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Abstract

Background: Mobile and wearable technology have been shown to be effective in improving diabetes self-management;
however, integrating data from these technologiesinto clinical diabetes care to facilitate behavioral goal monitoring has not been
explored.

Objective: The objective of this paper isto report on astudy protocol for a pragmatic multi-site trial along with the intervention
components, including the detailed connected health interface. This interface was devel oped to integrate patient self-monitoring
datacollected from awearabl efitness tracker and its companion smartphone app to an electronic health record system for diabetes
self-management education and support (DSMES) to facilitate behavioral goal monitoring.

Methods: A 3-month multi-site pragmatic clinical trial was conducted with eligible patients with diabetes mellitusfrom DSMES
programs. The Chronicle Diabetes system is currently freely available to diabetes educators through American Diabetes
Association—recognized DSMES programs to set patient nutrition and physical activity goals. To integrate the goal -setting and
self-monitoring intervention into the DSMES process, a connected interface in the Chronicle Diabetes system was devel oped.
With the connected interface, patient self-monitoring information collected from smartphones and wearabl e fitness trackers can
facilitate educators’ monitoring of patients adherenceto their goals. Feasibility outcomes of the 3-month trial included hemoglobin
A, levels, weight, and the usability of the connected system.

Results: An interface designed to connect data from a wearable fitness tracker with a companion smartphone app for nutrition
and physical activity self-monitoring into a diabetes education electronic health record system was successfully developed to
enable diabetes educators to facilitate goal setting and monitoring. A total of 60 eligible patients with type 2 diabetes mellitus
were randomized into either group 1) standard diabetes education or 2) standard education enhanced with the connected system.
Data collection for the 3-month pragmatic trial is completed. Data analysisisin progress.

Conclusions: If results of the pragmatic multi-site clinical trial show preliminary efficacy and usability of the connected system,
alarge-scale implementation trial will be conducted.

Trial Registration: ClinicalTrials.gov NCT02664233; https://clinicaltrials.gov/ct2/show/NCT02664233 (Archived by WebCite
at http://www.webcitation.org/6yDEwWXH05)
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Introduction

Obesity and type 2 diabetes mellitus (T2DM) are serious chronic
illnessesin the US. Compared to astandard diabetes education,
behavioral lifestyle interventions were found to be more
effective in weight loss and diabetes control among overweight
or obese patients with T2DM [1,2]. Self-monitoring and goal
Setting are two essential components of a behaviora lifestyle
intervention [3,4]. Self-monitoring of healthy eating and physical
activity play a key role in weight management and diabetes
control in T2DM patients. Previous studies have shown that
self-monitoring with an electronic diary is as effective as
monitoring with apaper diary while being less burdensome and
time-consuming [5,6]. Smartphones are now gaining attention
for their use in facilitating patient self-monitoring of healthy
eating and physical activity.

Research supports diabetes education as a cost-effective way
to coordinate diabetes care. Diabetes self-management education
and support (DSMES) programslocated throughout the US are
integrated within the existing health care system. Thus, DSMES
programs present an ideal setting for testing theimplementation
of an evidence-based self-monitoring intervention. Chronicle
DiabetesisaWeb-based electronic health record (EHR) system
designed to facilitate behavioral goal monitoring for the
American Diabetes Association (ADA)—-recognized DSMES
Programs|[7,8]. Chronicle Diabetes enables educators and their
patients to set collaborative goals for their diet and physical
activity; however, the lack of an interface to attach a diary was
perceived to be one of the barriers by educators [9]. Directly
connecting patient’'s goal-setting and  self-monitoring
information collected through smartphones to Chronicle
Diabetes can facilitate education processes so that educators
can better coordinate with care plans and efficiently deliver a
potentially more effective and tailored intervention.

We used the Chronicle Diabetes system currently freely
avalable to diabetes educators through ADA-recognized
DSMES programs to set patients diet and physical activity
goals and to integrate patients self-monitoring information
collected from smartphones and wearable fitness trackers to
improve educators ability to monitor patients adherence to
goals. Moreover, using a central location for tracking patients
behaviors and progress enables long-term self-management
support for sustained behavior change. A system with good
usability should foremost have a functionality design that
matches the work domain and a user interface that supports
efficient task performance by the users. We used a usability
framework developed to ensure high usability of connected
health systems to guide the development of our proposed
connected system [10].

Our study developed such an interface and tested its usability,
acceptability, and feasibility in amulti-site randomized clinical

http://www.researchprotocols.org/2018/4/e10009/

trial. The objective of this paper isto report on astudy protocol
for apragmatic multi-sitetrial and the intervention components,
including the detailed connected health interfaces.

Methods

Sample

Eligibility was assessed prior to participant enrollment. To
participate in the study, individual s had to have been diagnosed
with T2DM, be 18 yearsor older, own asmartphone compatible
with the Jawbone UP24 fitness tracker, and be overweight or

obese as classified by their body mass index >25kg/m?. A list
available on the Jawbone website was used to determine whether
participants’ smartphones were compatible with the Jawbone
fitness tracker. Research assistants aso searched the
smartphones' respective app stores to determine whether the
companion app to the Jawbone UP24, UP, could be downloaded
and whether the fitness band could be synced to the phone.
Individuals whose smartphones were not compatible with the
UP app or Jawbone fitness tracker were ineligible for
participation in the study. Overweight or obesity status was
assessed using self-reported height and weight. In addition,
individuals undergoing treatment for severe psychiatric illness
were not eligible to participate in the study; however, no
potential participants were deemed ingligible based on this
criterion.

Sample Size Justification

We enrolled 60 patients for the study: 30 in Houston and 30 in
Pittsburgh. In a national study testing the behavioral lifestyle
intervention in a nontranslational setting [2], hemoglobin A,
(HbA ,; %) levels dropped from 7.29 to 7.15 after one year in
the standard intervention group, whereas the levels dropped
more sharply, from 7.25 to 6.61, in the intensive intervention
group. The standard deviations were 1 in each group and each
repeated measurement. Assuming a correlation of 0.8 between
repeated measurements and apha=.05, we estimated that
enrollment of at least 27 patients per group would result in
power > 80% to detect the interaction between group and time
(pre- and postintervention). The power was estimated by
simulating 1000 normal samples based on observed means and
variances of the trial. Allowing for 10% attrition at the end of
the 3-month follow-up, we sought to enroll 30 patientsin each
group.

Recruitment, Screening and Enrollment

Individuals were recruited from ADA-recognized DSMES
programs in Houston, Texas and Pittsburgh, Pennsylvania
Patients were asked if they had a smartphone and whether they
would beinterested in participating in aresearch study in which
they would monitor their diet and physical activity using a
fitness tracker and smartphone app. Those who expressed
interest were provided with more detailed information about
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the study and screened for eligibility. Informed consent was
provided by all eligible patients. This study was approved by
the Ingtitutional Review Boards of The University of Texas
Health Science Center at Houston and the University of
Pittsburgh.

Randomization

Eligible patients were randomly assigned to the intervention
program or a standard diabetes education program in a 1:1
allocation ratio. The study statistician created a randomization
sheet to randomly assign the patients at the time of enrollment
after written informed consent was obtained.

Treatment Procedures

Standard Diabetes Education Group

Therecruiting sitesall offer ADA—recognized diabetes education
programs. During the study, patients in the standard diabetes
education group saw their diabetes educators at baseline and
for the follow-up datacollection visit at 3 months. The patients
interaction with their diabetes educators included setting and
modifying patients’ goalsrelated to nutrition, physical activity,
risk prevention, self-monitoring of blood glucose, and
medication based on their self-report of their progress.
Additional visits could be scheduled as usual care based on
patients' conditions. Thesevisitswere recorded as confounding
factors that would indicate any treatment or patient condition
changes during the study period.

Connected Group

Participants in the connected group received standard diabetes
education as described above. In addition, participants randomly
assigned to this group were exposed to the following
intervention components and procedures:

« Goal Setting: Diabetes educators and patients mutually set
nutrition and physical activity goals and established plans
for achieving the goals they documented in the Chronicle
Diabetes system, in addition to the DSMES content that
diabetes educators typically deliver, depending on
participants’ conditions.

« Sdf-Monitoring: During the baseline visit, each study
participant received a Jawbone UP24 wristband with a
companion smartphone app for monitoring their diet and
physical activity behaviorsaccording to the goals set during
the education visit. The study team assisted patients with
creating user accounts for device use. In addition, patients
received printed instruction manual s and accessto YouTube
tutorial videos to orient them to the Jawbone device and
the companion app. Participants received hands-on training
on how to self-monitor their diet and physical activity habits
using the Jawbone UP24 at the beginning of the study.
Specifically, patientswereinstructed to record their physical
activity and foods eaten using the Jawbone UP24 app and
asked to wear the Jawbone wristband for step tracking on
adaily basis for 3 months. Participants practiced entering
ameal and aworkout into the smartphone app, as well as
editing each of these entries. Food intake wasto include all
itemsand portion sizes consumed inagiven meal, including
any condiments used. The smartphone app automatically
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calculated calories, grams of fat, and carbohydratesfor each
meal, given the portions sizes entered were correct. Any
exercise, including thetype, duration, and level of intensity,
wasto berecorded daily aswell. Using participants’ height
and weight data, calories burned were automatically
calculated, given thetype, duration, and intensity of exercise
were entered correctly. Participants were encouraged to log
their dietary behaviors and physical activity in real-time
whenever possible so that calorie totals would be accurate
and so that they could make adjustments to their food
choices and level of physical activity throughout the day.

Jawbone UP24 fitness tracker and its Companion
Smartphone App

The Jawbone UP24 smartphone app, UP, offers several ways
to enter dietary behaviors and physical activity. For example,
food items can be logged by searching for popular foodsin the
food database, scanning the barcodes on packaged items, and
selecting from a restaurants menu. UP stores nutritional
information for thousands of foods and gives each food item a
score (1-10) to help users know which foods are most and |east
healthy. In addition, the fitnesstracker has arecognition feature
to automatically detect whether an individua is doing some
type of exercise. When exerciseis detected, the smartphone app
asks whether aworkout was completed. However, if aworkout
is not detected, the user can still log an exercise session.
Regardless of if a workout is detected or entered into the
smartphone app, the fitness tracker wristband that the user is
wearing iscontinually tracking the number of stepsthat the user
is taking. All data from the fitness tracker wristband are
wirelessly synced to the smartphone app using Bluetooth
technology.

Chronicle Diabetes System

According to the national standards for DSMES, diabetes
educators are expected to establish and track patients’ behavioral
goas [11]. Chronicle Diabetes (http://www.chronicle
diabetescom) is a Hedth Insurance Portability and
Accountability Act (HIPAA)—compliant Web-based electronic
diabetes education system developed by the University of
Pittsburgh and adopted for reporting outcomes for the
ADA-recognized diabetes education programs. All
ADA—recognized diabetes education programs have free access
to Chronicle Diabetes. During an education session, the patients
and diabetes educators can mutually initiate behavioral goals
and diabetes educators can use the Chronicle Diabetes system
to document the goals by selecting from one of the seven
self-care goal categories: healthy eating, being active,
monitoring, taking medication, problem-solving, reducing risks,
and healthy coping. Patients' goal achievement can be scored
at 0%, 25%, 50%, 75%, and 100% at baseline. In addition,
diabetes educators and their patients can choose to continue,
modify, or discontinuethe goalsat follow-up visits. Thisallows
for a patient’s progress towards meeting a goal to be tracked
over time (Figure 1). In our previous evaluation of the Chronicle
Diabetes system, the preliminary analysis showed that the
diabetes educators favored the feature of setting behavioral
goals, the majority of which were focused on nutrition and
physical activity [7,8].
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Figurel. A partia snapshot of the Chronicle Diabetes system with goal setting function.

w Physical Activity/Being Active
Established/Updated
Sep 23, 2015

Objective

b Increase physical activity

i . .
and where she'd have to walk at an incline.

Achievement

25% (Very little of the time)

%, Update This Objective
Barriers Addressed
No

Status

Baseline

Flan: Being more active during the work day. Taking the stairs whenever possible. Parking further away from the building

Outcome: Weight loss and blood glucose control, Hoping to get off meds,

MNotes:

While educators found Chronicle Diabetes useful for setting
and tracking behavioral goals, one of the major barriers they
identified was the lack of a feature to attach a food diary for
educatorsto evaluate patients adherenceto the prescribed goals.
Thus, in this study, we developed a connected interface in the
Chronicle Diabetes System to connect data from the Jawbone
UP24 fitness tracker and its companion smartphone app for
patient diet and physical activity data. Within each patient’s
documentation record in Chronicle Diabetes, two new sections
(tabs) of the record were added: “Self Monitoring—Nutrition”
and “ Self Monitoring-Activity.” These two tabs were used by
educatorsto navigate to two pages showing self-monitored diet
and activity information. When educators click the “Self
Monitoring—Nutrition” tab in the navigation panel for a patient
for thefirst time, alink to connect to the patient’s account will
appear. In the beginning of the study, educators needed to click
alink in this page to connect the patient’s Jawbone account to
their account in the Chronicle Diabetes system. The link took
the educator into a page to select what they wanted to connect
to from a list of the devices or apps that were supported by
Validic, an intermediary platform that provides connection to
data from a wide variety of devices and apps. In our study,
educators were instructed to select Jawbone and enter their
account information to complete the connection process. The
link can aso be sent to participants via a previously generated

email template. The educator can encourage the patient to
complete the connection process during the first visit after
enrolling in the study. Once the connection processis complete,
a monthly caendar view will appear in the “Sef
Monitoring—Nutrition” page with cells for calories, carbs,
saturated and unsaturated fat, fiber, and protein for each day
(See Figure 2). The weekly average of these macronutrientsis
also availablein thefar-right column of this calendar. Educators
can click on any singleday to view the food types, macronutrient
information broken down by meal, and time of the meal.

The “Self Monitoring—Activity” page has the same monthly
calendar view as the “Self Monitoring—Nutrition” page once
connected: caloriesburned, steps, and planned exercise duration
for each day (Figure 3), along with the weekly total and average
for these 3 activity parameters. Educators can click on each day
for more details about patients’ activity, including the time,
type, and intensity levels of the activities (Figure 3). In this
connected interface, educators can switch between the nutrition
and physical activity pages easily by clicking on the two tabs
on theleft (the month being viewed on one tab is automatically
displayed on the other tab, allowing for easy correlation between
thetwo months). Also, they can usethe* Jump to date” function
to select a particular date of interest and can go forward and
back one month in the calendar view to quickly review data
over afew months and see trends.

Figure 2. Partial Screenshot of Monthly Calendar View of Diet Monitoring in Chronicle Diabetes.

= Back

Qne Month

Sunday Moncay Tuescay

Sep13 Sep 14 Sep 15

September 13, 2015 - October 10, 2015 Forward
Nednesday Thursca
Sep 16
1188€

Jne Month >

¥ Friday Saturday Neek Averages

Sep 18 Sep 19 Sep1l . Sep 19

Sep17
23 736.4

Figure 3. Partial Screenshot of Monthly Calendar View of Activity Monitoring in Chronicle Diabetes.
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Validic as an Intermediary Platform Between M obile
Apps and Devices and the Chronicle Diabetes System

We used Validic as an intermediary platform to connect the
Jawbone UP24 diet and physical activity datato the Chronicle
Diabetes system. We adopted this approach rather than directly
connecting mobile dataand Chronicle Diabetes owing to 1) the
flexibility of connecting to additional fitness tracking systems
inthefuture, 2) robust screening of dataand high-level security
through Validic, and 3) Validic’'s experience working with large
EHR systems. We believe the incorporation of Validic not only
enables a seamless transition for national dissemination of our
developed connected interface but also enables its future
integration with EHRs seamlessly to make connected technol ogy
available to any health care system using an EHR system.

Data Security in Smartphone Use, Transit, and the
Chronicle Diabetes System

The security features are based on the premise that any data at
rest or in motion must be encrypted and unreadableto outsiders.
User profile, clinical data, and progress stored in the local SQL
lite database on the smartphones are encrypted using Advanced
Encryption Standard/Rivest-Shamir-Aldeman algorithms. When
the data are sent to the server, the data are encrypted using the
session ID received from the server in itsinitial authorization
token. This encrypted data is sent over HTTPS, thus allowing
2 levels of security. When the data reach the server, they are
decrypted using the session identification and stored in the
database by encryption again using aserver-specific encryption
algorithm. Thus, the basic premise is satisfied and the data are
completely secure when collected through smartphones, in
transit, and when accessed from the Chronicle Diabetes system.
All datafrom the Chronicle Diabetes system are stored securely
in an HIPAA—compliant manner and restricted based on access
privileges. An HIPAA Business Associates Agreement issigned
with each facility using this system. All data accessisrecorded
and afull audit trail can be produced.

Outcome M easures

Feasibility

Feasibility of the study was evaluated through participant
attrition rates and qualitative and quantitative assessments of
the usahility of the connected system. Usahility of the connected
interface technology was measured using the System Usability
Scale[12]. The System Usability Scale measures patients’ and
educators' acceptability, satisfaction, and perceived usefulness
of the intervention that is the focus of the study (that is, the
connected interface technology within Chronicle Diabetes).

Patients and educators were asked to rate each usability itemin
the scale from 0 to 100.

Preliminary Efficacy

Preliminary efficacy was measured by changes in patients
HbA . levels and weight from baseline to 3 months. HbA
levelswere measured using the ALCNOW self-check system via
afinger stick or extracted from clinical visit data. Participants
weight was measured via a weight scale in the clinic or
self-report.
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Additional Baseline and Follow-Up Measures

At baseline, a sociodemographic and medical history
guestionnaire is used to collect study participants
socio-demographic information, diabetes treatment plan, and
other medical history. At 3 months, we asked patients how many
medical, emergency, and diabetes education visits were made
in between the 2 study visits and recorded this information as
potential confounding factors of the study outcome.

Data Analysis Plan

SAS (version 9.2, SAS Ingtitute, Inc, Cary, NC) was used for
data screening and analyses. All the statistical tests were
performed at 5% level-of-significance. The outcome variables
HDbA ;. (%) level and weight change were used to measure the
preliminary efficacy of thisstudy. Qualitative thematic analysis
was used to analyze interview data.

Results

We recruited 30 patients from Houston, Texas and 30 patients
from Pittsburgh, Pennsylvania, through various diabetes
education programs recognized by the ADA. At each site, 30
enrolled patients were randomly assigned to the intervention
group or standard diabetes education group. Data collection is
completed. Data analysisisin progress. The study results will
be reported in mid-2018.

Discussion

Thisstudy leveraged existing DSMES programs, resources, and
diabetes educators to deliver the technology-based program.
Although mobile health interventions were devel oped to improve
patient self-management in various research efforts [13-15],
none of these effortsfocused on using datafrom mobile devices
for cliniciansto usein clinical practice. Theimplementation of
the evidence-based behavioral goal setting and monitoring
program in the diabetes education setting using technology
provides an opportunity to secure reimbursement for delivering
the program in a practice setting. This study helped us test the
implementation of the evidence-based behavior intervention
using a newly developed interface-connected technological
assistance built on an existing EHR system used by diabetes
educatorsto facilitate the long-term implementation in adiabetes
education setting in a 3-month randomized controlled trial with
ADA—recognized diabetes education programs.

Using smartphones and connected wearabl e fitnesstrackers not
only reduces the burden of patient self-monitoring but also
enables the connection of daily patient information to the
Chronicle Diabetes clinical information system, where educators
can track patients' behaviors between visitsin agraphical format
and prepare for the next intervention session. This connection
could also serve asan interactive platform to deliver intervention
and provide feedback from diabetes educators in real time in
the future. Connection to a nationa recognition data base
through Chronicle Diabetes also offers the potential to collect
behavioral and clinical information on unique populations and
practices nationwide. Connecting patients self-monitoring
information collected through smartphones to Chronicle
Diabetes can facilitate education processes by allowing
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educatorsto more efficiently coordinate care planswith patients
and ensure delivery of effective and tailored interventions.
Moreover, using a central location for tracking patients
behaviors and progress enables long-term self-management
support for sustained behavior change. A system with good
usability should foremost have good design of functionality that
matches the work domain and a user interface that supports
efficient task performance by the users [10]. The usability
evaluation conducted in this study could also provide scientific
evidence and support for other noncommunicabl e diseases that
may benefit from continuous behavior monitoring. Theinterface
developed in this study could also be used for more interactive
designs in future studies, such as enabling educators to send
tailored feedback to patients’ smartphones.

This study could be easily and widely disseminated in future
studies and practice. There are increasing numbers of
smartphone users in the United States, including minority
populations. As ADA—recognized education programs with
accessto the Chronicle Diabetes system are located throughout
the US, this study could be widely disseminated. We anticipated
that diabetes educators would use this connected tool to engage
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diabetes patients in lifestyle changes in between diabetes
education visits and facilitate conversation on meeting or
changing behavioral goalsat follow-up diabetes education visits,
rather than use data from the connected tool as a stand-alone
piece of information to make treatment changes. The smartphone
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Administration and their accuracy on measuring physical activity
levelsand dietary information is not guaranteed. Thus, the data
connected from these devices and smartphone appsto Chronicle
Diabetes system should be used with caution.

Insummary, if proven effective, the study will not only advance
nursing and behavioral science by leveraging existing resources
to disseminate an evidence-based behavior intervention via
emerging technology, but it will also provide theoretical and
methodological guidance for other researchers conducting
usability evaluations connecting mobile device information
collection with EHR systems for managing diabetes and other
chronic conditions.
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Abstract

Background: In the United States, young men who have sex with men (YMSM) and transgender women who have sex with
men (YTWSM) bear a disproportionate burden of prevalent and incident HIV infections. Once diagnosed, many YMSM and
YTWSM struggle to engage in HIV care, adhere to antiretroviral therapy (ART), and achieve viral suppression. Computer-based
interventions, including those focused on behavior change, are recognized as effective tools for engaging youth.

Objective: The purpose of the study described in this protocol isto evaluate the efficacy of Epic Allies, atheory-based mobile
phone app that utilizes game mechanics and social networking features to improve engagement in HIV care, ART uptake, ART
adherence, and viral suppression among HIV-positive YMSM and Y TWSM. The study also qualitatively assesses intervention
acceptability, perceived impact, and sustainability.

Methods: Thisisatwo-group, active-control randomized controlled trial of the Epic Allies app. YMSM and Y TWSM aged 16
to 24 inclusive, with detectable HIV viral load are randomized 1:1 within strata of new to care (newly entered HIV medical care
<12 months of baselinevisit) or ART-nonadherent (first entered HIV medical care >12 months before baseline visit) to intervention
or control conditions. Theintervention condition addresses ART adherence barriers through medi cation reminders and adherence
monitoring, tracking of select adherence-related behaviors (eg, a cohol and marijuana use), an interactive dashboard that displays
the participant’s adherence-related behaviors and provides tailored feedback, encouragement messages from other users, daily
HIV/ART educationa articles, and gamification features (eg, mini-games, points, badges) to increase motivation for behavior
change and app engagement. The control condition features weekly phone-based notifications to encourage participants to view
educational information in the control app. Follow-up assessments are administered at 13, 26, and 39 weeks for each arm. The
primary outcome measure is viral suppression. Secondary outcome measures include engagement in care, ART uptake, ART
adherence, and psychosocial barriers to engagement in care and ART adherence, including psychological distress, stigma, and
social support.
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Results: Baseline enrollment began in September 2015 and was completed in September 2016 (n=146), and assessment of
intervention outcomes continued through August 2017. Results for primary and secondary outcome measures are expected to be
reported in Clinical Trials.gov by April 30, 2018.

Conclusions: If successful, Epic Allies will represent a novel adherence intervention for a group disproportionately impacted
by HIV inthe United States. Adherent patientswould requirelessfrequent clinic visits and experience fewer HIV-related secondary
infections, thereby reducing health care costs and HIV transmission. Epic Allies could easily be expanded and adopted for use
among larger populations of YMSM and Y TWSM, other HIV-positive populations, and for those diagnosed with other chronic
diseases such as diabetes and hypertension.

Trial Registration: ClinicalTrials.gov NCT02782130; https://clinicaltrials.gov/ct2/show/NCT02782130 (Archived by Webcite

at http://lwww.webcitation.org/6yGODyerk)

(JMIR Res Protoc 2018;7(4):€94) doi:10.2196/resprot.8811
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mHealth; mobile apps; HIV; medication adherence; youth; men who have sex with men; transgender persons; games; randomized

controlled tria

Introduction

Background

Men who have sex with men (MSM) account for nearly
two-thirds of al new HIV infections in the United States and
young MSM (YMSM) are the only risk group experiencing an
increase in HIV incidence [1-3]. Regiona studies suggest that
HIV prevalence among transgender women isamong the highest
of al risk groups, especially among transgender women of color,
and African American transgender women in particular [4-6].
Although likely underestimated, HIV preval ence among young
transgender women, including young transgender women who
have sex with men (Y TWSM), ranges from 4.5% to 15.9% [7].
Youth diagnosed with HIV must adjust to living with a highly
stigmatized health condition that requires lifelong medical
management. Dueto structural, developmental, and psychosocia
barriers, many youth struggle to enter medical care, initiate
antiretroviral therapy (ART), adhere to ART, or achieve viral
suppression (VS) [8,9]. For YMSM and YTWSM who may
already be ostracized from families and friends because of their
sexua identity, receiving an HIV diagnosis can lead to an
increase in social isolation, as well as negative affective states
such as depression and anxiety, which may create additional
barriersto HIV treatment [10-13]. Interventionsfor YMSM and
YTWSM that increase engagement in care, ART uptake, ART
adherence, and V'S are needed to maximize the individual and
public health benefits of treatment [14].

Computer-based interventions (CBIs), particularly those
delivered online, can address some of the barriers that
HIV-positive youth face in engaging in traditional face-to-face
interventions, such as stigma, lack of social support, time, and
transportation [15,16]. A growing body of scientific literature
demonstrates equivalent outcomes from in-person and CBls
across arange of health behaviors [17-27]. Youth in particular
are highly receptive to CBIs and as a result, CBIs have been
widely advocated in the fields of adolescent health education
and prevention [21,22,28-33].

As of January 2017, 88% of US adults are online, 95% have a
cell phone, and 77% have a smartphone [34,35]. Youth (ages
18-29 years) have the highest levels of smartphone ownership

http://www.researchprotocols.org/2018/4/e94/

a 92% [35]. US leshian, gay, bisexual, and transgender
individuals under the age of 35 years have had consistently
higher rates of smartphone ownership than their genera
population counterparts [36,37]. In addition to increased
smartphone ownership, the use of mobile phone appsis on the
rise [38].

Serious games (games designed to accomplish a purpose, such
as influencing learning, civic engagement, or health behavior
change) are increasingly being used to address behavioral and
psychological factorsthat inhibit adherence to medical treatment
regimens[39-41]. Such gamesareintended to be goal-oriented,
immersive, challenging, and motivating [42]. Games designed
to improve health can influence health attitudes and improve
behavior change self-efficacy [43-46]. As a result, games are
an ideal platform to engage youth in behavior change as they
have the ability to attract and maintain attention, avoiding the
development of boredom and attrition [42]. The ability to add
“fun” into design and game play serves to enhance overall
motivation.

Social networking sitesare also extremely popular among young
adults. As of July 2015, 90% of black and 95% of white youth
aged between 18 and 29 years use socia networking sites [47].
MSM and transgender women have high rates of social
networking use [6], in part, because online venues often
represent one of alimited number of venuesfor connecting with
one another. Social networking has been used successfully to
change behaviors, increase social support, and reduce social
isolation in HIV prevention and care interventions [48,49].

Epic Allieswas devel oped based on theinformation, motivation,
and behavioral (IMB) skills model [50] to address the urgent
need for interventions that improve engagement in care, ART
uptake, and ART adherence among YMSM and Y TWSM. The
app was created using an iterative process with input from the
target population at each stage of development to ensure
acceptability, relevance, and appeal [16]. We anticipate that the
gaming features will enhance motivation for behavior changes
related to engagement in careand ART adherence. Furthermore,
socia networking featureswill increase motivation by providing
userswith asense of community and social support. Funded by
the National Institutes of Health, we worked with programmers
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and designers at Caktus Consulting Group, LL C to develop and
test the Epic Allies prototype and found it to be acceptable
among a sample of HIV-positive YMSM [16].

Aims and Objectives

The aim of this paper is to describe the study protocol for the
randomized controlled trial (RCT) of the Epic Allies
intervention. The first objective of the study is to test the
efficacy of the Epic Allies intervention among HIV-positive
YMSM and YTWSM by conducting a two-arm RCT. The
primary outcome measure is V' S. Secondary outcomes include
engagement in HIV care (ie, completion of HIV-related care
clinicvisitinlast 3 months), ART uptake (ie, initiation of ART
in the last 3 months), ART adherence (ie, >90% of doses taken
in previous week), and psychosocia barriersto engagement in
careand ART adherence such as psychological distress, stigma,
and socia support.

The second objective is to qualitatively assess intervention
acceptability, perceived impact, and potential for long-term
sustai nability. In-depth interviews with a subset of intervention
arm participants conducted after the intervention period will
evaluate acceptability of Epic Allies and examine participants
perspectives on the relationship between app use and study
outcomes and potential for long-term sustainability of app use.

Methods

Trial Design

Thisstudy isatwo-arm parallel RCT that will test the 26-week
Epic Alliesintervention against acontrol condition that includes
weekly phone-based notifications to encourage participants to
view educational information in the control app (Figure 1).
Approximately 200 YMSM and Y TWSM will beenrolled from
5 participating sites that provide HIV medica care for youth.
Participants will be randomized 1:1 to intervention or control
arms that are balanced by new to care (newly entered HIV
medical care within 12 months of baseline visit) or
ART-nonadherent status (first entered HIVV medical care more
than 12 months before baseline visit). Outcomes of interest will
be measured at baseline, week 13 (during intervention phase),
week 26 (end of intervention phase), and week 39
(postintervention phase). In-depth qualitative app satisfaction
interviewswill be conducted with approximately 20 intervention
arm participants at the end of intervention use at week 26 to
assess intervention experiences, acceptability, perceptions of
associ ati ons between app use and study outcomes, and potential
for long-term sustainability of using the app to support ART
adherence.

Ethics

The study protocol was approved by the ingtitutional review
boards (IRB) at the University of North Carolinaat Chapel Hill
and all participating study sites, including University of South
Florida, Tampa, FL; Stroger Hospital of Cook County, Chicago,
IL; Montefiore Medical Center, Bronx, NY; Tulane Medical
Center, New Orleans, LA; and University of North Carolina
Hospital, Chapel Hill, NC (also includes Regiona AIDS
Interfaith Network, Charlotte, NC). Individuals who express
interest in the study will berequired to provide signed informed
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consent before medical records are abstracted to confirm
eligibility or study procedures are performed. The informed
consent documentswill describe all study procedures in detail .
During the informed consent process, site study staff will go
over the consent documents and answer any questionsthat may
arise. A waiver of parental consent for individual syounger than
18 years has been obtained for al sites given that this is a
minimal-risk study.

Participants

Individuals participating in this study must meet the following
digibility criteria: (1) HIV-1 infected; (2) aged from 16 to 24
years, (3) assigned male sex at birth, of any gender identity,
and self-reports a desire to engage or is engaging in sex with
men; (4) at least one VL collected within the 12 weeks before
the baseline visit, and the VL collected closest to the baseline
visit is greater than the lower limit of detection for the
site-specific assay used to test the specimen; (5) reliable daily
access to an Android- or i0S-based mobile phone with a data
plan; and (6) able to speak and read English. Self-reported
digibility criteriawill be verified through an in-person screening
with site study staff. Medical eligibility criteriawill be verified
through medical chart abstraction by site study staff. Individuals
who cannot provide consent due to active substance use or
psychological condition will be considered ineligible.

Recruitment and Enrollment

Potential study participants will be identified through medical
chart reviews and/or medical provider referrals at participating
sites. ldentified individuals will be informed of the nature of
the study, the information to be collected, and the evaluations
and assessments that are involved. For individualsinterested in
study participation, self-reported eligibility criteria will be
verified. Before confirmation of medical eigibility criteria, a
signed informed consent will be obtained. Individuals who
provide informed consent and meet all study eligibility criteria
will be enrolled in the study and complete a baseline
computer-assisted self-interviewing (CASI) survey.

Randomization

Study participantswill be classified as either new to care (newly
entered HIV medical care within the 12 months before the
baseline visit) or ART nonadherent (first entered HIV medical
care more than 12 months before the baseline visit).
Randomization will occur in a 1:1 ratio within each of the 2
classification strata separately, with an equal number of
participants assigned to the intervention and control arms. Due
to rolling enrolIment, block randomization will be used to help
ensure balance within strata. Status as new to care vs
nonadherent (eg, eligibility group) will be chosen asthe primary
stratum and randomized separately in blocks of 4 participants.
Study statisticians will not be blinded to study arm assignment
becausethey will beinvolved in dataquality control and quality
assurance.

Incentives

Theamount of participant compensation for study participation
is determined separately by each site and approved by each
site's IRB. Participants will receive US $40 to $60 for
completion of each RCT assessment at baseline, week 13, week
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26, and week 39. Intervention arm participants who log on to
the Epic Alliesapp 12 out of thefirst 14 days after the baseline
visit will receive US $20 as a one-time sign-on bonus and those
who log on at least oncein each 30-day period will receive US
$10to help defray costs associated with smartphone data usage
during that period. Participantsin the intervention arm who are
selected for and compl ete the in-depth qualitative interview will
receive US $20 to $50.

Intervention Theoretical Model and Features

The design of Epic Allies was informed by the IMB skills
model, which conceptualizes heath behavior change (eg,
medication adherence) as a product of mediators, including
information about the behavior, motivation to change, and the
skills needed to achieve change [50]. Studies testing the IMB
model of ART adherence support relationships between
information, motivation, and behavioral skills and medication
adherence [51-55]. Group- and individual-level IMB-based
interventions improve ART adherence [56-59], though none
have been designed specifically for YMSM and Y TWSM. Epic
Allies features (see Multimedia Appendix 1) address numerous
elements of the IMB model (Figures 2-11). For example, the
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gaming features are designed to enhance sustained app use and
motivate patterning new adherence behaviors [60]. The social
networking features allow users to give and receive support, a
relevant need for many YMSM and Y TWSM who experience
social isolation due to HIV-related stigma and homophobia
[61-63].

Intervention and Control Conditions

At baseline visit, participants assigned to the intervention arm
will download and install Epic Allies, create a 4-digit app
password, and receive a guided tour of the app by site study
staff. Intervention arm participants will have full access to all
features of Epic Allies during the 26-week intervention period.
Participants assigned to the control group will download and
install the Epic Allies control app (phone notification messages
only), create a 4-digit app password, and be provided with
instructions on using the app. During the 26-week trial, control
participantswill receive weekly phone notificationsthat inform
users that new content is available and one brief informational
article will be provided. Control group articles are a subset of
Daily Dosearticlesfocused on ART adherenceand HIV disease
self-management.

Figure 1. Epic Allies study schema. CASI: computer-assisted self-interviewing.
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Figure 2. Medication reminder setup. ART: antiretroviral therapy.
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Figure 4. Profile: Customizable avatar.
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Figure 6. Health Center: Visua representation of adherence.
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Figure 7. Health Center: Weekly tailored feedback.
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Figure 8. Ally interactions.
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Figure 10. Mini-games. Social game leaderboard.
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Data Collection Study Objective 1: Efficacy

Baseline, week 13, week 26, and week 39 assessments will be
conducted in person. At each time point, participants will
complete a CASI survey. Clinical data will include data
collected via chart abstraction and/or laboratory values (VL
only). If aparticipant doesnot haveaVL valuerecorded in their
chart in the 6-week window before the study visit, VL testing
will be conducted on the day of the study visit as part of standard
of care(ie, participant is scheduled for amedical carevisit that
includes VL testing) or by the study (ie, the study visit does not
coincidewithamedical carevisit with VL testing). Table 1 lists
primary and secondary outcomes and the source, collection
points, and a description of each measure.

