protocolsin delaying
or mitigating the effects of disease-related and age-related
neurocognitive declines, mild neurocognitive impairment, and
dementia.
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Abstract

Background: Despitethe health benefits of increasing physical activity in the secondary prevention of acute coronary syndrome
(ACYS), up to 60% of ACS patients are insufficiently active. Evidence supporting the effect of Web-based interventions on
increasing physical activity outcomesin ACS patientsis 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 hospitalsin Montréal,
Canada. An experimenta 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 changein 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 beimplemented during data analysis.

Results: Recruitment started March 30, 2016. Data analysisis 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 s clearly needed. Our RCT is expected to help support the potentia 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 itsimplementation as part of usual care, TAVIE en m@rche could help improve the health of ACS
patients at large.

Trial Registration: ClinicaTrials.gov NCT02617641; https://clinicaltrials.gov/ct2/show/NCT02617641 (Archived by WebCite

at http://lwww.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
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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 isone behavior associated with
severa hedlth benefits in ACS patients, including reduced
mortality and health care utilization. Accumulating an equivalent
of 150 minutes per week of moderateintensity physical activity
isassociated with reduced all-cause [5-7] and cardiac mortality
risk [7] compared with lower levels of physical activity.
Evidence from cohort data suggeststhat all-cause mortality risk
can be reduced by accumulating half of the recommendation
compared with zero minutes, and further reductions are obtained
asphysical activity increases[8], which may a so 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 dyslipidemiaand hypertension, and
reduced hegalth 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 agateway 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 ispromoted in traditional secondary
prevention programsthat 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

http://www.researchprotocols.org/2017/4/e64/

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 asemail and text message[16].
A meta-analysis of randomized controlled trials (RCTs) and
guasi-experimental studiesin mainly general adult populations
or adults with cardiac risk factors found a significantly greater
effect on physical activity outcomesin 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
inturnis 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-analysisof RCTsand quasi-experimental studiesinmainly
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
interventionsto influence greater increasesin physical activity.

In ACS patients, a Cochrane review found some evidence in
eight RCTsto support the effect on increased physical activity
outcomesin 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, onewas apilot [23],
two were not powered on physical activity outcomes [24,25],
and one was powered on a self-reported physical activity
outcome, but results werelimited by the majority of participants
dropping out [26]. Only four RCTswerefull-sized and powered
on objective physical activity outcomes[27-30], among which,
two tested tailored interventions [27,28]. Both found
significantly greater levelsin 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 RCTstested nontail ored interventions measuring
the primary outcome of exercise capacity compared with usual
care[29,30]. One RCT found asignificantly greater increasein
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 increasesin asubjective secondary outcome
of self-reported physical activity in favor of the experimental
group [30]. Considering these four RCTS, the content of the
Web-based interventionstested 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 RCTstested Web-based interventions, with or
without tailoring, in ACS patients performing insufficient
physical activity. The paucity of strong evidence highlightsthe
need for future full-sized RCTs testing Web-based tailored
interventions on objective physical activity outcomes in ACS
populations.

Theoretical Framewor k

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@rcheis 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 weaknessesinteract 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)
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holism and embodiment refersto understanding the complexities
underlying the rel ationships 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 refersto 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 strategiesthat 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 worksonthe SDT of human
motivation [32]. Empirical work in SDT applied in health care
settings has presented two model s[33]. Thefirst 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 hasaminimal 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 improvementsin 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 asignificant 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 shamein the presence of failurein 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
werewell supported [36], suggesting that interventionsthat are
efficacious at influencing positive changes in SDT constructs
may also influenceimprovementsin physical activity outcomes.

SDT is a novel approach to theoretical grounding in the
Web-based physical activity literature as no studiesusing SDT
were found in past meta-analyses in either general adult
populations[17] or ACS patients[22]. However, wefound 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
awaitlist 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 outcomesin
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 videosin 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

Theaim of this RCT isto 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 hyperlinksto 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 socia), smoking, medication adherence, secondary
prevention program attendance, emergency visits, and
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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 isatwo-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 centersin 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 accessin any location to acomputer with aUSB
port that is connected to the Internet, and report the ability to
read and speak French. Patientsareineligibleif 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 vigorousintensity physical activity per week),
have documented New York Heart Association Class I11-1V
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 €ligible 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 usua care from hospital entry to return
home. At al four recruitment centers, from hospital entry to
hospital discharge, usua 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 asteaching aids to complement the brief
counseling. As well, patients receive referrals to onsite or
community-based secondary prevention programs.

