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Abstract

Background: Unhealthy dietary patterns and insufficient physical activity (PA) are associated with negative health outcomes,
such as cardiovascular diseases, type 2 diabetes, cancer, overweight, and obesity. This makes the promotion of healthy dietary
and PA behaviors a public health priority.

Objective: This paper describes the development, design, and evaluation protocol of a Web-based computer-tailored (CT)
dietary and PA promotion intervention, MyLifestyleCoach. A Web-based format was chosen for its accessibility and large-scale
reach and low-cost potential. To achieve effective and persistent behavioral change, this innovative intervention is tailored to
individual characteristics and is based on the self-determination theory and motivational interviewing (M1).

Methods: The 6 steps of the intervention mapping protocol were used to systematically develop MyLifestyleCoach based on
the existing effective CT PA promotion intervention | Move. The MyLifestyleCoach intervention consists of 2 modules: | Move,
which isaimed at promoting PA, and | Eat, which is aimed at promoting healthy eating. Development of the | Eat module was
informed by the previously developed | Move. Both modules were integrated to form the comprehensive MyLifestyleCoach
program. Furthermore, | Move was slightly adapted, for example, the new Dutch PA guidelineswereimplemented. A randomized
controlled trial consisting of an intervention condition and waiting list control group will be used to evaluate the effectiveness of
theintervention on diet and PA.

Results:  Self-reported measures take place at baseline, 6 months, and 12 months after baseline. Enroliment started in October
2018 and will be completed in June 2020. Data analysis is currently under way, and the first results are expected to be submitted
for publication in 2020.

Conclusions: MyL.ifestyleCoach is one of the first interventions to translate and apply self-determination theory and techniques
from M1 in Web-based computer tailoring for an intervention targeting PA and dietary behavior. Intervention mapping served as
ablueprint for the development of thisintervention. We will evaluate whether this approach isalso successful in promoting eating
healthier and increasing PA using an randomized controlled trial by comparing the intervention to awaiting list control condition.
Theresultswill provide an insight into the short- and long-term efficacy and will result in recommendationsfor theimplementation
and promotion of healthy eating and PA among adults in the Netherlands.

Trial Registration: Dutch Trial Register NL7333; https://www.trialregister.nl/trial /7333
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Introduction

Background

Unhedlthy lifestyle behaviors such as insufficient physical
activity (PA) and unhealthy nutrition increase the risk of
developing avariety of diseases, such as cardiovascular disease,
type 2 diabetes, osteoporosis, cancer, and depression [1-3]. The
Dutch PA guidelines state that adults should accumulate at least
2.5 hours of moderate-intensity PA every week and carry out
muscle- and bone-strengthening activities at |east twice aweek.
Daily sedentary behavior should be limited [4]. The Dutch
guidelines on diet state that adults should consume at least 200
g of fruit and 250 g of vegetables daily, eat fish at least once a
week, and limit intakes of energy and saturated fat by, for
example, consuming fewer snacks [5,6]. Unfortunately, many
adultsin the world, including Dutch adults, do not follow these
recommendations (eg, 50% of the Dutch adults do not meet the
PA guidelines and Dutch adults consume only about 120 g of
vegetables per day), and the proportion who fail to do so is
higher in groups with low socioeconomic status (SES) [7-9].
As a consequence, promotion of PA and healthy dietary intake
is of great importance to public health.

Effectiveinterventionswith alargereach (ie, reaching the entire
population at risk because of an unhealthy lifestyle) are needed
to achieve improvements in lifestyle at population level. If an
intervention isto be effective and produce long-term, sustainable
behavioral changes, it isimportant that people are able to choose
their own goals and modules, that is, have adegree of autonomy
within the context of the intervention, as this improves
engagement and motivation for behavioral change [10,11]. A
PA intervention that meets these requirements has already been
developed and evaluated, and it is called | Move. | Move was
successful in increasing PA levelsin Dutch adults [12-14)]. It
isacomputer-tailored (CT) intervention that can providealarge
number of people with individualized feedback, taking their
choices into account, at arelatively low cost. | Move is based
on the sef-determination theory (SDT) and uses the
communication techniques of motivational interviewing (MI)
to guide participantstoward behaviora change[12]. The general
idea is that by supporting the basic psychological needs for
autonomy, competence, and relatedness, individuals are
stimulated to develop more autonomous forms of motivation
toward adoption and maintenance of targeted behavior [15].
More detailed information regarding the theoretical framework

https://www.researchprotocol s.org/2020/2/€14491

of SDT and the practical application of MI is provided in the
Results section (see Step 3: Program Design). The success of
this program has led to calls for the approach to be extended to
other behaviors such as healthy eating, in the form a
comprehensive healthy lifestyle program.

Study Aims

We developed MyLifestyleCoach, a combined Web-based
intervention intended to improve diet and increase PA using
the intervention mapping (IM) protocol. MyLifestyleCoach
consists of 2 modules: (1) | Eat (Ik Eet), which is intended to
(increase users motivation to) eat healthily and (2) the
pre-existing | Move (Ik Beweeg), which isintended to (increase
motivation to) become morephysically active. Theintervention
combines computer tailoring with the theoretical insights of
SDT and practical applications of MI. The intervention is
specifically aimed at people with alow SES. Peoplewith alow
SES have the highest levels of risk behaviors and are least
responsive to existing lifestyle interventions [16-18]. The
purpose of this paper is to describe the development process,
design, and evaluation protocol of the general program
MyL.ifestyleCoach and the systematic development of the | Eat
module (asthe | Move program has already been developed and
tested) according to the principles of SDT and MI. Thisinsight
is useful for the development of future dietary and PA
interventions.

Methods

MyLifestyleCoach isaWeb-based, CT intervention that consists
of 2modules, | Eat and | Move, that are aimed at improving the
diet and PA levels of Dutch adults, respectively. We used an
adaption of theoriginal version of | Move (see Step 4). Detailed
information about the development of | Move can be found
elsawhere [12]. | Eat was developed specificaly for
MyLifestyleCoach using SDT and M, as in the development
of | Move. The MyLifestyleCoach intervention was devel oped
through the systematic adaptation and extension of | Move,
using IM to increase the chance of producing an effective
intervention [19,20]. The IM protocol consists of 6 steps, each
comprising severa tasks that can be used as a guide for theory
and evidence-based decision-making during the design,
implementation, and evaluation of a new intervention [19].
Table 1 provides a description of the steps and tasks that have
to be undertaken in each step.
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Table 1. Overview of the intervention mapping steps and the corresponding tasks.

Intervention mapping step Task

Step 1 Needs assessment

Step 2 Program goals

Step 3 Program design (theory and practical applications)
Step 4 Program production

Step 5 Implementation plan

Step 6 Evaluation plan

In the Results section, we elaborate on these 6 steps of the IM
protocol and how | Eat has been developed. Then, we describe
the integration of these 2 modules (I Eat and | Move) in
MyL.ifestyleCoach.

Results

Step 1. Health Problem and Needs Assessment

The first step of the IM protocol involves carrying out an
assessment of the health problem and related behaviors.
Unhealthy dietary habits, such as a low intake of fruit and
vegetables and a high fat intake, carry serious health risks, for
example, an increased risk of many adverse health conditions
such as various types of cancer, cardiovascular diseases, and
type 2 diabetes[1]. According to the World Health Organi zation,
an adult should eat at least 400 g of fruits and vegetables aday.
Less than 10% (5% for additional health benefits) of the total
energy intake should come from free sugars and less than 30%
fromfats, preferably unsaturated fats; industrial transfats (often
found in snacks) should be avoided. Finally, one should consume
lessthan 5 g of salt per day [21]. The Dutch recommendations
for a healthy diet differ slightly and are unique in a way that
they are formulated in terms of the foods rather than nutrients
or food and nutrients. For example, a consumption of at least
250 g vegetables and 2 portions of fruit per day isrecommended
along with weekly consumption of oily fish [5,6].

Using guidelines or recommendations to prompt behavioral
change is more likely to induce extrinsic types of motivation
than other methods, but to achieve long-term behavioral change,
it is important to satisfy the basic psychological needs in an
individual to induce more autonomous forms of motivation. To
this end, we conducted a pilot study to tailor MyLifestyleCoach
to the needs of the target population and to identify behavioral
targets. We asked Dutch adults (N=78) to define healthy eating
using their own words and to describe what they considered a
healthy diet. Most participants described healthy eating in terms
of content (eg, consumption of fruit and vegetables) and
approach to eating (eg, consumption of a variety of foods).
Preliminary results showed that the food items mentioned most
frequently in connection with healthy eating were fruit and
vegetables; (limiting) sugar and fat intake were also mentioned
quite frequently. We had decided that our intervention would
refer to foods rather than nutrients, and so we decided to target
daily consumption of energy-dense snacks. Energy-dense snacks
aregenerally highin sugar and/or fat and could, therefore, serve
asaproxy for these 2 nutrients [ 22]. Fish consumption was also

https://www.researchprotocol s.org/2020/2/€14491

chosen as a target outcome, as this was mentioned quite
frequently in the pilot study as a way to eat (more) healthily
and it wasameasurable dietary outcome; in addition, according
to the Dutch dietary guidelines, one should consume fish once
aweek.

On the basis of these results, our aim was to design | Eat to
produce a sustained increase in the consumption of vegetables,
fruit, and fish and a sustained reduction in consumption of
unhealthy snacks (and to maintain these new levels) in | Eat.
Intake of these food products would be assessed with validated
guestionnaires. In line with SDT, participants would decide
which behaviorsthey wanted to change and set their own goals;
thus, the intervention would meet the basic need for autonomy.