App usage data will be transmitted from the participant’s
smartphone to a secure server any time the participant is
connected to the Internet via broadband or Wi-Fi. App data
metrics include log-ing/log-outs, use of app features, and app
progress.

Data Collection Study Objective 2: Acceptability

In-depth qualitative app satisfaction interviewswill be conducted
via Skype with approximately 20 intervention arm participants

LeGrand et al

at the end of the intervention. We will attempt to enroll equal
numbers of participants into one of four cellsin Table 2 based
on their ART status at study entry and app usage during the
intervention. As each participant finishes the 26-week
intervention period, they will be asked if they are willing to
participate in the in-depth app qualitative satisfaction interview.
Once agiven care-usage cell hasreached itsquota, that cell will
be “closed,” and interviews will be offered to only those
participants who fall within the remaining open cells.

The in-depth qualitative app satisfaction interview will last
between 45 and 60 min and will be recorded with the
participant’s consent. Participants who prefer can opt to use
video during theinterview, but therewill be no video recording.
All interviewswill be conducted by one of 3 trained qualitative
interviewers from the study team using a semistructured
interview guide. Following each interview, the recording will
betranscribed by Verbal Ink (adivision of Ubiqus, LosAngeles,
Cadlifornia), checked for accuracy by study staff, and uploaded
to the UNC-CH secure server. The transcripts of the first three
interviews will be reviewed by the study team to assess for
quality and content before completing the remaining interviews.

Table 1. Primary and secondary outcomes. “X” indicates that this outcome was assessed at the time point indicated in the column above. VS: viral
suppression. VL: viral load. CASI: computer-assisted self-interviewing. ART: antiretroviral therapy.

Outcome Source

13 weeks 26 weeks 39weeks Description

Primary study outcomes

VS defined as VL below thelower  Chart review (any valuein 6-

limit of detection in the 6-week week window before scheduled
window before the scheduled study  visit) OR laboratory value collect-
visits ed at study visit

Secondary study outcomes

VL suppression defined as VL be-
low the lower limit of detectionin
the 6-week window before the

Chart review (any valuein 6-
week window before scheduled

scheduled study visits ed at study visit
Engagement in care CASl survey
ART uptake (for participantsnot on  CAS| survey
ART)

ART adherence® (for participants ~ CAS! survey

on ART)

visit) OR |aboratory vaue collect-

X X <40 copies/mL or lower limit of de-
tection for site-specific assay used

to test the specimen

X <40 copies/mL or lower limit of de-
tection for site-specific assay used
to test the specimen

Completion of HIV-related care
clinicvisitin last 3 months

“Areyou currently taking medica-
tion to treat your HIV (Y/N)?’

(1) “How many times during the day
has your doctor told you to take a
dose of medicine (pills or other
medicines) to treat your HIV?" and
(2) “Thinking about thelast 7 days,
how many timesdid you misstaking
adose of pills?'[64]

@0utcome of >90% adherenceis comprised 2 components (1) isthe denominator, indicating the frequency of doses prescribed (multiplied X7 to represent
total weekly doses); (2) is the numerator, indicating the number of times, total, a dose was missed.

Table 2. In-depth qualitative app satisfaction interview enrollment.

Antiretroviral therapy (ART) experience at entry New to care ART nonadherent  Total
App utilization pattern
Intervention low users (uses app <4 days/week) 5 5 10
Intervention users (uses app =4 days/week) 5 5 10
Total 10 10 20
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Follow-Up and Retention

Tracking Participant Follow-Up

All participants will be contacted before each follow-up study
visit (ie, 13, 26, and 39 weeks after baseline). Multiple contact
methods will be used for youth who are difficult to reach (eg,
mail, alternate phone numbers, email, text message, Facebook).
Participants will be asked whether or not messages can be left
for each of the phone numbers that they provide. They will be
informed that messages will not contain any information
regarding the nature of the project.

Study Visit Management

The preferred time frame for all follow-up visits is within 4
weeks before or after the target study visit date. If the participant
is unable to attend a visit within this time frame, the site staff
will work with the participant to identify a day closest to the
scheduled visit to perform the visit.

Participants in the intervention arm will be reminded by the
Epic Allies app via a discreet phone notification (eg, “Your
alliesneed you-Hoginto Epic Allies’) to log on to the app every
week. If a participant does not log on for 4 weeks, study staff
will notify site staff and ask that they reach out to the participant.

Completing Web-Based Computer-Assisted
Sdf-Interviewing Surveys

CASI surveyswill ideally be completed at theclinic site during
each study visit. Participants will be provided with a quiet,
private area to complete the survey. The survey may be
completed on the participant’s smartphone, but acomputer with
Wi-Fi connection should be made available in case the
participant prefers to complete the survey on a computer.

If a participant is unable to attend a follow-up study visit, the
participant may complete the survey on his or her own. The
survey should be completed within 4 weeks before or after the
study visit target date. If a participant is unable to complete the
survey within this window due to extenuating circumstances,
the window may be lengthened to 7 weeks.

Data Security

Epic Allies App Data

Caktus Consulting Group will store app usage data on a secure
Web server for the duration of the study. At the end of the study,
Caktus Consulting Group will send app usage data to the study
team, destroy the data on the server, and then shut down the
server. Protected health information is neither collected nor
stored on the Web server.

In-Depth Qualitative App Satisfaction I nterview

For the in-depth qualitative app satisfaction interview with
intervention arm participants, the audio recording aswell asthe
transcript will be marked with the participant’s study ID only.
Any identifying information mentioned in the interviews will
be redacted in the transcripts, thus the transcripts will be
deidentified. Both fileswill be uploaded and stored on a secure
server.

http://www.researchprotocols.org/2018/4/e94/
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Data Analysis Study Objective 1: Efficacy

Sample Size and Power Estimates

We estimated a sampl e size of 200 asfeasible enrollment. Power
calculations are estimated to detect between-group differences
in the primary outcome (vira suppression) in a paralel
two-group repeated measures design with equal allocation, based
on a generadized estimating equation (GEE) framework
assuming an exchangeabl e covariance structure, measurements
at 3 follow-up points, and correlation among same participant
repeat measures (rho) of .4. For al estimates, we used a
two-sided test of significance and an alpha level of .05.
Assuming a 20% loss to follow-up, we will have 80% power
to detect absolute differences in viral suppression of 16.3%
between the intervention and control groups in the proportion
of participants with viral suppression when the proportion in
the control group is 27%.

Quantitative Data Analysis

We will compare within- and between-group differences in
primary and secondary outcomesfor each follow-up time period.
The 13- and 26-week follow-up will be considered our primary
endpoint for the primary outcome, thus P values will only be
computed for these time periods for the primary outcome. P
values will be adjusted for multiple comparisons using the
Benjamini-Hochberg procedure[65]. Estimatesfor all outcomes
will be presented with 95% ClI. Intervention and control groups
will be compared on baseline characteristics to assess balance.
Patterns of missing datafor our primary outcome of VSwill be
examined and baseline characteristics of participants with
complete vsincompletefollow-up will be compared with assess
nonresponse and attrition biases.

Intervention effectswill be evaluated using an intention-to-treat
(ITT) approach. The primary study outcome (VS, defined as
the lower limit of detection of site assay) will be compared at
13, 26, and 39 weeks in the intervention and control groups
using generalized linear models (GLM), which can be used for
dependent variables with normal, binary, poisson, and negative
binomia distributions. Link functions will be selected as
appropriate based on the distribution of the dependent variable.
We will apply the GEE extension of GLM to account for
within-participant correl ation associated with repeated measures.
GEEs alow for inclusion of categorical and count-dependent
variables and appropriate specification of working covariance
structuresfor observationsthat are correlated within groups and
across time. Fixed main effects parameters for study site and
eligibility group will be fitted to data to account for the nature
of the randomized design. I ntervention efficacy will be assessed
in terms of the main effect for overall group differences. Use
of a GEE framework means that inference will be made to the
marginal effect of the Epic Allies treatment on the outcome,
averaged across the study population. Secondary analyses will
be performed similar to the methods described aboveto identify
potential mediators and moderators of the intervention impact
on primary outcome.

Missing, Unused, and Spurious Data

Several procedures will be used to conduct data analysis when
datafor either outcomes or baseline covariatesare missing. The
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first step will beto assessthe extent and pattern of missing data.
If data are missing for only afew cases, then data analysis will
be conducted only on study participants with complete data. If
the pattern of missing outcome data is monotone, then inverse
probability weighting will be performed to adjust the available
data for loss to follow-up [66]. If substantial honmonotone
missing outcome data are present, then a multiple imputation
approach will be used. Unused or spurious data will be
documented and discussed when disseminating results of this
study. Baseline covariateswill be compared between participants
with complete follow-up vs those who have incomplete
follow-up in order to assess the presence of informative
missingness.

Data Analysis Study Objective 2: Acceptability,
Per ceived I mpact, and Sustainability

Qualitative Approach

The interview and analysis structure will follow a
phenomenological approach to optimize our ability to capture
and understand the study’s experience-based topics of interest
(eg, experience of HIV diagnosis and acceptance, experience
of engaging with Epic Allies intervention and participants).
Phenomenology is an idea theoretical approach for this
component as it is focused on describing both what a given
group of participants experience and how they experience this
particular phenomenon [67-69]. Data are presented through
textual descriptions of the phenomena based on summaries of
the experiences described by respondents. The composite
descriptions offer an explanation of the underlying structure
which exists across the participants’ experiences [69,70]. This
will focus onindividual and shared experiences and meanings.

Qualitative Data Analysis

For theanalysis, processinterviewswill be transcribed and then
wewill beginwith our apriori list of themes (experience using
Epic Allies, recent ART adherence challenges, etc). Study team

http://www.researchprotocols.org/2018/4/e94/
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memberswill read all transcripts and identify emergent themes
from participants’ experiences. These themeswill be discussed
as a group, and a final list of themes will be developed with
brief descriptions, rel ationshi ps between themes, and supporting
quotes. For the qualitative research component, the Atlasiti
gualitative dataanalysis software (version 8, Scientific Software
Development, Berlin, Germany) will be used to assist with
themeidentification and building, aswell as coding textual data
[69,71]. Coding and analytic activitieswill be discussed during
weekly team meetings.

Interim Analysis

No interim analysiswill be performed for this study. The study
team determined that this study does not involve greater than
minimal risk (45 CFR Part 46.404 and 21 CFR Part 50.51).
Participation in this study poses no more harm or discomfort to
participants than they may experience in normal daily life or
during routine physical or psychological examinations or tests.

Protection Against Harms

All siteshave specific policies governing the treatment of human
subjects. These policies specify that medical and psychological
assistance will be available in the immediate environment in
the event a participant should experience any adverse reactions
resulting from study procedures.

Results

A total of 146 YMSM and Y TWSM wereenrolledin Epic Allies
between September 2015 and 2016. Demographic characteristics
of study participants are shown in Table 3. Although we
estimated 200 as feasible for enrollment, study sites had fewer
individuals eligiblefor participation in the study than expected.
As a result, our ability to detect differences in our primary
outcome (viral suppression) with 80% power assuming 20%
loss to follow-up and the proportion of viral suppression in the
control group is 27%, decreases by 3.1% (>16.3% to >19.4%).
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Table 3. Sample characteristics of Epic Allies study population by intervention arm. Q1: 25th percentile. Q3: 75 percentile.
Characteristic Intervention (N=74) Control (N=72) Total (N=146)

Classification strata, n (%)

New to care 36 (49) 38 (53) 74 (50.7)
Antiretroviral therapy nonadherent 38 (51) 34 (47) 72 (49.3)

Study site, n (%)
University of South Florida 19 (26) 11 (15) 30 (20.5)
Stroger Hospital 9(12) 14 (19) 23(15.8)
Montefiore Medical Center 15 (20) 15 (21) 30(20.5)
Tulane Medical Center 9(12) 17 (24) 26 (17.8)
University of North Carolina 22 (30) 15 (21) 37(25.3)

Age<i18years, n (%)

No 71(96) 66 (92) 137 (94.0)
Age
Median 22.0 21.0 215
Q1, Q3 20.0,23.0 20.0, 23.0 20.0,23.0
Gender identity, n (%)
Male 69 (93) 67 (93) 136 (93.2)
Transgender female 5(7) 319 8(5.5)
Other 0(0) 2(3) 2(1.4)
Sexual identity, n (%)
Gay 55 (74) 58 (81) 113 (77.4)
Bisexual 16 (22) 11 (15) 27 (185)
Other 3(4) 3(4) 6(4.1)
Hispanic or Latino ethnicity, n (%)
Yes 17 (23) 12 (17) 29 (19.9)
No 57 (77) 60 (83) 117 (80.1)

Black or African American race, n (%)

Yes 60 (81) 60 (83) 120 (82.2)
No 14 (19) 12 (17) 26 (17.8)
Whiterace, n (%)
Yes 10 (14) 6(8) 16 (11.0)
No 64 (86) 66 (92) 130 (89.0)
Other race, n (%)
Yes 5(7) 8(11) 13(8.9)
No 69 (93) 64 (89) 133(91.1)
Highest level of education completed, n (%)
<12th grade 17 (23) 11 (15) 28(19.2)
Completed high school/General Equivalency Diploma, some technical 48 (65) 58 (81) 106 (72.6)
school/college
College/technical degree or more 9(12) 319 12 (8.2)
Annual income, n (%)
<US $11,999 56 (76) 52 (72) 108 (74.0)
US $12,000+ 10 (14) 13(18) 23(15.8)
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Characteristic Intervention (N=74) Control (N=72) Total (N=146)
Don't know/Refuse 8(11) 7 (10) 15(10.3)
Employment, n (%)
Yes 51 (69) 44 (61) 95 (65.1)
No 23(31) 28 (39) 51 (34.9)
Health insurance, n (%)
Medicaid 24 (32) 26 (36) 50 (34.2)
Private health insurance (eg, Blue Cross Blue Shield, parent's) 7(9) 15 (21) 22 (15.1)
AIDS Drug Assistance Program 21 (28) 17 (24) 38 (26.0)
Other 6(8) 0(0) 6(4.1)
| do not have health insurance 16 (22) 14 (19) 30(20.5)
Homelessnessin past 3 months, n (%)
Yes 24(32) 18 (25) 42 (28.8)
No 50 (68) 54 (75) 104 (71.2)
Lifetimeincarceration, n (%)
Yes 21(28) 18 (25) 39 (26.7)
No 53(72) 54 (75) 107 (73.3)
Discussion estimate, the study’s primary estimate, will differ from the

Epic Allies Summary

Epic Alliesaddresses ART uptake and adherence, acritical need
among a disproportionately affected patient population via
familiar technol ogies using engaging, theory-based components.
The app targets the most common ART adherence barriers
among youth, addresses specific behavior outcomes, and is
tailored for thetarget population and customizable for individual
users. The social support, encouragement, and informational
features listed above are designed to help youth overcome
barriers to adherence across various stages of engagement in
HIV care, ranging from lack of understanding and low health
literacy, coping with side effects and drug toxicities, to the
impact of drug and alcohol use on ART adherence.

This novel intervention app, Epic Allies, targets HIV-positive
YMSM and Y TWSM, aged between 16 and 24 years (inclusive),
with adetectable HIV VL. Epic Allies utilizes self-management
tools, social support, and gamification to increase ART
information, motivation, and behavioral skillsand improve ART
adherence, including (1) real-time data tracking of adherence
with graphic visualizations, (2) tailored reminders and
motivational messages; (3) connection to a network of other
HIV-positive YMSM and Y TWSM; and (4) agaming approach
engineered to reinforce daily adherence tracking, promote social
networking support among users, encourage learning and skill
building, and maintain user engagement.

Limitations

As with al longitudina studies, a loss of participants to
follow-up may induce a selection bias if missingness is
informative and is related to both treatment arm and the study
outcome. Furthermore, if compliance with the treatment
assignment is less than 100% in either study arm, the ITT
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compliance-averaged causal estimate [72,73]. In this case, the
ITT estimate will till validly measure the efficacy of being
randomized to the treatment arm but may not estimate the
efficacy of the treatment itself. Data for secondary outcomes
will be collected primarily from self-report survey, which is
prone to both exposure and outcome misclassification. This
misclassification could bias our study results either toward or
away from the null hypothesis. Contamination may also be an
issue, as participants at each of the study sites can be randomized
to the intervention or control arm, and participants in the
intervention arm may show Epic Allies to those in the control
arm. All study participants are recruited from sitesthat provide
HIV medical care and have procedures to monitor and address
poor retention in care. Although many study participants were
not regularly engaged in care at enrollment, retention in care
outcomes among the study sample may be inflated when
compared with a community-recruited sample. Thus, caution
should be exercised regarding generalizability of retention in
care outcomes. Finally, amodest sign-on bonus for regular use
of theapp inthefirst 2 weeks of the study and nominal monthly
datause reimbursements are offered to thosein theintervention
group but not to those in the control group. The purpose of the
sign-on bonus is to encourage regular use of the app early in
the study to try to increase the likelihood that app use becomes
adaily habit. The bonusisintentionally modest and time-limited
to decrease the likelihood that money alone influences
differencesin study outcomes between the arms. Reimbursement
for data use is intended to ensure that intervention arm
participants do not intentionally avoid the app due to concerns
about data usage. This is only warranted for intervention
parti ci pants because the amount of data used for the control app
is extremely low. While it is important to acknowledge the
differencesin incentivesfor theintervention and control groups,
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we believe they are unlikely to explain differencesin outcomes
between the arms.

Conclusions

If successful, Epic Allies will represent a novel adherence
intervention for a group disproportionately impacted by HIV
in the United States. Epic Allieswould be clinically attractive,
as adherent patientswould require lessfrequent clinic visitsand

LeGrand et al

intervention financially attractive by reducing health care costs.
Epic Allies could also greatly impact public health as ART
adherence reduces HIV infectivity and subsequently reduces
HIV transmission [ 74]. Epic Allies could be used during times
of adherence vulnerability (eg, wheninitiating ART or changing
medication regimens) and could easily be expanded and adopted
for useamong larger populationsof YMSM and Y TWSM, other
HIV-positive populations, and for those diagnosed with other

experience fewer HIV-related secondary infections [74-76].
Reducing clinic visits and secondary infections could make the

chronic diseases such as diabetes and hypertension.
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Abstract

Background: To determine the efficacy of behavior change techniques applied in dietary and physical activity intervention
studies, it isfirst necessary to record and describe techniques that have been used during such interventions. Published frameworks
used in dietary and smoking cessation interventions undergo continuous development, and most are not adapted for Web-based
delivery. The Food4Me study (N=1607) provided the opportunity to use existing frameworksto describe standardized Web-based
techniques employed in alarge-scale, internet-based intervention to change dietary behavior and physical activity.

Objective: The aims of this study were (1) to describe techniques embedded in the Food4Me study design and explain the
selection rationale and (2) to demonstrate the use of behavior change technique taxonomies, devel op standard operating procedures
for training, and identify strengths and limitations of the Food4Me framework that will inform its use in future studies.

Methods: The 6-month randomized controlled trial took place simultaneously in seven European countries, with participants
receiving one of four levels of personalized advice (generalized, intake-based, intake+phenotype-based, and
intake+phenotype+gene—based). A three-phase approach was taken: (1) existing taxonomies were reviewed and techniques were
identified a priori for possible inclusion in the Food4Me study, (2) a standard operating procedure was developed to maintain
consistency in the use of methods and techniques across research centers, and (3) the Food4Me behavior change technique
framework was reviewed and updated post intervention. An analysis of excluded techniques was also conducted.

Results: Of 46 techniquesidentified a priori as being applicable to Food4Me, 17 were embedded in the intervention design; 11
were from a dietary taxonomy, and 6 from a smoking cessation taxonomy. In addition, the four-category smoking cessation
framework structure was adopted for clarity of communication. Smoking cessation texts were adapted for dietary use where
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necessary. A posteriori, afurther 9 techniques were included. Examination of excluded items highlighted the distinction between
techniques considered appropriate for face-to-face versus internet-based delivery.

Conclusions: The use of existing taxonomies facilitated the description and standardization of techniques used in Food4Me.
We recommend that for complex studies of this nature, technique analysis should be conducted a priori to develop standardized
procedures and training and reviewed a posteriori to audit the techniques actually adopted. The present framework description
makes a valuable contribution to future systematic reviews and meta-analyses that explore technique efficacy and underlying
psychological constructs. This was a novel application of the behavior change taxonomies and was the first internet-based
personalized nutrition intervention to use such aframework remotely.

Trial Registration: ClinicalTrials.gov NCT01530139; https://clinicaltrial s.gov/ct2/show/NCT01530139 (Archived by WebCite

at http://www.webcitation.org/6y8XY Uft1)

(JMIR Res Protoc 2018;7(4):e87) doi:10.2196/resprot.8703

KEYWORDS

behavior; behavior change technique; personalized nutrition; dietary management; nutrition; health; Web-based

Introduction

Emergence of Web-Based e-Resour ces

Improvement of health behavior relating to diet and lifestyle
(eg, physical activity [PA]) is akey goal of studies aiming to
reduce the incidence and progression of noncommunicable
diseases (NCD). Chronic NCD such as cardiovascular disease
(CVD), type Il diabetes, and obesity carry heavy health care
costs and are predicted to account for nearly three-quarters of
global deaths in 2020 [1], with at least 2 million deaths each
year currently associated with CVD in Europe aone|[2]. Dietary
and lifestyle factors play a key role in the progression and
prognosisof many chronic NCD [3-5], and thereisacontinuing
need to develop successful strategies to facilitate positive
health-related behavior change. With the emergence of
Web-based e-resources in electronic health initiatives, which
offer cost-effective and fast delivery of health services[6], itis
important to understand what drives behavior change in the
context of these new digital environments.

Evaluation of Web-Based Behavior Change Science

The science of health-related behavior change is complex and
now requires reviewing owing to the large amount of research
that has been conducted of late. Study designs are highly
variable, and someinterventions are more effective than others.
New technologies such as mobile phones and other
communication technologies are increasingly being used to
deliver interventions, and this may influence behavior change
technique (BCT) efficacy in ways we cannot yet predict. For
instance, some meta-analyses have suggested that studiestesting
dietary and PA interventions that targeted fewer BCTs per
individual were most effective [7].

In contrast, a meta-analysis conducted on computerized
Web-based studies has suggested that the application of agreater
number of BCTs to individuals was associated with greater
effect sizesin successful interventions[8], although associations
were not tested in the same individuals in Web-based versus
face-to-face interventions, making comparison difficult. It may
be the case that computerized studies offering less face-to-face
support may benefit from the inclusion of greater numbers of
BCTs that individuals can potentially pick and choose as
appropriate. As Web-based studies offer access to greater

http://www.researchprotocols.org/2018/4/e87/

numbers of individuals and are quicker and more cost-effective
to deliver [6], it is likely that they will become increasingly
popular with public health practitionersin the future. So it may
also be necessary to formulate BCT strategies specifically for
Web-based delivery methods.

In meta-analyses of dietary, PA, and smoking cessation (SC)
interventions, the lack of or ambiguous recording of BCTswas
highlighted, which hinders comparison and replication of
different methodologies[7,8]. Until BCTsare properly recorded
and BCT taxonomies are developed and used as a standard
practice in studies seeking to change health behaviors, it will
be difficult to assess BCT efficacy and to understand the
psychological mechanisms underpinning intervention efficacy.
BCT taxonomic frameworks are still being devel oped to enable
abetter understanding of dietary and other behavior changesto
enabl e standardization of reporting, thereby providing asuitable
basis for comparison, replication, and evaluation [9,10].
However, given the increase in Web-based delivery of health
services, it isimportant to consider the development, use, and
specification of BCTsin their design.

Theory-Driven Application of a Web-Based Behavior
Change M ethodology

The taxonomy of BCT outlined in dietary and PA research by
Susan Michie and her colleagues [9,10] was developed from
earlier work by Abraham and Michie in 2008 [11]. An initial
26-item BCT taxonomy was derived from 72 intervention
studies targeting diet and lifestyle behavior change. Michie et
al developed well-validated BCT taxonomies for dietary
behavior change, for example, the Coventry, Aberdeen, and
London-Refined, or CALO-RE study [9], PA, and SC [10].
Michie et a’s BCT selection was derived from a number of
theoretical standpoints[11] where BCTswereanalyzed interms
of their deemed level of congruency or association with different
important theoretical stances. These stances included control
theory [12], which assumes that behavior is optimally changed
by goa setting, self-monitoring, and evaluation; the
Information-Motivation-Behavioral Skills model [13] and
Theory of Planned Behavior [14], which focus on the provision
of information on the link between behavior and health, health
consequences of behavior, and others’ approval to bring about
an intention to change; Social Cognitive Theory [15], where
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use of the social context is deemed necessary to understand
barriers to change, provide support and encouragement for
behavior change, and to learn from others; and Operant Theory
[16], where reward-based learning occurs by identifying and
using prompts and cues and by establishing routines to bring
about good habit formation. Thus, the pan-European Food4Me
study (N=1607) [17] provided an opportunity to use validated
theory-driven BCT taxonomies to develop a BCT framework
targeted at changing dietary and PA behaviors in an
internet-based randomized controlled trial (RCT), with BCT
selection for Food4M e being guided by this earlier theoretically
driven work.

The overall aim of this paper wasto articulate and describe the
BCT Web-based methodology embedded in the structure and
design of the Food4Me study and to explain why the BCT
techniques were selected and for what purpose. Specifically,
weam to:

« Describe measurable BCTs embedded in the Food4Me
study design from avalidated BCT framework

- Demonstrate how the BCT framework was used in the
development of standard operating procedures (SOPs) and
training to maintain consistency across seven European
countries

«  Hypothesize asto the strengths and limitations of the BCT
framework in the context of the Food4Me proof of principle
(PoP) RCT

« Inform the use of this BCT framework in future studies of
similar nature

Although psychological theories are described here briefly in
terms of taxonomic development in general, it is beyond the
scope of this methods paper to link BCTs to psychological
theory.

Methods

Study Sample

The Food4M e PoP study was a 6-month, internet-based, 4-arm
parallel, randomized controlled dietary intervention trial that
took place in seven European countries (Germany, Greece,
Ireland, the Netherlands, Poland, Spain, and the United
Kingdom) from August 2012 to February 2014. Participants
aged 18 to 80 years were recruited through their national
recruitment center and undertook the study in thelocal language.
Volunteers were excluded if they had no internet access, were
suffering from chronic disease, were pregnant, lactating, or
otherwise had special dietary requirements.

All participants signed Web-based consent forms at each of two
screening stages, which werethen returned electronically to the
local study investigators for countersigning and archiving.
Ethical approval for the Food4dMe study (registered at
Clinicaltrials.gov, NCT01530139) was granted by the local
research ethics committee at each center.

Study Design

Participants were randomized to one of four arms (see Figure
1):
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« Controls (level 0, LO) received currently accepted public
health guidelines at months 0 and 3

« Levels1,2,and 3 (L1, L2, and L3, respectively) received
personalized nutrition (PN) dietary advice at months 0 and
3 based on self-reported intake via Food Frequency
Questionnaires (FFQs)

This PN advice took the form of three or four target nutrients
to change and PA goals. L1 received dietary advice based on
FFQ data aone, L2 on FFQ + phenotypic data from blood
sampling, and L3 on FFQ + phenotypic + genotypic data. In
addition, the frequency of advice was varied within each PN
condition: low-intensity L1 to L3 participants received feedback
at months 0 and 3 months, whereas high-intensity participants
received additional feedback at months 1 and 2. Low-intensity
L1to L3 participantsreceived basic PA advice and targets based
on PA questionnaires collected at 0 and 3 months, whereas
high-intensity participants also received feedback based on their
PA  monitor (TracmorD tri-axial accelerometer, Philips
Consumer Lifestyle, The Netherlands [17]) data at months O,
1, 2, and 3. All participants were required to use home kits to
provide DNA samples at month 0 and blood samples at months
0, 3, and 6. Instructionsfor anthropometric measurements, DNA
and blood sampling, and use of PA monitors were provided in
hard copy form and were also available via video clips at the
Food4me [18] website.

All participants completed a bespoke Dietary Change
Questionnaire, designed to determineintention to change dietary
behaviors[19], at their first measurement time point. The Baecke
PA Questionnaire [20], a validated 16-item self-report tool to
determine differences in three PA dimensions (habitual PA for
work, sport PA during leisure time, and leisure time PA
excluding sport), was administered at al data collection time
points. The study design is described in full elsewhere [17].

All participants received a fully personalized report at the end
of the study at month 6 in acknowledgment of their participation,
which included their top three or four nutrient targets, PA goals,
and blood and DNA results. Thiscomplex study design enabled
comparisons over time between provision of general public
health advice and personalized advice, between types of
personalized advice delivered, and between high and low
frequency (eg, intensity) of personalized advice provision [21].

Behavior Change Technique Analysis

The analysis of BCTs used in the Food4Me study was carried
out in three phases. (1) phase | (a priori): conduct a scoping
review toidentify theoretically appropriate BCT well-described
in previouswork [9,10] that could be applied to dietary and PA
behaviors, in a remote or internet-based intervention context,
for potential use in the Food4Me study; (2) phase |1: develop a
working BCT SOP for use by researchersin the PoP study, and
train researchers at al Food4Me centers; and (3) phase Il (a
posteriori): review the BCT list on completion of the
intervention study, and include any additional BCT utilized in
the Food4Me study. Analyses for all three phases were carried
out by Food4Me BCT researchers.
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Figure 1. Process flow diagram for the Food4Me Proof of Principle study.
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£ nutrition Questionnaire Questionnaire ¢ Food Frequency
8 guidelines only o Baecke Physical Activity ® Baecke Physical Activity Questionnaire
:g Questionnaire [20] Questionnaire [20] e Baecke Physical Activity
e Physical Activity Monitor s Physical Activity Monitor Questionnaire [20]
% (high intensity participants (high intensity participants e Physical Activity Monitor
& only) only) (high intensity participants
E * Glucose, total cholesterol, only)
‘| omega 3 index, carotenoids ® Glucose, total cholesterol,
§: omega 3 index, carotenoids
= e 5 gene variants sensitive to
dietary change
L 4 hd L 4 [ 3
Completed Completed Completed Completed
n=312 n=312 n=325 n=321

BCTswerereviewed for inclusion on the basis of their perceived
capacity to support and promote change in dietary and other
healthy behaviors utilizing the individual’s own motivations,
capacity, and ability to change; the provision and delivery of
dietary advice; and the quality of interactions supporting this
provision.

BCTs were finally selected on the basis of how closely they
aligned with the dietary and health goals of the study (for
instance, in terms of thetype, nature, and frequency of feedback
to participants), on the basis of practicality (for instance, how
far and how robustly they could be used remotely), andinterms
of how easily they could be embedded in the provision of
feedback, information, and advice.

Results

Behavior Change Technique Analysis Phase | —
Food4M e Behavior Change Technique I dentification

Phase | was carried out during the design phase of the Food4Me
PoP dietary intervention study. Michie et a’s CALO-RE [9]
and SC BCT [10] taxonomies were used to develop the
FooddMe BCT framework. CALO-RE contains 40
uncategorized items, whereas the SC framework includes 43
items categorized into four functions, namely (1) motivation
behaviors, (2) self-regulatory capacity or skill-related behaviors,
(3) promotion of adjuvant (supporting) activities (eg, dietary
advice), and (4) general aspects of interaction (eg, information
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gathering, delivery, and communication). Six BCTs from the
SC BCT list that were not included in the 40-item CALO-RE
BCT list were identified as being potentialy useful for
adaptation to the Food4Me dietary intervention, making 46
BCTsin total. The list of 46 BCTs was reviewed and agreed
by six members of the Food4Me BCT research team based at
Food4Me study centers at the universities of Reading, Ulster,
Newcastle, and Wageningen.

Behavior Change Technique Analysis Phase | 1—
Food4M e Behavior Change Technique Development

On completion of the phase | analysis, the combined 46-item
BCT framework was assessed to determine which BCTs were
to be used in the Food4Me RCT (see Multimedia Appendix 1).
At thisstage, 11 itemsfromthe CALO-RE BCT list werejudged
appropriate when considering the constraints of a Web-based
study in a remote setting.

Six itemswere adapted from the SC BCT list [10]: “emphasize
choice,” “tailor interactions appropriately,” “assess current and
past dietary behavior,” “assess current readiness and ability to
change,” “assess past history of dietary change attempts,” and
“assess adverse reactions.” These 6 items did not appear in the
CALO-RE list; however, theresearch team considered that these
BCTswere particularly appropriate for Web-based study designs
and for studies conducted in remote settings. For instance,
volunteers (1) received different types of advice depending on
group alocation (tailor interactions appropriately); (2) were
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provided with choices of healthier foods (emphasize choice);
(3) were assessed, and responses compared, at anumber of time
points (assess current and past dietary behavior), with readiness
and ability measured by the Dietary Change Questionnaire
(assess current readiness and ability to change); and (4) their
adverse reactionswere recorded throughout in linewith clinical
best practice (assess adverse reactions). Attempts were made
to adapt the SC BCT texts for a dietary intervention where
necessary and to align the adapted BCT text to reflect the
commonality and underlying purpose of the BCT. For instance,
“tailor interactions appropriately” [10] suited the Food4Me
design where feedback was based on personal characteristics
such as self-reported dietary intake, blood markers and genotype,
and the text was included unchanged, whereas “ assess current
and past smoking behavior: assess amount smoked, age when
started, pattern of smoking behavior” [10] was adapted to
“Assess current and past dietary behavior: assess amount of
food eaten and current and past patterns of food eaten,” as this
was measured during the intervention. Multimedia Appendix
2 shows the changes made with rationales for the adapted text.
The finalized revised list was then used to develop an SOP for
usein al participating countries.

BCTs requiring more individualized or additional training
resources and not in effect representing one single BCT but a
set of them, such as BCT items 15 (prompting generalization
of a target behavior), 36 (stress management or emotional
control training), and 37 (motivationa interviewing), were
excluded. Itemsjudged to require morein-depth or face-to-face
interaction or resources beyond the scope of the study were
excluded. Examples of excluded items are 23 (teach to use
prompts or cues), 28 (facilitate social comparison), and 33
(prompt self-talk). BCTswith anegative inference, for instance,
items 31 (prompting anticipated regret) and 32 (fear arousal)
were excluded, as advice was designed to emphasi ze the benefits
of following recommendations (eg, increasing intake of fruits
and vegetables has been shown to reduce your risk of CVD)
rather than focus on risk per se (eg, if you don't eat enough
fruits and vegetables you may be at greater risk of CVD). In
this internet-based study, it was possible that the Web-based
interface and associated lack of face-to-face support could have
exacerbated any negative emotions on the part of the participant
that the researchers woul d have been unable to monitor, control,
or manage effectively. The rationale used for excluding BCT
itemsis shown in Multimedia Appendix 3.

In summary, of the 46 BCT items previously identified, atotal
of 17 items were initially deemed appropriate to use when
designing the Food4dMe RCT and were included in the SOP
during phase 1. For practical reasons, it was decided to adopt
the categorization framework developed for the SC program,
asthiswasjudged to be easier to communicateto all researchers
and easier to use in practice in the SOP. The 17-item Food4Me
BCT SOP was reviewed and agreed by the 6-strong Food4Me
BCT research team.
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Behavior Change Technique Analysis Phase 11—
Food4M e Behavior Change Technique Poststudy
Review

At the end of the study, the Food4Me SOP BCT was reviewed
within the context of the intervention delivery. The 17 SOP
BCT had initially been adopted across all centers, asthese had
been embedded in the design and implementation of the
intervention study. A further 9 CALO-RE BCT had been
adopted during the course of the study owing to the devel opment
of interim reports containing various types and levels of
participant feedback for diet and PA. The interim report
development had occurred in parallel with, or after, publication
of theBCT SOP. Thisphaselll analysisindicated that 26 BCTs
were actually being used in the Food4Me dietary and lifestyle
intervention, of which 20 came from the CALO-RE BCT list,
and 6 were adapted from the SC BCT list (see Multimedia
Appendix 1).