After hospitalization, al 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 acrossthe 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 receivesalist of four hyperlinks on aunique
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 Ingtitute, Heart and Stroke Foundation, and
Canadian Society for Exercise Physiology. Inaddition, because
key recommendations on walking post ACS-related
hospitalization were derived from a patient education bookl et
published by the Montreal Heart Ingtitute that isavailable 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 filesreferred to by the nurse. Accessto
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 theintervention is4 weeks but accessto the
intervention ends at 11 weeks postrandomi zation. 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].

Theintervention goal isto encourage a progressiveincreasein
walking behavior, up to the recommended 150 minutes per week
at moderateintensity, which isdetermined 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
acontraindication 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,
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supporting the person’s self-determination in their decisions
and actions, and working with the person’s strengthsin 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 asthe 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). Thisscript, 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 asthe fabric in which
the entireintervention content isinterwoven. 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.
Theterminol ogies 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
itsconsistency with SDT [45], (2) facilitators of physical activity
such asimproved 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 Montréa 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.

Specific strategy Intermediate intervention goal Behavior change technique Targeted SDT variable?
1. Providing information and To help patients build or consolidate 1.1 Provide information on conse- Perceived autonomy support
feedback on walking behavior motivation and confidenceto increase quences of behavior in general by pro- from the intervention

2. Exploring reasons to increase
walking behavior

3. Exploring strengths

walking behavior or maintain sufficient
walking behavior

To help patients build motivation to
increase walking behavior

To help patients build confidence to
increase walking behavior

viding information on potential advan-
tages of physical activity through
walking

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

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

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

and to explore goals and values®

2.2 Motivationa interviewing, sharing
alist of potential reasons to increase
walking behavior®

3.1 Motivationa interviewing, asking
evocative questions to explore
strengths®

3.2 Motivationa interviewing, sharing
alist of potential strengths®

Autonomous motivation

Perceived autonomy support
from the intervention

Confidence

Perceived autonomy support
from the intervention

Confidence

Perceived autonomy support
from the intervention
Autonomous motivation

Perceived autonomy support
from the intervention

Autonomous motivation
Perceived autonomy support
from the intervention
Confidence

Perceived autonomy support
from the intervention
Confidence
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Specific strategy Intermediate intervention goal Behavior change technique Targeted SDT variable?

4. Developing an action plan To help patients consolidate their moti- 4.1 Provide instruction on how to per-  Perceived autonomy support
vation and confidence to increase form the behavior of perceived exercise  from the intervention
walking behavior or maintain sufficient  exertion assessment and planning Confidence
walking behavior walking in four steps

4.2 Teach to use prompts/cuesusing  Perceived autonomy support
flash card of perceived exertionandthe from the intervention

four steps Confidence

4.3 Goal setting using SMART goals  Perceived autonomy support
from the intervention

Confidence

4.4 Provide information on conse- Perceived autonomy support

guences of behavior in general by pro- from the intervention

viding information on potential advan- A tonomous motivation

tages of walking, and how to make

walking enjoyable

4.5 Teach to use prompts/cuesusing  Perceived autonomy support

flash card of SMART goasandreasons from the intervention

for walking Autonomous motivation
Confidence

4.6 Prompt self-monitoring of behavior  Perceived autonomy support

of SMART goals from the intervention
Autonomous motivation®
Confidence

4.7 Provide information on whereand  Perceived autonomy support

when, and instruction on how to per- ~ from the intervention

form the behavior using practical tipS  confidence

to increase walking behavior or to
maintain sufficient walking behavior

4.8 Prompt review of theidentification Perceived autonomy support
of behaviora goals (SMART goals, from the intervention

and reasons for walking) Autonomous motivation
Confidence

4.9 Barrier identification/problem Perceived autonomy support

solving from the intervention

Autonomous motivation®
Confidence

4.10 Plan social support to dlicit sup-  Perceived autonomy support
port from significant othersintheattain-  from the intervention

ment of increasing walking behavior  pereaived autonomy support
or maintaining sufficient walkingbe-  f.om a significant other

havior
4.11 Provide an example of action Perceived autonomy support
planning from the intervention

Autonomous motivation®
Confidence
4.12 Provide feedback on performance  Perceived autonomy support
(action plan and walking behavior) from the intervention
Confidence

3perceived autonomy support from the intervention istargeted 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.