Step 2: Program Outcomes and Objectives; Logic
Modéel of Change

In the second step of IM, we defined 2 overall program goals.
Thefirst outcomewasto improvethe diet of adultsnot following
a healthy diet, defined here as consumption of 250 g of
vegetables and 2 portions of fruit per day, complete avoidance
of unhealthy snacks, and consumption of fish once aweek. The
program was not designed to encourage users to achieve this
outcome; instead, in line with the SDT and M1 principles (see
Step 3: Program design), participants would choose which
dietary behaviors they want to improve. They might decide to
consume more vegetables or target all 4 of the food groups
mentioned in our definition of a healthy diet. The second
outcome was to maintain or further improve the diet of adults
who followed a healthy diet (depending on the participant’s
preference—eg, a participant might decide to try to consume
even morefruit). Next, we broke these goals down into smaller
steps (performance objectives): to decide to eat more healthily,
toimprove one'sdiet, and to maintain ahealthy diet. Thereafter,
we identified change objectives, that is, the skills individuals
would need to learn to reach the performance objectives. These
change obj ectives were formulated taking into account the basic
psychological needs (autonomy, competence, and rel atedness)
specified in SDT and the important concepts of M1 [10,23].
Examples of the change objectives in the | Eat module are
“adults can explain why eating more healthily isimportant for
them,” “adults are able to create an eating behavior action plan
that takes into account their personal preferences,” “adults are
confident that they know how to eat more healthily,” and “ adults
have strategies for coping with barriers to healthy eating.” See
Table 2 for a selection of the change objectives.
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Performance objectives

Determinants

Autonomy

Competence

Relatedness

Decide to eat more healthily
Monitoring persona diet

Getting aninsight into personal im-

portance

Adultsimprovetheir diet

Remaining aware of theimportance

of eating more healthily

Defining clear, achievable goals

with regard to improving their diet

Adults maintain their healthy diet

Developing a (coping) plan about
how they can best achieve their
goals and how they can deal with
difficult situations

Evaluating whether goals have been

achieved

Getting an insight into their current
personal diet in an autonomous way,
with little externa control

Getting an insight into their personal
importance by themselves, with little
external control

Remaining confident to increasetheir
diet in an autonomous way (not im-
posed)

Defining clear, achievable goalswith
regard to improving their diet in an
autonomous way, without being co-
erced to do so

Developing a plan about how they
can best maintain their diet in an au-
tonomousway, without being coerced
to do so

Evaluating whether goals have been
achieved in an autonomous way,
without being coerced to do so

Feeling confident to monitor
personal diet

None?

Feeling confident to eat
more healthily

None?

Feeling confident to develop
aplan about how they can
best maintain their diet

Feeling confident to evalu-
ate goasin an honest way

Feeling comfortableto think over and
discusstheir current diet in communi-
cation with the program

Being at ease to think over and dis-
cuss the importance of increasing
their diet in the program

Feeling comfortableto think over and
discuss personal confidenceissuesin
the program

Accepting help defining clear,
achievable goalswith regard to eating
more healthily in the program

Accepting help developing a plan
about how they can best achievetheir
goalsin the program

Feeling at ease to think over and dis-
cuss personally their current diet in
the program

8N o change objectives are specified for this particular determinant.

The next step in this phase was to analyze the determinants of
the selected target behaviors based on SDT and MI. Although
many studies have analyzed the determinants of dietary behavior
(eg, see Cox et a [24]), we conducted a second pilot study to
obtain a better understanding of the current beliefs of Dutch
adults regarding the importance of eating more healthily and
confidence in eating more healthily (2 important constructs of
SDT and MI) in their own words. Overall, 66 participants were
asked to respond to a Web-based questionnaire that asked them
to describe, intheir own words, why healthy eating isimportant
for them and reasons why they are confident in eating more
healthily, factorsthat arecritical to behavioral change according
to the principles of MI. People may have their reasons for
wanting to eat more healthily yet not succeed in changing their
behavior, and therefore, we also asked respondents why it was
not important for them to eat more healthily. In addition, we
asked them to describe factors that might underminetheir ability
to eat more healthily or make it easier to do so. The results can
be found in Multimedia Appendix 1.

Thisinformation about the beliefs and perceptions of the target
users and the language they used was helpful in tailoring the
MyL.ifestyleCoach and its communication style, so that it met
users needs for relatedness and autonomy. Providing
suggestions about how to overcome barriers to healthy eating
might increase users' confidence in their ability to eat healthily
(self-efficacy), which is an important predictor of intention to
eat healthily [25]. The support suggestions given by the pilot
study participants were incorporated into the | Eat tailoring

messages.
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Step 3: Program Design

Thethird step of IM involves selecting theoretical ideas rel evant
to modification of target behaviors and practical ways of
achieving such modification. A method is atheory-based general
process that influences behavioral determinants [19]. One
important determinant of sustained behavioral change, including
changes in eating patterns, is autonomous motivation [26].

SDT isamacro theory of human motivation [10,23]. It focuses
on the extent to which behavior is autonomous rather than
controlled. Different types of motivation are placed on a
continuum, ranging from amotivation to intrinsic motivation.
Amotivation is the relative absence of motivation. External
regulation involves performing a behavior to conform to other
people's demands (“my partner wants me to eat more
healthily”). Introjected regulation is used to describe behavior
performed by an individual in response to an internal pressure
to avoid feeling an emotion such as shame and guilt (“if | don’t
eat hedlthily, | feel bad”) or to obtain self-worth. Identified
regulation involves engaging in a behavior because one
understands and acceptsitsimportance (eg, the studies by Deci
and Ryan [27]; “eating more healthily is important for my
health™). Intrinsic motivation involves engaging in an activity
for the pleasure and satisfaction inherent in it (“1 enjoy eating
healthily”). The central distinction hereis between autonomous
motivation (identified regulation and intrinsic motivation) and
controlled motivation (external regulation and introjected
regulation). Autonomous motivation is associated with greater
commitment and longer-term maintenance of behavioral changes
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than the other forms of motivation, and this may apply to
changing to a healthier eating pattern [10,11,23,26,28].
Promoting internal motivation to eat healthily is expected to
differ from promoting internal motivation to exercise. Physical
activities may be performed because they are intrinsically
enjoyable or because one enjoysthe challenge, but people have
an innate preference for palatable (unhealthy) food [29].
Therefore, it is helpful to focus on identified regulation
(autonomous motivation) for eating healthily. Once people
achievethistype of motivation, they may be morelikely to find
activities and experiences related to eating healthily, such as
preparing healthy food for the family or enjoying tasteful healthy
foods, to be more intrinsically motivated.

SDT postulates that providing conditions that support the basic
psychological needs facilitate the development of more
autonomous forms of motivation [10,11,23,30]. The basic
psychological needs are need for autonomy (to engage in
behavior as amatter of choice), competence (to feel competent
and confident), and relatedness (to feel connected to othersand
understood by them) [10,11,23,31-34].

The widely adopted M1 counseling style has been found to be
useful in providing individuals with the change strategies they
need to modify to the extent to which the basic psychological
needs of the SDT are satisfied [15]. MI is defined as “a
collaborative conversation style for strengthening a person’s
own motivation and commitment to change” [35]. The spirit of
M1 iscaptured in 4 terms: partnership, acceptance, compassion,
and evocation. The practice of MI consists of 4 recursive
processes. engaging, focusing, evoking, and planning [35].
Engaging is “the process by which both parties establish a
helpful connection and a working relationship,” and focusing
is “the process by which you develop and maintain a specific
direction in the conversation about change.” Evoking involves
eliciting the client’s own moativations to change. Planning
encompasses both the devel opment of acommitment to change
and the formulation of a specific plan of action. The 4 major
counseling skills required for MI are asking open-ended
questions, affirmation, reflective listening, and summary
reflections[35]. Thiswidely adopted counseling style has strong
parallels with SDT because of its client-centered approach. It
is assumed that M| generates change strategies that will fulfill
the client’s basic psychological needs for competence (eg,
through the use of strategies to boost confidence), autonomy
(eg, because it allows clients to discover their own reasons for
wanting to change), and relatedness (eg, because the interviewer
is compassionate) [15,35-37].

Evidence suggests that M1 is a promising way of encouraging
individuals to increase their PA, although reported effect sizes
(ESs) vary [30,38]. However, there is still little evidence on
how effectivethe SDT and M1 approach isin promoting healthy
eating alongside an increase in PA [38], but some empirical
studies have demonstrated that utilizing M1 as part of a dietary
modification intervention is effective: People who received Ml
via phone or face to face reported, for example, an increase in
fruit and vegetable intake [39,40]. Furthermore, it has been
demonstrated that a tailored, text-based fruit and vegetable
intervention based on constructs from SDT and MI can be
successful [41]. So far, it is not known whether this SDT and
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M1 approach is also successful in promoting a healthier diet
when implemented in aWeb-based environment, using computer
tailoring. There are differences between a Web-based
environment and a face-to-face MI. In a Web-based setting,
nonverbal communication is less feasible than it is in a
face-to-face counseling setting. A face-to-face setting allows
the interviewer to use and register social cues such as smiling
or responding to very subtle expressions of motivation, which
may lead to abetter understanding of the client and hence more
effective encouragement of behavioral change. However,
Web-based, CT MI has a potentialy large reach and could be
ameans of providing people with individualized feedback at a
relatively low cost. In comparison with text-based, CT M,
Web-based, CT MI may better simulate an interactive,
collaborative conversation. Other benefits of a Web-based
environment over a text-based format are the instantaneous
feedback and the ability to use different types of media, such
asvideos [42].