Discussion

Principal Findingsand Comparison With Other Work

The identification of BCTs used in the Food4Me PoP study
took place over three phases: identification of possible BCT for
useinthe Food4M e study (phase I identification), devel opment
of an SOP (phaseI1: development), and review of the BCT used
in the intervention (phase I11: review). Initially, 46 BCTs were
selected from validated BCT taxonomies [9,10] for possible
inclusion, and 17 BCTs were selected for inclusion in the
Food4Me PoP study SOP. At the end of the study, a further 9
BCTswereidentified fromthe CALO-RE listinthefinal review
as having actually been used by researchers after the
development of the feedback reports. BCTs were largely
embedded in the study design, which lent itself well to the
development of aBCT SOP for use across all seven European
study centers. This approach, for example, of a priori BCT
review taking into account important contextual constraints on
the delivery format and ad hoc a posteriori revision, is another
form of approaching intervention development for adoption by
future multicenter intervention studieswhere SOP may undergo
further iterations and refinements in response to unanticipated
needs emerging during the study.

In comparison with other dietary studies, the Food4Me PoP
study had a higher number of BCTs embedded in itsdesign. In
Michie et a’s meta-analysis of interventions targeting
improvementsin smoking-related behaviors, dietary intake, and
PA [7], dietary interventionsincluded four to 19 BCTs, and the
most successful interventions had fewer BCTs. Thisconclusion
has been supported elsewhere[22]. However, the meta-analysis
carried out by Thomas Webb et a on internet-delivered health
interventions reported that more effective interventions were
associated with greater numbersof BCTs|[8]. Thereisstill much
work to be doneto determine the exact nature of the relationship
between the number of BCTs and efficacy of an intervention,
which may be driven by any number of other factors, the
assessment of which isbeyond the scope of the current analysis.

Previous studies have usefully attempted to categorize the BCT
taxonomy in terms of type of BCT category. For instance, the
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SC taxonomy [10] distinguished between motivation-based
BCT, sdf-regulatory BCT, BCT providing adjuvant (supporting)
activities, and BCT relating to general interactions (delivery,
information gathering, and communication). This framework
was crucia in helping us to describe the Food4MePOP study
BCT framework and for identifying BCTs suitable for delivery
of an internet-based intervention. For example, the SC BCT
taxonomy included “before” and “after” comparisons, which
have formed the basis of previous intervention studies, where
feedback has been based on outcomes measured during the
study. The SC taxonomy also included aBCT to monitor adverse
reactions (eg, nicotine withdrawal). Reporting of adverse events
(AEs) is considered the best clinical practice and is mandatory
in clinical trials [23]. Dietary trials, including the FooddMe
study, which include invasive measurements such as blood
sampling in the home, should ideally aim to meet similar
standards, even if recording of AEsis not compulsory. Finally,
the categorization framework was particularly useful when
communicating the BCT SOP to study researchers and for
researcher training.

Three CALO-RE BCTs and five SC BCTs were subjected to
varying degrees of adaptation for use in the Food4Me study;
further scrutiny may be required to determine if altered BCTs
are essentially the same as the original BCTs, or if the revised
BCTs are distinct concepts in their own right. For instance,
reporting of adverse reactions (eg, nicotine withdrawal) in the
SC BCT may relate only to cause and effect as a direct result
of the intervention target outcomes (eg, stopping smoking),
whereas reporting of AEs appears broader and may relate to
intervention outcomes (eg, excessive weight loss and reactions
to recommended foods) and measurement factors (eg,
blood-sampling in the home), both of which may hinder trial
completion and prevent target outcomes from being achieved.
Clinical best practice dictates that any study impacting on an
individual's health and well-being should include an overarching
BCT for reporting AEs (including reactions), although this could
be in addition to, or instead of, the adverse reactions to BCTs.
BCTs were excluded if they were considered to be more
appropriate for face-to-face interventions, which were beyond
the scope of the study, or required additional resourcesthat were
incompatiblewith the original study design. In particular, BCTs
that were thought to instigate negative emotions (eg, fear arousal
and prompt anticipated regret) were avoided, in case they
brought about adverse reactions that would be difficult to
monitor or manage in an internet-based study.

Although some researchers have started to define BCT
frameworks for use in intervention design (conceptua
BCT-based design), many do not consider doing so in thisway,
with some key exceptions [24-26]. BCT analysisis till at an
early stage with respect to dietary intervention studies and is
not yet in a state where BCT descriptions may be linked to
psychological constructs and its mechanisms [27,28]. The
development of meta-analysis methodologies is ongoing and
will not only contribute greatly to an understanding of the
psychological mechanisms underpinning BCTs but also to an
observable linkage with intervention efficacy [27]. However,
such work is hampered by inadequate descriptions of study
designs, failure to identify BCT a priori, or to monitor actual
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BCT useininterventions[9]. It istherefore recommended that
future intervention design should incorporate a priori BCT
identification, especialy to aid the development of SOPs, and
aposteriori BCT review, to ensure that all relevant BCTs have
been captured and identified for future analysisin meta-analyses
designed to determine such links, astheinitially proposed BCT
might change to better fit the context and individual needs. In
this study, we are confident that the FooddMe study BCT
framework has been well defined and categorized and will
enable replication in the future.

To our knowledge, BCTs have not previously been described
and categorized a priori for use in an internet-based PN
intervention study of this nature, where participants were
required to provide samples using home testing kits. Neither
have they been used in the development of SOP for European
multicenter research for a PN intervention study on this scale.
As such, this a priori categorization combined with an a
posteriori review of BCT in an internet-based, pan-European
PN or PA RCT intervention is a novel use of the BCT
framework taxonomy [9-11] and thefirst of itskind to do so.

Strengthsand Limitations

The process of defining the Food4M e BCT framework revealed
anumber of key strengthsin our methodology. First, it enabled
a clear understanding of the complex nature of the BCT
framework used in an intervention where behavior change was
the primary outcome. This is important: behavior change is
poorly understood and difficult to predict in dietary and lifestyle
interventions, so consistent and comparabl e use of methodsthat
may contribute to our ability to determine drivers of behavior
changeisinvaluable. A second important strength was that the
development of the Food4Me BCT framework enabled us to
use and test two established, evidence-based, theory-derived
BCT taxonomies. CALO-RE and SC were found to be
user-friendly and helpful in identifying target BCT and
informing intervention design, development, and evaluation,
although as Michie et a have acknowledged [9], there is still
work to be done to develop these taxonomies further. Indeed,
by combining the two taxonomies, the Food4Me study
researchers were able to identify gaps in the CALO-RE
taxonomy. These gaps were addressed by revisiting the SC
taxonomy and by additional use of the SC categories. A third
major strength of the Food4M e study approach wasthe creation
and dissemination of a BCT SOP to be used by all recruiting
centers, which helped to maintain consistency across seven
European countries and provided the basis for researcher
training. To our knowledge, this is a novel use of the BCT
framework in a complex, pan-European, internet-based study.
A final key strength was the incorporation of a three-phase
process to define the Food4Me BCT framework, enabling a
complete audit of BCTs at the study design, development, and
completion stages. This mapping of the evolution of the
decision-making process for the selection of BCTs, from
conception and design through to execution, has the added
advantage that it will contribute to the BCT meta-analysis
process, as documentation does not always occur satisfactorily
in this way, with either a priori or, in most cases, a posteriori
recording and determination [7].
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Some limitations were encountered. The BCT SOP was
developed in parallel with other key aspects of the study (eg,
interim reports) and was distributed before completion of the
interim report piloting. Thisresulted in the choice of SOPBCT
being dependent on design choices previously made in other
elements of the study (for instance, blood collection processes
and type or availability of other information on which advice
was based), and this may have limited our ability to choose the
most effective BCTs. Future researchers should attempt to
design elements of the study likely to influence behavioral
outcomes in advance of BCT analysis and before the start of
the study. However, as we have demonstrated here, thisis not
always possible in practice, especialy in complex
multidisciplinary and multicenter experimental interventions
with competing parameters. Second, in addition to the
CALO-RE BCT, we used some SC-specific BCT to meet the
needs of the Food4Me BCT framework; in some instances, we
made alterations to existing BCT texts where the existing BCT
did not fully apply to the specific needs of Food4dMe. As a
consequence of this, the meaning of the BCT may be dlightly
different from applications el sewhere, making comparison with
other intervention studies difficult. Third, anumber of elements
of the Food4Me study, such as the interim report, incorporate
several BCTs, which makesit difficult to assess the impact of
a single BCT on study outcomes. Future research should
investigate the effects of both single BCTs and BCT
combinations, as combinationswill typically be usedin practice.
The Food4Me results may provide insight into the latter.
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Future Recommendations

Our research has shown that BCTs can be usefully incorporated
into the development of a complex dietary and PA Web-based
RCT. Itisrecommended that literature-based lists, and possibly
exploratory research, are used to provide clear justification for
the inclusion or exclusion of BCTs in research designs.
However, it should also be noted that a degree of pragmatism,
which in this case was based upon study complexity, might be
required in determining the number of BCTs to measure,
especialy where there is a lack of clear guidance within the
literature about a recommended range of BCTs to measure.
Finally, particularly in complex study designs, there should be
sufficient flexibility to alow for additional BCT measureswhere
necessary. Routine explicit description of BCTsused inresearch
studies will help to enhance our understanding of BCTsfor use
in both specific and generalized situations and enable us to
determinethe optimal number and range of BCTsto incorporate
into RCTs.

Conclusions

Validated BCT taxonomies were helpful in developing the
Food4dMe BCT framework. Using an existing taxonomy to
develop aBCT framework enables replication and comparison
in future meta-anadyses. The Food4Me framework will
contribute to the future determination of psychological
constructs and mechanisms underpinning behavior change and
intervention efficacy. Categorization and description assisted
the development of SOP and promoted consistency in
experimental work. All BCT frameworks should be described
and evaluated both a priori and a posteriori to aid replication
and future analysis.
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Multimedia Appendix 1

Coventry, Aberdeen, and L ondon-Refined and smoking cessation behavior change techniques included in the Food4M e studly.

[PDE File (Adobe PDF File), 39KB - resprot_v7i4e87_appl.pdf ]

Multimedia Appendix 2

Changes made to Coventry, Aberdeen, and London-Refined and smoking cessation Michie et a behavior change technique
descriptions adapted for Food4Me on finalization of standard operating procedures.

[PDF File (Adobe PDF File), 39KB - resprot_v7i4e87 app2.pdf ]

Multimedia Appendix 3

Coventry, Aberdeen, and L ondon-Refined behavior change techniques excluded from Food4Me, with rationale.
[PDE File (Adobe PDF File), 31KB - resprot_v7i4e87 app3.pdf |
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Abstract

Background: Nonadherence to self-care is common among patients with type 2 diabetes (T2D) and often leads to severe
complications. Moreover, patientswith T2D who have low socioeconomic status and are racial/ethnic minorities disproportionately
experience barriersto adherence and poor outcomes. Basic phone technol ogy (text messages and phone calls) provides a practical
medium for delivering content to address patients' barriers to adherence; however, trials are needed to explore long-term and
sustai nable effects of mobile phone interventions among diverse patients.

Objective: The aim of this study is to evaluate the effects of mobile phone—based diabetes support interventions on self-care
and hemoglobin A, (HbA ;) among adults with T2D using a 3-arm, 15-month randomized controlled trial with a Type 1 hybrid
effectiveness-implementation approach. The intervention arms are (1) Rapid Encouragement/Education And Communications
for Health (REACH) and (2) REACH + Family-focused Add-on for Motivating Self-care (FAMS).

Methods: We recruited primary care patients with T2D (N=512) from Federally Qualified Health Centers and an academic
medical center, prioritizing recruitment of publicly insured and minority patientsfrom the latter. Eligible patients were prescribed
daily diabetes medication and owned a cell phone with text messaging capability. We excluded patients whose most recent HbA ;.
result within 12 months was <6.8% to support detection of intervention effects on HbA .. Participants were randomly assigned
to REACH only, REACH + FAMS, or the control condition. REACH provides text messages tailored to address patient-specific
barriersto medication adherence based on the Information-M otivation-Behavioral skillsmodel, whereas FAM S provides monthly
phone coaching with related text message content focused on family and friend barriersto diet and exercise adherence. We collect
HbA ;. and self-reported survey data at baseline and at 3, 6, and 12 months, and again at 15 months to assess sustained changes.
We will use generalized estimating equation models to test the effects of REACH (either intervention arm) on HbA ;. relative to
the control group, the potential additive effects of FAMS, and effects of either intervention on adherence to self-care behaviors
and diabetes self-efficacy.
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Results: Thetrial isongoing; recruitment closed December 2017. We plan to perform analyses on 6-month outcomesfor FAMS
in July 2018, and project to have 15-month data for REACH analysesin April 2019.

Conclusions: Our study will be one of the first to evaluate a long-term, theory-based text messaging intervention to promote
self-care adherence among racially/ethnically and socioeconomically diverse adults with T2D. Moreover, our study will assess
the feasibility of a family-focused intervention delivered via mobile phones and compare the effects of text messaging alone
versus text messaging plus phone coaching. Findings will advance our understanding of how interventions delivered by phone
can benefit diverse patients with chronic conditions.

Trial Registration: ClinicalTrials.gov NCT02409329; https://clinicaltrial s.gov/ct2/show/NCT02409329 (Archived by WebCite
at http://www.webcitation.org/6yHkg9oSSl); NCT02481596; https://clinicaltrials.gov/ct2/show/NCT02481596 (Archived by

WebCite at http://www.webcitation.org/6yHkj9X D4)

(JMIR Res Protoc 2018;7(4):€92) doi:10.2196/resprot.9443
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mobile health; medication adherence; type 2 diabetes; text messaging; self-care; glycated hemoglobin

Introduction

Background

The prevalence of diabetesis rapidly rising at both aglobal [1]
and national level [2]. Individuals with diabetes are at a higher
risk of heart disease, stroke, kidney disease, and premature
mortality [1,3-5]. Type 2 diabetes (T2D) can be managed and
its complications avoided by engaging in self-care, including
healthy diet, exercise, self-monitoring of blood glucose (SMBG),
and taking medications as prescribed [6]. However, multiple
barriersimpede self-care adherencefor patientswith T2D [7-10].
Racial/ethnic minorities and people with low socioeconomic
status (SES) tend to experience more barriers to diabetes
self-care [11,12] and, in turn, have worse self-care adherence
[13,14], more complications[13,15], and worse glycemic control
(ie, hemoglobin A, [HbA,J]) [16,17].

Basic mobile phone technology (text messaging and phone
calls) presents viable opportunities to reach and support adults
with T2D to improve self-care adherence and HbA . [18-20].
The vast majority of American adults (95%) own cell phones
[21]; however, non-whites and those with less education and
income arelesslikely to own asmartphone[21]. Text messaging
and phone callsdo not require asmartphone, and text messaging
isthe most common cell phone activity among all mobile phone
users [22]. This ubiquity suggests potentia to reach patients
with low SES and racially/ethnically diverse patients [23,24].
Moreover, text messages can deliver tailored content and address
modifiable barriers to diabetes self-care.

Involving human support as part of a diabetes mobile phone
intervention may enhance efficacy [25,26] and improve
participant engagement [27], particularly among disadvantaged
or vulnerable patients [28]. In a recent 6-month randomized
controlled trial (RCT), participants were assigned to receive
health coaching along with access to a diabetes support app or
only health coaching [29]. Although both groups had improved
HbA,. levels, the coaching group showed accelerated
improvements [29]. A handful of other health promotion
interventions in general populations have compared text
messaging a one agai nst text messaging plus human counsel ors,
but the samples in these interventions have been small and
therefore more research is needed [30].

http://www.researchprotocols.org/2018/4/e92/

In summary, adherence to diabetes self-careremains aprevalent
problem and sustainable real-world solutionsfor diverse patients
are needed [31]. Automated text messaging interventions can
be resource- and cost-effective and have improved adherence
and HbA ;. among underserved groups up to 6 months[32-34];
however, few have been evaluated in long-term trials with
diverse samples[35]. Furthermore, noneto our knowledge have
assessed sustainahbility of effects after text messaging ends.
Finaly, it remains unclear whether a human coach or educator
in concert with automated text messaging would be more
effective for improving diabetes outcomes than text messaging
alone.

Objective

In response to these gaps in knowledge, we are conducting a
3-am RCT to evaluate the effects of mobile phone-based
diabetes self-care support interventions on self-care adherence
and HbA ;. among adults with T2D who are diverse with respect
to SES and race or ethnicity. Thetrial consists of 2 intervention
arms and a control group. Intervention arms are (1) Rapid
Encouragement/Education And Communications for Health
(REACH) and (2) REACH + Family-focused Add-on for
Motivating Self-care (FAMS). Both interventions were
previously developed and tested for usability among
racially/ethnically diverse and predominantly low-SES samples
recruited from Federally Qualified Health Centers (FQHCs)
[36,37]. REACH provides text messages tailored to address
patient-specific barriers to medication adherence based on the
Information-Motivation-Behavioral skills (IMB) model [38,39],
whereas FAM S provides monthly phone coaching with related
text message content focused on family and friend barriers to
diet and exercise adherence [37].

The study is designed to evaluate the effects of REACH (either
intervention arm) on HbA ;. relative to the control group, while
assessing the additive effects of FAMS and effects of either
intervention on adherence to self-care behaviors and diabetes
self-efficacy. We will aso explore the effects of each
intervention arm on the psychosocial mechanisms targeted by
each intervention and effect modification by race/ethnicity and
SES.
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Methods

Study Design

We are conducting a 15-month, 3-arm RCT with 2 treatment
arms and 1 control arm. We are using an
effectiveness-implementation hybrid design to evaluate the
effectiveness of the interventions while planning for and
collecting information about implementation potential (Type 1
approach) [40]. This paper focuses primarily on the protocol
for evaluating effectiveness, but REACH was designed to be
sustainable [36], and our community-based research methods
lay the groundwork to explore barriers and facilitators to
implementation in FQHCs (briefly described in the Discussion
section). For thetrial, interested and eligible patientswith T2D
were recruited from primary care clinics. We designed our
recruitment approach to overrepresent racial/ethnic minorities
and patients with low SES. Participants in each arm complete
study measures at baseline and 3, 6, 12, and 15 months post
baseline (Figure 1, top panel). Participantsin either intervention

Nelson et al

arm receive intervention exposure for 12 months; sustained
changes are assessed with a 15-month follow-up.

Recruitment and Eligibility

We recruited participants across clinic sites in and around
Nashville, Tennessee, including 13 FQHC locations and 3
Vanderbilt University Medical Center primary care locations.
Recruitment strategiesincluded the use of flyers, interest cards,
referrals from clinic staff, mailing opt-in or opt-out letters
(depending on clinic preference) to patientsidentified through
the electronic health record (EHR) with follow-up calls, and
in-person contact with patients in clinic waiting rooms or at
clinic and community events. We oversampled patients who
are racial/ethnic minorities and those who have low SES in
several ways. First, our goa was to recruit at least 200
participants from FQHCswhich serve uninsured or underinsured
patients.

Second, when recruiting from Vanderbilt clinics, we prioritized
the recruitment of patients with public health insurance (eg,
TennCare [Medicaid], Medicare) only and/or who were
racial/ethnic minorities.

Figure 1. Top panel: Rapid Encouragement/Education And Communications for Health (REACH) randomized controlled trial design. Participants are
randomized to REACH + Family-focused Add-on for Motivating Self-care (FAMS), REACH only, or the control condition. Bottom panel: Components
received by each condition. Components are cumulative (eg, all participants receive control components). HbA1¢: hemoglobin A

REACH
+
FAMS REACH Text Messages
n=125 '
N _ Access to REACH Helpline &3
v © v © .
Enrollment: L 1 ! A | |
Consent, Randomization REACH 3L !
Baseline  |—>| an‘dA only REACH Text Messages !
Survey, and Eﬁzg‘::;‘t‘l’gn n=125 Access to REACH Helpline 4:
HbAlc test ' 'T" I‘J I‘J
: . : : :
Control 4: Access to REACH Helpline 4]
n=250 Ny Ny v
! 1 ! ! !
Key 3 months 6 months 9 months 12 months 15 months
*, Option to Q HbALc text (chart review only)
receive low-dose
Follow-up assessments (all participants)

o Daily text messages supporting diabetes self-care adherence (tailored to diabetes medications and
barriers to medication adherence and/or supporting other self-care behaviors)

Tailored welcome text message

REACH only

Control

s Quarterly newsletters with information on healthy living with diabetes delivered via mail or email

* Daily text messages asking about medication adherence followed by weekly feedback message

s Text message advising how to access study HbAlc test results

® Access to a Helpline for questions related to the study and diabetes medication
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Eligible participants were at least 18 years of age, had a
diagnosis of T2D (both self-reported and confirmed either in
the EHR or by a provider), were currently prescribed a daily
diabetes medication (oral, insulin, and/or noninsulin injectables)
and responsiblefor taking their diabetes medications (ie, without
assistance from a caregiver), owned a cell phone with text
messaging capability, received care at one of the participating
clinics, and could speak and read in English. We excluded
participants whose most recent HbA ;. value within 12 months
was <6.8% to ensure room to lower HbA,., and detect
intervention effects (ie, avoid floor effects). In addition, because
participants assigned to FAMS receive phone coaching, we
excluded patients who had auditory limitations or an inability
to oraly communicate, as determined by trained research
assistants (RAS). Patients who failed a brief cognitive screener
[41] were excluded to hel p ensure accuracy of the measuresand
dataintegrity.

Finally, becauseall participantsreceive and are asked to interact
using text messages, we excluded patients who were unable to
receive, read or send text messages after demonstration by an
RA (some participants with visual limitations were able to text
and were therefore enrolled). We did not exclude participants
based on comorbidities.

Data and Procedures

RAs met with interested patients in a private room at their
respective clinics to verify eligibility, administer informed
consent, and administer survey instruments. Most baseline
surveys were administered aloud during the in-person meeting
with the RA in aprivate room at the clinic. Less frequently, we
consented patients over the phone and then mailed a copy of
the consent and survey or emailed a link to sign the consent
form and compl ete the survey viathe Web (based on participant
preference).

Participants have options on how to compl ete follow-up surveys,
although we encourage in-person appointments in general,
particularly for participants who may have trouble completing
study materials independently due to limited health literacy or
visual acuity difficulties. Survey completion can occur in one
of 4 ways: (1) in-person with an RA at the participant’s clinic,
(2) independently using paper surveys, (3) independently using
online surveys, or (4) by phone with an RA. For in-person
appointments, we aim to schedul e the study appointment on the
same day as the patient’s clinic appointment to make
participation more convenient, and wetry to align future clinic
HDbA ;. tests with follow-up study appointments.

Unless participants have had an HbA . test within the past 3
weeks or one is scheduled for the day of a study appointment,
we either request that their provider order a lab-drawn HbA ;¢
test or ask participants to complete a mail-in HbA; test kit
[42,43], depending on clinic preference. Mail-in kits contain
all the necessary supplies to collect a sample of blood using a
finger stick onto specialty paper (Genera Electric Health care)
which is then mailed to the laboratory for dried blood spot
analysis. Each kit isdeidentified and linked to aunique barcode
ID label. CoreMedica Laboratories (Lees Summit, Missouri),
a specialty reference laboratory accredited by the College of
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American Pathologists, provideskits, analyzesthe samples, and
sends us the results.

RAs enter participants responses to survey questions into
Research Electronic Data Capture (REDCap; Nashville, TN),
a secure, Web-based application developed at Vanderbilt and
designed to support data capture for multisite studies [44]. RAs
access patient participants EHRs or clinics send us EHR data
for enrolled participants, depending on clinic preference. EHR
data are used to confirm and collect the type and quantity of
prescribed diabetes medication and to collect results of
clinic-administered HbA . tests. Participants' relevant survey
responses, HbA ;. results, and EHR data are transferred from
REDCap to a digital health platform called MEMOTEXT
(Bethesda, MD), via an application programming interface.
MEMOTEXT uses participant information to schedule text
message delivery and to tailor and send text messages to
participants. Survey procedures, HbA . test procedures, and
EHR reviews are repeated at each assessment (3, 6, 12, and 15
months), and text message content tailoring is updated by
MEMOTEXT to reflect most current data. Additionally, we
conduct EHR reviews to collect participants’ HbA . results at
9 monthsif aresult is available.

M easures

The same study measures are administered to all participants,
regardless of condition. The schedule of measuresis shown in
Table 1. In the section bel ow we focus on those measures central
to the analyses outlined in this paper.

Outcomes

The primary outcome is HbA ;.. Secondary outcomes include
adherence to diabetes medication, self-care (diet, exercise, and
SMBG), and diabetes self-efficacy. We assess diabetes
medication adherence with 2 validated self-report measures:
(2) the Adherenceto Refillsand Medications Scale for Diabetes
(ARMS-D) [45] and (2) the Summary of Diabetes Self-Care
Activitiesmedications subscale (SDSCA-MYS) [46]. We ask the
SDSCA-MS questions for each prescribed medication,
separately, and average responses across medications[45]. The
SDSCA-MSisacommonly used and widely accepted measure
of diabetes medication adherence [57] which asksabout number
of days adherent, whereas the ARMS-D is a more sensitive
measure that asks about perceived frequency of nonadherence,
and is a stronger predictor of HbA . [45]. Currently, there is
not an ideal self-report measure of medication adherence. All
available measures have limitations, so using multiple
medication adherence measures is recommended [58,59].

Healthy diet is assessed with 2 subscales from the Personal
Diabetes Questionnaire that assess Problem Eating Behavior
and Use of Information for Diet Decision Making [47]. Exercise
is assessed with the short form of the International Physical
Activity Questionnaire [48,49], which providesinformation on
the time spent walking, in vigorous and moderate intensity
activities, and in sedentary activities. SMBG is assessed using
the SDSCA blood glucose testing subscale [46]. Finaly,
self-efficacy is assessed with the Perceived Diabetes
Self-Management Scale [50].
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Table 1. Study measures across time points.

Construct Description, example, scale Baseline  Follow-ups(months after baseline)
3 6 12 15

Primary outcome

Hemoglobin Ay¢ Result from lab-drawn clinic test or mail-in test kit X X X X x2
Secondary outcomes

M edication adherence Adherence to Refills and Medications Scale for Diabetes [45]; X X X X X
Summary of Diabetes Self-Care Activities medications subscale
(SDSCA-MYS) [46]

Diet adherence Personal Diabetes Questionnaire subscales for Problem Eating X X X X X
Behavior and Use of Information for Diet Decision Making [47]

Exercise adherence International Physical Activity Questionnaire-short form [48,49] X
Self-monitoring of blood SDSCA-SMBG subscale [46]
glucose (SMBG) adherence
Diabetes self-efficacy Perceived Diabetes Self-Management Scale [50] X X X X
Mediators
Barriersto diabetes medica- |nformation, motivation, and behavioral skills-based barriersto X X X X
tion adherence medication adherence [36]
Family behaviors Frequency of family or friends' helpful and harmful behaviors X X X X
over the past month
Moderators
Race and ethnicity White, African American, Asian, American Indian or Alaskan X
Native, Native Hawaiian or Pacific Islander, and/or other race;
Hispanic or Latino or not Hispanic or Latino
Education Years of school completed
Income Total household incomein 1 year X X
Insurance status Uninsured, private, or public
Other measures
Other sociodemographics Gender, age, marital status, living situation X
Diabetes characteristics Insulin status, number of prescribed diabetes medications X X X X X
Mobile phone use Use of smartphones and health apps, frequency of text messaging, X
and frequency of not being able to text and/or call because of
reaching monthly limits
Depression Patient Health Questionnaire-8 [51] X X X X
Health literacy Brief Health Literacy Screen [52] X
Numeracy Subjective Numeracy Scale [53] X
Sociological stressors Tool for Assessing Patients' Stressors [54] X X
Trait self-control Brief Self-Control Scale (8-item subset) [55] X X
Diabetes duration Length of time diagnosed with type 2 diabetes X
Emergency room (ER) visits Number of timesin ER and hospitalizations in the last year X X
and Hospitalizations
Smoking status Behavioral Risk Factor Surveillance System itemson tobacco use X X X X
[56]
Alcohol consumption Freguency of having adrink containing alcohol X X X X

AVe will also review medical charts at 9 months to collect HbA 1 values for those participants who have this data available since there is no planned
follow-up assessment at this time point.
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Mediators and Moderators

We aso evaluate hypothesized mediators targeted by each of
theinterventions and moderators of intervention effects. REACH
seeks to improve medication adherence via reductions in
personalized information, mativation, and behavioral skills
barriers identified by study assessments. We measure
participants  information, motivation, and behavioral
skills-based barriersto adherence with an assessment devel oped
for this trial, which maps barriers to diabetes medication
adherence onto the IMB model constructs [36]. There are 31
barriers plus 5 insulin-specific barriers for participants who
were prescribed insulin. To complete the measure, participants
first indicate whether each barrier either “Sometimes’ or
“Never” applies to them. Next, for the barriers rated as
“Sometimes,” participants rate the degree to which the barrier
appliesto them from 1="alittle” to 10="alot.” The purpose of
this measureis (1) to identify REACH participants’ barriers to
diabetes medication adherence so text message content can be
tailored to their 4 highest rated barriers and (2) to ascertain
whether the REACH intervention reduced participants’ barrier
scores (relative to the control group) and whether changes in
these barriers drove changes in diabetes medication adherence
or HbA ;...

FAMS targets diabetes-specific helpful and harmful behaviors
from family and friends. To measure these behaviors, we use a
measure developed for this trial which assesses the frequency
with which participants’ family or friends performed helpful
and harmful behaviors over the past month. Exampleitemsare
“How often do your family members... exercise with you or
ask you to exercisewith them?’ (helpful item) or “...arguewith
you about your food choices or your heath?’ (harmful item),
with response options on a scale from 1="never in the past
month” to 5="twice or more each week.” Helpful and harmful
items are averaged separately to produce 2 scoresranging from
1 to 5 with higher scores indicating more helpful or harmful
family involvement in the patients diabetes self-care,
respectively.

Finally, we plan to explore differential intervention effects based
on participants' race/ethnicity and SES (ie, income, insurance
type, and education). As described above, racia/ethnic
minorities and persons with low SES who have T2D tend to
have worse self-care adherence and HbA,; [13,14,16,17];
therefore, we anticipate these participantswill experience more
benefit from the intervention compared with participants who
are white or have high SES. Each of these variables will be
assessed with self-report at baseline.

Randomization

During enrollment, RAs explain to participants that all study
participants receive a mobile phone-based program with
different types and frequencies of text messages and phone calls.
RAs aso tell participants that a member of the research team
will call themin afew daysto explain more about what to expect
based on their assigned condition. After enrollment, participants
are randomized to one of the 3 arms using optimal multivariate
matching to ensure better balance in the primary outcome and
important covariates across arms [60]. The variables we use to
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match participantsinclude baseline HbA ., insulin status, race,
age, duration of diabetes, gender, income, and education. We
give diabetes duration (rank value to correct for skew) and
HbA . greater weight [61]. Twice as many participants are
assigned to the control condition (n=250) as those assigned to
REACH only (n=125) or REACH + FAMS (n=125). To
accommodate this 2:1:1 design, patients are matched and then
randomized to control or REACH and those randomized to
REACH are matched and randomized to REACH only or
REACH + FAMS. This helps ensure covariate balance among
al 3 arms. For those assigned to REACH + FAMS, the FAMS
intervention components last for the first 6 months only. All
participants in the intervention arms receive REACH only for
thelatter 6 months of the exposure period (Figure 1, top panel).

Within aweek of enrollment, participants are randomized, and
amember of the research team calls each participant to explain
what to expect from the mobile phone program to which they
are assigned and obtain any information needed specifically for
their assigned condition (eg, preferred times to receive daily
text messages if assigned to either intervention arm). If we are
unableto reach participantsfor this condition explanation within
3 weeks, they are administratively withdrawn; we still include
these participants' baseline datain our analyses but discontinue
attempts to contact them. This run-in period ensures that the
initiation of the study experience aligns with baseline data and
identifies individuals who may be difficult to contact and
therefore not good candidates for the 15-month trial. During
the condition explanation we reiterate and assess participants
understanding of theintervention components availableto them,
based on their condition. We do not use the terms* intervention”
or “control” to explain the assigned conditions. Each condition
is described briefly below and in Figure 1, bottom panel; the
intervention components are described in more detail in the
respective development papers for REACH [36] and FAMS

[37].
Control

Participants assigned to the control condition maintain care as
usua (ie, medication treatment and physician monitoring) but
also receive a welcome text message following enrollment, as
well asatext message advising how to accesstheir study HbA
test result following enrollment and each completed follow-up.
Control participantsal so receive accessto the REACH Helpline
(for questions related to the study and diabetes medications)
and receive quarterly newsletters with information on healthy
living with diabetes. Providing support and resources to the
control group was important for our partnerships with clinics
and an ethical decision because of our goa to oversample
patientswho were at risk (eg, high HbA ;. and patientswith low
SES). We provided these same resources to participants in all
arms.

REACH Only

Participants assigned to REACH only receive all the components
that control participantsreceive, plusthe REACH text messages.
REACH messagesinclude daily messages promoting self-care,
including tailored messages to address user-specific barriersto
medication adherence based on responses to the IMB barrier
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assessment, nontail ored text messages addressing other self-care
behaviors, daily messages asking about the participant’s
medication adherence for the day, and weekly feedback
messages on his or her adherence. After 6 months, participants
have the option to receive fewer text messagesfor the remaining
6 months of the intervention (ie, the “low-dose” option). The
ideal frequency or dose of text messages for improving outcomes
in an intervention is unclear [62]; we included the low-dose
option to sustain engagement among participants who may
prefer fewer-than-daily text messages. In arecent meta-analysis,
therewas no differencein chronic disease medication adherence
between interventions using daily text messages and those using
less frequent messaging [20]. Other evidence suggests that
decreasing the frequency of texts over time or allowing users
to choose their desired frequency is more efficacious than
applying predetermined fixed or varying frequencies [30].
REACH participants who choose the low-dose option receive
3 or 4 self-care promotion messages each week and 1 message
asking about medication adherence each week followed by
feedback on their adherence.

REACH + FAMS

Participants assigned to REACH + FAMS receive al the
components delivered to the aforementioned conditions, plus
additional intervention componentsfor thefirst 6 months. FAMS
components include monthly phone coaching with counselors
or health coaches (established or in-training; ie, persons with
experience using basic helping skillswho have a so been trained
in the FAMS protocols). During coaching, participants set
healthy diet and exercise goals, and work with coaches to
improve their ability to manage family or friends' actions that
might support or interfere with the goal . Text messagestailored
to the goal set during coaching replace the nontailored diet and
exercise messages in REACH. FAMS participants can adjust
the goa or set a new goa during each coaching session and
have the opportunity to invite a family member or friend to
receive text messages as a support person at any point during
the first 6 months. The support person text message content
aims to help enrolled support persons to be thoughtful about
providing support and to initiate conversations with the
participant about his or her diabetes and self-care goals. After
6 months, the FAM S components end, participants are offered
the low-dose option described above, and they continue to
receive REACH text messages for the next 6 months.

Treatment Fidelity

We have implemented several fidelity checks to ensure that
participants receive the interventions as intended. First, text
messages are automated to hel p ensure users have the intended
experience. Second, we monitor text messages to identify and
correct errors and make contact with participants who stop
responding to address any technical issues. MEMOTEXT
securely collects and stores all text message data (eg, date and
time text messages are sent and received, participants text
message responses). Our team performsweekly checkson these
data to ensure the text messages are delivered and monitor
participants’ responses. As part of the REACH intervention,
participants receive a daily adherence text message that asks
them whether they have taken all of their diabetes medication
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that day. Participants are asked to reply either Yesor No. If they
answer No, participantsreceive afollow-up text message asking
them to please tell us why, with several response options (ie,
“1=forgot, 2=sick, 3=clinic told me to, 4=ran out of meds, or
type out a reason”). We monitor responses to these messages
weekly, and if a participant does not respond to any adherence
text messagesfor 14 consecutive days, ateam member will call
the participant to determine whether he or she is having any
technical problems. To avoid coercing participants into
responding to text messages, we only ask whether they have
had any problems lately with receiving or responding to their
text messages. The date of the call and the participant’s response
are documented, and we subsequently troubleshoot as needed.
We do not make repeated calls if the participant remains
nonresponsive but may contact a participant more than once if
periods of consecutive nonresponse are separated by periods of
responsiveness.