bA utonomous motivation targeted 4.6 in the enjoyment in monitoring the accomplishments of aSMART goal; 4.9 intwo 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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“Motivational Interviewing is reported here as behavior change techniques consistent with the CALO-RE taxonomy and is limited to open-ended
guestions 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 devel oping 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)
becausethisprofileislow in motivation and confidence. Profile
B receives Strategies 1 (information), 2 (reasons), and 4 (action
plan) because thisprofileislow 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” responsesto questions after intervention login

http://www.researchprotocols.org/2017/4/e64/

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 genera 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
participantsin all four profiles (Strategy 1 information) based
on their responses of walking behavior assessed only at basdline.
Other tailored messages based on “yes’ versus “no” responses
to questions after intervention login pertain to theidentification
of personal reasons for walking (Strategy 2 reasons), personal
strengths (Strategy 3 strengths), personal goalsthat are SMART
(Specific, Measurable, Attainable, Redlistic, and within a
Timeframe) (Strategy 4 action plan), social support, and
solutions to barriers (Strategy 4 action plan).
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Figure 1. Schemaof theintervention’s general and per profile introductions, and the four specific intervention strategies.

General Introduction ‘
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. . inthe control group are needed to participate in the study, which
Timelineand Procedures includes time spent in either experimenta or control

The study duration is 16-17 weeks, from hospitalization (-T2)  interventions, and the completion of the questionnaires (Table
to the last assessment at 12 weeks postrandomization (T3). We  2).

estimate that 4 hours in the experimental group and 2.5 hours
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Table 2. Schedule of enrollment, interventions, and assessments.

Minutes Recruit- Baseline Randomiza= Interven-  Follow-up  Follow-up
per patient ment tion tions 5wks 12 wks

Activity Items -T2 -T1 T0 Tl T2 T3
Eligibility screening

Patient lists N/A X

Inclusion/exclusion interview ~10 X

Screening log N/A X
Consent and signing ~30 X

Instruction to wear accelerometer and complete ~10 X
questionnaires

Randomization and allocation to group ~1 X

Accessto experimental or control group interven- ~60-75 X
tions

Documentation N/A X X X X X X
Assessments in-hospital

Sociodemographic data and depression 19 ~15 X
questionnaire

Give and explain accelerometer wear ~10 X

Clinical data (eg, history, tests, events, and N/A X
cardiac risk factors)

Assessments at home
Intervention adherence N/A X
Primary outcome (X) steps/day N/A X X X
Questionnaires ~30-45

Self-reported physica activity and 7 X X X
location of accelerometer wear

Perceived autonomy support of signif- 6 X
icant other

Perceived autonomy support of web- 6 X

sites

Autonomous and controlled motiva- 12 X X

tions

Perceived competence 4 X X

Barrier self-efficacy 8 X X

Quality of life 27 X X
Smoking status 1 X X
Medication adherence 4 X X

Secondary prevention programenroll- 2 X
ment

Angina frequency 2 X X
Fatigue 7 X

Clinical data
Emergency visitsand hospitalizations N/A X

Recruitment (-T?2) takes placein-hospital. Potential participants than being based on a 24-hour and 7-day a week schedule, is
are identified through patient lists during hospitalization, and based on the recruiters irregular schedules, which vary
we then proceed with preliminary eligibility screening using depending on their availability to present at one of thefour sites
patients medical charts (Figure 2). Eligibility screening, rather  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 gquestionnaires on sociodemographic
data and depressive symptoms are completed. Participants are
then given an accelerometer and an open prepaid envel ope 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) isat 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, alowing 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, participantsareinstructed
to wear the accelerometer daily for 7 days from awakening to
bedtime. After 7 days of accelerometer wear, asecond email is
sent that includes a hyperlink to access the first online
guestionnaire. Although we expect most participantsto complete
the baseline accelerometer wear followed by the online

http://www.researchprotocols.org/2017/4/e64/
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guestionnaire within 1 week, a maximum window of 2 weeks
is alowed to complete baseline assessments.

Randomization (TO) and allocation to the experimental or
control groups occur upon submission of the baseline
guestionnaire at thefourth 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-upsat 5weeks (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 accel erometer 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.
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Sample Size Calculation

To detect adifference 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, atotal 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% significancelevel, power of 80%, and an expected
attrition of 23%. The 1500 steps per day is an approximation
of half of therecommended daily minutes of moderateintensity
physical activity [47]. The attrition of 23% was reported in a
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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 datafound in an RCT of acounseling interventionin 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 assignmentsfollow a1:1 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 (.xIs) 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
randomi zation occurs posthospitalization. Thefirst author must
know of the assignment after it isrevealed, 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 asto which websiteis 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 minutesto complete
(ie, contral).