Thus, the SDT and M1 approach also seems a promising way
of improving diet. We will decide to use the skills, processes,
and spirit of MI to support users basic psychological needs
(autonomy, competence, and relatedness) and to explore and
resolve ambivalence, thusincreasing the chances that they will
achieve behavioral change. The same skills and processes that
were used in | Move (see [12]) were applied to the promotion
of healthier eating in | Eat.

The 4 key concepts or spirit of MI (partnership, acceptance,
compassion, and evocation) wereimplemented in thefollowing
ways. In general, participants are asked to give their opinion or
reflect on statements they made earlier. They receive specific
tailored feedback, and the language of the program and feedback
messages is empathetic and accepting. Multimedia Appendix
2 describes in detail how we applied the MI spirit in our
Web-based CT intervention.

MI comprises 4 processes. The first processisengaging and is
used to establish aworking relationship. We integrated a video
coach into the intervention to facilitate the development of a
social relationship between a user and the program. We also
included several videostelling the stories of former participants
to provide users with an opportunity to feel connected to others.
The second process is focusing, which involves seeking and
maintaining the direction of the conversation and consultation.
Participants are informed before they enter the intervention,
through advertisements and website information, that the
intervention is designed to promote healthy eating and PA. The
third process is evoking, in which the participant’'s own
motivation for change is elicited. This process is important to
elicit change talk. Several methods are used: importance and
confidence ruler, value clarification, looking forward toward
the consequences of eating (more) healthily if one decides to
do so and maintains this new behavior, and looking back to a
difficult situation and identifying how the person has managed
to deal with this situation and how he or she felt afterward.
Regarding the rules, follow-up questions mainly focused on
eiciting change talk (eg, why did you not choose a lower
number). The last process is planning. This is the bridge to
change and involves giving participants the opportunity to create
a specific action plan that they can try out and evaluate. These
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4 processes are sequential, as each process builds on the one
before; however, the counselor may go back to earlier previous
processes at any point during the helping relationship (ie, the
process can also berecursive). Multimedia Appendix 3 provides
detailed information about these M1 processes and how they
were implemented in our Web-based CT intervention.

Several core communication skills are applied in the
intervention: open-ended questions, reflective listening,
affirming, summarizing, and informing and advising.
Open-ended questions are frequently used to encourage
participants to come up with their own ideas. Thisis essential
to encourage change talk, which consecutively strengthens
self-determined motivation [35]. Reflective listening is
implemented using a structured approach. First, the participant
is asked an open-ended question, following which he or sheis
asked to respond to amultiple-choice question that best reflects
his or her answer. We devel oped unique feedback messagesfor
each combination of multiple-choice answers. Affirming was
incorporated, for example, by focusing on positive behaviors
and rewarding the participant for trying and by using an
empathetic style in the feedback messages. Furthermore, the
participants often get summaries of their previous responses.
They also receive a PDF attachment after each session; this
summarizes the main content of the session. Participants are
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given information without being judged, and sometimes, they
are asked if they want more information about a certain topic,
for example, dietary recommendations. Participants are also
given the opportunity to receive information through several
short, expert videos. Multimedia Appendix 4 describes how
these core MI skills were implemented in the Web-based
environment.

Step 4: Program Production

In step 4 of IM, the program is produced and pretested. In the
sections below, we describe the specific content of the
intervention, the adaptation of the program components, and
the pretest.

Scope and Sequence

MyL ifestyleCoach consists of an introductory session (opening
session) and the modules | Eat and | Move. The program is
designed in such a way that participants can choose which
behavioral change module (or no module) they want to follow
and if they are interested in following both modules, which
module they want to visit first and when they want to use the
other module. See Figure 1 for the structure of the program.
Both | Eat and | Move consist of 4 sessions. Figure 2 presents
the content of all the sessions (thisfigure has been adapted, with
permission from Friederichs et al [12]).

Figure 1. Overview of the MyL.ifestyleCoach intervention. FFQ: Food Frequency Questionnaire; SQUASH: Short QUestionnaire to ASsess Health.
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Figure 2. Overview of the content of the sessions of | Eat. PA: physical activity.
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relatedness. Furthermore, participants receive general feedback
about their current diet and PA level based on the results of the
baseline questionnaire they completed beforehand. Feedback
is provided using a traffic light system: The color of the light
that is displayed indicates how closely their current PA level
and diet correspond to health recommendations and which
module (I Eat and/or | Move) isadvised to use. Thetraffic lights
are purely meant to provide participants with an insight into
what they could change and are not necessarily intended to
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induce compliance with PA guidelines and dietary
recommendations. When participants received a green traffic
light advice (in line with the guidelines), they received the
message that following the correspondent module was not of
high priority. Nevertheless, they were free to have alook at the
module. When participants received an orange traffic light
advice, they received the message that following the
correspondent module might be relevant to them. When
participants received ared traffic light advice, they received the
message that following the correspondent module might be
highly relevant to them. For both the orange and red traffic light
advice, they were told that they were free to have alook at the
module by choosing it in the program later. Participants also

Coumans et al

have to use the importance ruler to rate how important they feel
itisfor them to eat more healthily and become more physically
active. They are given feedback tailored to their ratings.
Subsequently, participants receive a short, combined summary
of their current dietary behavior and PA level, and again are
given advice on which module to use. Thereafter, they have to
choose whether they want to participatein | Eat and/or | Move.
They are also asked whether they want to start immediately or
wait (waiting is restricted to a maximum of 14 days to avoid
that the follow-up questionnaires, see Figure 3 [Sart modul€],
and the sessions of the intervention are intertwined). Figure 3
has been adapted with permission from Friederichs et a [12].
Next, we describe the sessions of the | Eat module.

Figure 3. Evaluation design of MyL.ifestyleCoach. BREQ: Behavioral Regulation in Exercise Questionnaire; FFQ: Food Frequency Questionnaire;
PA: physical activity; PCS: perceived competence scale; SQUASH: Short QUestionnaire to ASsess Health; TSRQ: Treatment Self-Regulation
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| Eat Session 1

Session 1 isthe most extensive of the 4 interactive sessions. It
startswith an introduction, which includes the Dutch definition
of a hedthy diet, and is intended to engage participants.
Thereafter, participants awareness about their current dietary
behavior is raised through the provision of detailed feedback
(in terms of daily amount of vegetables, portions of fruit,
consumption frequency of snacks, and weekly consumption of
fish). The importance participants place on changing their
behavior and their confidencein their ability to do so are critical
to autonomous motivation. We assess how important they
perceive healthier eating to be and how confident they are of
achieving this using the importance and confidence ruler (1-10
scale) [43]. Follow-up questions are then asked based on the
scores given. For example, “How important would you say it
isfor you to eat healthier on ascaleranging from 1 to 107" For
exampl e, scores of lessthan 4 in response to the question “How
important would you say it is for you to eat more healthily on
ascaleranging from 1 to 107’ prompt the following: “It looks
as if healthy eating is not your top priority, but perhaps there
are still reasons why eating more healthily isimportant to you.
Why could eating more healthily be important to you?’ (see
Multimedia Appendix 3 for more detailed information regarding
these applications). Finaly, intention to change (whichisrelated
tointrinsic motivation) is addressed. Userswho say they intend
to change are asked whether they want to make an action plan
for eating more healthily. Participants are asked to formulate
their goal in a concrete and realistic manner, formulate their
most important motivation for eating (more) hedthily, the
location(s) of their choice, and on which moments they want
to execute their activity. If desired, the participants can also
indicate with whom they want to execute this action plan
(relatedness) and what preparations they need to undertake
before being able to implement their plan. In a pilot study of
the | Move intervention, 85% to 90% chose to make such aplan
for increasing their level of PA [44]. If the participant decides
to make an action plan, the program stimulates him or her to
execute it. The following sessions evaluate participants
execution of their action plan. Participants who do not want to
make a plan at this stage are given the opportunity to do so in
the following sessions. At the end of this session (aswell as at
the end of sessions 2 and 3), participants who chose to do just
the | Eat module are asked if they would liketo start the | Move
module as well. Those who express an interest in doing so are
then asked whether they want to start immediately or select a
start date up to 14 days thereafter. If they choose to start the |
Move moduleimmediately, they aretakento session 1 of | Move
once they have completed their current session. If they decide
to start later with | Move, they receive an email on the day they
have selected containing alink to session 1 of the module.

| Eat Session 2

Three weeks after session 1, participants receive an email
inviting them to session 2. Session 2 looks back at the
participant’s perception of the importance of healthy eating.
Participants are also asked whether they have identified new
reasonsto eat more healthily. In addition, participants are asked
about what effectsthey think it would haveif they started eating
more healthily at this point. After that, participants are asked
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to think of situationsin which they would find it difficult to eat
healthily and to think of strategies they might use to cope with
these situations. Thereafter, the participants are invited to
identify personal strengths to boost their confidence. They are
asked to elaborate on how their personal strengths (such as
perseverance) are helpful in dealing with such difficult
situations. This is a helpful strategy in the change process.
Finally, the participants who made an action plan to help them
eat more healthily in the previous session are given the option
to evaluate how well they have succeeded in following it. They
are given the opportunity to alter their plan and formulate
additional coping plans. Those who did not make a plan are
again given another opportunity to do so.