We also collect fidelity data on the FAMS coaching sessions.
We track the number of FAMS phone coaching sessions
completed by each participant and the content of each session.
Fidelity data includes the goal set during coaching, the type of
family or friend support or barrier discussed, the skill-building
exercise employed, the verbal contract (eg, to implement askill
learnt during coaching, such as assertive communication, with
aspecific friend or family member), the participant’s confidence
rating of his or her ability to complete the verbal contract, and,
for subsequent sessions, the outcome of the verbal contract from
the previous session. Fidelity datawill be presented with results
to inform the degree to which the intervention was delivered as
intended and to provide context for interpretation of study
findings. Fidelity data will also serve as a process benchmark
for future trials that may seek to reproduce the study findings
or implementation studiesthat engage clinic staff inintervention
delivery.

Statistical Analysis Plan

The study is designed to evaluate the effects of REACH (either
intervention arm) on HbA,. relative to the control group
(primary analysis), while assessing the effects of FAMS. We
will use generalized estimating equation models to estimate
potentialy time-varying intervention effects while adjusting
for the baseline measure of the outcome and the type of HbA ;.
test result (ie, lab-drawn at the clinic or by using the mail-in
kit). The models use clustered data and alow nonlinear
associ ations between baseline and follow-up outcome measures.
A lag 1 autoregressive correlation structure will be used and
alternative correlation structurestested to demonstrate the results
arerobust to model selection. We will use alongitudinal model
to evaluate intervention effects. We will use an omnibus test
for the intervention effect, then provide point-estimates with
confidence intervals for each follow-up, and graphically depict
our results.

Analysiswill follow a conservative intention-to-treat principle,
and participantswith missing valueswill beincluded along with
those with complete data. Multiple imputation will be used to
impute missing covariate and outcome values. The analysis
with multiple imputation assumes Missing-at-Random (ie, the
model properly handles missing data by including covariates

JMIR Res Protoc 2018 | vol. 7 | iss. 4 €92 | p.46
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

associated with reasons for dropout). A sensitivity analysis for
the impact of the imputation of missing outcome data will
exclude the outcome from the imputation process and analyze
only the observed outcomes.

Primary Analysis

Wewill test the effects of receiving REACH on HbA ;. (primary
outcome) and medication adherence (secondary outcome)
compared with the control condition. This model will not
distinguish between the REACH only and REACH + FAMS
arms. We hypothesize participants assigned to REACH will
experience greater improvements in medication adherence and
HDbA . than participants assigned to the control condition.

Secondary Analysis

In addition, we will test the effects of both intervention arms
(REACH only and, separately, REACH + FAMS) on diet,
exercise, SMBG, and diabetes self-efficacy relative to the
control group. Finally, we will assess whether participants
assigned to REACH + FAM S experience greater improvements
in HbA ., medication adherence, diet, exercise, SMBG, and
self-efficacy compared with those assigned to REACH only.

Mediation and Moderation Analyses

Wewill conduct 2 separate mediation analyses, one for REACH
(including participants in either REACH arm relative to the
control arm) and one for FAMS (including participants in the
REACH + FAMS arm relative to the control arm). REACH
mediation analyses will examine whether REACH improves
participants' IMB barriers to diabetes medication adherence
and whether such improvements explain REACH's effect on
adherence and/or HbA;. FAMS mediation analyses will
examine whether FAMS improves participants reported
diabetes-specific helpful and harmful family and friend
behaviors and whether such improvements explain REACH +
FAMS effect on diet, exercise, and diabetes self-efficacy. We
hypothesize that improvements in IMB barriers will drive
improvements in medication adherence and HbA,. and
improvements in family and friend behaviors will drive effects
on diet, exercise, and diabetes self-efficacy. Specificaly, we
will use between-person mediation analyses with latent change
scores for mediators and outcomes [63,64], and we will use
bootstrapping to obtain Clsfor indirect effects[65]. Lastly, we
will explore whether race/ethnicity, education, and income
modify the intervention effects by adding interaction terms to
models evaluating intervention effects.

Sample Size and Power

Our target sample was 500 patient participantsand we ultimately
enrolled 512. With an anticipated dropout rate of 20%, we will
have at least 400 participantsfor analysis of intervention effects
up to 15 months. Power calculations were performed using
Power and Sample Size (PS) software (Nashville, TN) at 80%
power for a2-sided text (al pha=.05). Based on HbA ;. datafrom
a prior study with 314 adult patients with T2D from a FQHC
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in Nashville, TN, we estimate the residual error from a model
of HbA . will have a standard deviation <2% [45]. Thus, this
study will have 80% power to detect atrue effect of 0.56% on
HbA ;. by REACH at any follow-up time point if we have 400

participants for analysis.

Ethicsand I nformed Consent

All procedures have been reviewed and approved by the
Vanderbilt University Institutional Review Board (IRB) and
thistrial isregistered on Clinical Trials.gov (see NCT02409329
and NCT02481596). All data collected from participants at each
assessment period are stored on REDCap’s secure server. Any
participant datasent to MEMOTEXT are deidentified and stored
on their Heath Insurance Portability and Accountability
Act (HIPAA)-compliant secure server. In addition, all reporting
of text message databy MEMOTEXT and all recorded REACH
Helpline voicemails are stored on their HIPAA-compliant Web
server, and only IRB-approved study staff can access these
voicemail messages using a secure passcode. EHR data are
shared with the study team according to the policies of each
individual clinic.

We included specific language in the informed consent
document outlining our processes for securing participants
data. We described that REACH Helpline voicemail messages,
information shared viatext message, and all study formswould
be assigned a study number with no persona identifying
information and be either password-protected on asecure server
or in a locked filing cabinet at Vanderbilt. We explained that
research team memberswould only access personal information
for necessary study procedures, such as to issue payment or
contact for follow-up appointments. Finally, we explained to
participantsthat, if they share or lose their phone, the study text
messages may disclose to others that they have diabetes, take
diabetes medications, and/or received an HbA,. test. All
participants were provided with the REACH Helpline number
and encouraged to call to ask questions about the study.

Results

Recruitment began in May 2016 and ended in December 2017.
Figure 2 shows recruitment results. Of the 3426 patients
identified as potentialy eligible throughout study recruitment,
we were able to contact 61.03% (2091/3426) by phone or in
person and screen 36.31% (1244/3426) for digibility. Of those
screened, 41.08% (511/1244) were ineligible and 41.16%
(512/1244) enrolled. Most common reasons for ineligibility
were not speaking or reading in English (31.5%, 161/511, of
thoseineligible), no longer receiving care at a partnering clinic
(21.7%, 111/511), and having a most recent HbA,, <6.8%
(19.8%, 101/511). We administratively withdrew 6 participants
or 1.2% (6/512) of those enrolled. Enrolled participants (N=512)
have an average age of 56.0 (SD 9.5) years, and 54.1%
(277/512) are female.
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Figure 2. Flowchart of potential patient participants through study recruitment. HbA 1.: hemoglobin A4c.

( Potential pool {n=3426) )

Y

Screened for eligibility {n=1244)

Contacted but not screened {n=847)
e Not interested {n=547)
e Stated interest, but notreached
again {n=103)

Unable to reach for screening {n=1335)

Ineligible {(n=511)
e <18 yearsold {n=1)
* Nodiagnosis of T2D {n=47)

Not prescribed daily diabetes med {n=34)

Does not independently administer diabetes med {n=11)

Does not own a cell phone with text messaging capability {n=37)
Mo longer receives care at partnering clinic {n=111)

Does not speak/read in English {n=161)

Most recent HbAlc <6.8% {n=101)

Has auditory limitations or inability to orally communicate {n=5)
Did not pass cognitive screening {n=2)

Unable to demonstrate texting abil ity {n=1)

Eligible, butdid notenroll {n=221)

h 4
(Enrolled and randomized (n=SlzD

Approximately half (47.3%, 242/512) are non-Hispanic white,
39.4% (202/512) are non-Hispanic African American, 6.0%
(3Y/512) are Hispanic, and 7.2% (37/512) reported being of
other race and/or ethnicity (including multiracial). In addition,
41.7% (210/503) reported educational attainment of a high
school degree or less, 55.8% (286/512) have annual incomes
less than US $35,000, and 48.6% (247/508) are underinsured
(23.2%, 118/508, have no insurance; 25.4%, 129/508, have
public insurance only). About half (48.8%, 250/512) aretaking
insulin and average HbA ;. at baselineis 8.6% (SD 1.8%, median
8.2%, | QR 7.2%-9.6%). Most (98.6%, 493/500) baseline HbA ;.
tests were taken within 30 days of study enrollment, and all
weretaken within 70 days of enrollment. Asof thispublication,
we have at least 87% completion among participants through
each follow-up assessment. We plan to perform analyses on
6-month outcomes for FAMS in July 2018 and have 15-month
datafor REACH analysesin April 2019.

Discussion

Principal Considerations

This study will be one of the first RCTsto deliver along-term,
theory-based, text messaging intervention to promote self-care
adherence among racialy/ethnically and socioeconomically
diverse adults with T2D. We designed the interventions to use
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basic mobile phone technology (text messaging and phone calls)
and provide an experience that is individually tailored and
interactive for adult patients with T2D. We developed both
interventionswith input from racially diverse patients with low
SES [36,37] and designed our recruitment strategies for the
RCT to oversample racial/ethnic minorities and patients with
fewer resources. Moreover, our study will explorethefeasibility
of afamily-focused intervention delivered via mobile phones,
and allows exploratory analyses comparing the effects of text
messaging aone versus text messaging plus phone coaching.
Wewill also bethefirst to provideinformation on the feasibility
and acceptability of inviting members of a patients' socia
support network to receive text messages about how to support
the patient with his or her T2D, based on the 125 participants
in our sample given the option to do so as part of FAMS.

Barriersto self-care adherence are personal, multidimensional,
and change over time [66,67]. Findings from other studies
suggest that helping patients overcome their unique barriers
may improve adherence and HbA . [68]. For instance, in a
12-month RCT, intervention participants received phone calls
from diabetes educators who provided tailored strategies for
coping with self-care barriers [69]. HbA,. decreased more
among intervention participants than control participants,
suggesting content addressing modifiable self-care barriers can
be effective. However, study participants were predominantly
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white and well-educated [69], limiting the generalizability of
the results. Not only will our diverse patient sample provide
more generalizable results, but including measures that assess
patients’ barriersto medication adherence and family and friend
involvement in self-care will alow us to determine whether
improvements in the psychosocial mechanisms targeted by the
interventions explain improvements in outcomes.

Findingsfrom the RCT will advance understanding of the health
benefits of mobile phone-based interventions, with
generalizahility to racial/ethnic minorities and personswith low
SES with chronic conditions such as diabetes [70,71]. The
REACH intervention was designed to be incorporated into
routine clinical care a8 FQHCs to support diabetes self-care
adherence with minimal time investment from providers and
staff. Asa Type 1 effectiveness-implementation hybrid design,
the primary focus of this study is to evaluate the intervention’s
effectiveness. Therefore, we had research staff execute protocols
to ensure a structured test of effects. For the secondary goal of
assessing facilitators and barriers to implementation, we will
invite intervention participants who have finished the trial, as
well as FQHC providers and administrators, to participate in
interviews to collect qualitative and quantitative data on their
perceptions of REACH and FAMS. Theseinterviewswill focus
on strategiesfor uptake and sustainability in clinic settings. This
information will be used to develop recommendations for
implementing and evaluating mobile phone-delivered
interventions, like REACH and FAMS, in FQHC settings.

Limitations

Limitations of this study include reliance on self-report measures
of adherence. Compared with objective measures, self-report
measures are subject to social desirability and recall bias.
However, each measure of adherence has drawbacks. Self-report
measures are inexpensive, brief, and unobtrusive, and we have
selected validated measures with balancing strengths and
weaknesses. Another challenge is participants changing their
cell phone plans and numbers; however, the REACH Helpline
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(where participants can inform us of changes in their contact
information), requesting secondary contact information (eg, a
work number, a family member’s or friend’s number to use if
we cannot reach them), calling participants after 14 consecutive
days of nonresponse, and regular follow-ups help us maintain
contact with participants. Our study is powered to examine the
effects of receiving REACH on HbA,.; therefore, analyses
examining the effects of other outcomes (ie, self-care behaviors,
self-efficacy) and comparing the effects of either intervention
arm are potentially very informative but may be underpowered.
Because the trial does not include a separate FAMS condition
(ie, without REACH), we are not able to evaluate the effects of
FAMS only. Findly, the interventions are currently only
availablein English, which was necessary to enhancefeasibility
of successfully completing thisinitial trial; however, trandlation
to Spanish isagoal, should they prove effective.

Conclusions

We anticipate this study will help determine the effectiveness
of atailored text messaging intervention for supporting diabetes
self-care  adherence  and  reducing HbA,. among
racialy/ethnically and socioeconomically diverse patients.
Additionally, we aim to determine whether (1) tailoring IMB
model-based content to user-specific medication adherence
barriers is effective for improving medication adherence
behavior and HbA ., thereby supporting the IMB model as an
appropriate framework for interventionsto promote medication
adherence in diabetes and (2) basic mobile phone technology
isafeasibleand potentially effective medium for family-focused
interventions and for engaging family members and friendsin
adults' self-care efforts. Beyond these primary aims, we will
be able to examine data on users’ responses to text messages
throughout the trial, the choice to receive fewer text messages
after 6 months, and participant characteristics associated with
either. Findingswill inform the design and length of future text
message-delivered interventions in similar populations.
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Abstract

Background:  Self-management of diabetes minimizes the risk of macrovascular and microvascular complications, but
understanding and/or adherence to self-management recommendations is often suboptimal. DIABEO is a smartphone app
(downloaded via the internet) used to calculate bolus insulin doses. A previous study (TELEDIAB 1) showed that the use of
DIABEO was associated with a significant improvement in glycemic control in patients with poorly controlled type 1 diabetes
mellitus, particularly when combined with teleconsultations with physicians.
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Objective: Here, we present the protocol for anew study (Suivi A Grande Echelle d’ une cohorte de diabétiques de type 1 et de
type 2 sous schéma insulinique basal bolus par la TEL Emédecine; abbreviated TELESAGE), conducted in a larger population
of diabetic patients with poorly controlled basal-bolusinsulin levels.

Methods: TELESAGE isamulticenter, double-randomized, open-label, three parallel—arms study, conducted in approximately
100 centersin France. The study will compare acontrol group (arm 1: usual follow-up) with two DIABEO telemedicine systems:
(1) physician-assisted telemedicine (arm 2), and (2) nurse-assisted telemonitoring and teleconsultations by a diabetologist’s task
delegation (arm 3). Initial randomization will alocate the study armsin 12 French regions. A second randomization will assign
patients in the groups allocated to each studied region. The primary objective of TELESAGE will be to investigate the effect of
the DIABEO telemedicine system versus usua follow-up, with respect to improvements in the glycated hemoglobin levels of
approximately 696 diabetic patients with poorly controlled basal-bolus insulin levels.

Results: The TELESAGE study is sponsored by Sanofi (Gentilly, France). A primary completion date is expected in June 2018,
and publication of resultsis expected within 6 months of work completion.

Conclusions: The TELESAGE study is expected to confirm the previous results of the TELEDIAB 1 study using alarger sample
of diabetic patients. It is also expected to evaluate a nurse-assisted telemonitoring system. We will assess the potential of the
DIABEO telemedicine service in terms of its utility and explore whether it can become an integral part of diabetes care for
patients.

Trial Registration: ClinicalTrials.gov NCT02287532; https://clinicaltrial s.gov/ct2/show/NCT02287532 (Archived by WebCite

at http://www.webcitation.org/6ykajhJK d)

(JMIR Res Protoc 2018;7(4):e66) doi:10.2196/resprot.9154
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Introduction

In its first global report on diabetes, the World Health
Organization showed that the number of adults living with
diabetes has almost quadrupled since 1980 to 422 million adults
[1]. Diabetes complications can lead to blindness, heart attack,
renal insufficiency, stroke and lower limb amputation. In 2012,
diabetes caused 1.5 million deaths [1].

Self-management of diabetesis crucial to minimize the risk of
macrovascular and microvascular complications [2,3]. This
involves a daily planning of diet and physical activity, proper
use of prescribed medication, and self-monitoring of capillary
blood glucose levels. All this is done in order to adjust diet,
physical activity and insulin treatment. However, adherence to
self-management recommendationsis often suboptimal, which
isof importance for people whose diabetesis poorly controlled

[4].

The Scottish registry linkage study [5] shows that only
13%-15% of patients with type 1 diabetes mellitus (T1DM)
meet the glycated hemoglobin (HbA ;) target level of lessthan
7.0% [5], whereas more than 20% have very poor glycemic
control (HbA,.>8.8%). The hazard ratios for death from
cardiovascular causes increase from 2.9 in well controlled
patients to 10.5 in the poorly controlled ones [6]. The reasons
for the insufficient glycemic control among T1DM patients are
numerous. T1DM is a complex, relatively infrequent disease
that is managed by a diabetologist. The complex rules for
calculating insulin doses can lead T1IDM patients to inject
inappropriate doses, especially during meals, leading to episodes
of hypo- or hyperglycemia.

Patients with type 2 diabetes mellitus (T2DM) under intensive
basal-bolus insulin regimens face similar problems [7]. An

http://www.researchprotocols.org/2018/4/e66/

automatic system calculating bolus insulin doses on a daily
basis is necessary to help both TIDM and T2DM patients
undergoing an intensive insulin regimen. On the other hand,
the extreme burden of daily routine (eg, glycemic control,
carbohydrate counting, and determining an insulin dose that
takes into account additional parameters such as irregular
activities or unexpected physical activity) can be reduced
through telemedical health care team support when needed.
Telemedicinemay aso helpintensively treated TIDM or T2DM
patients, often those who are young and/or actively working,
who find it difficult to comply with scheduled doctor visits to
avoid progressive diabetes control degradation). It is essential
for these patientsto rapidly contact their caregiver, if necessary
by telephone and email. Finally, alerts may help caregivers
reach patients when needed.

The DIABEO system was created to overcome some of the
above hurdles [8,9]. DIABEO is an app for insulin dosage
calculation, available for download on smartphones. It cal cul ates
bolusinsulin doses according to medical prescription and uses
validated algorithms to take into account the carbohydrate
intake, predrug glucose and anticipated physica activity reported
by the patient. It provides glycemic targets and automatic
algorithmsfor the adjustment of carbohydrate and basal insulin
or basal pump rateswhen plasma postprandial or fasting glucose
levels are off target. An internet connection ensures data
transmission by means of automatic messages to medical staff
(through a secure connection and website) to facilitate remote
monitoring and teleconsultations.

In 2009, a pilot study demonstrated the feasibility, safety and
accuracy of DIABEO [8]. Moreover, a six-month, open-label,
randomized clinical trial conducted in 180 poorly controlled
T1DM patients (TELEDIAB 1 study) showed that the DIABEO
software combined with short teleconsultations (ie, five minutes
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every two weeks) demonstrated a0.91% improvement in HbA ;.
over controlsand a0.67% reduction when the DIABEQO software
is used alone [9]. This benefit does not require more medical
time and is obtained at alower overal cost for the patient than
usua care[9].

Following the TELEDIAB 1 study, the Haute A utorité de Santé,
France (HAS) approved DIABEO as a medical device for use
in T1DM patients (July 2016) [10]. DIABEO was approved for
two years, and the HAS specified that the renewa will be
conditioned on the results of the current study (Suivi A Grande
Echelle d’ une cohorte de diabétiques de type 1 et detype 2 sous
schéma insulinique basal bolus par la TELEmédecine;
abbreviated TELESAGE).

The purpose of TELESAGE is to investigate the metabolic
efficacy of the DIABEO telemedicine service in a large
population of patients with poorly controlled diabetes who are
on a basal-bolus insulin regimen. Additionally, we will assess
its economic impact in terms of cost reduction to the health
insurance system. Here, we present the protocol of the
TELESAGE study.

Methods

Objective

TELESAGE was designed to investigate the efficacy of the
DIABEO telemedicine service in improving glycaemic control
in a large population of diabetic patients sub-optimally
controlled with insulin.

Study Design

TELESAGE is a randomized, open-label, three parallel-arms
study that is to be conducted in approximately 100 public and
private centers that employ diabetologistsin France (Figure 1).
The study protocol was designed by Centre d'Etude et de
Recherche pour I'Intensification du Traitement du Diabéte
(CERITD; Evry, France). CERITD is a nonprofit clinical
trandlational research center located in Corbeil Hospital
(Corbeil-Essonnes, France). Sel ected centers have been already
participating inthe TELEDIAB 1 study [9]. Voluntis (Suresnes,

http://www.researchprotocols.org/2018/4/e66/
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France) provided the DIABEO software, Orange Telephone
Company (Paris, France) provided the smartphone and tel ephone
lines, and Sanofi (France) funded the study.

The study was designed to include a popul ation of approximately
696 T1DM and T2DM patients poorly controlled with a
basal-bolusinsulin regimen (HbA ;:28%) in real-life conditions.
The patient recruitment period was estimated to last
approximately 36 months.

The trial compares a control group (arm 1: usua follow-up)
with the previously investigated DIABEO telemedicine service
(arm 2: software + physician-assisted telemedicine as in the
TELEDIAB 1 study [9]) or anew DIABEO telemedicine service
(arm 3: software + telemonitoring and teleconsultations
delegated by the diabetologists to a nursing staff) (Figure 1).
Participants are asked to carry out at least two self-monitoring
plasma glucose (SMPG) every day during the study. Patients
randomized to arms 2 and 3 receive a smartphone with the
DIABEO software. The investigator-physician fixes glycemic
targets and associated treatment, alarm values, and values for
self-adaptations. Patient enters daily three types of variablesin
the app: (i) SMPG levels before and after meas (6
measurements) + 1 optional in the night; (ii) carbohydrate
counts; and (iii) planned physical activity. Patient entry datais
automatically uploaded by the smartphoneto a secured website
(availableto investigators at any time). If fasting or postprandial
SMPG do not meet target levels, the system can suggest
adjustments for carbohydrate ratio, long-acting insulin analog
dose, or pump basal rates.

Following a screening period of 10 days, the main study period
will last 12 months, with an optional extension period of at least
12 additional months (Figure 1). If desired, patients from the
control group can begin to use the software after 12 months.

Physician-Assisted Telemedicine (Arm 2)
Teleconsultations will be conducted with both patients and
doctors in front of their computers or smartphone displaying

data from the week before. These sessions focused on insulin
dose adjustments and motivational support.
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Figure 1. Study design. TIDM: type 1 diabetes mellitus; T2DM: type 2 diabetes mellitus.

Screening period > Main study period > Extension phase >
Control (arm 1, n = 232)
Poorly controlled .
:;i:g;_;i?:; patients DIABED software + physician-assisted
telemedicdne (arm 2, n=232)
........ I

DIABED + nurse-assisted tele-monitoring
and teleconsultations (arm 3, n = 232)

i

o -@

Day -10 Menth 0 Month 6 Month 12 Month 24 End of study
[\Wisit 0) (Wisit 1) (Visit 2) (Visit 3) [Wisit 4) (Visit 5)
Optional

Physician/Nurse Delegation Protocol (Arm 3)

Arm 3 of the study involves a nursing team supervised by a
physician, based in Paris and its surrounding region. Figure 2
shows the road map of arm 3, which starts with the
investigator-physician, who fixes glycemic targets and
associated treatment, alarm values triggering a nurse action,
and values for self-adaptations (step 1). A reference nurse
performs patient initiations (step 2). The patient can now use
the DIABEO app on their smartphone (step 3). The device
performs a titration of the insulin dose (and eventualy a
proposal for dose adaptation) as a function of several factors,
including blood glucose levels, physical activity and ingested
carbohydrates. The dataentered by the patient is sent to a secure
platform every 2 hours (step 4). This platform is continuously
visible to the referring nurse and the diabetol ogist. Automatic
messages containing analytical data are generated every night
(step 5). The referring nurse (who can call the patient and/or
the diabetologist, if necessary) analyzes these messages during
the morning of each working day. Finaly, the diabetologist
receives patient data and nursing reports (step 6).

DI ABEO Software

The DIABEO software was described in the | ntroduction section
(for details, seereferences[8,9]). Telemedicineissimilar to that
previously described [9], with the exception that patient
teleconsultations in arm 3 are conducted by nurses instead of
doctors.

Clinical Study Flow Diagram

The schedule of visits and measurements is given in Table 1.
HDbA ;. measures assessing glycemic control are performed at

visits 1, 2 (optional), 3 and 4.

http://www.researchprotocols.org/2018/4/e66/

Ethical Conduct of the Study and I nformed Consent

The study is conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines and in
accordance with French privacy law (Informatique et Libertés)
when processing persona data in the health care field (Act of
6 January 1978, amended by Law No 2004-801 of August 6,
2004).

Thisclinical trial began after the sponsor had obtained approval
from the ethical committee (Comité de Protection des Personnes
[CPP]; Committeefor People Protection) of LaPitié-Salpetriere
Hospital (Ile de France V1) and the authorization of the French
Agence Nationalede Scurité du Médicament (ANSM; National
Agency for Drug Safety). The study was registered under
ANSM# 2012-A00072-41. The sponsor communicates all
serious and unexpected adverse events to the CPP and the
ANSM.

Before inclusion, patients consented to participate in the trial.
To that purpose, patients were informed about the nature,
objective and possible consequences of thetrial, and gave signed
consent to participate and release medical-related data.

Patients

As calculated in the Statistical Analysis section, 696 subjects
have been included in the study (the recommended number of
subjects per center was 6-8 patients, the inclusion period lasted
from April 24, 2013 to May 19, 2016). The trid is currently
active, but not completed.
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Figure 2. Road map of arm 3. Patient enters daily three types of variablesin the DIABEO application (step 3): (i) Self-measured plasmaglucose levels
before and after meal's (6 measurements) + 1 optional inthenight; (ii) carbohydrate counts; and (iii) planned physical activity (seetext for other technical
details). HCP: health care practitioner.
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Table 1. Clinical study flow diagram; schedule of enrollment, interventions and assessments. EQ-5D: EuroQol five dimension scale; HbA 1: glycated

hemoglobin.

Conponents Visit #1 Visit #2 Visit #3 Visit #43PC Visit #5
(Optiona
extension)

Evaluations Day O Month 6 Month 12 Month 24 End of study

Informed consent O e nd

Inclusion / exclusion criteria O

Medical history d

Demographics O

Concomitant treatments ad O O

Clinical examination O O gaf

Randomization O

Weight O O O O O

Blood pressure O 0 naf

Last HbA 1 values O O O O O

Questionnaires (EQ-5D) g g naf

DIABEO initiation abf e

Nursing appointment? 0 o¢

Fixing appointment for visit #3 ad

Satisfaction questionnaire “ DIABEO” naf naf

Severe hypoglycemia d O naf

Symptomatic hypoglycemia (<15 days before) O

Adverse events
Serious adverse events
Malfunction of the DIABEO softwaref

Care consumption

Remittance of TELESAGE books O

To be reported al throughout the study
To be declared to sponsor within 24 hours (next business day)
To be reported al throughout the study

To be reported every month by all concerned patients

paf

3Applicable to group 3 (software + nurses’ telemonitoring and teleconsultations).

Binitiation takes place within approximately 10 days after the inclusion visit.

CApplicable to patients of group 1 (control) continuing the study after 12 months and using the software.
dApplicableto patients wishing to use DIABEO during the extension phase and who have not yet signed a consent for that purpose.
€Applicable to patients of group 1 (control) continuing the study after 12 months and using the software + nurses’ telemonitoring and teleconsultations.

fa pplicable to group 2 (software + physicians' telemedicine).

Inclusion Criteria

Patients enrolled in the TELESAGE study should meet the
following inclusion criteriaz TIDM and T2DM patient
performing self-monitoring of blood glucose (=2 measured
values per day), treated with insulin analogs according to a
basal-bolus regimen for at least 1 year and using the same
method of administration (pen or pump) for at least 3 months,
possessing an Apple or Android smartphone compatible with
DIABEO before starting the study, having two HbA . values
=>8%, one dating to more than 3 months ago and the other less
than 1 month ago. Additionally, participants must have the
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capability to understand and follow the instructions of the study,
and be ableto provide written consent to participate and specify
if they benefit from a social security scheme.

Exclusion Criteria

Key exclusion criteriaincluded: age <18 years; subject having
already used the DIABEO system in the 6 months preceding
inclusion, or participating in a clinical trial within 6 months
(except Meos, the TELEDIAB 3 study after a 6-month
participation period), or treated with human insulin, or pregnant
(or wishing to be pregnant during the study period), or subject
requiring boluses >0.4 |U/gram (for subjects under functional
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insulin therapy) or >99 IU per day (for subjects treated on a
fixed diet plan), or subject living with staggered hours (eg, night
work, meals shifted).

Randomization

Patient randomization is automatically done by using the
electronic case report form software. A first randomization step
allocates the study arms at the regional level: (i) six regions
including patients in arms 1 and 2 (Aquitaine, Tle-de-France,
Lorraine, Nord-Pas-de-Calais, Rhéne-Alpes, and
Languedoc-Roussillon) and (ii) six other regions including
patients in aams 1 and 3 (Alsace, Franche-Comté, Lower
Normandy, Midi-Pyrénées, Pays de la Loire, and
Provence-Alpes-Céte d'Azur). Then, within each region the
patients are further randomized between the two groups (done
at patients' inclusion, between arms 1 and 2 or between arms
1and 3). Thedistribution by center was 1:2 (ie, 1 patient of arm
1 for 2 patients of arms 2 or 3).

Outcome M easures

The primary outcome measure of this study isto investigate the
effect of a 12-month follow-up with the DIABEO system
(software + physicians' telemedicine, or software + nursing
telemonitoring, and teleconsultations by diabetologist’s task
delegation) versus usual follow-up in terms of improvement of
glycemic control (HbA ;. levels) in TIDM or T2DM patients
poorly controlled by abasal-bolusinsulin regimen. HbA ;. high
performance liquid chromatography assays are performed at
qualified medical biology laboratories and then reported by
participants to investigators. Secondary outcome measures are
to compare groups for: HbA,. levels, percent of responder
patients (HbA ;. <7.5% or HbA . reduction =1%) and severe
hypoglycemiaat 6, 12 and 24 months, as well as for quality of
life and satisfaction (of patients and physicians) at 12 and 24
months. Severe hypoglycemia was defined as requiring
third-party assistance. Quality of life was assessed by aspecific
guestionnaire, derived from the EuroQol five dimension scale
(EQ-5D) questionnaire [11]. For participants of arms 2 and 3,
sati sfaction with the DIABEO telemedicine system isevaluated
at each center, with a patient's self-assessed specific
guestionnaire.

Other secondary, medico-economic outcome measures, have
been designed to compare groups at 12 and 24 months for
resource consumption and health insurance costs (including
overall costs of diabetes and complications, and costs per point
of HbA . reduction and for severe hypoglycemia avoided). If
the study demonstrates an overall statistically significant effect,
subgroups analyses will be conducted to identify the patients
profileswith optimal costs consequences and cost-effectiveness
ratios.

Statistical Analysis

Patient Population Size

The initial sample size to detect a >0.5% difference in HbA .

from baseline to month 12 was estimated using a standard
deviation of 1.2%, arate of not evaluable patients of 15% and
anintracluster correlation coefficient of .005 (ameasure degree
of homogeneity within the same region). This calculation

http://www.researchprotocols.org/2018/4/e66/

Jeandidier et al

predicted aninitial sample size of 696 patientsto achieve >90%
power in detecting a difference in outcome.

Data Analysis

Efficacy outcomes are analyzed on an intention-to-treat basis.
A confirmatory analysis adjusted by center and region will be
carried out and a robustness analysis will be done on the
population per protocol. Categorical data are expressed as
frequencies and percentages, while quantitative data are
expressed as means and standard deviations. The analysis of
covariance (ANCOVA) isused to compare groupsfor the results
on the primary end point. The ANCOVA, the chi-square test,
and Fisher exact test are used for other comparisons.

Results

The TELESAGE study is sponsored by Sanofi (Gentilly,
France). A primary completion date is expected in June 2018,
and publication of resultsis expected within 6 months of work
completion.

Discussion

Study Rationale

The DIABEO telemedicine system has previously showed
superiority to usua follow-up in improving HbA . in patients
with poorly controlled diabetes [9]. The current TELESAGE
study is expected to confirm this result in a larger sample of
diabetic patients and real-life conditions. Moreover, the
TELESAGE study will validate the present physician/nurse
delegation protocol.

The TELEDIAB 1 study showed that the DIABEO telemedicine
system improves HbA . without requiring more medical time
and providing far more services compared to usual care[9]. In
this respect, the TELESAGE study will test the efficacy of a
closer follow-up by the nursing staff as compared with the
previous physician-assisted telemedicine system.

Usually, a TIDM or T2DM patient undergoing a basal-bolus
insulin regimen seestheir diabetologist every 3 to 6 months. At
the hospital, the patient can also be monitored by a nurse for
therapeutic education (whether or not the patient ishospitalized),
which can help in difficult moments (eg, hospitalization
following a serious adverse event or during a major treatment
switch such as from injectable treatment to insulin pump
treatment).

The DIABEO telemedicine service has severa strengths. Patient
data is daily analyzed by the DIABEO system to fight against
glycemic instability and complications. In very serious cases,
analysis of these data allows triggering nursing actions and/or
physician actions. Nursing delegation also alows more
availability to receive patients’ callsand respond to daily issues.
Continuity and continuity of careisthusorganized from Monday
to Saturday from 8am to 8pm.

If positive results are obtained, TELESAGE will clearly
demonstrate that the DIABEO telemedicine service could be
an integral part of the ambulatory care of an insulin-treated
patient.
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Limitations intervention versus usual follow-up, the effects of report bias
Given theimpossibility of double-blind assessment of open-label ~ €@Not be eliminated.
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Abstract

Background: Under the World Health Organization’s integrated community case management strategy, febrile children seen
by community health workers (on day 1) without a diagnosable illness and without danger signs are advised to return on day 3,
regardless of symptom resolution. This advice might be unnecessary and place additional time and cost burdens on caregivers
and community health workers. However, the safety of not following up with respect to children with unclassified fever is
unknown.

Objective: The objective of this study is to establish the safety of conditional follow-up of nonsevere unclassified fever, that
is, nonsevere illness with fever, no malaria, pneumonia, diarrhea, or danger signs, compared with universal follow-up on day 3,
through a 2-arm cluster randomized controlled noninferiority trial.

Methods: The study is being conducted in 3 districts in southwest Ethiopia. A total of 25 health facilities are randomized to
one of the 2 intervention arms; all 144 health posts and 284 community health workers are included. All enrolled children are
followed-up after 1 week (on day 8) for re-assessment. If till sick on day 8, additional follow-up takes place after 2 weeks (day
15) and 1 month (day 29). To demonstrate that thereis no significant increasein the percentage of children deteriorating clinically,
the sample size needed for a noninferiority margin of 4%, a power of 80%, an apha of 5%, and a design effect of 3 is 4284
children with unclassified fever. Main outcome istreatment failure on day 8, defined as death, hospitalization, one or more danger
signs, or persistent fever.

Results: The project was funded in 2015 and enrollment was completed 2016. Data analysis is currently under way, and the
first results are expected to be submitted for publication in 2018.

Conclusions: This study addresses the question as to whether there is any benefit in recommending universal follow-up among
children seen for nonsevere unclassified fever, or whether parents can be counsel ed to return in the event of persistent fever, using
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a cluster randomized controlled trial design embedded in a national program. Outcomes will be relevant for policy makers and
areimportant for the evaluation of current and future World Health Organization guidelines for the management of children with

fever.