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 weeksto
assess the persistence of steps performed beyond the end of the
intervention’s4-week period. The accelerometer step count data
are concealed, uploaded wirelessly to a server [50], and
downloaded in thefirst 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)
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[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 (METSs)-minutes per week inthelast 7 days.
The score of energy expenditure for walking is the product of
days performed in walking, minutes performed per day, and 3.3
METSs. The score of energy expenditurefor moderate to vigorous
physical activity isthe 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 METSs; 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
generaly 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 weeksfor 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 asignificant
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 al true” (1) and “very true’ (7).
Higher scores represent greater levels of PAS. Reported
Cronbach aphas 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. Weretained
the 12 items that assess controlled motivation (6 items) and
autonomous mativation (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 al phas across four
populationswere 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 itemsrated between “not trueat al” (1) and “very
true” (7). Higher scores represent greater levels of perceived
competence. Reported Cronbach al phas 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 wak 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. Theitem 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 al 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
socia (13 items) [56]. Itemsinclude reverse scores and overlap
across dimensions. The scoresfor global quality of lifeand each
dimension are the mean of responsesthat range between 1 (poor
quality of life), and 7 (high quality of life). Reported Cronbach
alphaswere .94, .94, .89, and .90in global, emactional, 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 feelswell. The score
isthesum of 4 itemsrated “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.

Datafor both emergency department visits and hospitalizations
are collected from the medical recordsat 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 hospitalizationsindicate
ascore 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
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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 itemsrated 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 scoresrepresent greater
angina frequency. A reported significant positive association
wasr=.31 between greater anginafrequency and greater number
of refills of sublingual nitroglycerin tabletsin 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
guestionnaire assess employment, education, marital status, and
other demographics. Other data including medica 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 previoudly tested in the Web-based ACS
literature.

I ntervention 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 M ethods

TheMontreal 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 dataat agiven time point
will not be excluded from the analysis [64]. Missing data will
be examined and handled according to best practicein that field
[65].

For the analyses of single continuous variables (eg, the primary
outcome of changein 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 modelswill
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
alphawill bedivided 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 Consider ations

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

We expect that the study population has no additional adverse
effectsin participating inthisRCT 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 hyperlinksto 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
retai ned based on the literature showing the association between
increased physical activity and reduced mortality in ACS
patients[5-7], wedid not plan mortality as primary or secondary
outcomes. Trialsthat aim to improve physical activity outcomes
usualy 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 RCTstesting Web-based interventions
in ACS patients measured an objective physical activity outcome
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(steps per day or exercise capacity) and reported serious adverse
cardiac or mortality events requiring hospitalization per
trestment group [28,29]. Reid et . 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
deathsin 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
asaprimary or secondary outcome within afeasibletimeframe.

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 accel erometers 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 datawill 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 datawill bereported in afuture publication
of theresults.

I nterventions

The platform is limited to using static tailoring rather than
dynamic tailoring [20]. However, arecent 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 RCTSs 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.

Kayser et d

literature because no RCT has tested a Web- and SDT-based
tailored intervention using videos of a nurse on an objective
physical activity outcomein 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 asthe 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.

Conclusion

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

Background: Although there have been marked improvementsin our understanding of vitamin D functionsin 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: Theaim 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: Thiswas atwo-phase study. First, a population-based cross-sectional study was conducted; recruiting 1600 and 900
first trimester pregnant women from health centers of Magjed-Soleyman and Shushtar, respectively, using stratified multistage
cluster sampling with probability proportional to size (PPS) method. Second, to assessthe 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 Mased-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 yearsis needed to complete the study. Results of
thisstudy will (1) providereliableinformation 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/6p3lkgFdV)

(JMIR Res Protoc 2017;6(4):€54) 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 isthe hormonally activeform
of vitamin D [1]. Since the haf-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], fallsand fractures[9], autoimmunity [10], type-2
diabetes[11], and depression [12].

Although avail able 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
recoghized. One potentia role of vitamin D during pregnancy
is modulation of immune response [13]; however, evidence
shows that it may also have functions on muscul oskeletal [14]
and cardiovascular systems[15] aswell as neural devel opment
of the fetus [16]. Moreover, studies report a significant
association between maternal vitamin D status and neonatal
serum levels [17].