| Eat Session 3

At 6 weeks after session 1 (ie, 3 weeks after session 2),
participantsreceive an email invitation to session 3. Thissession
begins with assessment of participants current perception of
the importance of healthy eating and their confidence in their
ability to do so, which is carried out using the rulers.
Subsequently, participants are given feedback about how their
perceptions compare with their perceptions at the start of | Eat
(session 1). After the feedback message concerning confidence,
the participants are asked to think back to a difficult situation
in which they struggled to eat healthily but managed to
overcome their difficulties. This is supposed to boost their
self-efficacy and give them more confidence in their ability to
eat more healthily. They are then given some tips for eating
healthily in situations where it is difficult to do so, which are
derived from the pilot study. After thistopic, participantsreceive
feedback on whether they have made progresstoward a healthier
diet (comparison of current and preintervention diet, based on
the self-assessments). Finally, participantsare once again given
the option of evaluating and adapting their plansand formulating
coping plans. If they have not yet made apersona healthy eating
action plan, they are once again given the opportunity to do so.

| Eat Session 4

At 3 months after session 1, participants can enter session 4.
Thisisasession inwhich several topicsfrom previous sessions
are covered. Participants can choose which of several topics
they would like to pursue. The available topics are feedback on
their dietary behavior, long-term personal motivation and
confidence, how to deal with difficult situations, and information
on how to maintain their new behavior after the end of the
program. Participants can opt to skip one or more topics.

| Eat Videos

The program gives participants the option of viewing various
prerecorded videos during the sessions that are mainly text
based. Previous research has shown that thistype of interactive
video counseling has promise as a technique for public health
interventions [45-48]. These videos include a human video
coach who guides the participant through the program, short
videos telling the stories of 4 putative former participants of |
Eat (an older nurse, ayounger cleaning lady, an older production
assistant, and an elementary school teacher), and videosinwhich
a dietician talks about the positive effects of eating healthily.
Giving participants the opportunity to select the videos they
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want to see instead of making them start automatically at a
certain point in a session isin line with M1 practice and with
the principles of SDT, which suggest that the individuals' need
and desire for information should be assessed before it is
provided. The videos were scripted, and a film producer was
hired to produce them. A rea dietician provided feedback on
the dietician’s script. An advertisement was placed on acasting
website to recruit actors for these videos. To increase the
credibility of the actors appearing in the videos, several
colleagues in the health psychology department were asked to
choose the actors (from a presel ection of actors that responded
to the advertisement) who were most representative of acertain
description. The videos were recorded in different settings,
including a green screen, hospital, high school, and domestic
Setting.

Modification of | Move

Effectiveness and reach are key to the impact of a program. |
Movewasinnovative becauseit was one of thefirst interventions
to integrate SDT and MI into a Web-based, CT intervention.
Although | Move was effective in increasing PA, it was
recognized that improvements were necessary to reduce the
high dropout rate (607/987 participants, 61.5%, did not complete
the 12-month questionnaire) and to broaden the intervention by
adding a healthy nutrition module. We fine-tuned the tailoring
of the feedback messages and language used to make it more
suitable for people with limited education. For example, we
changed passive sentences into active sentences. Furthermore,
thetail ored feedback was updated, so that it was consistent with
the new Dutch guidelinesfor PA (150 min of moderate-intensity
PA per week; the original | Move intervention focused on the
accumulation of 30 min or more of moderate-intensity PA over
at least 5 days per week). Finally, we made the guidelines less
explicit to encourage usersto set their own targetsfor increasing
PA leve rather than simply trying to achieve the recommended
level.

Delivery Channel

As unhealthy dietary patterns are prevalent, it is important to
design and implement an intervention that can reach large
numbers of people. Computer tailoring can be used to create
interventions with some degree of personalization to potentially
reech a large population at relatively low costs.
Computer-tail oring has been defined as* the adaptation of health
education materials to one specific person through a largely
computerized process’ [49]. It could especially be beneficial in
the Netherlands, where the overwhelming majority (97%) of
the population aged 12 years and above has accessto theinternet
[50Q], including low SES groups[51]. There are several reasons
to keep computer tailoring as atechnique, similar asin | Move,
to deliver the intervention. First, the CT intervention | Move
has been shown to be effective in increasing PA [13,14].
Research has also indicated that Web-based, CT dietary
interventions are more successful in changing people’s intake
of fruit, vegetables, and fat than provision of general guidance
or no information [49,52-57]. Finally, CT interventions have
also been found to be effective among low SES groups [58].

MyLifestyleCoach was developed using the TailorBuilder
software (OverNite Software Europe) [59]. This software is
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designed to generate tailored feedback based on algorithms.
The intervention is integrated into a website that provides
information about the intervention and answers to frequently
asked questions [60].

Pretest

We will conduct 2 pretests. The first will be a 3-part
paper-and-pencil pretest covering (1) the design of the website,
(2) evaluation of the baseline questionnaire, and (3) the opening
session (N=10). The first part will use 5-point Likert scalesto
evaluate several possible website designs in terms of appeal
and appreciation. Participants will also be asked to suggest
possible improvements. The second part will focus on clarity
of the questions and instructions in the baseline questionnaire.
Thethird part will consist of several questions about the content
of the opening session, the clarity of explanation of the program
structure, the clarity of traffic-light feedback about dietary and
PA patterns, and feedback about the importance of eating more
healthily and being more physically active. We will aso ask
which module(s) the participants would choose to follow and
why. We will ask about several attributes of the videos, such
as how easy it is to relate to the content and narrators and
whether they are interesting to watch. The second and third
parts of this pretest will be completed once the participant has
walked through the opening session on the Web.

In the second pretest, we will test the module | Eat (N=16).
Overall, 10 participantswill test the intervention at home using
their own devices. They will receive a printed questionnaire to
assess the user experience, which they should fill in as they
proceed through the intervention. We will also conduct a
gualitative evaluation with 6 other participants and will use the
think-aloud method while testing the intervention. The results
and suggestions from the pretests will be used to improve and
finalize the intervention for the randomized controlled trial
(RCT).

Step 5: Program Adoption and I mplementation Plan

The devel opment of an implementation plan to enable adoption,
implementation, and maintenance of the program is central to
Step 5 of IM. As | Eat is aso one of the first dietary
interventionsto integrate M1 into a Web-based, CT format, the
evaluation study (ie, the assessment of its effectiveness) will
focus on the adoption and implementation of MyL ifestyleCoach.

For adoption of the program in the context of the evaluation
study (ie, theintention to useit and subscription to the program),
we will provide information about the program through an
advertisement that will be distributed via an internet research
panel to recruit the participants for this study. Facilitation of
program use (for implementation and sustainability) was already
taken into account in thefirst step of the development. Minimal
human action is required to participate in the intervention.
Individuals who want to participate in the intervention can
register to do so on the website. After registering, they will
automatically receive invitation emails when a new session is
available. Furthermore, several small pilot studiesand interviews
have been conducted with members of the target population to
identify their preferences and needs regarding the content and
appearance of the intervention and the intervention has been
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adapted accordingly. Once we have demonstrated that the
program is effective in delivering the intended outcome, that
is, eating (more) heathily, we may consider further
implementation possibilities, such as targeting other program
outcomesin other domains of public health (eg, smoking), and
the use of advertisements in mass media, socia media,
newsletters, or certain websites for sustainability purposes.

Step 6: Evaluation Plan

Step 6 in IM will deal with the planning of the evaluation of
the combined nutrition and PA intervention. A 2-group RCT
will be conducted to evaluate the efficacy of the intervention
by comparing diet and PA in an intervention group and awaiting
list control group. Figure 3 shows the evaluation design.
Participantswill be randomized over conditions; the participants
who are placed in the waiting list control group will be given
the opportunity to use theintervention once the study has ended.
Measurements will take place on the Web at the study website
at baseline (TO) and at 6 months (T1) and 12 months (T2) after
baseline. In addition, 6 weeks and 3 months after the start of a
module, participantsin the intervention conditions will also be
asked to fill in a questionnaire assessing dietary behavior or
PA, depending on the chosen module (Figures 1 and 3).
Participants will be given tailored feedback on their diet and/or
PA in sessions 3 and 4 based on the results of these
guestionnaires. At the beginning of the study, all €ligible
participantswill be given information about the study and asked
to sign a Web-based informed consent form. Data collection
started in October 2018 and will be completed in June 2020.

This study has been reviewed and approved by the Committee
for Ethics and Consent in Research of the Open University of
the Netherlands (reference number: U2018/07266/SVW). It was
judged that the study is not within the scope of the Medical
Research Involving Human Subjects Act; therefore, this study
did haveto undergo areview by an accredited Medical Research
and Ethics Committee or the Central Committee on Research
Involving Human Subjects. This study isregistered in the Dutch
Trial Register (NL7333).

Participants

The inclusion criteria for the participants are age between 18
and 70 years, an adequate understanding of the Dutch language,
possession of a computer or tablet with access to the internet,
and no participation in the | Move intervention or pilot studies.
Participants who are not willing to sign the informed consent
will be excluded.

Given the modifications made to the origina | Move
intervention, we expect to improve the ES for PA to 0.30 at 12
months[13,14]). Thereareno estimates of ESin an MI-planning
CT dietary intervention. A review indicates that in clinical
settings, M1 has produced ESs of up to 0.57 [61], but thisisthe
first Web-based MI-planning CT intervention targeting both
PA and dietary habits. It might be possible to find additive
effects when participants decide to start with both modules, |
Eat and | Move, so we will use a conservative estimate of the
ES (0.30). We expect an ES of 0.05 in the control condition.
On the basis of these data, a power calculation (ES=0.25;
power=0.80) indicates that atotal of at least 400 participantsis
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needed for this study (200 per condition). On the basis of an
expected dropout rate of 50%, we would need to enroll at least
800 participants. We do not expect all participants to decideto
do both modules, and as we want to analyze the level of
participation of the modules, we will enlarge the sample size
to at least 1200 participants in total. A research panel will be
used to recruit these participants. The sample will be
representative of the population in terms of age and gender, but
we will strive for an overrepresentation (about 50% instead of
the 31%in the population [62]) of peoplewith alow educational
level, which will be used as a proxy for SES.