Trial Registration: ClinicaTrials.gov NCT02926625; https.//clinicaltrials.gov/ct2/show/NCT02926625 (Archived by WebCite

at http://www.webcitation.org/6xrQWn50t)

(JMIR Res Protoc 2018;7(4):€99) doi:10.2196/resprot.9780
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community health workers; Ethiopia; malaria; fever; child

Introduction

Burden of Diseasein Children in Sub-Saharan Africa

Even though substantial progress has been made in reducing
child mortality around the world, many countriesdid not achieve
the Millennium Development Goal 4 [1]. For countriesto reach
the Sustainable Development Goals by 2030 [2], it is crucia
that child heath interventions focus on management of
infectious diseases in children. Globally, mortality in children
under 5 years stands at 43 per 1000 live births; it is estimated
that 5.6 million children under 5 years die each year [3,4]. A
large proportion of desths are caused by infectious diseases
such as pneumonia (15.5%), diarrhea (8.9%), and malaria
(5.2%)—diseases with symptoms that overlap, making
differential diagnosis difficult [5]. In response, many countries
in sub-Saharan Africa have introduced integrated community
case management (iCCM), where community health workers
(CHWsS) aretrained to assess, classify, and treat uncomplicated
cases of pneumonia, diarrhea, and malariain children U5, and
refer children with danger signs and malnutrition for
facility-based care[6]. Although the mortality impact of iCCM
has been difficult to demonstrate [7], there is clear evidence
that it can increase the treatment rate among sick children [8].

Control Strategiesfor Childhood I1Inesses

In Ethiopia, the under-five mortality rate stands at 58 per 1000
live births; it is estimated that 187,000 children under 5 years
died in the year 2016 [4,9]. As part of Ethiopia's Hedth
Extension Program, the Government has deployed over 42,000
female CHWSs, or Health Extension Workers (HEWS) [10,11],
to provide preventive, promotive, and curative health services
at the community level; since 2010, iCCM has been scaled up
in most regions of the country. There are typically 2 HEWs
assigned to a health post in a sub-district with a population of
3000-5000. The HEWSs are supervised by health centers that
oversee approximately 5 health posts each. Medicines and
supplies are distributed to the health posts by the Federa
Ministry of Health, Regional Health Bureaus, and woreda
(district) health offices, as well as by implementing partners.
On the basis of surveys conducted in 2012, 90% of HEWs had
all the essential iCCM drugs and supplies [12], and HEWs
provided correct case management for 64% of children [13].

As per the World Health Organization’siCCM guidelines[14],
children diagnosed by a CHW with anillnessare given treatment
(on day 1) and counseled to return on day 3 to assess treatment
compliance and illness resolution. Children with fever but
without a diagnosable illness and without danger signs (ie,

http://www.researchprotocols.org/2018/4/e99/

nonsevere unclassified fever) for whom treatment should be
withheld are also told to return to the CHW on day 3, even if
the child has recovered. This universal follow-up visitis either
donethrough areturn visit to the health post or through ahome
visit by the CHW.

Unclassified Fever in Children

However, febrile illness is common in childhood, and is often
dueto virusesor other self-resolvingillnesses[15,16]. Inalarge
proportion of cases, fever resolvesrapidly, almost alwayswithin
96 hours[17]. A number of studies have suggested that it issafe
to withhold medical treatment for children with unclassified
fever [18]. In Ethiopia, HEWs are instructed to follow the
integrated management of neonatal and childhood illness
(IMNCI) manual, which recommends that children seen by
HEWSs should only return for a re-assessment if the illness
persists or deteriorates, that is, a conditional follow-up visit to
the health post. However, HEWSs and their supervisors report
that a range of practices are applied for children with
unclassified fever, including both conditional (asrecommended)
and universal follow-up advice, immediate referral to health
centers, or treatment with antimalarial tablets, despite anegative
malaria Rapid Diagnostic Test (mRDT).

There is limited evidence on which of the 2 follow-up
recommendations (conditional asin IMNCI or universal asin
iCCM) issafer for thechild, and it isunclear whether caregivers
of children actually come back promptly to the health post for
their conditional follow-up visit if the child is not improving,
or if they come back at all if the child in a universal follow-up
situation hasimproved. Bacteria infections can develop quickly,
and delaying care-seeking is a major risk factor for death in
both pneumonia and malaria [19,20]; hence, children with
untreated persistent fever may be at risk if caregivers do not
comply with the conditional follow-up advice. A universa
follow-up visit 2 days after aninitial assessment for al children
may promote detection of those at risk of developing severe
illness. However, it could also potentialy lead to delayed
care-seeking for children whose health rapidly deteriorates at
homeif caregiversinstead wait for their booked follow-up visit.
In addition, the visit may add extraburden to familiesand HEW's
and might be unnecessary if fever hasresolved. On the caregiver
side, opportunity costs and other barriers often hinder
care-seeking for sick children, even when community-based
providersare near and free of charge[21]. Itistherefore unclear
whether caregivers and HEWs would comply better with the
conditional follow-up advice compared with the universal
follow-up advice and whether the universal follow-up visit is
even necessary.
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This paper presents a protocol for a 2-arm cluster randomized
controlled noninferiority trial conducted to assess whether
conditional follow-up is noninferior to universal follow-up for
nonsevere febrile illness in children U5, in whom malaria,
pneumonia, diarrhea, or danger signs are absent.

Methods

Study Aim and Objectives

The study aims to assess the safety, in terms of the proportion
of children whose health clinically deteriorates, of afollow-up
visit conditiona on nonresolution of symptoms for
mMRDT-negative children with no fast breathing, pneumonia,
diarrhea, or danger signs, managed at the community level,
compared with auniversal visit for all these children on day 3.

Primary Objectives

The primary objective of the study was to assess the treatment
failure after 1 week (on day 8), defined as the proportion of
children with nonsevere unclassified fever who subsequently
declined clinically (death, hospitalization, one or more danger
signs, or persistent fever) subsequent to (1) conditional versus
(2) universal follow-up of children under 5 years who present
to HEWs with unclassified, nonsevere fever in 3 woredas
(districts) in the Southern Nations, Nationalities and People’'s
Region (SNNPR) in southwest Ethiopia.

Secondary Objectives
The secondary objectives of this study were as follows:

1. Todescribetheclinical presentation and outcome of illness
in those children whose symptoms do not resolve or where
danger signs develop at day 8, to measure the rate of
treatment failure at day 15 and 29 in both study arms for
children who did not recover by day 8, and to determine
the percentage of children who return for scheduled visits
on day 3 (universal arm) or spontaneous visits before day
8 (universal and conditional arms).

2. To determine the percentage of secondary treatment
(antimicrobial medicines prescribed during visits to any
providers after initial presentation to HEWS) in both study
armson day 8.

3. To assess acceptability of the conditional or universal
follow-up recommendations and no treatment with an
antimicrobial to caretakers and HEWSs, and determine why
caretakers chose to return or not return to the HEW.

Study Design

This is a 2-arm cluster randomized controlled trial (cRCT)
carried out in 3woredasin SNNPR in Ethiopia. Clustersdefined
by the health center (the lowest administrative unit where HEW
services are coordinated) are randomized into either the
conditional or universal follow-up arm. All children seeking
care from the HEW health posts in these clusters are potential
recipients of the interventions, in addition to having access to
routine care available from private and public health services.
Caregivers of children who meet the inclusion criteria (fever
without malaria, pneumonia, diarrhea, or other symptoms
requiring referral) are counseled to follow 1 of the 2 pathways,
based on which intervention cluster the HEW belongsto. There
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are 25 clusters; 13 clusters in the universal follow-up arm and
12 in the conditional follow-up arm.

Study Site

This research study will be conducted in 3 woredas , namely,
Boloso Sore, Damot Gale, and Halaba in the Wolayita zone of
SNNPR in southwest Ethiopia (see Figure 1). The iCCM
programisfunctioninginall districtsof SNNPR through support
to the Regional Health Bureau from Save the Children
International and the Integrated Family Health Program. It will
therefore be an ideal environment to implement this research,
as iCCM services are stable and the program is implemented
by the Regional Health Bureau, which will provide technical
oversight to this project.

According to the latest malaria indicator surveys, the rate of
prompt care-seeking for fever is currently low, with only 46.3%
of children under 5 years with fever taken for early treatment
[22]. However, care-seeking at health post level shows an
upward trend, presumably asaresult of theincreased awareness
of the availability and proximity of child health services [12].
In addition, Maaria Consortium, with funding from the James
Percy Foundation, has recently started implementing the
Integrated Community-based | nterventionsfor Malaria Services
project in SNNPR. Activities include case detection by the
volunteer Health Development Army who will work to ensure
that all children with fever receive prompt diagnosis and
treatment, and that children with danger signs get referred. As
part of this grant, refresher training will also be provided to
HEWSs to negotiate optimal practices using behavior change
communication tools and facilitation skills in community
conversation. It is anticipated that these changeswill lead to an
increased use of HEWs in the study area.

The 3 woredas will be selected based on: (1) strength of iCCM
program (ie, consistency in HEW supervision and supply), (2)
HEW use rate among caregivers (=50 children assessed for
fever each month over a 12-month period), and (3) concurrent
community mobilization activities under other grants (to ensure
that demand was kept high during the study period). There are
25 health centers and 144 health posts with 284 HEWs in the
3 selected woredas.

The Interventions

Children aged 2-59 months with fever (=37.5 degrees Celsius)
or a history of fever, a negative mRDT, no other symptoms of
pneumonia or diarrhea, and no danger signswill be eligible to
participate in the study. Figure 2 outlines the areas that
consenting caregiverswill be counseled on how to detect danger
signs and seek care immediately from a health center if danger
signs develop or the illness worsens; fever reduction strategies,
such as tepid sponging and paracetamol; and that a study visit
to assess clinical outcomes will take place after 1 week.
Caregiversin the conditional arm will also be advised to return
at any point to the HEW at the health post for re-assessment if
symptoms persist or deteriorate (as per the Ethiopian IMNCI
Guidelines), whereas caregivers in the conditional arm will be
advised to return on day 3 to the HEW for a follow-up
assessment, even if the child has recovered (as is common
practice).
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Figure 1. Map of Ethiopiawith the Southern Nations, Nationalities and People's Region (SNNPR) and the three study woredas.
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Figure 2. Description of the 2 interventions arms, the current guidelines, and observed common practice. IMNCI: integrated management of neonatal

and childhood illness.
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At the day 3 re-assessment visit in the universal follow-up arm
and at any spontaneous visit in both arms, the child will have
afull re-assessment of their condition and the HEW will fill out
a child assessment form. Caregivers will be asked whether the
child remains febrile or whether the illness has resolved. If the
child still has unclassified fever and a negative mRDT on
re-assessment, the child will be referred to the nearest health
center, as recommended in the national IMNCI guidelines. If
the illness has resolved, the child will be sent home.
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A clinically trained independent evaluator (IE) who is blinded
to the study arm will visit al enrolled children at their home
after 1 week to assesstheir clinical outcome. If caregiversreport
that the child isno longer ill and no fever is recorded, the child
will be considered cured and no more follow-up will be done.
If the caregiver reports that the child till has symptoms or if
fever or other illness symptoms are detected during the
assessment, the IE will follow the IMNCI algorithm and
refer/treat the child accordingly. The IE will then follow-up
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again via a home visit after 2 weeks (day 15) and, if the child
isdtill ill, on day 29.

At the day 8 visit, the |E will use a questionnaire to ask about
individual and household characteristics, care-seeking and other
treatments for the current illness episode, and reasons for
returning/not returning to the HEW for follow-up care.

Qualitative Component

Caregivers' recognition and responses to childhood fevers and
HEWS' views and experiences of their position in the health
care system during previous and, in particular, the current
recommendations in the respective intervention arms will be
explored using semistructured interviews at a time point when
the interventions are fully adopted by the HEWs (determined
based on a stable enrollment rate). A subset of mothers and
HEWSs in both arms will be selected for inclusion in these
interviews to help put the findings into context.

Randomization

Cluster randomization will be at the heath center level,
corresponding to the lowest administrative unit where HEW
services are coordinated; therewill be 25 clustersin the 3 study
woredas, with an average of 5 health posts and 7.5 HEWSs per
cluster. All clusterswill be eligiblefor randomization. Restricted
randomization will be performed to minimize the difference
between intervention and control arms on key indicators,
including average under-five population size, cluster distance
to nearest zonal referral hospital, and number of unclassified
feversin children under 5 years seen by HEWs[23]. A validity
matrix will be produced to confirm that no pairs are more or
lesslikely to appear together than they would by chance. Sorting
of clusters and random selection of schemeswill be carried out
in STATA 13 (STATA Corp, College Station, TX, USA).

Sample Size

The primary outcome on which sample size is based is the
percentage of children with persistent fever, illness, or decline
(hospital, danger signs develop, or death) at day 8. It isassumed
that about 5% of children in both groups will still beill at day
8 (based on rates of ~3% and 8% in previous studies [16,24])
and that this percentage will be approximately equivalent
between groups. To calculate sample size, the outcome rate (ill
at day 8) in the universal follow-up group is set to 5%, and it
is assumed that the (true) corresponding outcome percentage
in the conditiona follow-up group will be no more than 6%.
For the purpose of concluding that the conditional follow-upis
noninferior to the universal follow-up approach, the upper bound
of aone-sided 95% Cl around the absol ute differencein outcome
rate (conditional minus universal) must not exceed 4%
(noninferiority margin), assuming apower of 80% and an alpha
of 5%. A design effect of 3 isused to account for clustering at
HEW and health facility levels, generating a total sample size
of 4284 children, with 2142 in each arm. To compensate for
10% loss to follow-up at day 8 and an additional 5% loss
between day 8 and day 15, a total of 4900 children will be
enrolled. Enrollment will occur over a period of 1 year to
account for seasonality of various causes of febrile illness,
starting in December 2015 and is expected to be completed
around December 2016.
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Outcomes

All enrolled children will have a study visit in their home with
an |E after 1 week to assess their clinical outcome. Children
who have not recovered on day 8 will be re-assessed after 2
weeks, and those whose illness persists on day 15 will be
re-assessed on day 29. In addition, all enrolled children will be
followed-up via a phone call for vital status on day 28.
Management of illnessat any follow-up visit (ie, returnto HEW
on any day; return to HEW for universal day 3 visit; or day 8,
15, and 29 assessment) will follow established national IMNCI
guidelines.

The primary outcome is treatment failure on day 8, defined as
the proportion of children with unclassified fever who
subsequently declined clinically (death, hospitalization, one or
more danger signs or persistent fever).

Secondary outcomes include:

«  Clinical presentation in those with unresolved illness at day
8ineacharm

« Treatment failure on day 15 and 29, defined as the
proportion of children with unclassified fever who
subsequently declined clinically (death, hospitalization, one
or more danger signs or persistent fever)

«  Percentage of children who present to the HEW for the
follow-up visit on day 3 in the universal follow-up arm

« Percentage of children who spontaneously represent to
HEW for persistence or worsening of symptoms in the
conditional follow-up arm, and the timing of these visits

« Percentage of children receiving secondary treatment
(antimicrobial medicines prescribed during visits to any
providers after initial presentation to HEW) in each arm
between enrollment and day 8

« Caregiver and HEW acceptability of universal and
conditional follow-up recommendations

Data Collection

HEWSs will collect data using an Open Data Kit (ODK) [25]
data collection form on maobile phones. Data will include date
of enrollment, child identifiers, and clinical indicators
(fever/axillary temperature, cough, respiratory rate, diarrhea,
and danger signs). The enrollment data will be synchronized
with a server which is accessed by a data manager who will
download enrollments on adaily basis and schedul e follow-up
visits for 6 IEs using an online Google calendar.

ThelEswill be equipped with tablets programmed with 3 ODK
data collection forms; one for the day 8 visit, one for any extra
visits (on day 15 or 29), and one vital status form for day 29.
The data that will be collected during the household follow-up
visits on day 8, 15, and 29 will include clinical data for the
children following the IMNCI agorithm (eg, fever/axillary
temperature, cough, respiratory rate, diarrhea, mid-upper arm
circumference (MUAC) measure, and danger signs), any
secondary treatment (antimicrobial medicines prescribed during
visits to any providers after initial presentation to HEWS),
hospitalization, care-seeking history, and costs, as well as
caregiver and household characteristics. For children who cannot
befound at home at the time of the home visit, 2 more attempts
will be made over the 2 following days. After this, the child
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will be registered as a loss-to-follow-up for the primary
outcome.

Moreover, 3 research assistants will enter data collected by
HEWSsfor children who come back to the HEW spontaneously
(universal and conditional arm) or on day 3 (universal arm) into
an ODK sick child assessment form every 2 weeks.

A rigorous monitoring system will beimplemented by the study
team and will be part of the continuous quality assurance. The
data manager will review forms submitted to the server daily
and check for duplicates, completeness, and accuracy before
storing them in the project database. Discrepancies, overdue
follow-up visits, and other issues will be resolved by phone
calls to the IEs and during weekly supervision meetings with
field research staff. Biweekly field supervision visits to all
HEWSs will be carried out, and district HEW supervisors will
betrained to monitor HEW trial activities during routine weekly
group supervisions. A minimum of 10% of all enrolled cases
and 50% of children with treatment failure will have a quality
control re-assessment by a research assistant. The final dataset
will be exported to STATA 13.

Semistructured interviewswith HEWsand caregiversof children
enrolledin the study will be conducted when a stable enrolIment
rate has been established in the study (assumed to be after 3
months). HEW interviews focus on what decentralization of
health care mean to HEWSs, how changes in follow-up
recommendations are perceived, how they describe their roles
in the communities, and how health system changes affect this
role and their work situation. Caregiver interviews will aim to
improvethe understanding of caregiver perceptions of childhood
illnesses, their perceived causes, and treatment optionsin the 3
woredas. Interview guideswill capture how caregivers (assume
primarily mothers) of sick children experienceillness episodes
and treatment seeking inside and outside the household. Focus
will be on how caregivers describe the illness episode from the
beginning to the recovery, current health status, actionsthat are
taken or not taken when a young child gets fever, who is
involved in the care of the child, and what their perceptionsand
experiences are with the recommended follow-up action they
have been exposed to when visiting the HEW. Half of the HEWs
and mothersto beinterviewed will befrom the study arm using
the universal follow-up advice and the other half will follow
the conditional follow-up recommendation. HEWs will be
purposively selected, based on who has enrolled the highest
number of children for the cRCT. Mothers of children enrolled
in the study in the 2 weeks preceding the start of the qualitative
datacollection will beincluded using simple random sampling.
A minimum of 1 week should have passed since the day 8 visit
was completed to avoid study fatigue.

Interview guides will be separately prepared for the HEW and
caregiver interview and trandated into Amharic. In addition, 2
male, Amharic-speaking interviewers will conduct the HEW
interviews and 1 additional male Amharic interviewer will be
recruited for the caregiver interviews.

Data Analyses

The analysis of the primary outcome, treatment failure on day
8, will be done following aper-protocol approach. The baseline
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characteristics of the children and caregiversin both arms will
be summarized using descriptive statistics. The difference
between the percentage of the main study outcomes (persistent
fever, persistent illness, or clinical deterioration [mortality,
hospitalization, or danger signs], and these outcomes combined)
of the 2 follow-up arms will be calculated. If the upper bound
of the 95% CI of the difference in this percentage is less than
4%, the null hypothesiswill be rejected; the conclusion will be
that the conditional follow-up approach is not inferior to the
standard approach. If there are imbalances in baseline
characteristics acrossthe 2 intervention arms, adjusted analyses
of the difference in percentages will be conducted using
multivariate logistic regression models.

The primary outcome will be compared between groups using
generalized linear models with a binomial distribution and
identity link using arobust variance estimator, treating cluster
as a random effect. We will apply a conventional statistical
noninferiority test using a Cl approach using the exact binomial
Cl for the difference in overal treatment failure between
intervention arms. The main analysis will be done using the
per-protocol population (only including children for whom the
primary outcome was collected on day 8+1 and whose caregiver
reported receiving follow-up advice from the HEW that was
aligned with the study arm), asis appropriate for noninferiority
and equivalence studies, together with sensitivity analysis in
the per-protocol and intention-to-treat populations [26]. Other
descriptive statistics, such as cost of care seeking and
compliance with the intervention protocol, will be compared
between study arms using t test and chi-square statistics,
respectively.

Qualitative interview transcripts from HEWSs and caregivers
will be coded and merged into sub-categories, categories, and
themes using Nvivo (NVivo qualitative data analysis Software;
QSR International Pty Ltd. Version 11, 2015). HEW interviews
will be analyzed first and its results reviewed after caregiver
interviews are read. For the purpose of this study, caregiver
interviews will be analyzed and compared with main themes
identified in the HEW interviews.

Interim data analysis reports are produced on a quarterly basis
to document cluster-specific cumulative enrollment rates,
adherence to follow-up recommendations, and characteristics
of the children and households enrolled. Deviance from the
study protocol, or in expected enrollment rates, is acted on by
providing refresher training and supervision to HEWs and
research staff.

Ethics Approval and Consent to Participate

The trial protocol was approved by the SNNPR State Health
Bureau on September 23, 2015 (ref P026-19/4511). In addition,
approval was obtained from the district authorities and local
leaders in the woredas where the study is being conducted.
Co-investigators from Centers for Disease Control and
Prevention participated under anonengaged determination from
their Human Research Protection Office.

Each caregiver whose child iseligiblefor enrollment is provided
with asheet containing information about the study in Amharic.
Caregiversare given timeto read theinformation sheet, and the
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HEW verbaly summarizes key points and answers any
guestions. Agreement to participateisindicated by signature or
thumb print. The individual’s right to refuse consent or to stop
the interview at any time after consent has been given is
preserved.

The project hasa 3-person DataMonitoring Committee (DMC)
with external members having expertise in child health,
epidemiology, iCCM, and randomized controlled trials. The
DMC is responsible for safeguarding the interests of study
participants, assessing the safety of the intervention during the
trial, and for monitoring the overall conduct of the study. The
DMC provides recommendations about stopping or continuing
the study and other aspects of trial implementation, using interim
data analysis reports on cluster-specific enrollment rates,
adherenceto follow-up recommendations, and on characteristics
of the children and households enrolled.

The DMC is advisory to the study Steering Committee, which
comprises the lead study investigators, who are jointly
responsible for the design, conduct, and analysis of the trial.
The Steering Committee is responsible for promptly reviewing
the DM C recommendations, to decide whether to continue or
terminate the study, and to determine whether amendments to
the protocol or changesin study conduct are required.

Results

The project wasfunded in 2015, and enrollment was compl eted
in 2016. Data analysis is currently under way, and the first
results are expected to be submitted for publication in 2018.

Discussion

Febrile illnesses are among the leading causes of deaths in
children U5. There is limited evidence on the safest and most
efficient approach to manage unclassified fevers at the
community level, and current practiceisnot alwaysinlinewith
therecommended guidelines. Thiscluster randomized controlled
noninferiority trial aims to address this question by comparing
universal follow-up recommendations, which are currently
recommended for community management of sick children by
WHO, with conditional follow-up recommendations, which are
currently the guidelines provided to HEWSs in Ethiopia, for
children with nonsevere, unclassified fever.

The main strength of this study is the embedding of a robust
randomized controlled trial into anational program context. An
additional strength was the multidisciplinary research team,
which had strong involvement of local researchersand Ministry
of Health staff, and which was advised by a data monitoring
committee comprising global child health epidemiologists. This
constellation enables the application of robust methodsfor both
guantitative and qualitative evaluation, as well as high-quality
implementation, while creating evidence with greater potential
for direct policy influence.
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A potential limitation of this study isthe generalizability of the
findings, given that caregivers knowledge of the upcoming
study visit could affect their care-seeking behavior. However,
although the caregiversin both arms areinformed that aresearch
team member will cometo their household in the next 4 weeks,
they are not told which day they will expect the visit by the
study team. Another possible limitation is that the qualitative
interviewswill all be done by men, whereasall theinterviewees
(HEWSs and caregivers) are women. Although we attempted to
recruit female qualitative research assistants, it was not possible
to find women with the experience required, including fluency
in the 3 local languages spoken in the region. To compensate
for this, we will addressthisissue during interviews, aswell as
on pilot testing of the interview guides, to ensure that any
gender-related issues will be prevented. This study, along with
asister study in Democratic Republic of Congo [27], isthe only
study designed to look at this critical policy issue. It therefore
has high potential to contribute to the knowledge base by
assessing and evaluating recommended practices for treating
febrile children whose illness cannot be diagnosed at the
community level using iCCM guidelines. Research outcomes
from this study are relevant for both local and international
policy makers, as they will provide an evaluation of current
guidelines aswell asinformation for the devel opment of future
World Health Organization guidelines.

Thisstudy isdesigned to directly influence policy and practice,
especialy for government-led implementation of iCCM in
Ethiopia and other sub-Ssharan African countries.
Implementation has been carried out in close consultation with
policy makers. During the early stages of the project, a
communications and research uptake strategy was developed,
which aims to increase the likelihood of the results being used
to influence policy and practice by engaging with stakeholders
throughout the research process. A sensitization workshop was
conducted at the beginning of the project to ensure that
stakeholders are involved in the technical aspects of the project
from the beginning. HEWs were involved in the consultations
throughout the study, and their opinions and experiences with
the 2 foll ow-up recommendations, which were collected during
the qualitative interviews, were discussed in depth in severa
of the dissemination events. An in-country technical advisor
has agreed to support the team on this project by bridging the
research results to planning and policy functionsin the Federal
Ministry of Health. Further anticipated communication outputs
include a stakeholder report, a policy brief, a peer-reviewed
publication of results, national - and regional-level dissemination
meetings, and presentation in regional and international
conferences. Results of thisresearch will be shared with national
decision makers, program implementers, HEWSs, researchers,
and other stakeholdersto promote learning and inform potential
modification of iCCM and the Integrated Management of
Childhood IlIness Guidelines.
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Abstract

Background: The pathogenesis of type 2 diabetes (T2D) in black African women is complex and differsfrom that in their white
counterparts. However, earlier studies have been cross-sectional and provide little insight into the causal pathways. Exercise
training is consistently used as amodel to examine the mechanisms underlying insulin resistance and risk for T2D.

Objective: The objective of the study was to examine the mechanisms underlying the changesin insulin sensitivity and secretion
in response to a 12-week exercise intervention in obese black South African (SA) women.

Methods: A total of 45 obese (body massindex, BMI: 30-40 kg/m?) black SA women were randomized into a control (n=22)
or experimental (exercise; n=23) group. The exercise group completed 12 weeks of supervised combined aerobic and resistance
training (40-60 min, 4 days/week), while the control group maintained their typical physical activity patterns, and both groups
were requested not to change their dietary patterns. Before and following the 12-week intervention period, insulin sensitivity and
secretion (frequently sampled intravenous glucose tolerance test) and its primary and secondary determinants were measured.
Dietary intake, sleep quality and quantity, physical activity, and sedentary behaviors were measured every 4 weeks.
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Results:

Goedecke et d

The final sample included 20 exercise and 15 control participants. Baseline sociodemographics, cardiorespiratory

fitness, anthropometry, cardiometabolic risk factors, physical activity, and diet did not differ between the groups (P>.05).

Conclusions: The study describes a research protocol for an exercise intervention to understand the mechanisms underlying
insulin sensitivity and secretion in obese black SA women and aims to identify causal pathways underlying the high prevalence
of insulin resistance and risk for T2D in black SA women, targeting specific areas for therapeutic intervention.

Trial Registration:

Pan African Clinical Trial Registry PACTR201711002789113; http://www.pactr.org/ATMWeb/

appmanager/atm/atmregistry?_nfpb=true& pagel abel=portals app_atmregistry_portal_page 13 (Archived by WebCite at

http://ww.webcitation.org/6xL EFgKr0)

(JMIR Res Protoc 2018;7(4):e75) doi:10.2196/resprot.9098

KEYWORDS

diabetes mellitus, type 2; insulin resistance; body fat distribution; adipose tissue; skeletal muscle; gastrointestinal microbiome;
exercise; fatty liver; inflammation; energy metabolism; cardiorespiratory fitness; lipids; metabolomics; fatty acids; diet records;

mitochondria; ectopic fat

Introduction

Background

Type 2 diabetes (T2D) is a significant contributor to morbidity
and mortality worldwide [1]. Globally, sub-Saharan Africahas
the highest projected rate of increase in T2D over the next 25
years, increasing by 2.5-fold from 14.2 million in 2015 to 34.2
million by 2040 [1]. T2D and its associated morbidity and
mortality rates are more prevalent in populations of black
African origin than white popul ations[ 2-4]. Within South Africa
(SA), the prevalence of T2D has increased significantly over
the past 20 years, particularly in black African urban-dwelling
populations [5]. Higher prevalence rates in SA are found in
women (14.7%) compared with men (11.3%) [5]. This high
T2D rate is compounded by the high prevalence of obesity and
insulin resistance in black women [6-8]. Insulin resistance in
black populations is associated with hyperinsulinemia, as a
result of greater insulin secretion and reduced hepatic insulin
clearance[7-9]. However, with increasing age, insulin secretion
in relation to insulin sensitivity decreasesin black women and
is associated with impaired glucose tolerance and T2D [10].

The pathogenesis of insulin resistance in black women is
complex and differs from that in their white counterparts [11].
Despite greater insulin resistance, black women have less
viscera adipose tissue (VAT) but more periphera
(gluteal-femoral) subcutaneous adipose tissue (SAT) deposition
[12-14]. This paradox may be explained, in part, by differences
in adipose tissue biology [11]. Compared with white women,
SAT of black women is hypertrophic, has areduced adipogenic
capacity [15], a higher inflammatory profile [16], less
vascularization, and increased fibrosis[17]. Thesefindings are
suggestive of pathological adipose tissue expansion, which is
typically associated with ectopic fat deposition and insulin
resistance [18]. However, we found that obese black women
accumulated less hepatic fat than their white counterparts [19],
which corresponds with their lower VAT levels [12], but had
similar intra- and intermyocellular lipid content of the soleus
muscle [19]. Furthermore, the association between ectopic fat
and insulin sensitivity was more robust in black as compared
with white women [19]. These distinct obesity-related
phenotypic differences may differentially impact the risk for
insulin resistance and T2D in black and white women. However,

http://www.researchprotocols.org/2018/4/e75/

these studies were cross-sectional and provide little insights
into the causal pathways involved.

Exercisetraining, viaits effects on multiple organs and systems,
reduces insulin resistance and the risk of T2D (for reviews
[20-22]). Recent studies have suggested an important crosstalk
between skeletal muscle, liver, adipose tissue and the pancreas
[23-25], which is atered in response to exercise training [23].
The effects of exercise training on insulin sensitivity are
primarily through insulin action in skeletal muscle[26], which
involves many mechanisms, including changes in the insulin
signaling, inflammation, reactive oxygen species (ROS),
metabolic flexibility, mitochondrial biogenesis, and ectopic fat
accumulation. Within adipose tissue, exercisetraining decreases
the obesity-induced dysregulated expression of adipokines,
adipocyte size, ROS and inflammation, and increases vascul ature
[27]. In addition, the importance of the gastrointestinal
microbiome for diabetes risk hasrecently been recognized [28]
and isresponsiveto exercise[29,30]. Indeed, advancesin omics
technologies have improved our understanding of systems
biology in diseased states and can be used to identify novel
pathways underlying insulin resistance and T2D risk.

Although, we can identify biologica and physiological
correlates of insulin resistance in black women, these may
merely reflect adaptationsto environmental and lifestylefactors.
There are marked ethnic differences in socioeconomic status,
dietary intake, and physical activity between black and white
SA women [12]. In terms of physical activity, black women
accumulate activity through walking for transport (typically
performed at a low intensity), while participation in leisure
activities that are generally performed at moderate-to-high
intensities is uncommon [12,31]. Accordingly, black women
havevery low cardiorespiratory fitness levels, which associates
with their high levels of obesity and insulin resistance [32].

Overall, exercise training improves cardiorespiratory fitness
and reduces cardiometabolic risk factors associated with the
development of T2D. Accordingly, exercise training is
consistently used as a model to examine putative mechanisms
underlying insulin resistance and risk for T2D. To our
knowledge, there are no studies that have examined the effect
of exercise training on insulin resistance in obese black SA
women who are at high risk for T2D. Therefore, the primary
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purpose of this research study isto gain a better understanding
of the causal mechanismsunderlying insulin resistance and risk
for T2D in black SA women, using exercise as an intervention.

Aims and Objectives

The aim of the study was to identify mechanisms underlying
the changesin insulin sensitivity and secretion in responseto a
12-week aerobic exercise intervention in obese black SA
women.

The objectives of the study were as follows:

1. to measure changes in insulin sensitivity and secretion
(primary outcomes) in response to the 12-week intervention
compared with the nonexercise control group

2. to measure changes in potential primary and secondary
determinants (secondary outcomes) of insulin sensitivity
and secretion

3. to examine the associations between changes in insulin
sensitivity and secretion and changes in the primary and
secondary determinants

Primary determinants were as follows:

« cardiorespiratory fitness

+  body composition and body fat distribution

«  blood pressure

« lipid profile, including high-density lipoprotein (HDL)- and
low-density lipoprotein (LDL)-cholesterol subclasses and
HDL functionality

« ectopicfat deposition (skeletal muscle, liver, and pancreas)

« skeletal muscle expression of genes and proteins involved
in insulin signaling, oxidative capacity, and mitochondrial
biogenesis

+ skeletal muscle and serum metabolomics and lipidomic
profile

« glutea and abdomina subcutaneous adipose tissue
expression of genesand proteinsinvolved ininflammation,
insulin signaling, oxidative stress, vascularization,
adipogenesis, and lipid metabolism

« circulating inflammatory cytokine, myokine, and adipokine
concentrations

«  skeletd muscle and adiposetissue mitochondrial respiration
and hydrogen peroxide production;

« gastrointestinal microbiota

Secondary determinants were as follows:

« energy expenditure and substrate metabolism at rest and
during exercise

« habitual physical activity and sedentary behavior patterns

« dietary intake, red blood cell, and adipose tissue fatty acid
composition

«  dleep quantity and quality

«  psychologica well-being

« perceptions of body image, healthy behaviors, and the
exercise intervention

http://www.researchprotocols.org/2018/4/e75/
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Methods

Study Design

In thisrandomized controlled research study, 45 obese sedentary
black SA women were block (2-4 participants) randomized
(Microsoft Office, Excel, 2013) into control or experimental
(exercise) groups (Figure 1). Block randomization was
performed by the project manager after participants completed
preintervention testing to ensure that investigators performing
thetesting were blinded to group allocation. The exercise group
completed 12 weeks of supervised combined aerobic and
resistance training (40-60 min, 4 days/week) but maintained
their usual dietary behaviors. The control group wereinstructed
to continuetheir habitual physical activity and dietary behaviors
andtorefrain from initiating any exercise programs. Beforeand
following the 12-week intervention period (exercise or control),
insulin sensitivity and secretion (primary outcome), as well as
the proposed determinants of insulin sensitivity and secretion
(secondary outcomes) were measured. In addition, dietary
intake, deep quality and quantity, physical activity, and
sedentary behavior were monitored for a minimum of 4 days
every 4 weeks.

This study was approved by the Human Research Ethics
Committee at the University of Cape Town (HREC
REF:054/2015). The study was performed in accordance with
the principles of the Declaration of Helsinki (1964, amended
last in Fortaleza Brazil, 2013), ICH Good Clinical Practice
(GCP), and the laws of SA. Participants provided written
informed consent before participation in the screening and the
research study. Participant recruitment and testing procedures
occurred over an 18-month period, between July 2015 and
December 2016. Sample and data analysis began in January
2017 and are currently ongoing.