With respect to materna vitamin D deficiency and adverse
pregnancy outcomes, data are inconclusive and need further
investigations. Trias 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 gramsin
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
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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
preval ence among certain high-risk groups of preghant 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(0OH)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 evidenceto support arecommendation for screening
all pregnant women for vitamin D deficiency, and itsbeneficiary
impact on pregnancy outcomes has not been well established.
Besides, the optimal required dose during pregnancy is till
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 aretype 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(0OH)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
atogether, 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
centersof 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 ascreening 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 outcomesincluding
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.
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Shushtar participants (as nonscreening arm) served as controls
and were followed till delivery and any adverse pregnancy
outcomes were assessed.

TheFirst 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 areais 9/6327 km? with a population of 103,369
people with Persian ethnicity. Thisis asunny region with ahot
and humid climate. Its dtitude is 260 meters above sea level.
In terms of geographical location, it is between 31°59' E
longitudeand 49°17' N latitude. Shushtar County isinthenorth

of Khuzestan. Itsareais 2436 km? with a popul ation of 192,361
people with Persian ethnicity. The climate is similar to
Masjed-Soleyman. Itsaltitude is 150 meters above sealevel. In
terms of geographical location, it isbetween 48°20" E |ongitude
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(0OH)D levels, mothers were divided as
severe deficient (<10ng/ml), moderate deficient (10-20ng/ml),
and normal status (>20ng/ml) [1]. The scaleto express 25(0OH)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
werefollowed until delivery. Subjectswith 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.

JMIR Res Protoc 2017 | vol. 6 | iss. 4 €54 | p.101
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Rostami €t d

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.
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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.
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Overall analysed (n=394)

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 wereinvited 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, thefirst 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
aquestionnaire that included information on sociodemographic,
anthropomorphic, behavioral, and reproductive characteristics
was completed by atrained 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 (m?).
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. Plasmawas then separated by centrifugation
(1500g, 10 min, 4°C) in the centra 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(0OH) 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 thetest 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'sinstructions and
validation studieswere done prior to thetest. 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 areference laboratory.

The Second Phase

In the second phase of the study, to assess the effect of screening
strategy on maternal and neonatal outcomes, M asjed-Soleyman
participants were assigned to a screening program Versus
Shushtar participants acting as the nonscreening arm. Within

Figure 2. Sample estimation formulafor the first phase of the study.

Rostami €t d

the framework of the screening regimen, an 8-arm blind
randomized clinical trial was undertaken to comparethe effects
of various treatment protocols. Due to the cost and complexity
of the process, 800 pregnant women with vitamin D deficiency
from Mased-Soleyman were randomly alocated 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 caculated in screening group
(Masjed-Soleyman) using the following formula (Figure 2) and
assumption, resulting in 1537 subjects.

The same steps (except for €=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 hedth 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 peoplewho havetherisk factor
(P) ishigh in the population, consequently, sample size needed
for screening isconsidered 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 lossto follow up of 10%, atotal number of 100in
each study group was considered adequate.

| 7an-P)

gip

a=0.05=z__,=196

F=0.10
£=015
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Figure 3. Sample estimation formula for the second phase of the study.
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Randomization and Blinding

Subjectsin each group of severe or moderate deficiencieswere
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 thetria . 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
careworkerswho determined pregnancy outcomeswere 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 Al: Subjects were treated with 50,000 U of oral vitD3
weekly for atotal duration of 12 weeks.

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

Women With Moderate Vitamin D Deficiency (Group
B)

Group B1: Subjects were treated with 50,000 1U oral vitD3
weekly for atotal duration of 6 weeks.

Group B2: Subjects were treated with 50,000 1U oral vitD3
weekly for atotal duration of 6 weeksand then were on monthly
maintenance dose of 50,000 1U vitD3 until delivery.
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GroupB3: Subjects were treated with a single dose of
intramuscular administration of 300,000 1U vitD3.

GroupA4: Subjects were treated with a single dose of
Intramuscular administration of 300,000 1U vitD3 and then were
on monthly maintenance dose of 50,000 [U 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 theintervention 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 weretransferred to the central
laboratory of Masjed-Soleyman. Sampleswere 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 subjectsin thisgroup
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 D350 000 U or cholecaciferol 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 1U/ml in sesa