After passing the inclusion questions and providing informed
consent, two-thirds of the participants will be randomized into
the intervention condition and one-third will be randomized
into the waiting list control condition. We will oversample the
intervention group, aswe expect that many participantswill not
participate in both modules; oversampling provides the option
to conduct separate analyses per module. After that, participants
will fill in the baseline questionnaire (dietary and PA parts) and
continue with theintervention. The path they follow will depend
on the choices they make.

Attrition Prevention

Attrition from internet-delivered health interventionsisasubject
of particular concern. In addition to the use of SDT and MI
principles, tailoring, and personalized videos, we will implement
several strategiesto reduce attrition. First, the participants who
complete each questionnaire will enter into adraw for 50 prizes
of up to US $55 (a total prize pot of US $1100). Those who
completeall sessionsand questionnaires, including the follow-up
guestionnaires at 6 and 12 months after the baseline
measurement, will enter into a draw to win 1 of 2 tablet
computers[63]. Second, follow-up questionnairesat 12 months
will be brief, only aiming to assess diet and PA behaviors,
commitment and intention [64]. Third, as up to 10% of dropouts
in a previous study could be attributed to changes of email
address, we will ask participants to provide tel ephone numbers
so that we can contact people who change their email address
[65]. Provision of atelephone number will be optional, and we
will ask explicitly for permission to use the number.

Measurements

The primary outcomes of this study are diet (ie, number of
portions of fruit and daily consumption of vegetables[in g]; the
consumption frequencies for fish and unhealthy snacks) and
PA behavior (minutes of moderate-to-vigorous activity). Diet
will be assessed with avalidated Food Frequency Questionnaire
(FFQ) [66]. Our FFQ only includes the items about fruit,
vegetabl es, fish (1 question assessing the consumption frequency
per week), and snack foods (unsalted nuts, dried fruits,
chocolate, sweets, cookies, chips, ice cream, and savory
pastries); see Coumans et a [67] to know how snacking
consumption frequency was determined. We added questions
assessing the size of vegetables and fruit portions based on
Willems et a [68]. PA behavior is assessed using the validated
self-administered Dutch Short QUestionnaireto A Ssess Health
[69]. Furthermore, several secondary outcomes will be
measured. Motivation (amotivation, controlled motivation, and
autonomous motivation) is measured using the 2 Treatment
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Self-Regulation Questionnaires (TSRQs): one that addresses
dietary behavior and the other PA behaviors[34]. Asthe TSRQs
do not differentiate between the specific forms of autonomous
motivation, we will include 2 intrinsic regulation subscales
from the Dutch Behavioral Regulationin Exercise Questionnaire
(BREQ-2) to determine intrinsic motivation for both dietary
and PA behaviors, asthisisthe only fully self-determined form
of motivation [70]. The original BREQ-2 is used to measure
intrinsic motivation for exercise (but we translated exercise to
bewegen which means to be physically active); we will use an
adapted version of the BREQ-2 to measureintrinsic motivation
to eat healthily in which we have replaced exercisein all items
with eating healthily to compare intrinsic motivation for
engaging in PA with a healthy diet as closely as possible.
Competence will be assessed using 2 specific Perceived
Competence Scales for becoming more physically active and
eating more healthily [71]. Other secondary outcomes are
awareness about current dietary behavior and amount of PA,
stage of change for nutrition and PA, intention [72] and
commitment [ 73] to eating more healthily and becoming more
physically active, and health status, measured using a 100-point
thermometer-style visual analogue scale. For the purposes of a
process evaluation, participants from the intervention group
will be asked what marks (1-10) they would give to the program
(ie, MyLifestyleCoach and the module(s) they followed) [68].
Furthermore, wewill assessthe extent to which theintervention
supportsthe basic psychological needs using several itemsfrom
the study by Walthouwer et al [74]: 1 item on competence, 2
items on autonomy, and 3 items on rel atedness.

Discussion

Principal Findings

This paper describes the systematic development of | Eat and
how it has been combined with the pre-existing | Move program
to create a Web-based intervention MyLifestyleCoach aimed at
promoting healthy diet and PA behavior. We & so describe the
protocol for the design and evaluation of MyLifestyleCoach.
This intervention combines computer tailoring with the
theoretical insights of SDT and practical techniques of M. It
is specifically aimed at people of low SES. We developed the
intervention using the IM protocol [19] because a systematic
approach is more likely to yield an effective intervention [20].
Following the IM protocol gave us an insight into the steps
needed to develop an intervention based on the adaption of an
existing intervention | Move [12-14].

Unhealthy diet and lack of PA carry similar health risks (eg,
increased risk of developing various types of cancer,
cardiovascular diseases, and type 2 diabetes[1-3]). The process
of changing on€e’s diet might be quite different from the process
of changing one'slevel of PA and may be even more complex.
Activities concerning PA could be more related to intrinsic
motivation, asthey can be pursued for being enjoyable, whereas
this link with intrinsic motivation may be less clear for eating
(more) healthily. Other than the obvious benefits of eating more
healthily (eg, losing weight), new eating behaviors may not
have much immediate added value [26]. Furthermore, people
have an innate preference for unhealthy (palatable) foods that
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are also known to enhance mood by activating reward systems,
although some may enjoy the taste of healthy food aswell [29].
For these reasons, the satisfaction of the basic psychological
needs may be even more critical to achieve a healthier diet. We
conducted a new needs assessment using 2 Web-based pilot
studies because the performance and change objectives for
interventions promoting increased PA and healthier eating are
different. We made a point of eliciting free-text responses to
gain an insight into the language used by the target population
when talking about diet, foods, and eating behavior. Theresults
were used to formul ate the performance objectives. Thereafter,
we specified the change objectives, which were formulated in
terms of the basic psychological needs of SDT. MI counseling
techniques seem to be general rather than domain specific,
making them suitable tools for working toward different
program goals. This made it straightforward to implement Ml
techniquesin | Eat, asthey could be integrated using the same
approach as in | Move [12]. The opening session, which is
designed to interest usersin eating healthily and being physically
active, was built from scratch. We used | Move as a template
for the design of | Eat, replicating the structure and inclusion
of SDT and MI elements (eg, feedback on current behavior and
the importance ruler). This was done to keep the balance
between the fidelity to the original design of | Move (thus
retaining the elements that made | Move effective) and the
adaptations required because of the difference in domain.
Nevertheless, creating the | Eat module was the most
time-consuming part of development of the intervention. After
pretesting the program, we will recruit participants using an
internet-based research panel. The intervention’s effectiveness
will beevaluated in an RCT (intervention vswaiting list control
condition). Validated questionnaires will be used to assess diet,
and the evaluation will also include questionnaires covering
possible moderators, mediators, and determinants of diet and
PA.

Unhealthy dietary habits and inadequate PA levels are a public
health concern; therefore, many interventions that attempt to
improve diet and PA levels have been devel oped; however, the
effects have often been small and lacking in persistence [55].
This may be because traditional interventions induce extrinsic
motivation instead of more autonomous forms of motivation
[52,55,75]. Interventionsbased on SDT and M|, which recognize
intrinsic motivation as a key factor in sustained behavioral
change, may be a better method of achieving long-term
behavioral change [10,76-79]. However, this approach is
innovative and challenging in both theoretical and practical
terms. Previous research has demonstrated that M1 can be used
outside of intensive counseling contexts, for example, by
telephone [80-82]. Other studies have shown that M1 principles
can indeed be successfully trand ated to computer-based formats
[13,14]. However, there is only limited evidence on whether
this approach is also likely to be successful in the diet domain
[41,83]. MyL ifestyleCoach isinnovative, asit isamong thefirst
attempts to apply MI techniques in a Web-based, CT
intervention with objectives in 2 domains, PA and diet, that
allows users to choose which domain(s) they would like to
target. The effectiveness of this approach isyet to be evaluated.
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Challenges and Limitations

One challenge in the development of MyLifestyleCoach was
trandating the spirit, processes, and skills of face-to-face,
counseling-style MI to a Web-based environment. One of the
difficulties is that a human counselor delivering face-to-face
counseling may excel at expressing empathy, providing
insightful reflection, and responding to very subtle expressions
of change talk. It may not be possible to implement these
behaviors fully in a Web-based environment. Our aim was to
mimic face-to-face counseling situation as closely as possible
by using a variety of MI skills and tools (importance ruler,
looking back, specific empathic noncoercive feedback messages,
and a combination of open and closed questioning) that could
be implemented effectively within the constraints of a
Web-based environment [11].

Although thisis one of thefirst interventions targeting diet and
PA based on SDT and MI developed using the IM protocol,
there are several potential limitations to be noted. The
time-consuming aspect of developing an intervention following
the IM protocoal is risky, especiadly in the field of electronic
health. Owing to rapid technology developments, it could be
that Web-based interventions may already be outdated once
they have proven to be effective. Nonetheless, it is a valuable
tool to develop or adapt (existing) interventions. The program
is especially developed and tested in people who have the
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necessary digital skills. The risk could be that this study will
take place in a select sample, that is, as people with alow SES
or older people have highest levels of risk behaviors and are
least responsive to existing lifestyle interventions, they may be
lesslikely to be targeted [16-18]. Another limitation is that we
have not addressed (yet) how the intervention will be spread to
the targeted population once this intervention is shown to be
effective. Another limitation is that we are recruiting our
participants via a research panel. We have not yet addressed
how the intervention will be spread to the targeted population
once this intervention is shown to be effective.