Participants

Participants were recruited via advertisements in local papers
and the distribution of flyersat local churches, universities and
community groups in Cape Town, SA. Participants were
included if they met the following inclusion criteria: (1) black
SA women (based on the Xhosa ancestry of both parents)
between the ages of 20 and 35 years; (2) obese (body massindex
(BMI) 30-40 kg/m?); (3) weight stable (weight not changed
more than 5 kg or no change in clothes size over the past 6
months); (4) sedentary (not participating in exercise training
(>1 session of >20 min per week) within the last 12 months);
(5) on injectable contraceptive (depot medroxyprogesterone
acetate, 400 mg) for a minimum of 2 months; (6) no known
metabolic or inflammatory diseases, (7) no hypertension
(=140/90 mmHg), diabetes (random plasma glucose
concentration of >11.1 mmoL/L, and/or hemoglobin A;; (HbA )
result >6.5% A,.), HIV, or anemia(hemoglobin (Hb) <12 g/dL);
(8) not taking any medications; (9) nonsmokers, (10) not
currently pregnant or lactating; (11) no orthopedic or medical
problems that may prevent exercise participation; and (12) no
surgical procedures within the last 6 months.
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Screening

Before participation inthetrial, volunteers completed screening
procedures. Weight and height were measured to calculate BMI.
Blood pressure was measured 3 times at 1-min intervals using
an automated blood pressure monitor (Omron 711, Omron

Goedecke et d

Health Care, Hamburg, Germany). A venous blood sample was
drawn for the determination of glucose, Hb and HbA1.. HIV
screening was performed and parti cipants were excluded based
on a confirmed positive test or if they refused to complete the
test.

Figure 1. Consort diagram outlining participant enrollment, allocation, follow-up, and analysis. BMI: body mass index.

Participantsreceived pre- and posttest counseling from atrained
counselor, and areferral was made to appropriate HIV clinics
for those participants who were found to be HIV-positive.
Participants completed the physical activity readiness
guestionnaire (PARQ) [33] and were excluded if they answered
“yes’ to any of the questions. In addition, the participants
completed a questionnaire about their exercise training,
contraceptive use, ancestry, smoking status and history,
medication use, and clinical conditions.

Overview of Testing Procedures

The study design and stepwise stages of the protocol are
described in Figure 2. Before and following the 12-week
intervention, participants completed 4 data collection sessions.
At the first session, participants completed a cardiorespiratory
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fitness test of peak oxygen consumption (VOy,eq ), and body
composition was measured by dual energy x-ray absorptiometry
(DXA). At least 72 hours later, the participants spent anight at
the laboratory where they were given a standardized evening
meal at 8 PM and then required to fast overnight (10 hours).
During the evening or early morning, participantswere requested
to provide afecal sample. At 6 AM, the participants completed
measures of resting metabolic rate (RMR) and substrate
metabolism, and resting heart rate and blood pressure were
measured. At 7 AM, fasting blood samples were collected and
participants underwent afrequently sampled intravenous glucose
tolerance test (FSIGT). During the FSIGT, the field worker
administered the questionnaires, and the participants completed
a 24-hour dietary recall and food frequency questionnaire with
a Health Professions Council of South Africa registered
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dietician. The participants were then requested to complete a
3-day food diary. On a separate day, after a 10- to 12-hour
overnight fast, participants completed steady-state exercise
testing at 50% V Oy Thereafter, participants were provided

a standardized meal and underwent a magnetic resonance

Goedecke et d

imaging (MRI) scan. On the fourth day of data collection, and
after 4 to 6 hours of fasting and 48 hours of rest, participants
underwent skeletal muscle and abdominal and gluteal SAT
biopsies. Accelerometers (ActiGraph and ActivPAL) were
attached to the participants and worn for 7 days.

Figure2. Schematic overview of testing timelines and procedures. VO2pesak: peak oxygen consumption; STD: standard; DXA: dual-energy absorptiometry
x-ray; RMR: resting metabolic rate, FSIGT: frequently sampled intravenous tolerance test; HR: heart rate; BP: blood pressure; FFQ: food frequency
guestionnaire; MRI: magnetic resonance imagery; SS: steady state treadmill test; %HRpeak: percent of peak HR.
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Anthropometry

Every 4 weeks following the start of the intervention, dietary
intake (3-day dietary recall), physical activity and sleep quality
and quantity (ActiGraph), and sedentary behavior (ActivPAL)
were monitored. Following completion of the intervention, a
subsample of women were invited to participate in focus group
discussionsand key informant interviews. Dueto thelargetime
commitments and travel requirements, participants were
reimbursed at an hourly rate based on recommendations from
the Health Sciences Human Research Ethics Committee of the
University of Cape Town.

12-Week Exercise/Control Intervention

The exercise intervention consisted of 12-weeks of supervised
aerobic and resistancetraining at amoderate-vigorousintensity
for 40 to 60 min, 4 days per week by a trained facilitator. The
exercise intervention was structured based on the results of a
focus group study undertaken in the same community [34].
Exercises included cardiovascular exercises in the form of
aerobic dance, running, skipping, and stepping that were
performed at a moderate-vigorous intensity (75%-80% peak
heart rate, HR o). Resistance exercisesincluded the participants
using their own body weight and progressed to the use of
equipment (eg bands and free weights). These exercisesincluded
sguats, lunges, bicep curls, push-ups and shoulder presswith a
prescribed intensity of 60% to 70% HR. Attendance was
recorded at each training session, and aheart rate monitor (Polar
A300, Kempele, Finland) was worn by participants to ensure
the prescribed exerciseintensity was maintained throughout the
12-week period. Similarly, the respective resistance exercises
were altered to ensure progression and to maintain the required
intensity throughout the 12-week intervention. Training dose
for the exercise group is calculated as the total number of
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sessions attended multiplied by the average percent of HR ey
attained over the 12-week period.

The control group wasinstructed to maintain their normal daily
physical activity patterns, and not start any exercise training,
which was verified through monthly monitoring using
accelerometry. Following posttesting, the control participants
were given the opportunity to participatein the 12-week exercise
program, for which they were also reimbursed for their time
and travel costs.

Pre- and Postintervention Testing

Sociodemographic and Basic Health Information

The participants completed a demographic questionnaire that
included measures of socioeconomic status (on the basis of
factors such as asset index, education, housing and housing
density, employment, and income) [35], family history of
disease, personal health, reproductive history, supplement use,
body image[36], alcohol use, and household food security [37].
In addition, measures of psychological well-being, including
the Pittsburgh Sleep Quality Index [38], Beck Depression
Inventory [39], the Kesser 10 [40], and the Generd
Self-Efficacy [41] Questionnaires, were administered.

Body Composition Assessment

Basic anthropometry, including weight and height, in lightweight
clothing without shoes, as well as waist circumference at the
level of umbilicus, and hip circumference at the largest
protrusion of the buttocks, were measured to the nearest 0.1 cm.
Whole body composition, including fat mass and fat-free soft
tissue mass (FFSTM), were measured by DXA (Discovery-W,
software version 12.7.3.7; Hologic, Bedford, MA) according
to standard procedures, with a coefficient of variation of 0.7%
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for FFSTM and 1.67% for fat mass. Subtotal (excluding the
head) fat and FFSTM were used for all analyses. Regional body
fat distribution, including arm, leg, trunk, gynoid, and android
fat mass, was characterized as previously described [42] and
abdominal VAT and SAT areas estimated [43].

Cardiorespiratory Fithess

To determine cardiorespiratory fitness, VO, Was measured
using a treadmill-based (C, Quasar LE500CE, HP Cosmos,
Nussdorf-Traunstein, Germany) graded exercise test.
Participantswere familiarized to the equipment before beginning
the test, and heart rate was monitored throughout for the
determination of HR .y (Polar A300, Kempele, Finland). The
initial 6 min of thetest was designed based on amodified Bruce
protocol to obtain three stages of steady state metabolism (see
steady state protocol below) and the subsegquent minutes were
designed to obtain VO, Using aramp protocol, adapted from
Takagi et a [44]. Participants began at 3 km/hour at a 2%
gradient for 2 min. The gradient increased by 2% for a further
two 2-min segments. The following stages increased by 2%
gradient every minute until 16%. Following this there was an
aternate increase in speed (0.5 km/hour) and gradient (1%)
until volitional exhaustion. This walking cardiorespiratory
fitness test was designed for participants who were sedentary
and are not familiar with gym-based equipment.

Pulmonary gas exchange was measured by determining O, and
CO, concentrations and ventilation to calculate VO,
consumption using a metabolic gas analysis system (CPET,
Cosmed, Rome Italy). Before each test, the gas meter was
calibrated with a Hans Rudolph 3-liter syringe (Vacumed,
Ventura, CA) and analyzers calibrated using standard gas
mixtures of oxygen (26% O, with the balance nitrogen) and
carbon dioxide (4% CO,, 16% O,, and the balance nitrogen)
(BOC Specia Gas, Afrox Cape Town, South Africa). Ethanol
burns for equipment calibration were conducted every 4 weeks
(mean variance<2%).

Energy Expenditure and Substrate Metabolism During
Submaximal Steady-State Exercise

Following an overnight fast (10-12 hours) respiratory exchange
(Cosmed Quark CPET, Rome, Italy) was measured during 15
min of steady-state treadmill walking at 50% V Oy, a level
shown to be consistent with maximal fat oxidation [45,46].
Measures of energy expenditure and substrate metabolism were
averaged over the last 10 min of the test. This test (50%
pre-intervention VO,pey) Was repeated at posttesting, which
reflects the same absol ute intensity. Participants then rested for
10 min and completed a second steady-state exercise test, at
50% of the postintervention VO,ey, Which reflects the same
relative exercise intensity.

Resting Metabolic Rate, Substrate Metabolism, and
Blood Pressure

Participants slept overnight at the laboratory and were given a
standardized evening meal at 8 PM (Energy: 2,456 kJ, 21 g
protein (14% energy), 49 g carbohydrate (33% energy), and 32
g fat (48% energy). At 6 AM (following a 10-hour overnight
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fast), the participants rested in the supine position, in a quiet
room (21°C -24°C), and wereinstructed to remain awake, still,
and quiet. Basal respiratory exchange was measured for 40 min,
using the ventilated hood technique (CPET, Cosmed, Rome
Italy). The first 10 min were excluded to ensure measures of
steady staterespiratory gas exchange and the average of thelast
30 min was used to determine resting measures. Weir [47] and
Frayn [48] equationswere used to calculate RMR and total rates
of fat and carbohydrate oxidation, respectively. During the
respective 40 min, the lowest recorded heart rate was recorded
and reported as the resting heart rate.

Fasting Blood Samples and Frequently Sampled
I ntravenous Glucose Tolerance Test (FSIGT)

Following the RMR measures, fasting blood samples were
drawn, and an FSIGT was performed. A cannula was inserted
into a vein of each arm. One arm was used for intravenous
glucose and insulininfusions, and the other arm was heated and
used for blood sampling. Fasting blood samples were drawn
for the determination of adipokines, myokines, inflammatory
markers and cytokines, lipid profiles and HDL- and
LDL-cholesterol subtypesand HDL functionality, and red blood
cell fatty acid composition, metabolomic and lipidomic analysis.

For the FSIGT, further 2 baseline samples were collected at -5

and -1 min before abolus of glucose (50% dextrose; 11.4 g/m?
body surface area) was infused intravenously over 60 seconds
beginning at time 0. At 20 min, human insulin (0.02 U/Kg;
NovoRapid, Novo Nordisk) wasinfused over 5 min at aconstant
rate (HK400 Hawkmed Syringe Pump, Shenzhen Hawk Medical
Instrument Co., Shenzhen, China). Samples for determination
of plasma glucose and serum insulin and c-peptide
concentrationsweredrawn at 2, 3,4, 5, 6, 8, 10, 12, 14, 16, 19,
22,23, 24, 25, 27, 30, 35, 40, 50, 60, 70, 80, 90, 100, 120, 140,
160, 180, 200, 220, and 240 min.

Fasting blood samples were collected into EDTA, lithium
heparin, fluoride oxalate, and SST tubes. Samplesin SST tubes
clotted for 30 min at room temperature, while the remaining
sampleswere placed onice before centrifugation. Sampleswere
centrifuged at 3000 rpm for 10 min at 4°C. Plasmafor glucose
analysis was stored at —20°C, while the remaining serum and
plasma was stored at —80°C. Red blood cells collected from
EDTA tubes were washed by 2 cycles of sequentia
centrifugation at 1000 rpm and afinal cycle of centrifugation
at 3000 rpm for 10 min. Between cycles, saline (0.9% NaCl in
distilled water) was used for resuspension and washing. Red
blood cells were then stored at —80°C until the analysis.

Glucose and insulin concentrationsfrom the FSIGT will be used
to calculate the insulin sensitivity index (S) using Bergman's
minimal model of glucose kinetics [49]. Glucose and c-peptide
datawill aso be used in atwo-compartment minimal model of
C-peptide secretion and kinetics to calculate insulin secretion
rate (ISR) using WinSAAM (version 3.3.0). ISR will then be
used in aone-compartment insulin minimal model to determine
insulin hepatic extraction index [50].
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Fecal Sample Collection

Participants provided fecal samples for the analysis of
gastrointestinal microbial composition using the Easy Sampler
stool collection kit (EasySampler, GP medical devices,
Denmark), as per the manufacturer’sinstructions. The samples
were immediately stored at —80°C, until subsequent analysis.

Ectopic Lipid Content

After the steady-state exercise test, the participants consumed
a standardized meal (Energy: 2553 kJ; protein: 20.9 g;
carbohydrates: 83.0 g; fat: 22.2 g). Hepatic, pancreatic, and
skeletal muscle (tibialis anterior and soleus) lipid content were
then measured on a 3-Tesla Skyra wholebody human MRI
scanner (Siemens, Erlangen). Sequence protocols for fat
assessments included MRI using two-point Dixon fat-water
separation (Dixon-VIBE) and T1-VIBE with and without fat
saturation, and finally, MRS with PRESS technique.

Postprocessing of MRI data for Dixon and T1-VIBE was
performed in MATLAB R2009a (MathWorks Inc, Natick, MA,
USA). The MRSvoxel locationswere coregisteredto T1-VIBE
images (with and without fat suppression) and Dixon images
(fat and water images) to compute the fat fraction. The signal
fat-fraction was cal cul ated asthe signal without fat suppression
minus signal with fat suppression divided by signal without fat
suppression for the T1-VIBE method [51]. The signal fat
fraction obtained by the Dixon method was calculated by
combining images obtained from the water and fat phases, as
thefat fraction divided by thefat pluswater fractions[52]. MRS
data were quantified using LCModel (version 6.3-1J) . The
MRS method was used to decompose the lipid signals into
several components, each one representing different parts of
the lipid metabolite molecules. The lipid signals were reported
relative to the water signal.

Skeletal Muscle and Adipose Tissue Biopsies

After a4- to 6- hour fast and at least 48 hours after exercise, fat
and muscle samples were collected. Fat samples were obtained
from the gluteal and abdominal SAT depots using a
mini-liposuction technique [16]. After local anesthesia with
Lignocaine hydrochloride (2%, Intramed, Port Elizabeth, South
Africa), a small incision was made into the region of interest
and 200 mL of normal saline with 20 mL 2% Lignocaine
(Intramed) was infused using an infiltration cannula (Lamis 14
ga x 15 cm, Byron Medica Inc., Tucson, AZ, USA). An
aspiration cannula (Coleman, 12 ga x 15 cm, Byron Medical
Inc.) attached to a10-mL syringe was used to aspirate fat. Using
this procedure, abdominal sampleswere obtained from directly
above the umbilicus, and gluteal samples were obtained from

the right upper outer quadrant. Approximately 2 cm® to 3 cm?®
of fat was extracted from each site and washed 3 times with
normal saline or until no blood wasvisible. A subsample of the
adipose tissue was placed in ice-cold BIOPS for immediate
analysis of mitochondrial respiration. The remaining adipose
sampleswere placed into vialsand frozen immediately in liquid
nitrogen (N,) and stored at —80°C for the analysis of gene and
protein expression, and fatty acid composition. After local
anesthesia (2%, Intramed), a skeletal muscle biopsy was taken
from the M vastus lateralis muscle using a 5-mm Bergstrom
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needle according to the needle biopsy technique of Bergstrom
[53]. A subsamplewas placed inice-cold BIOPS, for immediate
analysis of mitochondrial respiration. The remaining samples
were immediately frozen in liquid N, and stored at —80°C for
subsequent analysis of gene and protein expression, as well as
metabolomics and lipidomics.

Monthly Monitoring

Physical Activity, Sedentary Behavior, and Sleep

Physical activity and sleep quality and quantity were measured
using accelerometry (ActiGraph GTX3+, ActiGraph LLC,
Pensacola, Florida), and sedentary behavior was measured using
activPAL (activPAL3c, PAL Technologies Ltd, Glasgow, UK)
at preintervention, week 4, week 8, and postintervention. The
ActiGraph was initialized to record data in 60-second epochs
and was set to measure motion in al 3 axes, with the
inclinometer function activated. The ActiGraph was worn on
the right hip with a lightweight belt, and participants were
instructed to wear it for 24 hours a day over a 7-day period,
except when swimming, bathing, and showering. Participants
were instructed to complete asleep diary to capture awake and
deep times. Physical activity and sleep data were captured and
analyzed using the ActiLife Software Version 6 (ActiLife
software; Pensacola, FL, USA). A minimum of 4 days of wear
time, with 600 min per day of wake time was required for data
analysis. The 4 days of wear needed to be inclusive of 3
weekdays and 1 weekend day. For the exercise group, at least
one of the weekdays needed to be an “ exercise day.” Nonwear
time was defined as 60 conti nuous minutes of no counts (zeros)
[54]. Vector magnitude cut-points were used for anaysis
[55,56]. The vector magnitude represents the summed value of
all 3 axesmeasured from the ActiGraph, calculated asthe square

root of the total sum of each axis, squared (X?+Y?+Z?), then
square rooted [57]. Counts/minute between 200 and 2689
represents light intensity physical activity, 2690 to 6166
represents moderate intensity physical activity, 6167 to 9642
represents hard intensity physical activity, and >9643 counts
per minute represents very hard intensity physical activity. Data
were analyzed for any physical activity occurring in 1-min and
10-min boutd/intervals. Within each 10-min bout, 1- or 2-min
of “dropped” counts were allowed, thereby excluding bouts of
activity where adrop-in count is greater than 2 min (within the
10-min period) occurred. Sleep data were analyzed for sleep
latency, total sleep time, wake after sleep onset, and sleep
efficiency. Participants completed a sleep diary that was used
to mark wake and sleep hours, which wasfurther verified based
on movement measured by the activPAL.

The activPAL was attached to the midanterior right thigh using
a waterproof sleeve and dressing and worn concurrently with
the ActiGraph, without removal of the device, even during
bathing or swimming. All data were downloaded using the
activPAL software (PAL Technologies, version 7.2.32, Glasgow,
UK), and event files were used to create second-level files to
show time spent in sitting (or lying), standing, stepping,
sit-to-stand transition, and stand-to-sit transition.
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Dietary | ntake

At the same time points as the physical activity datacollection,
dietary intake was estimated using a 24-hour recall and a 3-day
dietary record, including 2 weekdays and 1 weekend day. In
addition, a food frequency questionnaire was administered
before and following the intervention. Nutrient intake and food
group analysis were calculated using the South African Food
Composition Database System (SAFOOD, the South African
Food Composition Database, South African Medical Research
Council, Cape Town, South Africa).

Perceptions of the Exercise | ntervention

Focus group discussions (FGDs) and in-depth interviews were
used to explore the perceptions participants had of the exercise
intervention. A multiple-category qualitative research design
was applied in this study [58]. This type of design includes
conducting focus groups with different types of participants
either sequentially or smultaneoudly [58]. Thisapproach ensures
acomparison from one group to another within acategory and/or
from one category to another category [58].

Thefocus group interview schedule included questions such as
“What are some of the things that influenced your attendance
to the exercise sessions?’, whereas the in-depth interviews
included 1 main open ended question aimed at obtaining the
participants’ experience of the exercise sessions (Multimedia
Appendix 1). The latter were conducted after the FGD and
participants who were the most vocal during the group
discussions were purposively selected for the in-depth
interviews.

Four FGDs were conducted (3-5 participants per group),
including exercise participants, and control participants who
had chosen to participate in the exercise sessions upon
completion of the 12-week intervention. The group discussions
were moderated by atrained facilitator, fluent inisiXhosa, which
is the language predominantly spoken by the participants. The
audio recording of the FGDs was translated and transcribed by
a trained professional. Immediately after completion of the
FGDs, the researcher and moderator identified participants to
be invited to participate in the in-depth interviews. A total of 5
in-depth interviews were conducted . Thematic analysis was
used to determine the salient themes that emerged during the
FGDs using Atlasti Qualitative Data Analysis Software
(Scientific Software Development GmbH, Berlin, Germany)
[59].

Biochemical Analysis

Glucose, Insulin, C-Peptide, and Lipid Profile

Plasmaglucose and serum lipids concentrations were determined
using a colorimetric assay (Randox, Gauteng, South Africa)
and serum insulin, C-peptide were measured using
immunochemiluminometric  assays (IMMULITE 1000
immunoassay system, Siemens Healthcare, Midrand, South
Africa).

Serum Inflammatory and Oxidative Stress Markers

Inflammatory cytokines, including interleukin (1L)6, IL1R, IL8,
IL10, monocyte chemotactic protein (MCP)1, IL15, interferon
(IFN) gamma, and tumor necrosis factor (TNF) alpha, were
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measured using Milliplex MAP MAG Human Cytokine kit
(Merck, Johannesburg, South Africa) and xMAP technology
(Luminex, Austin, Texas) according to the manufacturer’'s
instruction. Serum concentrations of leptin and high molecular
weight (HMW) adiponectin (EMD Millipore Corporation, St
Charles, Missouri, USA) were analyzed using commercially
available ELISA kits according to the manufacturer’s protocols.
High-sensitive C-reactive protein (CRP) was measured by an
immunochemiluminometric  assay (IMMULITE 1000
immunoassay system, Siemens Healthcare, Midrand, South
Africa). Lipid peroxidation was assessed by measuring the
concentration of thiobarbituric acid reactive substance (TBARS);
antioxidant capacity was assessed by measuring oxygen radical
capacity absorbance (ORAC), aswell as catalase and superoxide
dismutase (SOD) activities as described previously [60].

Red Blood Cell and Adipose Tissue Fatty Acid
Composition

Total lipidsof red blood cell aliquots (RBC; 300 |uL) and adipose
tissue portions (100 mg) were extracted (2:1; viv;
chloroform:methanol containing 0.01% butylated
hydroxytoluene) by using a modification of the Folch et al
method [61,62]. Red blood cell total phospholipid fatty-acid
(FA) and adipose tissue total FA percentage composition were
determined by gasliquid chromatography as previously
described [62]. Pairwise analysis of gluteal and abdominal
samples was performed including the pre- and postsamples of
a participant in the same batch on the same day. Product to
precursor FA ratios were used as aproxy to reflect delta-6- and
delta-5-desturase enzyme activity [63].

Comprehensive Metabolite Profiling of the Serum and
Muscle Metabolome

For the metabolite analyses, a combined platform of liquid
(LC-QTOF-MYS) and gas (GCTOF-MSlipids) chromatography
coupled to mass spectrometry, in both positive and negative
ionization modes will be used. This approach will enable a
comprehensive coverage of serum and muscle metaboliteswith
different chemical properties. All sample preparation and
analyses will be performed according to a run order design to
circumvent methodol ogical biasesthat may interferewith results
interpretation [64]. For example, samples from the same
individual are prepared and analyzed in close connection while
keeping the internal sample order randomized. Analytical
batcheswill be balanced in terms of treatment group and quality
control (QC) samples (ie, pooled from al samples) will be
analyzed continuously.

Serum sampleswill be prepared according to A et al [65], using
a 90/10, v/v methanol:water extraction including internal
standards for metabolomics;, and a 70/30, viv
chloroform:methanol extraction for lipidomics [66].

On an average, we will detect 2000 to 3000 peaks or more, and
annotation/identifications will be done viathe use of publically
available library, in combination with in house library at the
Swedish Metabolomics Centre (SMC). For targeted analyses
and validation of findings, we will use triple quadrupole mass
spectrometry techniques, such as LC-QqQ-MSMS or
GC-QqQ-MSMS  together with LC-TOMSMS and
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GC-TQMSMS in MRM-mode. Absolute quantification of
specific compoundswill be achieved by using calibration curves
calculated from stable isotope labeled internal standards.

Serum HDL - and L DL -Cholesterol Subclasses and
HDL Functionality

HDL was isolated from aliquots of serum using density shift
ultracentrifugation as described previously [67,68]. HDL
anti-inflammatory function was measured by assessing
expression levels of vascular cell adhesion molecule (VCAM)
human umbilical vein endothelial cells (HUVEC) treated with
participant HDL and stimulated with murine TNF-a, as
described previously [67]. HDL antioxidant function was
quantified by measuring serum paraoxonase-1 (PON1) activity
as described previoudly [67]. HDL-induced reverse cholesterol
efflux was quantified using a modified method [69]. Briefly,
RAW?264.7 cells (Gill Dealtry, Nelson Mandela Metropolitan

University), were labeled with [°H] cholesterol in a medium
containing acyl-CoA cholesterol acyltransferase (ACAT)
inhibitor. Isolated participant HDL was then added and
cholesterol efflux was carried out for 4 hours. Reverse
cholesterol efflux capacity was calculated as label present in
the cell media relative to the untreated control. HDL
anti-thrombotic function was quantified by measuring serum
platelet activating factor acetylhydrolase (PAF-AH) activity
using the PAF Acetylhydrolase Assay Kit (Cayman Chemical,
760901). Serum HDL and LDL subclasswere determined using
the Lipoprint HDL and LDL systems (Quantimetrix, Redondo
Beach, CA) as described previoudy [67,70].

Skeletal Muscleand Adipose Tissue Geneand Protein
Expression

RNA was extracted from adipose tissue and skeletal muscle
samplesusing RNeasy Mini lipid kit (Qiagen Ltd, Germantown,
MD, USA) and mirVana miRNA Isolation kit (Invitrogen, Life
technologies, Carlsbad, CA, USA), respectively. Skeletal muscle
RNA was DNAse treated using DNA-free Kit (Invitrogen, Life
technologies, Carlsbad, CA, USA). RNA wasreversetranscribed
to cDNA using the High-Capacity cDNA Reverse Transcription
Kit with RNase inhibitors (Applied Biosystems Foster City,
CA, USA).

For the adipose tissue, RT-PCR will be performed in triplicate
using Applied Biosystems QuantStudioTM 3 Real-Time PCR
system with predesigned Tagman assays from Applied
Biosystems (Warrington, UK) (see Multimedia Appendix 2).
The genes of interest will be measured and presented as the
ratio of abundance of the gene of interest: mean of abundance
of the relevant housekeeping genes (LRP10 and RPLPO).
Protein expression, and phosphorylation status, for genes of
interest will be analyzed using ELISA and/or Western Blot
analyses.

For skeletal muscle, a gene array was conducted using Human
Affymetrix Cartridge Clariom S Platform (Affymetrix, Santa
Clara, CA, USA) and analyzed with Affymetrix Expression
Console using the SST-RMA method. Unlogged signals were
compared using a 2-tailed paired Student t-test. The g-vaues
(false discovery rates) were calculated by the R/Bio-conductor
function and set at g<.05. Target and novel pathways will be
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investigated using the gene array data, and genes of interest and
associated proteinswill be further validated using RT-PCR and
western blots analyses, respectively.

Skeletal Muscle and Adipose Tissue Mitochondrial
Respiratory Function

Measures of mitochondrial respiration were performed in
respiration medium (MiR05) at 37°C using high-resolution
Oxygraph-2k (Oroboros, Innsbruck, Austria) [71]. All measures
were completed in duplicate and carried out in a
hyperoxygenated (250-450 nmoL/mL) environment. Skeletal
muscle and adipose tissue (abdominal and gluteal subcutaneous
adipose tissue) samples were prepared and analyzed according
to the methods described [71,72]. Briefly, immediately after
tissue collection, samples were stored in ice-cold BIOPS [71]
for a maximum of 4 hours before analyses. Skeletal muscle
fibers (1-3 mg w/w) and adipose tissue (50-60 mg w/w) were
permeabilized in saponin (5 mg/mL BIOPS) for 30 min and 20
min, respectively. Tissue was immediately washed in MiR05
for 2 x 10 min. The multiple substrate-uncoupler-inhibitor
titration protocol applied to al tissue isasfollows[73,74]:

1. Medium chainfatty acid oxidation through leak respiration
in the absence of adenylates with the addition of malate (2
mM) and octanoly-carnitine (0.2 mM)

2. Maximal flow of electrons through electron transferring
flavoprotein and fatty-acid oxidation (ADP 5 mM)

3. Submaximal state 3 respiration capacity specific to complex
| (pyruvate 5 mM; glutamate 10 mM)

4. Maximal state 3 respiration, oxidative phosphorylation
capacity (Succinate, 10 mM)

5. State 4o respiration, oligomycin-induced leak respiration
through inhibition of ATP synthase (Oligomycin 2.5 uM)

6. Electron transports system capacity with the titration of
CCCP (0.5 uM titration steps)

7. Inhibition of complex | with the addition of rotenone (0.5
HM)

8. Theinhibition of complex |11 with the addition of antimycin
A (2.5uM)

Complex Il inhibition was used for the determination and
correction of residual oxygen consumption (nonmitochondrial
oxygen consumption in the chamber). Ascorbate (2 mM) and
TMPD (0.5 mM) were added to assess cytochrome c oxidase
(COX), complex IV activity. TMPD and ascorbate are redox
substrates that donate electrons directly to COX, and activity
was measured by pmol of O, a minute per mg of wet weight.

Hydrogen peroxide (H, O,) flux was measured simultaneously
with respirometry in the O2k-Fluorometer (O2k-Fluo
LED2-Module Fluorescence-Sensor Green) using the H, O,
sensitive probe Amplex UltraRed. Then 10 uM Amplex
UltraRed and 1 U/mL horseradish peroxidase (HRP) was added
to the chamber. The reaction between Amplex UltraRed and
H, O, catalyzed by HRP is fluorescent, similar to resorufin.
Calibrations were performed throughout the respirometry
experiment to account for degradation of fluorescent over time,
with 2 steps of H, O, added at 0.1 uM per step. Mass-specific
H, O, were calculated relative to oxygen flux (H, O,/O, flux).
The H, O,/O, flux ratio is frequently applied to evaluate the
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relativeimportance of H, O, production at different respiratory
states[75].

Fecal Bacterial Community Analysis

Bacterial DNA will be extracted using the ZymoBIOMICS
DNA Miniprep kit (Zymo Research Corp., Irvine, USA)
according to the manufacturer’s instructions. Bacterial
composition will be described by sequencing the V4
hypervariable region of the 16S ribosomal RNA gene.
Sequencing librarieswill be prepared as per the llluminaMiSeq
system instructions (Illumina, San Diego, CA). The pooled
library will then be sequenced on the lllumina Miseg sequencing
platform (Illumina, San Diego, CA). Raw sequences obtained
from the Illumina Miseq will be subjected to a quality check
using the FastQC software [ 76]. Preliminary analysis of theraw
data will involve removing primers, barcodes, contaminants,
and low-quality bacterial sequences. The 16S pair-end reads
will be assembled by joining forward and reverse of
demultiplexed sequence reads. The output file will then be
processed for quality filtering. Chimeric sequences will be
filtered by UCHIME algorithm in USEARCH platform. We
will use QIIME [77] to cluster sequences into operational
taxonomic units (OTUs) based on a sequence similarity
threshold of 97%. The SILVA database will be used to assign
taxonomic identities to the OTUs. Moreover, we will use the
PICRUSt (Phylogenetic Investigation of Communities by
Reconstruction of Unobserved States) and BugBase softwares
to predict the metabolic function [78,79]. Raw data in fastq
format will be made available in a public sequence database.

Statistics
Sampl e Size Determination

Sampl e size determination was based on our primary outcome
using the study of Nordby et al [80], with a significance level
of P<.05 and power of 80%. On the basis of the change in
normalized glucose clearance (measured using a euglycemic
hyperinsulinemic clamp) from pre- to postintervention (12-week
aerobic training) compared with the nontrained control group
(8.2[SD 5.9] vs—1.8[SD 6.2] mL/kg/min FFM/nmoL/L insulin,
respectively), 6 participants per group would be required to
detect a significant difference between groups. These numbers
correspond to those of Ortegaet al [81] who compared glucose
tolerance tests to detect the insulin sensitizing effects of a bout
of continuous exercise and reported that 6 participants would
be required to detect achangein insulin sensitivity when using
aFSIGT. In order to account for the secondary outcomes, using
changes in skeletal muscle glucose transporter (GLUT)4 in
response to a 12-week training program as the proxy (0.65 [SD
0.69] vs 0.01 [SD 0.69] AU for training vs control group), 18
women would be required to detect adifference between groups
[81]. On the basis of these calculations, and a dropout rate of
10% (2/20), 20 participants per group were selected.

Proposed Statistics

Results will be presented as means (SD), or medians and
interquartile rangesfor non-normally distributed data. Datawill
be normalized by log transformation if required. Repeated
measures ANOVA will be used to compare differences in the
change of outcome variables between the control and exercise
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groupsin response to the exercise/control intervention. Pearson
and/or Spearman correlations will be used to examine
associ ations between changesin primary and secondary outcome
variables. Data will be analyzed using StataSE (version 14,
StatCorp, Texas, USA) and IBM SPSS Statistics 24 (Version
24.0, Armonk, NY, USA).

Comprehensive metabolite profiling data will be evaluated via
a combination of multivariate analysis methods and univariate
statistics, that is, Principal Component Analysis (PCA),
Orthogonal Partial Least Squares (OPLS), and its extensions
[64]. In addition, we will perform an extensive validation to
determinethe model significances, using both internal, ANOVA
on the cross-validated model patterns, and external validation,
independent sample prediction. Model scores (subject level)
will be used to visualize and interpret the differences in
metabolic response between predefined patient groups or
subgroups, or of individual patients responding differently to
the interventions. Model loadings (variable level) combined
with univariate P valueswill be used asthe base for mechanistic
interpretation and to highlight significant metabolites or
metabolite patterns.

For bacterial community analysis, basic statistical testswill be
performed using QIIME [77] and R software will be used for
advanced statistical analysis. Beta-diversity will be evaluated
by calculation of weighted and unweighted Unifrac distances.
The Shannon and Simpson diversity indices will be employed
to study aphadiversity. The relationship between the
composition of the fecal bacteria and exposure variables will
be determined using weighted generalized ridge regression
methods [82] and the lasso [83]. We will use Dirichlet
multinomial models or ecological approaches such as
multi-species occupancy models to evaluate interactions and
shift in fecal bacterial communities over time [84,85].

Results

Participant Enrollment, Allocation, Follow-Up, and
Analyses

Information on participant enrollment, allocation, follow-up,
and analysisis shown in Figure 2. Standards of reporting were
based on the CONSORT 2010 checklist for randomized control
trials. A total of 45 participants were enrolled in the study and
randomized into exercise (n=23) and control (n=22) groups. Of
these, 10 participants did not complete the intervention (dropout;
n=3 exercise, n=7 control) resulting in a final sample of 20
exercise and 15 control participants.

Participant Baseline Characteristics

The sociodemographic characteristics of the participants at
baseline are presented in Table 1. The average age of the whole
group (n=45) was 24 (SD 4) years. Sociodemographic
characteristics were not different between participants of the
exercise, control, and dropout groups. Themajority (67%, 30/45)
of participants had completed at least grade 12 education, and
27% (12/45) of participants were currently enrolled students,
while51% (23/45) were employed. A quarter of the participants
earned less than R2500/month (US $210/month at exchange
rate of R11.9/US $, 13 February 2018), whereas 42% (19/45)
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earned between R2500-R5000/month (US $210-420/month),
and the remaining participants (31%, 14/45) earned greater than
R5000/month (US $420/month). Most of the participants were

Table 1. Baseline sociodemographic characteristics.