Conclusions

This paper describes the development of a Web-based CT
intervention MyLifestyleCoach that is intended to motivate
Dutch adults to eat more healthily and to become more
physically active. We hope that by inducing more autonomous
forms of motivation than traditional interventions,
MyL.ifestyleCoach will elicit sustained changesin diet and PA.
Thisisone of thefirst attemptsto integrate SDT and Ml into a
Web-based, CT intervention addressing both diet and PA.
Results from the RCT will provide an insight into the efficacy
of the approach and could be used in the development and
optimization of future Web-based interventionsin several public
health domains.
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Abstract

Background: New technologies, like socially assistive robots (SARS), may have the potential to support caregivers at home.
Still, the evidence for people with dementia in home care is unclear because a lot of studies are performed in a laboratory or
institutional setting, and mainly use robots in prototype stages.

Objective: Thisstudy aimsto explore the effects of the refined, commercially-available, humanoid SAR Pepper combined with
atablet PC—based dementiatraining program (Coach Pepper) versus an exclusively tablet PC—based dementia training program
on psychosocia and physical outcomes of people with dementia living at home, including caregivers and dementia trainers. We
hypothesize that Coach Pepper has a more positive effect on the primary outcome motivation (stable or decreased apathy) of
people with dementia.

Methods: A mixed methods study will be performed, including a randomized controlled, parallel, 2-arm study with a
complementary qualitative part. This sample includes 40 PWD living at home and 40 relatives, each complemented with five
professional caregivers and dementiatrainers. The intervention group will receive Coach Pepper (a SAR connected with atablet
PC—-based dementiatraining program), and the control group will receive exclusively tablet PC—based training without the SAR.
The duration of the intervention will be three weeks per household. Data will be collected at baseline and during and after the
intervention by standardized questionnaires, sensor data of the robot, and tablet PC, as well as semistructured interviews, focus
groups, and observation.

Results: To date, no results are available for this study protocol. The study intervention started in May 2019 and will end in
Spring 2020.

Conclusions: Theintervention of this study can be seen as a nonpharmacological intervention, including cognitive and physical
training by arobot. This study will help to further refine SAR for the specific needs of people with dementialiving at home.

International Registered Report Identifier (IRRID): DERR1-10.2196/14927

(JMIR Res Protoc 2020;9(2):€14927) doi:10.2196/14927
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Introduction

Background

Dementia rates are increasing worldwide and consequently
burden global health care resources to a serious degree [1,2].
On the other hand, there is a decreasing number of available
caregivers to provide (nursing) care [3-5]. (Nursing) care of
people with dementia usually takes place at home, especially
in the early stages [6]. Owing to the progression of dementia
and growing (nursing) care needs because of increasing care
dependency (eg, in mobility, social contacts, and learning
ability), (nursing) care problems (eg, incontinence and
malnutrition), professional care (eg, by nurses) and a possible
nursing home transition become increasingly necessary [6-8].
One of the most important aims in (nursing) care for people
with dementia is to promote their independence according to
their stage of dementiaand individual abilities. Such (nursing)
care can counteract agalloping progression of care dependency
[9]. Itisinthis context that new technologies, such as socially
assistive robots (SARs), may constitute a supportive device for
caregivers because they have the potential to promote the
independence and well-being of older people [10,11].

SARs can be defined asrepresenting an intersection of assistive
robots (giving aid or support to a human user) and socially
interactive robots (social interaction through speech and
gestures) [12]. The goal of SARs is to create a close and
effective interaction with a human user by giving assistance
through social interaction (eg, in activities of daily life ranging
from cognitive to physical tasks or to encourage emotional
expression, conversation, and gestures) [12]. The appearance
of the SARs can vary. They can look like a mechanoid with a
machine-like appearance, or like a humanoid, such as Pepper
by Soft Bank Robotics, which is designed with an unrealistic
but still human-like appearance so that users can identify it as
a robot. They can also look like an android with an almost
realistic human-like appearance, or, in the case of animal-like
SAR, can look like an animal, such as Paro, the seal baby

https://www.researchprotocol s.org/2020/2/€14927

[13,24]. In this study, the humanoid SAR Pepper (see section
Interventions) is used.

Results of various reviews (literature, scoping, and systematic)
show that research on SAR in the context of older people with
and without dementiais most often conducted on SAR with an
animal-like appearance, such as Paro, which was designed with
the appearance and behavior of ababy seal, AIBO, the robotic
dog, or NeCoRo, the robotic cat [13,15]. However, there is a
wealth of studies relating to other robot types, like humanoid
SAR[15,16].

Until now, the effectiveness of SAR in al care settings,
especially in-home care, has generally been unspecified. Studies
show that these robots may have a positive impact on affect,
cognition, physiological parameters, use of medications, social
contacts, and quality of life with respect to well-being and
behavior [13,15,16]. Regarding behavior, apathy, which is
defined as aloss of motivation [17], isone of the most common
behavioral and psychological symptoms (BPSD) in peoplewith
dementia, with an overall mean prevalence of 49% [18].

Measurements from research studies have demonstrated that
people with dementia have lower capacities for motivation
processes [19]. Current models of motivation identify and
discriminate two phases: (1) goal setting; and (2) goal pursuit.
The latter requires self-regulatory  capacities  for
decision-making, regulation of activation, and regulation of
motivation. Forstmeier and Maercker [19] concluded from their
research that cognitive and physica training should be
complemented by motivation-supporting training strategies,
such as goal-setting and self-motivation [19]. In addition,
motivation-oriented interventions support the reduction of
neuropsychiatric symptoms, such asdepression and apathy (loss
of motivation). The study described in this protocol implemented
motivation-oriented strategies into the overall technological
Coach Pepper concept in the shape of ahumanoid SAR, which
worked to motivate the people with dementia by means of social
interaction to perform daily dementia training on a tablet PC
(@l functions of Coach Pepper are shown in Figure 1).
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Figure 1. The functions of Coach Pepper.
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It is necessary to focus on the motivation of people with
dementia, because loss of motivation (apathy) could entail a
decline in cognition, problems in activities of daily living
(ADL), decreased quality of life, increased morbidity, greater
mortality, and for caregivers, agreater caregiver burden [20-22].
In asystematic review by Pu et a [15], only two studies were
found which included apathy as an outcome measure of SAR
interventions. Only one of these studies included a humanoid
SAR asanintervention for people with dementia. None of these
two studies were performed in home care, which is a setting
where alack of research with SAR is till prevalent.

In their scoping review, Buhtz et a [23] identified 19 studies
that included SAR for care-dependent people at home. Most of
these robots were in a prototype stage and were tested mainly
for technical aspects and operability in predominantly
exploratory or piloting studies. Thus, thereisarecommendation
to explore the effectiveness of SAR [15,23] in well-designed
randomized controlled trials with larger sample sizes [23,24].
In home care, often no more than ten older people with or
without dementia are included in studies using SAR [25-28].
Thisisnot surprising, because the home care setting can be seen
both in technical and scientific terms as one of the most
challenging and complex scenariosfor SAR. A household with
people and objects that seemingly unpredictably vary their
position presents SAR with enormous challenges and hurdles
[23]. But research of SAR in home careis extremely important,
because many older people with and without dementia would
like to live at home aslong as possible. SAR, as an innovative
intervention, hasthe potential to support care independency (in
various ADL) a home and may help to avoid or delay
institutional care (eg, hursing homes).
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Overall Aim

The overall aim is to explore the effects of a humanoid SAR
versus an exclusively tablet PC—based dementia training on
psychosocial and physical outcomes of people with dementia
living at home, including caregivers and dementiatrainers.

Primary Aims

The primary aims of this study include exploring the effect of
Coach Robot Pepper on motivation (in the sense of increased,
decreased, or stable apathy) of people with dementiaversusthe
tablet PC—based training, and exploring the effect of Coach

Robot Pepper on the care burden of relatives compared with
the tablet PC—based training.

Secondary Aims

There are several secondaru aims of this study, one of whichis
exploring the effect of Coach Robot Pepper on acceptance,
usability, quality of life, cognition, mobility, depression,
behavioral problems, and care dependency of people with
dementia versus the tablet PC—based training. We would also
liketo explorethe effect of Coach Robot Pepper on depression,
quality of life, affect and acceptance, and usability of relatives
versus the tablet PC—based training. There will aso be a
supplementary investigation of the acceptance and usability of
robot Pepper and the tablet PC—based training in dementia
trainers and caregivers, a supplementary observation of people
with dementia to get an insight into how to handle a robot and
the tablet PC—based training in home care (including usability),
and supplementary interviews (focus groups or individual
interviews) to obtain a deeper understanding of the experience
(including usability) of all participants using Coach Robot
Pepper in home care.
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The description of the study protocol follows the Standard
Protocol Items: Recommendations for Interventional Trials
guideline [29].

Methods

Design

A mixed method study with embedded design will be performed.
The quantitative part will be arandomized, controlled, paralld,
two-arm study, and the complementary qualitative part will
include semistructured, guideline-based interviews. Thisdesign
was chosen to not only obtain quantitative results but also to
get adeeper insight into the experiences of using aSAR in home
care for people with dementia.

https://www.researchprotocol s.org/2020/2/€14927
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Setting and Sample

Setting

Thisstudy will be performed in the private househol ds of people
with dementia living in Styria, which is one of the 9 federa
states of Austria, with 1,239,153 inhabitants [30] in 540,800

private households and an average househol d size of 2.25 people
[31].