Goedecke et d

not married (89%, 40/45) and 42% (23/45) had at least 1 child.
Apart from hypertension (42%, 19/45) and diabetes (13.6%,
6/45), the known family history of disease was relatively low.

Variables Control (n=15) Exercise (n=20) Dropout (n=10) P value

Agein years, mean (SD) 24 (4) 23(3) 26 (4) 24

Informal housing, n (%) 6 (40) 4 (20) 6 (60) .09

Housing density (persons/room), median (interquartile range) 1.3(1.0-1.6) 1.0(0.8-1.5) 1.0(1.0-2.7) .38

Asset index (% of 14 commaodities), n (%) 53 (15) 54 (20) 47 (23) .62

Education, n (%) .87
< Grade 12 6(43) 5(25) 3(30)

Grade 12 5(36) 9 (45) 4 (40)
Tertiary 3(21) 6 (30) 3(30)

Employment, n (%) .63
Employed 9 (60) 10 (50) 4(40)

Student 5(33) 9 (45) 4 (40)
Unemployed 1(7) 1(5) 2(20)

Income, n (%) .09
R0-2499/month 6 (40) 2(10) 4 (40)
R2500-R4999/month 7 (47) 8 (40) 4 (40)
>R5000/month 2(13) 10 (50) 2(20)

Marital status, married, n (%) 1(7) 3(15) 1(10) .73

Parity, n (%) .33
None 7 (48) 15 (75) 4 (40)

1 child 4(27) 2(10) 3(30)
2-3 children 4(27) 3(15) 3(30)
Known family history of disease, n (%)
Hypertension 7 (47) 9 (45) 3(30) .38
Heart disease 0(0) 3(16) 1(10) 63
Stroke 1(7) 1(5) 1(10) .67
Diabetes 2(13) 2(11) 2(20) 74
Obesity 0(0) 1(5 0(0) .66

The baseline cardiorespiratory fitness, physical activity, and
dietary intake did not differ between groups (Table 2). For the
whole group, despite cardiorespiratory fithess being low (<25
mL/kg/min), the participants accumulated an average of 9338
steps per day. However, most of the day was spent in sedentary
behavior (54%). The mgjority of dietary energy intake (8390
[6577.0-9540.0] kJday) was derived from carbohydrate (56.3%,
7.0%), followed by fat (29.4%, 7.0%) and then protein (14.0%,
2.6%). Dietary sugar intakewas high (64.7 [51.5-108.6] g/day),
and fiber intake below recommendations for adequate intake
(17.0[14.3-23.2] g/day vs recommendations of 25 g/day).

http://www.researchprotocols.org/2018/4/e75/

The baseline anthropometry and cardiometabolic risk factors
of the participants are presented in Table 3. Body composition
did not differ between groups. For the whole group, the mean

BMI, waist and waist to hip ratio were 33.9 (SD 2.8) kg/m?,
103.8 (SD 8.0) cm and 090 (SD 0.07), respectively.
Cardiometabolic risk factors did not differ by group. The
participants were all normotensive (systolic: 110.1 [SD 10.7]
mm Hg; diastalic: 73.1[SD 9.0] mmHg) and had normal glucose
tolerance based on HbA 1 (5.2 [SD 0.3] A;.%).
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Table 2. Baseline cardiorespiratory fitness, physical activity and dietary intake.

Goedecke et d

Variable Control Exercise Dropout P vaue
Cardiorespiratory fitness, mean (SD)
n 15 20 9
VOppeq” (ML/min) 2099 (281) 2077 (211) 1989 (296) 55
VOgpeak (ML /kg/min) 23.9(3.0) 24.9 (2.4) 23.4 (4.5) 43
Physical activity (ActivPAL), mean (SD)
n 15 19 7
Steps (No. Day) 10013 (2650) 9349 (2334) 7858 (2756) .19
Stepping (% day) 14 (4) 12 (3) 11(3) .19
Standing (% day) 34(9) 34(8) 32(8) .83
Sedentary (% day) 52 (10) 54 (9) 58 (9) .48
Dietary intake, median (interquartile range) or mean (SD)
n 15 20 10
Energy intake (kJ/day) 8138 (6493-9434) 8966 (7119-11,775) 8921 (7875-9396) .45
Fat (%EI®) 30.9 (5.6) 30.3(6.2) 27.1(7.1) 32
Protein (%El) 14.3 (1.9) 13.1 (5) 14.2 (3.6) 37
Carbohydrate (%El) 54.1(.7) 55.3 (5.8) 57.9 (8.4) 38
Sugar (g/day) 64.7 (35.3-108.0) 62.5 (54.3-92.1) 75.8 (53.9-130.8) 57
Fiber (g/day) 16.2 (11.9-23.2) 18.9 (15.1-24.4) 17.0 (10.4-23.7) 51
& Oppeak: Peak oxygen consumption.
BosE percentage of total energy intake.
Table 3. Baseline anthropometry and cardio-metabolic risk factors.
Variable Control Exercise Dropout P value
Anthropometry, mean (SD)
n 15 20 10
Height (m) 1.62 (.06) 1.57 (.06) 1.60 (.06) .05
Weight (kg) 87.8 (10.9) 84.1(8.7) 87.5(12.0) 52
BMI2 (kg/m?) 33.4(2.7) 34.1(2.8) 34.1(3.3) 72
Waist (cm) 103.4 (8.1) 103.6 (7.4) 106.8 (11.9) 75
WHR? 0.88 (0.05) 0.91 (0.07) 0.90 (0.08) 45
Cardio-metabolic risk factors, mean (SD)
n 15 20 4
Systolic BP* (mmHg) 111.7 (11.3) 109.0 (11.1) 109.5 (8.0) .76
Diastolic BP (mmHg) 75.0 (9.7) 722 (9.4) 70.8 (1.5) 57
HbA, ! 5.2 (0.4) 5.2(0.3) 5.2(0.1) .90

3BMI: body mass index.
BWHR: waist to hip ratio.
°BP: blood pressure.

aH bA 1. hemoglobin Aqc.
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Discussion

This is the first study, to our knowledge, that has used an
exerciseintervention to understand the mechanisms underlying
the high risk for T2D in ablack African population. The study
uses state-of -the-art technol ogy to characterize the determinants
of insulin sensitivity and secretion. Using exercise as a model
ensures a holistic approach that focuses on the complex
interaction of biological systems, within the context of
associated environmental and lifestylefactors. Novel biological
aspects of the protocol in this cohort include (1) measurement
of pancreatic fat content by MRS; (2) an array approach in the
skeletal muscle to identify novel pathways and genes involved
in the regulation of insulin sensitivity, in combination with
metabolomic and lipidomic analyses; and (3) characterization
of the gastrointestinal microbiome. Although the aim of the
study wasto understand the primary and secondary determinants
of insulin sensitivity, the study results, as well as the findings
of the focus group discussions and key informant interviews
can be used to inform the suitability of this intervention for
large-scaleroll out in similar communities.

The participants were a homogenous cohort of young women
of Xhosa ancestry who mostly resided in an informal urban
settlement and were of a low socioeconomic status. Notably,
38% (17/45) of the participants were meeting physical activity
guidelines by accumulating more than 10,000 steps/day [86].
Asshown in our previous research [31], these steps are usually
accumulated through walking for transport that is typically
conducted at a low intensity [32], which is subsequently
reflected in the participants low cardiorespiratory fitnesslevels
(VOypea) and a rating of “poor,” according to the American
College of SportsMedicine[33]. Accordingly, exercisetraining
at amoderateto high intensity offersanideal intervention within
this population to ensure improvements in cardiorespiratory
fitness and associated cardiometabolic outcomes, specifically
insulin sengitivity. It isanticipated that the exercise training will
improve insulin sensitivity and reduce the risk for T2D within
this high-risk population.

Although 118 women were screened, only 45 women were
willing and eligible to be enrolled in the study. A requirement
for screening was to consent for HIV testing, which deterred
many potential participantsfrom screening and islikely related
to the high rates (20%) of HIV in women in the City of Cape
Town [87]. The main reasons for ineligibility after screening
included (1) not meeting the BMI criteria, (2) not using
injectable contraception, and (3) time limitations and/or the
invasiveness of proceduresinvolvedin the study. Theinjectable
contraception was chosen as part of the selection criteria to
ensure a more homogenous participant profile. The injectable
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contraception isfreely availableto all women in the community
clinics and is thus the contraception of choice for the majority
of women. Of the 45 women recruited, 35 completed the
12-week intervention, with the greatest dropout being in the
control group (7 out of the 10 participants; Figure 1). This may
be explained by the control groups' disappointment on not being
assigned to the exercise group, resulting in alack of commitment
and loss of interest in the study. This occurred despite the
assurancethat the control group could participate in the 12-week
exercise intervention following the 12-week control period, for
which they would be reimbursed for their time, inconvenience,
and travel. Interestingly, only 9 of the 15 control participants
initiated the exercise training, of which 6 attended more than
30 of the 48 training sessions, and 3 participants attended less
than 3 sessions. In contrast, there was alow dropout rate in the
exercise group (3 out of the 10 participants). It is anticipated
that the outcomes from the focus group and informant interviews
will provide insight regarding the reasons for the discrepancies
in the dropout rates between the groups.

There are several strengths to this exercise intervention that
involve, among others, monitoring and collaboration. First,
every exercise session was facilitated by a trained exercise
physiologist, who ensured that the prescribed exercise intensity
was attained by using heart rate monitoring and ratings of
perceived exertion. Moreover, changes in lifestyle factors,
including dietary intake (red blood cell and adipose tissue fatty
acid composition), sleep, physical activity, and sedentary
behavior (accelerometry) were objectively monitored every 4
weeks over the 12-week intervention. Finally, the collaborative
nature of the study ensures the incorporation of diverse skills
and expertise from both local (South African) and international
(Sweden and USA) collaborators. This allows for a systems
biology approach to understand the mechanismsunderlying the
highrisk for T2D in an African population. However, the sample
size is limited due to the costs associated with the extensive
testing and time and commitment requirements from the
participants. Nevertheless, the study is powered for the main
outcome measures, and partial least squares regression will be
used due to its capacity to deal with very small sample sizes
and many parameters [64]. Furthermore, the data from the
secondary outcomes may also be used as pilot data to inform
future studies.

In conclusion, we have described a research protocol for an
exerciseintervention to understand the mechanisms underlying
insulin sensitivity and secretion in obese black SA women. The
knowledge gained from this study will be used to inform future
interventions and treatments to combat insulin resistance and
T2D in this high-risk population.
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Abstract

Background: Both tobacco smoking and depression are major public health problems associated with high morbidity and
mortality. In addition, individual swith depression are almost twice aslikely to smoke and |ess likely to achieve smoking cessation.
In the Smoking Treatment for Ontario Patients program, an established smoking cessation program in Ontario, Canada, 38% of
smokers in primary care settings have current or past depression with 6-month quit rates that are significantly lower than those
without depression (33% versus 40%, P<.001). Integrating self-help mood management (eg, relaxation exercises and mood
monitoring) with smoking cessation treatment increases long-term quit rates by 12%-20%. However, integration in real-world
settings has not been reported. It is unclear which knowledge trandlation strategy would be more effective for motivating clinicians
to provide resources on mood management to eligible patients.

Objective: The objectives of this study are to investigate the following comparisons among depressed smokers enrolled in a
smoking cessation program: 1) the effectiveness of generalized, exclusively email-based prompts versus a personalized knowledge
broker in implementing mood management interventions; 2) the effectiveness of the two knowledge translation strategies on
smoking quit rates; and 3) the incremental costs of the two knowledge translation strategies on the implementation of mood
management interventions.

Methods: The study design is a cluster randomized controlled trial of Family Health Teams participating in the Smoking
Treatment for Ontario Patients program. Family Health Teams will be randomly allocated 1:1 to receive either generalized
messages (related to depression and smoking) exclusively viaemail (group A) or be assigned a knowledge broker who provides
personalized support through phone- and email-based check-ins (group B). The primary outcome, measured at the site level, is
the proportion of eligible baseline visits that result in the provision of the mood management intervention to eligible patients.

Results: Recruitment for the primary outcome of this study will be completed in 2018/2019. Results will be reported in
2019/2020.

Conclusions: This study will address the knowledge gap in the implementation strategies (ie, email-based prompts versus a
knowledge broker) of mood management interventions for smokers with depression in primary care settings.
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Trial Registration: ClinicalTrials.gov NCT03130998; https://clinicaltrial s.gov/ct2/show/NCT03130998 (Archived on WebCite

at www.webcitation.org/6ylyS6RTe)

(JMIR Res Protoc 2018;7(4):e111) doi:10.2196/resprot.9715

KEYWORDS
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Introduction

Background

Both tobacco smoking and depression are major public health
problems with high morbidity and mortality [1-4]. Individuals
with depression are amost twice as likely to be smokers [5-7],
have lower long-term smoking abstinence (oddsratio [OR] 0.81,
95% CI 0.67-0.97) [ 1], and experience greater addiction severity
and negative mood when quitting smoking [8-11].

Self-hel p mood management (eg, relaxation exercisesand mood
monitoring) integrated with smoking cessation treatment
increases long-term quit rates by 12%-20% [3,4,12-15].
However, it remains unclear what knowledge translation (KT)
strategy would be most effective in engaging practitioners to
implement amood management integrated care pathway (ICP)
into primary care settings [16-20]. Two strategies that are
commonly used in Canadato promote evidence-based practices
include email communications and knowledge brokers (KBs)
[17]. Emails provide targeted messages that connect relevant
research evidence to specific practitioners, while KBs work
one-on-one with practitioners to facilitate the implementation
of an evidence-informed intervention [21] Several studies have
shown that context wheretheintervention is being implemented
is essential to take into account, in deciding which KT strategy
to use [16,17]. Unfortunately, it is not known which of these
KT strategieswould be the most effective among Family Health
Teams (FHTS) in Ontario, Canada. In Ontario, FHTsare primary
health care organizations that include a team of family
physicians, nurse practitioners, registered nurses, social workers,
dietitians, and other professionalswho work together to provide
primary health care for their community [21].

Objective

This study aims to assess whether email updates versus a KB
(who will communicate with health care providers on an
as-needed basis) is more effective at enabling practitioners
within FHTsto provide their patients with mood management
resources when needed. In addition, it will explore which of
these KT strategies hasthe greatest effect on smoking abstinence
and depressive symptoms at time of follow-up. We will aso
examine the incremental cost effectiveness of the two KT
strategies, the proportion of eligible smokers who report using
the resources, smoking cessation outcomes compared to patients
without depressive symptoms, and practitioner improvement
in knowledge, attitudes, skills, and satisfaction in addressing
depressive symptoms in smokers.

In this paper, we describe the protocol for acluster randomized
trial. This design was chosen because the intervention cannot
be delivered to individual practitioners within a clinic without

http://www.researchprotocols.org/2018/4/e111/

substantial risk of contamination across study arms. The trial
will be operationalized through the Smoking Treatment for
Ontario Patients (STOP) program, an established smoking
cessation program in Ontario, Canada. The STOP program
offersup to 26 weeks of smoking cessation treatment, consisting
of nicotine replacement therapy and behavioral counseling, at
no cost to the patient.

Methods

Inclusion Criteria

Site Level

Family Health Teams (FHTSs) in Ontario, Canadaimplementing
an existing smoking cessation program (ie, the STOP program)
and using the STOP's online portal at the time of the study are
eligible to participate. All FHTs operational in the STOP
program as of November 2017 (n=153) will be eligible for
randomization, except for those that do not use the online
program portal at the time of patient enrollment (n=25). We
anticipate that 128 FHTs will be randomized into thetrial.

Patient Level

In order for aparticipant to beeligiblefor thetria, their baseline
enrollment survey must be administered by the health care
provider, in English, into the online portal in real time, so that
the clinical interaction can be supported by the STOP portal.
Therefore, those patients who are administered the baseline
survey on paper, or in French, will be excluded. Patients, at the
time of enrollment, must have depression (determined by a
Patient Health Questionnaire [PHQ-9] score>9) or report a past
diagnosis of depression.

Pre-lmplementation

To understand the needs of the FHTs and the importance of
treating depression in the smoking cessation program, we
developed a survey which measures organizational readiness
and the extent to which an organization is willing and able to
implement a specific intervention [22]. The survey consists of
12 questions addressing the six components of The National
Implementation Research Network’s Hexagon Tool (ie, need,
fit, resources, evidence, readiness, and capacity) [23], as well
as the three readiness components described by Scaccia et al
[24] (ie, motivation, general capacities, and specific capacities)
[24]. Based on answers to this survey, organizations were
grouped into two categories: most ready (n=44), and least ready
(n=40). Organizations that did not answer the questionnaire
(n=41) will be grouped together in a group labeled “unknown
readiness.” The detailed answersfrom this survey will be useful
for developing a KT strategy that will alow the project team
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to make informed decisions about their approach to change
management.

In order to increase practitioners’ competencies to deliver a
brief mood management, two interactive webinars will be
presented to communicate best practices for integrating
evidence-based mood interventions into smoking cessation
programming. The webinar audience will include the STOP
Community of Practice (n=300) consisting of implementers,
physicians, and executive directors, who interact through
bi-weekly teleconferences to communicate updates, clarify
procedures, address barriers or gaps in program delivery, and
share experiences with other practitioners.

Trial Design

Study clusters (ie, FHTs) will receive either generalized
messages (related to depression and smoking) exclusively
through email (group A) or be assigned a KB who will provide
personalized support through phone- and email-based check-ins
(group B).

Practitioners from group A will receive one email per month
for one year. The first email will provide an electronic copy of
arelevant Cochrane review [15], and a short description of the
new depression |CP that will beintegrated into the STOP portal.
Subsequent communications will be based on general needs
identified throughout the study. Practitionersfrom group B will
receive individualized support from a KB communicating
through interactive technology (ie, Skype) on an as-needed
basis. The KB will be certified in tobacco cessation counseling
and will have completed a specialty course on tobacco addiction
treatment for individuals with mental illness [25,26].

Clinicsare the unit of randomization. Two stratification factors
aredefined: (1) organizational readiness (described previously)
with three levels, and (2) clinic size with two levels, resulting
in six strata. Expected clinic size will be estimated based on
past STOP enrollment because the actual number of eligible
trial participants clinics will enroll is not directly observable a
priori. Within each readiness stratum, the two levels of clinic
size were set such that expected total enrollment in the two
levels would be balanced. Within each of the six combined
strata, clinics were randomly allocated in a 1:1 allocation ratio
to control (group A) or intervention (group B). Treatment
allocation (randomization) for each clinic was determined for
all operational clinics en masse. Any clinic that began
implementing the STOP program after the randomi zation cut-off
date (Nov 14, 2017) will not be eligible for participation in the
trial. The random assignment of treatment to clinic was
computer generated using the ralloc command of statistical
computer software Stata V.14.

Blinding

This pragmatic, cluster tria is designed to evaluate an
intervention to change practitioners’ behavior. Blinding of the
clinic through its practitioners will therefore not be possible as
the practitioner will be aware of the presence or absence of the
KB. Participating clinicswill not beinformed of their treatment

allocation until the trial begins. Data analysis will be blinded
to treatment allocation.
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Interventions

Patient Screening and Brief | ntervention

Across al sites, practitioners will receive the same depression
ICP integrated into the STOP portal. Currently, patients are
asked to self-report on past diagnosis of depression and screened
for current depression using the PHQ-9. The PHQ-9 is a
self-completed, 9-item instrument with each item aligning with
the Diagnostic and Statistical Manual of Mental Disorders
(version V) scriteriafor depression, and devel oped specifically
for use in primary care [27,28]. As part of the new ICP, the
STOP portal will identify patients screened as having current
or past depression, and prompt practitioners to provide a brief
intervention and refer an evidence-based package of resources
[29,30] (see Figure 1). Brief intervention messaging will be
designed using the Canadian Network for Mood and Anxiety
Treatments guidelines [31] and tailored to patients’ depression
levels based on their PHQ-9 score. Levels can range anywhere
from low risk of depression, which would warrant the usual
standard of care, to major depression with severe consequences
[31]. If patients' screening results indicate risk of moderate or
severe depression, practitioners will be prompted to consult
with ateam physician to determine next steps (eg, medication
adjustment or psychiatric referral). For patients who endorse
suicidal ideation, the ICP will guide practitionersto conduct an
additional assessment. Whenever an intervention is warranted,
practitioners will be encouraged to discuss other health risk
behaviors that influence patient mood, including alcohol use
and stress. Figure 1 presents avisual depiction of the study work
flow.

The evidence-based resource package, which practitioners will
be able to print or email it to patients, will include:

»  Relaxation and mindfulness exercises

«  Sdf-monitoring sheetsto record each cigarette smoked, the
activities they engaged in, and overall mood at the end of
each day for 2 weeks

+  Problem-solving attitudes and skills-building activities

Outcomes

The primary outcome will be the provision of the mood
management intervention to eligible patients upon completion
of the STOP smoking cessation program enrollment. This
dichotomous outcome will be measured as positive by aresponse
of “Patient accepted the resource” to the practitioner question
“Did the patient accept or decline the resource?’. In contrast,
the outcome will be measured as negative if given a response
of “Patient declined the resource” to the practitioner question
“Did the patient accept or decline the resource?’ or aresponse
of “no” to the practitioner directive “Provide this patient with
resources on mood management.”

The secondary outcome will be patient smoking abstinence at
the 6-month follow-up survey, as measured by a negative
response to the seven-day point prevalence question “Have you
had a cigarette, even a puff, in the last 7 days?’. Self-reporting
has been verified as avalid estimate of smoking status [32].
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Figure 1. Study workflow diagram.
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Thetertiary outcomewill be acost-effectivenessanalysis (CEA),
evaluating the delivery of each intervention from the health care
system, and societal perspectives. The CEA will include the
costs of devel oping, maintaining, and running each intervention
inaddition to costs associated with personnel, training, supplies,
and services. The incremental cost-effectiveness ratio (ICER)
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will bethe primary outcome of the CEA. An additional measure
of interest will be the 95% confidence interval for the ICER,
which will be estimated using nonparametric bootstrap
resampling techniques [33-36]. This method is commonly used
when undertaking economic evaluationsalongsideclinica trias
[37,38].
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Other outcomes measured in this study will include change in
PHQ-9 score between the baseline and 6-month follow-up
surveys, the proportion of eligible smokers who report using
the materials, smoking cessation outcomes compared to patients
without depression, and practitioner improvement in knowledge,
attitudes, skills, and satisfaction in addressing depression in
smokers.

Covariates

Patient characteristics known to affect quit outcomes include
age, gender, socioeconomic status, having a quit date, alcohol
and other substance use, other mental health diagnosis and the
Heaviness of Smoking Index [39]. Site and patient level
covariates will be treated as potential confounders in the
statistical analyses.

Sample Size

A sample size of 1224 patients per group (2446 total) was
estimated using a method that accounts for intracluster
correlation (ICC) within each FHT and uneven cluster sizes
[40]. Using past STOP enrollment asadata source, we estimated
an ICC of p=.032, cluster size variation coefficient of 1.24, an
average annua enrolment of 24 patients, the proportion of
control group patientswho are provided the mood management
intervention (pl) to be 0.08, and set apha=.05 and power=.80.
The minimum desired effect size was set at a risk
difference=0.06. Based on enrollment in 2016-2017, we estimate
the required sample size for the primary outcome will be
achieved in less than 12 months.

Statistical Analysis

All analyses will adopt an intention-to-treat principle in which
sitesand patientswill be analyzed inthetrial arm to which they
are randomized. Cluster specific methods will be used because
the practices, rather than patients, will be randomized, and
variance in how patients are managed, and in patient quit
outcomes, will be partly explained by the practice.

Primary and Secondary Outcomes

The association between the KT intervention and the primary
outcome (ie, delivery of mood management interventions) will
be analyzed using a generalized estimating equation (GEE)
fitted for logistic regression, using a population-averaged
method. Stratification variables will be included as covariates.
An exchangeabl e correlation matrix and robust standard errors
will be specified. All outcomes are recoded by the STOP portal
system and thus afull case analysiswill be used.

The association between KT intervention and the secondary
outcome (ie, smoking abstinence at 6-month follow-up) will be
analyzed using a GEE as described above. All patients are
invited to complete the 6-month follow-up survey, but not all
do, so missing outcome data are expected. Therefore, we will
conduct asingleimputation of the best-case scenario (all patients
not smoking) and asingleimputation of the worst-case scenario
(al patients smoking). If the analyses from the two case
scenariosimply different conclusions, multiple imputationswill
be performed accounting for the clustered structure of the data.
All study analyses will be performed in Stata 14 [41].
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Tertiary Outcomes

In order to conduct a cost-effectiveness analysis, we will
estimate an | CER for two outcomes: number of timesresources
are provided to patients (health provider side) and smoking quit
rates (patient side). The |CER will be calculated asthe difference
in discounted mean costs between intervention groups A and
B divided by the difference in the outcome, using the following
formula: ICER=(C—C.)/(E—E.), where C; isthe adjusted annual
costs of group B, C. isthe adjusted annual costs of group A, E;
isthe effectin group B, and E; isthe effect in group B. One-way
deterministic sensitivity analyseswill be performed to evaluate
the robustness of our results.

Ethical Approval and Trial Status

The study was reviewed by the Research Ethics Board at the
Centre for Addiction and Mental Health (approval number:
065-2016). The trail is registered with Clinical Trials.gov (ID:
NCT03130998). At the time of manuscript submission, the
readiness survey was administered, but recruitment was not
completed.

Results

Recruitment for the primary outcome of this study will be
completed in 2018/2019. Resultswill be reported in 2019/2020.

Discussion

Itiswell known that the process of integrating research evidence
into practice is slow and complex [42]. Even though there have
been many strategies evaluated to improve how health care
professionals carefor their patients, thereisstill no clear answer
asto which isthe most effective, and cost-effective, strategy to
use[16,17]. Two strategies that are commonly used to promote
practice changeinclude (1) tailored and targeted messages that
connect relevant research evidence to practice users [43]; and
(2) KBswho work one-on-one with decision makersto facilitate
evidence-informed decision-making [16].

This clinical trial will address the knowledge gap in the
implementation approach associated with the use of email-based
prompts versus a KB in mood management interventions for
smokers with depression in primary care settings. With at least
one life saved from a tobacco-related death for every two
smokers who quit [44], the potential patient-level impact will
extend well beyond the study duration. Assuming both
approaches are equally effective at achieving a modest
probability (10%) of practice change and knowing there should
be a 12%-20% improvement in the likelihood of quitting
smoking due to use of a mood management intervention, we
would expect 19 to 32 patientswith depression to quit smoking.
An additional benefit to patientswill be apotential improvement
intheir depression scores as aresult of the specialized care and
resources provided by clinicians as part of this study.

In addition, the Web-based portal used by STOP overcomesthe
issue of compatibility across various el ectronic medical records
in FHTs. Adding adepression intervention to this system could
lead to a system-wide implementation of integrated depression
care pathwaysat arelatively low cost, potentially reaching 2.25
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million Ontarians registered at these FHTs. Moreover, a
technology-based KB model will help reduce travel costs and
expand the reach of KBsin the future.

Finally, rapid and efficient implementation in other settings
participating in the STOP program, such as Community Health
Centres, addiction agencies, Public Health Units, and Nurse
Practitioner—Led Clinics, is possible at a relatively low cost.
We will also have high quality data on these populations for
planning and monitoring the effects of interventionsin primary
care settings.

Minian et d

treatment all ocation. During this study, ahealth care practitioner
might work in two different clinics, one assigned to group A,
and one to group B. In this case, there is the possibility of
contamination of knowledge, as the health care practitioner
might apply knowledge obtained from the KB advice received
while working in a group B clinic to patientsin their group A
clinic. This possible contamination could decrease thetria effect
and lead to a more conservative effect estimate. However, we
anticipate that thiswill be arare occurrence. In addition, there
isarisk that detecting change in the abstinence rates may be
underpowered when estimating the ICER for the economic

Some potential limitations should be acknowledged. As noted  evaluation.

earlier, health care practitioners will not be blinded to the
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Abstract

Background: Young men who have sex with men (YMSM) and transgender people in the Detroit Metro Area are the only risk
group for whom the incidence of HIV and sexually transmitted infections (STI) has increased since 2000, with HIV incidence
nearly doubling among youth. Substance use (including alcohol), which is relatively frequent among YMSM and transgender
people, creates barriersto the optimal delivery of HIV prevention and care services. Standard HIV counsdling, testing, and referral
(CTR) islimited in providing strategiesto identify and address substance use. Hence, inits current form, CTR may not be serving
the prevention needs of substance-using YMSM and transgender people. Brief counseling interventions, grounded in principles
of motivational interviewing, may offer amechanism to meet the HIV prevention and care needs of substance-using YMSM and
transgender people.

Objective: This prospective, 4-arm, factoria randomized controlled trial aims to examine the efficacy of an motivational
interviewing—based substance use brief intervention (SUBI) on participants’ substance use and engagement in HIV prevention.

Methods: The research implements a prospective randomized controlled trial (Project Swerve) of 600 YMSM and transgender
peopl e recruited both online and in person. Eligibility criteriainclude participantswho (1) are between the ages of 15 to 29 years,
(2) live in the Detroit Metro Area, (3) salf-identify as a man or transgender man or woman, (4) have had sexual contact with a
man in the 6 months before enrollment, (5) self-report binge drinking or any substance use in the 3 months before enrollment,
and (6) self-report an unknown or negative HIV status upon enrollment. Participants are randomized to receive, 3-months apart
starting at baseline, 2 individual sessions. Sessions are CTR-only, SUBI-only, CTR followed by SUBI, or SUBI followed by
CTR.

Results: Project Swerve was launched in April 2017 and enrollment is ongoing.

Conclusions: Incorporating a SUBI that utilizesthe principles of motivational interviewing into HIV CTR provides an opportunity
to tailor counseling services for YMSM and transgender people to address additional client barriersto HIV and ST testing.
Trial Registration: ClinicalTrials.gov NCT02945436; http://clinicaltrials.gov/ct2/show/NCT02945436 (Archived by WebCite
at http://www.webcitation.org/6yFyOK 57w)

(JMIR Res Protoc 2018;7(4):€114) doi:10.2196/resprot.9414
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Introduction

Background

Young men who have sex with men (YMSM) and transgender
people (TG; herein collectively referred to as YMSMTG) are
at heightened risk for HIV and other sexually transmitted
infections (ST1) [1,2]. The 3 mgjor cities in the Detroit Metro
Area(DMA)—Detroit, Flint, and Ann Arbor—are represented
in the top 5 Michigan counties with greatest increases of new
HIV, chlamydia, gonorrhea, and syphilis infections [1].
Consistent with the national epidemic, YMSMTG inthe DMA
are the only risk groups for whom HIV and STI incidence has
increased since 2000, with HIV incidence among YMSM
between the ages of 13 and 25 years nearly doubling [1,2].
YMSM accounted for 72% of new HIV infections and over
80% of new syphilisdiagnoses among people aged 13-24 years.
Over 75% of gonorrhea-HIV coinfectionswere among Y MSM
[1,3].

The Centers for Disease Control and Prevention (CDC) have
recommended that HIV and ST testing be repeated frequently
(3-6 month intervals) for high-risk YMSMTG (ie, having
multiple or anonymous partners with whom they have
condomless anal intercourse [CAI] and who report engagingin
illicit drug use) [2]. Recent recommendations from a CDC
working group on HIV testing for men who have sex with men
(MSM) suggest that clinicians can consider the benefits of
offering more frequent screening (eg, once every 3 or 6 months)
toindividual MSM at increased risk for acquiring HIV infection,
weighing their patients' individual risk factors, loca HIV
epidemiology, and local testing policies [2]. Consistent with
national trends, YMSM living inthe DMA report low adherence
to these testing guidelines; data are scant on whether TG inthis
context are adhering to testing guidelines. In 3 prior studies
conducted between 2011 and 2014 with YMSM in this
community [4-6], alarge proportion of YMSM (15%-36%) had
never tested for HIV. Among those who did test for HIV, over
65% reported that they had not tested in the past 12 months.
YMSM living with HIV also account for the largest drop-off
across the HIV/AIDS continuum of care in the DMA,
particularly if they are racial or ethnic minorities and live in
neighborhoods characterized by socioeconomic disadvantage

(1.

Changesin the use of acohal, tobacco, and other drugs (ATOD)
during adolescence and young adulthood are devel opmentally
noteworthy because they can have short- and long-term
consequences that affect one’s adult life trajectory including
HIV/STI acquisition [ 7], devel opment of substance use disorders
(SUDs), and disruptionsin school and job performance[8-14].
Alcohol and marijuana are the most common substances used
by youth. National Survey on Drug Use and Health [15] data
for the DMA demonstrated that 12.1% of 18- to 25-year-olds
needed, but did not receive, treatment for alcohol use and 6.8%
of 18- to 25-year-olds needed, but did not receive, treatment for
drug use. Given the known synergy between AOD use and HIV
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risk among YMSMTG [16-21], there is aneed to develop HIV
prevention interventions that also recognize and tackle issues
of substance use [22].

AIDS Service Organizations (ASOs) often serve and are
sensitive to the HIV-related needs of underserved YMSMTG.
Delivery of HIV services through ASOs has been an efficient
rollout mechanism because they reach and affect large numbers
of people efficiently; create and establish grassroots policies
and procedures that maximize the adoption and diffusion of
i nterventions while considering the community’s social context;
increase program sustainability and advocacy; and incorporate
the needs of specific communities into tailored services. At
present, however, HIV test counselors situated in ASOs are not
trained to comprehensively and systematically screen for and
address ATOD use in counseling, testing, and referral (CTR)
sessions—the routine procedure used to test for HIV.
Preliminary data from our community partners indicate that
lack of AOD screening and counseling within CTR isamissed
opportunity. The authors of this study [23] and others[7,24,25]
have aso documented that HIV-positive persons with
problematic patterns of alcohol and stimulant use experience
difficultieswith HIV disease management and display elevated
HIV viral load, demonstrating a need for reducing substance
use early to avoid complicating disease management.

Consistent with the National HIV/AIDS Strategy’s call [26] to
reduce new HIV infections by intensifying prevention efforts
in highly impacted communities and increasing rates of routine
HIV testing, this protocol outlines an intervention that targets
high-risk YMSMTG by including a substance use brief
intervention (SUBI) as part of CTR. Theintervention buildson
prior SUBI research [27-34] and aso meets the
recommendations of the CDC working group on HIV testing
among MSM that recommended more frequent testing among
high-risk groups: substance using YMSMTG are clearly at an
elevated risk of HIV acquisition and currently underutilize HIV
prevention services. Using a consensus approach to
conceptualize health behavior change, the model guiding our
intervention [35-38] synthesizes social cognitive theories[39],
along with the trans-theoretical model of change [40,41] and
self-determination theory [42,43]. These theories emphasize
social cognitive factors that impact behavior change and have
informed ATOD and HIV interventions[12,44-46]. Motivationa
interviewing (MI) [36], the primary approach used to deliver
SUBI, is consistent with these theories [47], focusing on
resolving ambivalence about problem behaviors, increasing
self-efficacy for change, and enhancing motivation moving
toward action [48]. This protocol describes the methods for the
testing of the intervention bel ow.

Objective

The prospective, 4-arm factorial randomized controlled trial
(RCT) aims to examine the efficacy of Project Swerve, an
MIl-based SUBI (intervention) compared with the current
standard of care CTR (control) on participants’ substance use
and engagement in HIV prevention.

JMIR Res Protoc 2018 | vol. 7 | iss. 4 |e114 | p.101
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Methods

Trial Registration, Ethics, Consent, and Institutional
Board Approval

The research and ethics presented in this study has been
reviewed and approved by the University of Michigan
Intitutional Review Board (HUM00105125), in addition to the
Data Safety Monitoring Board. The study is aso registered on
Clinical Trials.gov (NCT02945436).

Trial Design

The research activities involve a 4-arm factorial RCT of
approximately 600 AOD-using YMSMTG aged 15-29 yearsin
the DMA. We will follow participants for 18 months, with
follow-up assessments collected every 3 months.

The intervention comprises 2 visits separated by 3 months.
Participants are randomized to receive either CTR (control) or
a SUBI-adapted version of CTR (referred to as SUBI;
intervention) in each visit. To examine how the sequencing and
dosing of interventions impacts efficacy, we randomize at
baseline into a factorial RCT. The control arm will receive
CTR-only at both study visits 1 and 2. Experimental arm 1
(CTR+SUBI) will receive CTR at visit 1 and SUBI at visit 2.
Experimental arm 2 (SUBI+CTR) will receive SUBI at visit 1
and CTR at visit 2. Experimental arm 3 (SUBI+SUBI) will
receive the intervention condition at visits 1 and 2. Individuals
who test HIV-positive at study visits 1 or 2 will receive case
management and linkage to care, as offered routinely by each
ASO where study activities take place.

This 4-arm factorial randomized design will help answer 3
important questions: (1) what is the impact of adapting current
CTR toinclude SUBI on HIV engagement in care and sexual-
and substance-related risk-taking behaviors among high-risk
YMSMTG,; (2) what combination of services (CTR-only,
CTR+SUBI, SUBI+CTR, SUBI+SUBI) hasthe greatest impact
on engagement in HIV prevention (where engagement in care
is defined as routine HIV testing for seronegative YMSMTG
and linkage and retention in care for seropositive YMSMTG);
and (3) if effective, what are the costs of delivering SUBI
compared with those of delivering CTR?

Participants

Eligible participants are: (1) between 15 and 29 years old, (2)
identify as a cisgender man or as transgender man or woman,
(3) have had sexual contact with aman (oral or anal) in the last
6 months, (4) live in the DMA, (5) have unknown or negative
HIV status, (6) and report binge drinking or using any illicit
substance or nonmedical use of prescription drugs in the prior
3 months. The ATOD €ligibility criteriaare measured using the
Alcohol, Smoking and Substance Involvement Screening Test
(ASSIST) [49] to assess frequency of AOD use in the prior 3
months.

Recruitment

Participants are recruited using Web-based advertisements on
social media websites (eg, Facebook, Grindr), which will be
tailoredtotarget YMSMTG inthe DMA. Recruitment will also
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occur in person at local venues and community outreach events
in the region.

Screening

Eligible participants will be invited for their baseline visit at
the ASO closest to them: offices are available in Ann Arbor,
Y psilanti, Detroit, and Flint, allowing access by participants
from acrossthe DMA. Participantswho present for participation
in the trial will have aready set up a study account online and
completed an online baseline survey with informed consent
given online. When they arrive for their first visit, they will be
reconsented verbally and offered a physical copy of the consent
form. A study counselor will be available to answer any
guestions that the participants may have about the study before
they decide to participate. Participants who do not consent to
participate in the trial will be offered free HIV testing and
counseling. Resources will be readily available for providing
tools to avoid ATOD-related risks (eg, reducing ATOD use or
consequences), and referral sto community resources as needed
(eg, psychosocia services, leisure activities not involving
substance use).

Randomization

Participants will be randomly assigned to 1 of the 4 conditions
usingal:1:1:1 treatment all ocation. The treatment assignments
will be generated with the use of a pseudo-random-number
generator with permutated blocks that will be used to ensure
balance between the numbers of YMSMTG assigned to each
treatment. Assignmentsto the control or intervention arms will
use conceal ment of all ocation techniques designed to minimize
assignment biasincluding generating, in advance, the sequence
of assignment in sealed envel opes, which will be opened by the
counselor at the time of randomization. When YMSM are
randomized to receive CTR-only at a visit, they will receive
standard CTR (30 min). Y MSM randomized to SUBI at astudy
visit will receive the CTR that has been adapted to include the
SUBI. On average, both conditions will last approximately 30
min.

I ncentives

Participants will receive US $25 at each ASO visit and US $30
for each follow-up, making the total potential incentives (if all
assessment visits are completed) US $200 per participant.

I ntervention

Study interventionists will be trained to deliver SUBI and will
offer YMSMTG the opportunity to explore and strengthen
motivations for changing their ATOD use during session.
Interventionistsaretrained in CTR and typically haveaMaster’s
degree in Public Health, Social Work, or a heath-related
discipline. The SUBI intervention consists of 2 components.
Similar in style to other MI-based brief interventions for
substance use and related risk behaviors [50-54], Component
1 focuses on employing MI to explore substance use (illicit
drugs, misuse of prescription drugs, alcohol) and co-occurring
sexual risk-taking with cultural and developmental tailoring for
YMSMTG. There are 7 steps to Component 1 (see Table 1).
To maintain the M1 spirit, participants are asked for permission
to begin the session and also when transitioning through
different steps of each component.
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Table 1. Stepstaken during Component 1 of the Swerve intervention compared with standard counseling, testing, and referral (CTR) steps.

Steps Swerve intervention (SUBI?) Component 1: Alcohol, drugs, andsex ~ CTR: HIV prevention counseling

1 Rapport-building, exploring participants strengthsand near-termgoals  Introduce and orient the participant/client to the session and
conduct of HIV test

2 Review of acohol and substance use and conduct of HIV test Identify risk behaviors and circumstances

3 Psychoeducation about a cohol/drugs and HIV risk Identify safer goa behavior

4 Explore benefits to reducing substance use/harm reduction Identify action steps

5 Build commitment to change Provide referrals and support

6 Summary of Steps 1-6 Summarize and close

7 Explore possible reactions to HIV test results —

83UBI: substance use brief intervention.

In Step 1, counselors focus on MI-based engagement strategies
to explore areas of strength and aspirations that the participant
holds. Affirming these areas allows counsel ors to build rapport
with participants and begin to uncover potential sources of
motivation to change risky behaviors.

Step 2 invokes the MI process of focusing by reviewing
participants' recent substance use. Counselors explore
participants'  frequency of current substance use, their
motivations for use, and elicit any conseguences to using
substances. Possible links between substance use and risky
sexual behaviors are examined by querying the potential role
of substance use in having sex or hooking up and use of
condoms. Counselorsaretrained to listen for, elaborate on, and
evoke changetalk asit beginsto occur in Step 2 and throughout
the remainder of the session. In Step 2, the counselor conducts
therapid HIV test.

In Step 3, counsel ors provide basi ¢ psychoeducation about how
substance use and/or risky sex canimpact risk for HIV infection,
tailored to the participant’s own high-risk behaviors.

Step 4 seeksto dicit from participants any potential benefitsto
changing their substance use (eg, reducing use, ceasing use, or
employing harm reduction), with a specific emphasis on how
changing use can impact the risk for HIV transmission.

In Step 5, counselors reflect on participants’ perceived benefits
and assess the importance of and readiness to change using the
visual of aruler in order to elicit their current stage of change.
If participants are interested in changing, the counselor uses
evocative questions to elicit a potential first step; for those not
interested in making changes currently, the counselor elicits
participants’ views on what might prompt them to consider a
change in the future.

In Step 6, the counselor provides a strategic summary of what
was discussed during Component 1. Here, counselors are
beginning to transition into disclosing the HIV resultsfrom the
test that was conducted in Step 2 and it is important for
participants to think about what was discussed in each step as
awhole.

Finaly, in Step 7, counselors dlicit and reflect how participants
would react to a positive (reactive) or negative (nonreactive)
result before disclosing the HIV results.

http://www.researchprotocols.org/2018/4/e114/

Component 2 varies based on the HIV test results (see Table
2), with the focus acrossintervention armsincluding either risk
reduction counseling for HIV-negative participants or linkage
and retention to HIV care among newly HIV-diagnosed
individuals. Throughout Component 2, counselors remain
grounded in the MI spirit and use MI skills to engage the
participant in a collaborative conversation.

If participants' results are nonreactive, repeat HIV testing and
pre-exposure prophylaxis (PrEP) are the focal points of Steps
8through 12. In Step 8, counselorsdlicit and reflect participants
responses to receiving a nonreactive result.

Step 9 exploresthe benefits of repeat testing. Counsel orsdiscuss
the window period, recommendation for testing every 3-6
months, and how participants feel about repeat testing,
particularly eliciting concernsregarding thewindow period. As
with changetalk regarding substance use, counselors aretrained
to reflect selectively and affirm statements favoring repest
testing.

PrEP referrals are discussed in Step 10. Participants are asked
what they know about PrEP, and counselors provide additional
information and/or referralsto PrEP providers.

In Step 11, counselors tie the goals and strengths from
Component 1 into encouraging repeat testing and PrEP
evaluation. Possible barriers to repeat testing and PrEP
evaluation are discussed along with strategiesto overcome these
barriers.

Step 12 summarizes what was talked about during Component
2 while affirming the strengths and goals from Component 1.
Here, counselorselicit goalswith regard to repeat testing and/or
PrEP uptake and €licit steps to achieve these goals that are
achievable, clear, and have adistinguishable end point. Barriers
to achieving the goa are elicited and problem-solved, and
strengths are affirmed as ameans of supporting follow-through
with the goal s established. Counsel orsthen thank the participants
for their time and end the session. Alternatively, if participants
HIV test results are preliminary reactive, linkage to HIV care
is encouraged in Steps 8 through 11. Step 8 focuses on
participants’ reactions to the test result. Counselors allow the
participants to process their emotions and use empathic
reflections in response and offering statements of hope.
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Steps Swerve intervention (SUBI®) CTRS HIV test counseling and Swerve intervention (SUBI) CTR: HIV t_e; counsgling and
Component 2a Repeat HIV test-  Paltner services (nonreactive re- - Component 2b: Linkage to HIv ~ Partner services (reactiverestits)
. . It i
ing and PrEP? (nonreactive re- sults) care (reactive restits)
sults)

8 Response to testing nonreactive  Meaning of test results Responsetotesting HIV positive  Meaning of test results
result

9 Focus on repeat HIV testing Cost and benefit analysisof test- Focus on linkage to HIV care Cost and benefit analysis of test-

ing ing

10 PreP referral Interpretation of HIV test results  Links to Component 1 (goals, Interpretation of HIV test results

strengths, and substance useasa
barrier)

11 Links to Component 1 (goals, Reinforce plan for reducing risk  Summary and plan for action Renegotiate risk reduction plan

strengths, and substanceuseasa based on test results
barrier)

12 Summary and plan for action — — Discuss disclosure, partner ser-
vices, appropriate referrals for
medical evaluations, and early
intervention services

13 — — — Collect specimen for confirmato-

ry testi ngd

83UBI: substance use brief intervention.
bprEP: pre-exposure prophylaxis.
CCTR: counseling, testing, and referral.

dEach ASO has specific procedure for confirmatory testing. Detroit-Blood draw for confirmatory testing: results in 3 days. Y psilanti-Rapid test for
confirmatory testing: resultsin 1 min. Flint-Rapid test for confirmatory testing: resultsin 20 min.

With permission, counselors begin to discuss the importance
of linkageto HIV carein Step 9. Counsel ors explain how people
with HIV can live healthy lives provided that they attend
medical appointments and take medicationswhile also exploring
the participant’s perceived benefits of seeing a HIV medical
provider.

Step 10 links the strengths and goals from Component 1 as a
tool to continue to encourage linkage to care. Possible barriers
to linkageto care are explored, with an emphasis on the potential
impact of substance use.

Step 11 reflects on the participants’ goals for next steps toward
linkage to care with an emphasis on eliciting goal-setting with
goals that are achievable, clear, and have a defined end point.
Counselors provide support to participants by affirming their
strengths to meet these goal's. Counsel orsthank the participants
for their time and end the session.

Substance Use Brief I ntervention at Study Visit 2

For those who received a nonreactive HIV test result at visit 1
and who are randomized to receive SUBI at study visit 2, the
same intervention components and steps are delivered, as
described above. For those who received a reactive test result
at visit 1, the SUBI session focuses employing M1 skills to
address adherence with HIV care and the role of substance use.

Sample Size and Power

The primary outcome for the proposed tria is successful
engagement in care. For those who test seronegative at baseline,
we define engagement in care as participation in routine HIV
testing. For those who test seropositive at baseline, we define
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engagement in HIV care as linkage and retention in HIV care
(per the Institute of Medicine guidelines of linkage within 30
daysof diagnosisand at least 2 physician visitswithaCD4 and
viral load test in 12 months) and achievement of vira
suppression. We define power as correctly identifying the
difference in the proportions of YMSM with serospecific
engagement in HIV care within 15 months of each active
treatment condition (3 ams. SUBI-CTR, SUBI-SUBI,
CTR-SUBI) to the control arm (CTR-CTR), thus powering for
3 independent hypothesis tests. Our sample size calculations
are based on a 2-sample test of proportions using a 2-sided
significance level of P<.05 atered by the number of
comparisons using a Bonferroni adjustment (significance level
is P=.02 for 3 comparisons). To have 80% power to compare
each active treatment to the control group in a4-arm trial, we
require at least 500 participantsto find a 20% difference between
each treatment and control and 228 participants to find a 30%
difference. To alow for 20% loss to follow-up (our previous
trials have each achieved retention rates of >90%), we estimate
asample of 600 YMSMTG to be enrolled.

Participants may continue the study evenif they missfollow-ups
or visits intermittently over the data collection period. We will
compare those who completed different follow-up interviews
with those who did not on key predictors from the baseline
assessment to check for possible sampling bias due to missing
data. Missing data will be minimized by the computer-based
entry for all measures. The use of Expectation-Maximization
algorithm and multiple imputation approach in longitudinal
analyses will help overcome missing data concerns when

appropriate.
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Outcomes

The trial focuses on 3 sets of outcomes. engagement in HIV
prevention and care services; AOD use; and sexual risk. The
trial will also measure satisfaction with the intervention.

Engagement in HIV Prevention and Care Services

Wewill ask YMSMTG having unknown or negative HIV status
toindicate the date of any recent HIV and ST tests. At baseline,
wewill ask participantsto noteif they have ever been medically
diagnosed as having one or more ST1s. Among those diagnosed,
wewill ask if the STI diagnosis occurred in the prior 12 months.
In follow-up surveys, we will ask participants to report if they
tested for STIs in the prior 3 months and whether any of their
tests were reactive.

At each follow-up session (visits 3-7), we will measure the
primary outcome of repeat HIV testing. For anyone who tested
in each intersurvey period, we will assess the test result and
motivations for testing (exposure-related vs regular health
checking). For seropositives, the survey will assesstheincidence
of HIV-related physician visits, including whether CD4 counts
and viral load tests were conducted and prescriptions for
antiretroviral therapy (ART) were given. We will also ask
participants to self-report their adherence to ART using an
abbreviated 6-item questionnaire based on the AIDS Clinical
Trial Group assessment. Participants are asked to note, using a
scale ranging from “never” to “often,” if they missed their HIV
medication over the past month for one of the listed reasons.
Seropositives will also provide a blood sample for aviral load
test. Viral load testing will be done every 6 months. We
prioritize viral load tests over a biomarker of adherence, given
that adherence is the primary pathway to viral suppression.

Biomarkersfor HIV Prevention and Care

In addition to self-reported behavioral measures, the study will
also collect biomarkers to test for HIV and STls. At the
intervention visits, HIV testing will be performed as part of
CTR. STI screening: For syphilis screening, participants will
undergo a blood draw for subsequent unheated serum regain
test and, for chlamydia and gonorrhea screening, participants
will provide a urine sample and pharyngeal, rectal, and/or
vaginal swab cultures. Hepatitis C will be assessed using the
OraQuick rapid test. Although we expect prevalence of hepatitis
C to be low in an AOD population that has low levels of
injection drug use (and thus hepatitis C will not be a secondary
outcome), we will include hepatitis C testing to assess
prevalencein this population. Those who are asymptomatic and
test positive will be referred by study staff to local health care
providers for further evaluation and treatment. All other STI
tests will be processed by the Michigan Department of Health
and Human Services. Asrequired by state law, all new positive
STI results will be reported to the State Health Department for
the purposes of disease surveillance. The requirement for
reporting of confidential test results to the health department
will be explained in the informed consent. Condoms and
water-based lubricant will be provided to all participants. We
will screen for STls at the final study assessment.
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Alcohol and Other Drugs Use, Misuse, and
Consegquences

We use the ASSIST [49] to assess frequency of AOD usein
prior 3 months, a validated measure to screen for the presence
of possible acohol and other substance use disorders. For each
substance, the ASSIST assesses frequency of use, cravings,
impact of use on key life domains, expressed concern from
others, and failed quit attempts to derive a Specific Substance
Involvement Score. If respondents indicate al cohol use, we ask
the respondent’s frequency with which they had had 5 or more
drinks in a row during the last 2 weeks (binge drinking), and
how often the respondent drinks to get drunk. We also assess
respondents’ use of alcohol and/or illicit drugs during or before
condomless sex. We use the Alcohol Use Disorders
| dentification Test [55], a 10-item screening questionnaire with
3 questions on the amount and frequency of drinking, 3
guestions on a cohol dependence, and 4 on problems caused by
alcohol.

Biomarkersfor Use of Alcohol and Other Drugs

In addition to self-reported behavioral measures of drug and
alcohol use, the study will also collect biomarkers of drug and
alcohol use. Participants will provide urine samplesfor on-site
toxicology screening using an EZ split key test kit (Redwood
Toxicology Laboratory, Inc.). Inour prior clinical research with
methamphetamine-using MSM, urine samples were obtained
for toxicology testing in 98% of study visits. The on-site urine
screening kits are designed to test for recent amphetamine,
barbiturates, benzodiazepines, buprenorphine, cocaine,
marijuana, methadone, methamphetamine, oxycodone,
propoxyphene, morphine, and ecstasy. Urine toxicology
screening will be used to provide information regarding recent
substance use and will be conducted each study visit. Alcohol
screening will be used where ethyl glucuronide (EtG) a direct
metabolite of ethanol indicates that ethanol has been ingested
within the last 3-4 days (80 hours). EtG will be analyzed using
the 1-step EtG test dip card. Urine will be collected in a urine
specimen cup and thetip of the EtG dip card will be submerged
into the urine samplefor 15 seconds. EtG will allow usto adjust
for under-reporting of recent unhealthy drinking on participants
surveys and will also be screened at each study visit.

Sexual Behaviors

Sexual behaviors will be assessed using a modified version of
the Sexua Practices Assessment Schedule (SPAS) used in
previous studieswith YMSMTG [56] to explore different sexual
acts (oral, vaginal, and anal) with different partner types. SPAS
estimates the number of sexual partners and occasions across
partner types, as well as the proportion of instances when
condoms were not used. We also assess how frequently they
report using drugs or alcohol immediately before or during sex.
SPAS dso ascertains YMSMTG's HIV status disclosure
practices with each partner.

I ntervention Acceptability and Satisfaction

YMSMTG will report data on the acceptability of the
intervention after completing each intervention session. We will
use 2 different assessments: (1) Self-Evaluation Forms (SEF)
and (2) Client Satisfaction Questionnaires (CSQ-8). The SEF
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is a brief 12-item questionnaire that elicits information about
the experience with the intervention (ie, was the intervention
interesting, wasit relevant to their life, and did they learn from
the intervention). The CSQ-8 will be used at the completion of
the intervention to assess satisfaction with the intervention. The
CSQ-8 has demonstrated high internal consistency across a
large number of studies [57]. The SEF and CSQ will take
approximately 10 min to complete and will be completed at the
ASO on atablet immediately after intervention delivery at visits
land2.

Statistical Analysis

Descriptive statistics of the clinica and demographic
characteristics of the participants will described for al and by
treatment group. These will be compared between treatment
groups using t tests or Wilcoxon rank sum tests for continuous
variables and chi-square testsfor categorical variables. We will
conduct primary analyses of our pooled successful engagement
measure using logistic regression analyses to compare each
active treatment group with the control in pairwise comparison
tests at an adjusted significance level of .017 to reduce Type-|
errors in our 4-arm trial. We will then conduct exploratory
logistic regression analyses by sero-status. For seronegative
YMSMTG, the proportion of participants who obtain at least 2
testsat |east 3 months apart within 15 monthswill be cal culated
and presented with corresponding 95% exact binomial Cls.
Among seropositive YMSMTG, we will examine how
intervention conditions influence HIV linkage and retention in
care per IOM guidelines. We will also examine for all
participants the pursuit of substance use treatment services (if
necessary). Hence, for seronegative participants, the outcome
will be repeat HIV testing at regular intervals, and for
seropositive participants, the outcome will be linkage and
retention in care. We will not consider viral suppression in the
regression analysis due to the short time period available to
achieve suppression. However, we will present descriptive
statistics on viral load and suppression across the 4 treatment
arms. The regression will be run with group assignment in the
model while controlling for patient, structural, and agency
characteristics. Interactions between group assignment and these
characteristicswill be tested to explore potential moderators of
treatment effect. We will repeat these analyses for STI/ATOD
biomarkers conducted during the trial. Additional analyses
include comparing groups in (1) the average number of tests
obtai ned using Poisson regression and (2) timeto getting tested
using repeated events survival analysis.

We will test for intervention effects over time on sexual risk
(eg, CAl events) and drug use (eg, reduction in ATOD use and
ATOD-related consequences) outcomes. Wewill usethe general
framework of generalized linear mixed models[58-60] to model
the longitudinal outcome trajectories [61-63]. Note that some
of our outcomes are measured as binary, some as count, and
some as continuous measures and thus need to be treated
differently. Assuming a linear time trend, visit can be coded
from 0 to 7, or it can be simply coded as a categorical variable
representing the distinct effect of each visit compared with the
baseline. The interaction coefficients are of interest here,
measuring the difference in the rate of change in outcomes
across the 4 treatment groups. The subject-specific random

http://www.researchprotocols.org/2018/4/e114/

Stephenson et al

intercepts By are assumed to be normally distributed with a
common variance and they account for within-person
correlation. We will also explore if we need a subject-specific
random slope corresponding to visit in the above model.
Maximum likelihood estimation will be used for fixed effect
parameters. To ensure robustness, we will also apply an
exchangeable working correlation structureto its corresponding
generalized estimating equation model [64].

Intervention Fidelity and Supervision

The study team balanced the clinical and ecological validity of
the design and procedures of project Swerve astheintervention
was developed for YMSM TG inthe DMA. First, we recognize
that the CTR and SUBI treatments may have different amounts
of contact time with participants. Although it is possible that
contact time may influenceintervention effectsacross CTR and
SUBI conditions, the control sessions may actually last longer
than often expected during CTR, given the high-risk
characteristics of our study participants. In our analyses, we
will also examine whether length of sessions differ statistically
across treatment arms and include time spent in each session
as a covariate due to its potential confounder. Second, we
recognize that there may be variability in how counselors deliver
CTR and SUBI sessions, which could confound our ability to
measuretheintervention’s strength. We have put in place severa
procedures to minimize potential biases including training
counselorsusing 2-day training with boosters and ongoing group
and individual supervision, allowing counselors at each
site—who are not trained in the intervention—to deliver CTR,
and monitoring and addressing treatment fidelity for both
conditions throughout the trial using the Motivational
Interviewing Treatment I ntegrity-4 rating system [65].

Examine Cost-Effectiveness and Sustainability

The study team will collect information on: (1) time spent by
study staff for training, supervision, and technical assistance of
counselors; (2) time participants spent in a counseling session;
and (3) costs associated with test counselor delivery of the
intervention. Capital equipment cost (eg, computer) and facility
cost (eg, rent, telephone) at the study sites that are attributable
to our intervention will be obtained from each site’saccounting
records. Capital equipment cost will bedistributed over a4-year
period with a 3% discount rate. Cost items that are not directly
divisible between participants will be spread across relevant
individuals (eg, spreading capital equipment and facility cost
acrossall participantstested at each agency). A flat rate covering
the cost of CTR materials for each intervention group will be
estimated. No costs associated with research data collection
will be included. These components of cost will be summed
over the 15-month study period for each participant to generate
an estimated per person cost. Effectiveness will be measured
by examining rel evant substance use and HIV-rel ated outcomes
reported by each YMSMTG over the 15-month period.
Incremental cost effectiveness ratio (ICER) across treatment
armswill be defined as AC/AE, where AC denotesthe estimated
difference in mean cost per intervention and AE reflects the
estimated difference in mean effectiveness between the
intervention and control group. |CER indicates the additional
costs associated with the intervention for each new HIV
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infection avoided. Nonparametric bootstrap resampling will be
used to estimate the 95% CI of ICER [63]. Primary analysis
will be performed on participants with complete data. Sensitivity
analysis will be conducted by including all participants with
multiple imputation for those with missing data.

Results

Project Swerve launched in April 2017 and is currently
recruiting YMSMTG into thetrial. Current recruitment strategies
combine online and in-person (venue-based sampling)
approaches. As of February 22, 2018, 5183 people began the
screener survey, of which 3178 (61.32%) completed it. In total,
594 (18.70%), people successfully screened were eligible to
participate in the study, of which 378 (63.6%) provided consent
and 223 of these (58.9%) enrolled into the study. Of these, 160
(71.7%) have completed the baseline survey and 18 dropped
from the study; the remaining 142 participants have been
randomized into study arms as follows: 36 SUBI-SUBI; 36
SUBI-CTR; 34 CTR-SUBI; and 36 CTR-CTR.

Discussion

SUBI is a promising approach to address AOD use as part of
HIV prevention and care services for YMSMTG. Efficacious
SUBI approaches are typically delivered on-site to clients and
have the advantage of being reimbursable[66] and cost-effective
[67]. For nontreatment-seeking samples, SUBI has strong
support in the alcohoal literature [68-74], and some promising
effects have been observed with respect to other substances,
including heroin, cocaine, amphetamine, and marijuana use
[68-73,75]. Few SUBI trials have considered whether the dosage
or sequence of SUBI may result in differential risk-reduction
outcomes, particularly among youth. In a 2012 meta-analysis,
Eaton and colleagues [74] showed that one-time, brief
interventions were a suitable and efficacious strategy for HIV
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and STI prevention. Pooling together 29 intervention trials
(n=52,465), the authors found that single-session interventions
(1) were associated with areduction in ST incidence and risk
behaviors when compared with standard-of-care; (2) were as
effective asmultisession interventions; (3) and were particularly
effective in trials involving racial and ethnic minorities. In a
recent study among drug-using adultsin the DMA, Bonar and
colleagues [50] found that a brief MI-focused intervention
targeting drug use resulted in postintervention changes in
psychological precursors of drug use behavior change (eg,
confidence and intentions to reduce drug use), reduced drug
use, and increased intentions to use condoms with sexual
partners.

At present, few RCTs have examined the efficacy of brief
interventions targeting ATOD use as a strategy to reduce
sexual-risk taking behavior or to increase engagement in HIV
care and prevention among high-risk Y MSM TG who, compared
with heterosexual adults or older MSM, may not have yet
developed sustained drug use and abuse patterns. Furthermore,
distinct developmental considerations including the use of
ATOD before the legal age for use, the high prevalence and
visibility of ATOD within YMSMTG's social networks, and
the influence of these social networks normson YMSMTG's
behavior may require particular attention when developing a
SUBI for YMSMTG [76-80]. In addition to targeting an often
overlooked barrier to successful engagement in HIV prevention
and care, our intervention may offer structural opportunitiesto
offset the decreases in HIV prevention funds across ASOs in
theregion. Inlight of shrinking HIV prevention and care funds,
the Swerve program could increase ASO revenue by billing for
substance use screening and referrals. Consequently, if
efficacious, our theoretically-guided intervention may provide
HIV and substance use risk reduction strategies that recognize
the developmental needs specific to YMSMTG.
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Abstract

Background: Rheumatoid arthritis flares have a profound effect on patients, causing pain and disability. However, flares often
occur between regularly scheduled health care provider visits and are, therefore, difficult to monitor and manage. We sought to
develop a mobile phone app combined with a population management system to help track RA flares between visits.

Objective: The objective of this study is to implement the mobile app plus the population management system to monitor
rheumatoid arthritis disease activity between scheduled health care provider visits over aperiod of 6 months.

Methods: Thisis a randomized controlled trial that lasts for 6 months for each participant. We aim to recruit 190 patients,
randomized 50:50 to the intervention group versus the control group. Theintervention group will be assigned the mobile app and
be prompted to answer daily questionnaires sent to their mobile devices. Both groups will be assigned a population manager,
who will communicate with the participants viatelephone at 6 weeks and 18 weeks. The popul ation manager will also communicate
with the participants in the intervention group if their responses indicate a sustained increase in rheumatoid arthritis disease
activity. To assess patient satisfaction, the primary outcomes will be scores on the Treatment Satisfaction Questionnaire for
Medication aswell asthe Perceived Efficacy in Patient-Physician Interactions questionnaire at 6 months. To determine the effect
of the mobile app on rheumatoid arthritis disease activity, the primary outcome will be the Clinical Disease Activity Index at 6
months.

Results. Thetrial started in November 2016, and an estimated 2.5 years will be necessary to complete the study. Study results
are expected to be published by the end of 2019.

Conclusions: The completion of this study will provide important data regarding the following: (1) the assessment of validated
outcome measures to assess rheumatoid arthritis disease activity with a mobile app between routinely scheduled health care
provider visits, (2) patient engagement in monitoring their condition, and (3) communication between patients and health care
providers through the population management system.

Trial Registration: Clinica Trials.gov NCT02822521, http://clinicaltrials.gov/ct2/show/NCT02822521 (Archived by WebCite at
http://www.webcitati on.org/6xed3kGPd)
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Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease
that causes dtiffness, swelling, and pain, resulting from
inflammation in the joints [1]. Individuals with RA may
experience occasional increases in inflammation that are
associated with worsening symptoms called flares[2]. In focus
groups, RA patients characterized flares as unpredictable, intense
episodes that render them feeling helpless[3].

Itisimportant for health care providers (HCPs) to monitor flares
because frequent, long-lasting increases in inflammation can
result in a permanent damage to joints and negatively impact
quality of life [4,5]. The assessment of flares, however, is
complicated. Flares are often unreported or inaccurately reported
asRA patientsmay no longer recall flaresthat occurred between
HCP visits. A study reported that 65% of RA patients who
experienced flares were no longer facing issues by the time of
their routineclinic visit [2]. In addition, patientsand their HCPs
frequently differ inwhat they call aflare. A qualitativeresearch
study, involving semistructured interviews and a Delphi
exercise, revealed that, of the 10 domainsidentified asimportant
by patients in the assessment of flare, only 4 overlapped with
the domains considered important by their HCPs [6]. Although
several research groups are working on the development of
validated RA flare criteria, additional work is needed to develop
appropriate scoring criteriaand thresholds for flare severity and
change [7,8].

To help HCPs and their patients better manage flares, better
methods of tracking RA symptoms are needed. One potential
method is through the use of mobile app. Nearly 64% of adults
inthe United States owned mobile phonesin 2015, and 58.23%
of mobile phone owners downloaded at least 1 health app [9,10].
Many types of apps have been developed to explore ways of
helping people with chronic illnesses, such asdiabetes and heart
disease, and to monitor, understand, and manage symptoms
[11]. Fewer apps have focused on the management of chronic
autoimmune conditions, such as RA.

A research group in Japan recently created an app that enables
RA patientsto measure disease activity through patient-reported
tender joints, a modified health assessment questionnaire, and
measurement of gait balance using an accelerometer. In apilot
study of 65 RA patients, Nishiguchi et al demonstrated that
patient-reported assessment of disease activity, via the mobile
app, correlated with avalidated measure of disease activity, the
Disease Activity Score in 28 Joints, which includes
physician-assessed joint counts and C-reactive protein, aserum
inflammatory disease marker [12]. In afollow-up study in 2016
conducted by the same group, participants were surveyed about
their opinions using the app. Overall, participants were
favorable, stating that they had no or little difficulty recording
their self-assessments[13]. Limitations, however, included the
small sample size (N=9) and the limited length of follow-up (3

http://www.researchprotocols.org/2018/4/e84/

months). In addition, no information was provided regarding
the use of these data by HCPsin medical decision making.

The overall objective of this proposal isto implement amobile
app plus a population management system to monitor RA
disease activity between scheduled HCP visits over 6 months.
The essential componentsin this system are asfollows: (1) the
mobileapp, (2) the Web-based dashboard, and (3) the population
manager. The Web-based dashboard consolidates incoming
patient-reported data using preprogrammed algorithms to
identify increasesin disease activity, and the popul ation manager
isatrained individual who monitors the Web-based dashboard
and connects patients with their HCPs. Our hypothesis is that
the combination of mobile app and the popul ation management
system will improve patient satisfaction and management of
RA disease activity by identifying RA flares as they occur and
providing this information to the HCP through a trained
population manager. The rationale is that the mobile app will
increase patient involvement in disease assessment, whereas
the popul ation management system will support the integration
of patient-reported data into the workflow of a busy clinical
practice, enabling improved disease activity management
between scheduled clinic visits.

Methods

Infrastructure

The setting for this study is the outpatient rheumatology clinic
of an academic medical center in Boston, MA. This site was
chosen because it is the home ingtitution of the researchers
involved in this study. Theinstitution supportsthe development
of mobile interventions through the Digital Health Innovation
Group, which offers advice and assistance to ensure that the
important standards for mHealth research (eg, cybersecurity,
software design, and software maintenance) are met. The city
of Boston, MA, isan ideal location for this study becauseit is
one of the top 50 mobile-friendly cities in the United States
[14]. In 2016, the avail ability of carrier networksin Boston was
51% above the national average of 81%. Upload and download
speeds were 6.26 mbps and 8.74 mbps, respectively, and there
were 2.12 mobile phone stores per 10,000 residents, enabling
in-person customer service for mobile devices.

Study Visit Design
General Schematic

This is a randomized controlled trial (RCT) of a maobile app
plus the population management system. All participants will
be assigned a popul ation manager to serve as a contact person
with whom participants can communicate regarding their flares.
Participants randomized to receive the app will answer daily
guestions about their RA disease activity, using a validated
self-report measure, Rheumatoid Arthritis Disease Activity
Index-5 (RADAI-5), and the Patient-Reported Outcomes
Measurement Information System (PROMIS) depression,
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fatigue, pain interference, physical function, and sleep
impairment short forms [15,16]. The RADAI-5 was chosen
because it is a short, 5-item questionnaire based only on
patient-reported measures, whereas other common disease
activity measures, such as the Clinical Disease Activity Index
(CDAI) and Simplified Disease Activity Index, requirein-person
assessment of joints by a health care professiona [17,18].
Studies have shown that patient-reported measures have similar,
possibly greater, sensitivity in detecting treatment effectsin RA
[19].

The app will record the answers and summarize them in a
graphical form to enable the visualization of trends. Population
managers will have access to this information in real-time via
a secure Web-based dashboard.

Inclusion and Exclusion Criteria

To beincluded in this study, participants must: (1) be diagnosed
with RA by a board-certified rheumatologist, (2) be taking a
disease-modifying antirheumatic drug (DMARD), (3) own a
mobile device with an Android or iOS operating system, (4) be
at least 18 years old, and (5) be able to speak English.
Participants who do not plan on receiving follow-up care at this
academic medical center will be excluded.

Randomization (Disease Activity Levels)

Participants will be randomized 1:1 using a publicly available
Web-based randomi zation tool. Randomi zation will occur within

Wang et al

categories stratified by disease activity, assessed by the CDAI:
remission (<2.8), low (>2.8-10), moderate (>10-22), and high
(>22) [17].

Study Visits

Study visitswill occur at baseline, 3 months, and 6 months and
will coincidewith regularly scheduled visitsto the participants
rheumatology HCP. A trained research assistant will perform
all assessments, including the joint examinations and tender
point counts. Participants will also complete self-administered
guestionnaires to assess disease activity, flares, treatment
satisfaction, and perceived efficacy of the patient-physician
relationship. Specific data collection instruments are outlined
in the section Data Collection. The research assistant will be
blinded to the study armsto which the participants are assigned.
This role is distinct from that of the population manager
described in the section Popul ation Management and Web-Based
Dashboard (Figure 1).

Rheumatoid Arthritis Flare Study App

The mobile app was designed by the principal investigator and
coinvestigators and custom developed by the ADK Group
(Boston, MA), with guidance on the visual display from
experienced app developers. Although RA patients were not
involved in the design of this specific study or app, we
incorporated information obtained from another 