Sample

We will include people with mild and moderate dementia as
the main sample. We will also include their main relative as
well as their nursing staff (nurses and nursing assistant) and
dementiatrainers. Theinclusion criteriaare presentedin Textbox
1
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Textbox 1. Inclusion criteria.
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Per sonswith dementia
o adults

living at home

all types of dementia (except frontotemporal dementia)

person with dementia)
moderate dementia: living with arelative at home
receive professional or nonprofessional care or no care

speak and understand German

change expected during the study period

children and pets in the household after previousindividual discussion

Relatives
relatives of the participating people with dementia (adults)

househol d)
person with dementia receives or does not receive professional care

relative provides or does not provide care

speak and understand German

Nursing staff
o adults

Nurses or nursing assistants

speak and understand German

Dementiatrainers
o adults
« trained as Morbus Alzheimer Syndrome trainer
train the participants with dementia at home

speak and understand German

mild or moderate dementia (Mini Mental State Examination 10 and above)

mild dementia: living alone or with arelative at home (if alone, the relative should live in the neighborhood and be in daily contact with the

have no physical, auditory, or visual restrictions, which would make the application of the interventions impossible

do not take any dementia-specific medication or have been taking dementia-specific medication for at least 3 months; condition stable and no

do not take antipsychotics and antidepressants or have been taking them for at least 14 days before study start

living or not living with the person with dementia in the same household (in the case of moderate dementia, relatives must live in the same

if the people with dementia receive paid 24-hour care (regardless of whether they have mild or moderate dementia), a relative still has to be
recruited as a participant (this relative must live in the same house or household and be in daily contact with the person with dementia)

Sample Size

There are currently no comparative studies investigating the
influence of humanoid robots on the motivation of people with
dementia. Therefore, no results can be used to calculate an
optimal sample size. However, to gain insight about what is
feasible with our sample size, we estimated the possible effect
size. For simplicity, sample size considerations are based on a
Student’s t test. A sample size of 20 in each group will have
80% power to detect an effect size of 0.91 using a two-group t
test, with a 5% two-sided significance level. For example, if
there is a mean difference of 10 between the groups and a

https://www.researchprotocol s.org/2020/2/€14927

standard deviation of 11 (the latter being assumable according
to the literature [32)]), the effect size would be 0.91. As a
drop-out rate of 20% to 30% can be assumed, 20 people with
dementia per group was planned (40 in total). This is the
maximum number of peoplethat can be realized with two robots
during the study period of 10 months. Beside the people with
dementia, their main relatives will be included (n=40, 20 each
group) and as a supplement five nurses, nursing assistants, and
dementiatrainers, respectively, will beincluded. A small sample
size of nursing staff and dementiatrainerswere chosen because
a minimum of three people are necessary for usability tests
(which is one focus in the study), if there are more than three
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groupsincluded [33]. Theinclusion of thesefurther two groups
was necessary to get an in-depth understanding of using robots
in home care.

Recruitment

Therecruitment of the participantswill be carried out by project
members of a social nonprofit organization in the community.
The sampling method will be convenience sampling. This
organization runsthefirst dementia service center in Styriaand
offers advice and consultation for relatives providing care at
home. They also offer Morbus Alzheimer Syndrome training
in private households. All potential participantswill be contacted
personally or by telephone by the nonprofit organization.
Interested participants will be offered a home visit to inform
themin detail about the study by means of aninformation folder
(including detailed information about the study) and a short
video about the robot Pepper. For the recruitment, flyers will
be placed at the service points of the socia nonprofit
organization, at the organization’s regional events, in waiting
rooms of medical practices, and on social mediaplatforms. Only
participants who were willing to be assigned to either the
intervention or control group were included.

Randomization and Blinding

A randomization plan will be prepared by the Institute of
Medical Informatics, Statistics and Documentation at the
Medical University of Graz. For that, randomization software
will be used. Only authorized people will be able to randomize
patients, and the allocation to the intervention and control group
will be balanced. There are two robots available for
simultaneous usein the study, therefore, four peoplewill always
be randomized (two for intervention and two for the control
group) two weeks before the next round starts. Thiswill be done
until all 40 people have been randomized. A single blinding
will be performed. The clinical health care psychologist who
will perform data collection before and after the interventions
will be blinded.

Ethics Approval and Consent to Participate

This study follows the Declaration of Helsinki and received
ethical approval from the Ethics Committee of the Medical
University of Graz, Austria(Approval Number: 30-401ex17/18).
For al participants, written informed consent by project
members of the social nonprofit organization will be obtained.
If people with dementia have alegal representative, the written
informed consent will be given by them. If a person with
dementia is not able to give written informed consent by
themselves and has no legal representative, he or she will be
not included in the study. Every person with dementia and all
robots will be insured during the study. The participants can
drop out of the study at any time, and in the event of health
hazards, the study will be stopped immediately for the affected
person.

https://www.researchprotocol s.org/2020/2/€14927
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Interventions

Rabot Pepper

Pepper is a humanoid SAR from the company SoftBank
Robotics. Pepper is 1.20 m tall and weighs 28 kg. Pepper has
four microphones, two high definition cameras, and a
depth-perceiving sensor that gives Pepper three-dimensional
sight of his surroundings. Pepper talks in different languages
like English, French, and German, and it has a touchscreen
tablet on its torso. An internal gyro sensor gives Pepper
information about the position of its body. Pepper can make
fluid and expressive movements with its arms, and while the
hands are equi pped with touch sensors, Pepper isunableto pick
up objects. Furthermore, Pepper has 3 bumper sensorsand laser
sensors as well as sonars to estimate distances to obstacles.
Omnidirectional wheels enable Pepper to move and rotate on
the spot. Robot Pepper is not able to navigate in rooms because
of software restrictions. Peppers’ operation time is about 12
hours. For this study, the functions of Pepper were refined
according to the results of aprior qualitative study with theaim
of exploring the needs of people with dementiaand afollow-up
pilot study where the first refined prototype was tested (mainly
for acceptance regarding the robot’s usability). The functions
of the refined Robot Pepper can be seenin Figure 1.

Tablet PC—Based Dementia Training

Thetraining program was developed in aprior study for people
with dementia living at home or in institutional care. The
training includes a serious game with a cognitive and physical
training program, and the training can be tailored to an
individual (eg, content, level of difficulty adapted to the stage
of dementia, procedure, and time). The training always starts
first with physical exercises (eg, balance, motor skills, and
coordination), which are explained by text and video on atabl et
PC. Thisisfollowed by cognitive exercises, including quizzes,
spot-the-difference puzzles, puzzles, looking for picture pairs,
cloze tests, mathematical tasks, listening tasks, and songs.

I ntervention Group (Coach Pepper)

For the intervention group, the robot Pepper is virtualy
connected via Web interfaces with the dementia training
program on an additional tablet PC. Therefore, theintervention
group is called a Coach Pepper group (Figure 1).

The total study duration is 10 months (three weeks per
household). The planned start is May 2019. Because there are
two Pepper robots in the study, the robot is transported from
the first two private households to the next two private
households. Thismeansthat the intervention startswith the first
two people with dementia, who receive Coach Pepper for three
weeks. Thereafter, thereisabreak of oneweek when thetraining
and individual adaptation of the robot for the next two
households takes place. After this, the next two people with
dementiareceivetheintervention for three weeks. Thishappens
until all 20 people with dementia have received their
interventions. Table 1 shows the time schedul e of the study.
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Table 1. Time schedule: an example of two study rounds.
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Enrollment
(Ongoing)

Study phases
tion (2 weeks before

intervention) Week

0

Randomization/alloca-  (Breek)

Study round 1 (Breek) Study round 2 (Brek)

Week Week Week Week Week Week Week Week

Enrollment
Eligibility screen a b
Informed consent

Randomization/alloca-
tion

Interventions
Coach Pepper

Tablet PC-based demen-
tiatraining

Assessments
Questionnaires
Sensor data
Observation

Interviews, focus
groups

#Time of enrollment, intervention, and assessment tasks.
BNot applicable.

Due to robot Pepper's restricted mobility (navigation is not
possible), the robot will stand on a previously defined placein
the household (eg, living room) where the person with dementia
spends most of the day. Pepper will start communication
proactively when the user isin proximity (person in proximity
recognition and proactive dialogs) or by a date and time
previously entered (time-triggered proactive dialogs). Pepper
will encourage the people with dementia to use the tablet
PC—based dementia training, and will guide them through the
training with speech, gestures, music, and dance. The physical
exercise videos as well as the correct answers for the cognitive
exercises will be displayed on robot Pepper's Tablet.
Furthermore, Pepper will motivate the participantsto use further
functions of Pepper itself. However, it isal so possiblefor people
with dementia or their relatives to start Coach Pepper at any
time.

During thetest phase, adementiatrainer comesto the household
once a week for one hour to perform the dementia training
together with the people with dementia. A nurse or nursing
assistant will also come asavisitor in thefirst and last week of
the test period to perform a one-hour observation of the people
with dementia. Outside of these times, the participants can
independently use Coach Pepper. In addition, all households
will receive regular calls from the research team to discuss
guestionsor issues. For all participants, measurements are taken
before, during, and after theintervention period (see Multimedia
Appendix 1).

Control Group (Tablet PC-Based Training)

The control group will exclusively receive the tablet PC—based
dementia training, without the robot. Otherwise, it will be the

https://www.researchprotocol s.org/2020/2/€14927

same procedure asin theintervention group. Intotal, two people
with dementia start the intervention for three weeks, and there
will be one week’s break with training for, and adaptations of,
the tablet PC—based dementiatraining for the next two people.
Then, athree week test period will happen again with the next
two people. Thiswill happen until all 20 people have received
the control intervention. Just as in the intervention group, a
dementia trainer comes to the household once a week for one
hour and a professional caregiver comes twice (first and last
week of testing) for observation. Outside these times, people
with dementia and their relatives can use the tablet PC training
as often as they like. Regular control calls will also be made.
For participants in the intervention and control group, it is
forbidden during the study to use (similar) devices (eg, robots,
tablets, and smartphones) including any cognitive or physical
training.

Training

Pepper Master Training

Before the intervention, all responsible project members (eg,
dementiatrainers, project assistants, and technical people) will
receive Pepper Master Training, which will be carried out by
the project partner Humanizing Technologies. In this training,
Pepper will be presented with its functionalities, including how
to unpack, put into operation, and repack the robot. Important
notes about the system, daily use, maintenance, and
troubleshooting will also also discussed. The training will last
two hours. Thetrained peoplewill be responsible over the course
of the project to handle questions/problems from the participants
with regard to robot Pepper.
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Training Data Collection Methods, Course of Study

To ensure consistent data collection, al data-collecting people
will be trained by the researchers of the Institute for Nursing
Science regarding the course of study, as well as al data
collection methods. The duration will be about four hours.

I ntervention Training

The socia nonprofit organization will train their dementia
trainers and nursing staff on the interventions with the tablet
PC—based training and Coach Pepper. The duration will be about
four hours. They will also train the people with dementia and
their relatives. The training will be in the private household of
the participants on the day of delivery of Coach Pepper or the
exclusively tablet PC—based training (first day of intervention,
always on Monday). The duration of the training depends on
the individual needs of the participants. Every household will
receive an operating manual for Coach Pepper and the tablet
PC—based training program.

During the study, a hotline will be set up for participants
guestionsand problems. Home visitswill be offered if problems
cannot be solved on the telephone. Furthermore, control calls
will be performed regularly by project members to ensure that
participants can handle Coach Pepper and the tablet PC—based
training program.

M easur ements

Anoverview of thefollowing data collection methodsisoutlined
in Multimedia Appendix 1. If a participant drops out after
randomization, the minimum amount of data collected by this
person are the sample characteristics (eg, age, gender, and
education). All important changes of measurement methods
will be indicated in the tria register. The measurements are
shown in Multimedia Appendix 1.

Primary Outcome Measurements

Motivation

The Apathy Evaluation Scale (AES) will be used to measure
motivation because apathy can be understood as a loss of
motivation. The scale has 18 items (4-point Likert scale), and
atotal of 18-72 points can be obtained. Higher scores correspond
to a higher degree of apathy, and therefore lower motivation
[34,35].

CareBurden

The Zarit Burden Interview will be used to measure the
subjective care burden of the relatives. The instrument has 22
items (5-point Likert scale), and a total of 0-88 points can be
obtained. Higher scores indicate greater caregiver distress
[36-39].

Secondary Outcome Measurements
Quantitative M easurements

Quality of Life

The Dementia Quality of Life Questionnaire will be used to
measure the health-related quality of life of the people with
dementia. The questionnaire consists of a self-rating version
for people with dementiawith 28 items and a proxy version for
their relatives with 31 items. Each version al so has an additional
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item to capture the globa quality of life of the person with
dementia[39,40]. Both versionsare applied during an interview,
thus capturing the emotions, memory, and everyday life of the
person with dementia during the last week [39,41]. A 4-point
Likert scale is used to collect responses and a higher overall
total score reflects a better health-related quality of life [38].
For therelatives, the World Health Organization Quality of Life
Scale-BREF will be used. It has 26 items and 4 domains
(physical health, psychological, social relationship, and
environment). For every item, 1-5 points can be obtained. In
general, higher domain scores indicate a higher quality of life
[42,43].

Care Dependency

The Care Dependency Scale will be used to measure care
dependency of people with dementia. The scale has 15 items
(5-point Likert scale). In total, 15-75 points can be obtained,
and lower scores indicate a higher degree of care dependency
[44].

Mobility

The Timed UP and GO Test (TUG) will be used to measure
mobility in people with dementia. The test measures the time
(in seconds) an individual needs to stand up from a standard
arm chair, walk a distance of 3 m, turn, walk back to the chair,
and sit down. Interpretation: <10 seconds=completely
unrestricted; 10-19 seconds=less mobile, but still unrestricted;
20-29 seconds=limited mobility; >30 seconds=pronounced
mobility restriction; 14 seconds and more has been shown to
indicate a high risk of falls[45].

Cognitive State

The Montreal Cognitive Assessment will be used to assess
cognition in peoplewith dementia. Theinstrument has 30 items
in 8 domains of cognitive functioning: attention and
concentration, executive functions, memory, language,
visuoconstructional skills, conceptua thinking, calculations,
and orientation. In total, 0-30 points can be obtained, and lower
scoresindicate ahigher degree of cognitiveimpairment [46,47].

Depressive Symptoms

The Geriatric Depression Scalewill be used to assess depressive
symptoms in people with dementia. The scale has 15 items
(yes/no answers). In total, 0-15 points can be obtained, and
higher scores indicate a higher level of depressive symptoms
[48-50]. For therel atives, the Center for Epidemiological Studies
Depression Scale will be used. The scale has 20 items (4-point
Likert scale), and atotal of 0-60 points can be obtained. Higher
scores indicate a higher level of depressive symptoms [51,52].

Acceptance and Usability

The Technology Usage Inventory will be used to measure
acceptance in al included participants. It captures
technology-specific and psychological factors that contribute
to the use of atechnological device. The instrument includes 8
main dimensions (curiosity: 4 items; anxiety: 4 items; interest:
4 items; usability/user-friendliness: 3 items; immersion: 4 items;
utility: 4 items; skepticism: 4 items; and accessibility: 3 items)
with 30 items in total (7-point Likert scale). For every
dimension, 1-21 or 28 points can be obtained. Furthermore, the
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instrument includes a ninth dimension (intention to use with 3
items). This ninth dimension is measured on a visual analog
scale, including a 10-centimeter long horizontal line with two
endpoints (agree and disagree). A crosson thelineindicatesthe
degree of agreement. For the evaluation, the distance from the
right endpoint (disagreement) to the answer across the line is
measured. This distance (in millimeters) is determined and
summed up for al 3 items (maximum: 300, minimum: 0). For
al 9 dimensions, higher levels on the respective dimension
indicate a higher level of expression in the respective
construction [53].

Affect

The Positive and Negative Affect Schedule will be used to
measure effect of the relatives. The instrument has 20 items
(5-point Likert scale) with two dimensions (positive affect and
negative affect). In total, 20-100 points can be obtained, and
higher scores indicate higher positive or rather negative affect
[54].

Behavioral Problems

The Neuropsychiatric Inventory (NPI) will be used to measure
behavioral problems of people with dementia, and information
will be obtained from a caregiver who is familiar with the
patient’s behavior. The instrument has 12 domains (delusions,
agitation/aggression, depression, anxiety, elation/euphoria,
apathy/indifference, disinhibition, irritability, aberrant motor
behavior, sleep and night-time behavior disorders, appetite, and
eating disorders). The NPI assesses the presence, frequency,
and severity of each behavior in the previous month, aswell as
the level of caregiver distress as a result of each of the
neuropsychiatric problems. The domain score is obtained by
multiplying the frequency and severity scores. The total NP
score is finaly the sum of all individual domain scores (thus,
ranging from 0-144). The caregiver distress level is not part of

the total NPl score. Higher scores indicate greater
psychopathol ogy [55,56].
Sensor Data

Furthermore, sensor data from the robot platform Pepper and
the theratai nment app will be continuously collected during the
study period. The objective is to extract key features from the
sensor data and investigate correlations with the scores from
the used questionnaires (AES, Montreal Cognitive Assessment,
and TUG) to apply advanced machine learning techniques to
research the potential of devel oping statistics-based estimators
to predict motivation, cognitive state, and mobility/physical
activity.

Qualitative M easurements

Open, semistructured observation of people with dementia
interacting with the robot at home will be conducted by
professional caregivers to explore how they handle the robot
during the study period. Besides individual interviews with the
people with dementia and relatives, focus groups will also be
organized with the professional caregiversand dementiatrainers
to obtain more in-depth knowledge about their experience with
the robot.
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Data Management

The sensor data of robot Pepper will be processed directly for
the interaction and not be stored. A connection to Pepper from
outside (eg, tablet PC—based training program) isonly possible
viaasecure connection and with auser 1D or password. During
the study, sensor data is immediately forwarded to the
appropriate project partners for processing via secure
connections. All sensor data are analyzed anonymously and
result in anonymized feature data. The videos themselves are
deleted immediately after extracting the features. For each
completed dementia training exercise, the tablet PC stores data
reflecting the performance of each participant with dementia
(eg, wrong/correct answers, quizzes, and time). All datawill be
analyzed anonymized.

The questionnaires and interviewswill be handed over by project
members of the social nonprofit organization either personally
or via a secure server (protected password) to the Medical
University. All persona data of participants will be treated
confidentially and interviews will be anonymized during
transcription. All participants will be assigned a code. The
Medical University and Joanneum Research (research partner)
have access to the final data set for analysis. To ensure data
quality, all datafrom paper-pencil questionnaireswill be entered
into the statistical software by one researcher and will be
scanned for errors after data entry by the same person.
Furthermore, sample checks for data errors by a second
researcher are planned, and the statistician will also perform a
plausibility check of the data before starting the analysis.

Analysis

Quantitative Analysis

Statistical analyses of the results will be performed following
theintention-to-treat principle. Descriptive statistics of the data
will be presented as a mean and standard deviation, or median
and quartile, depending on the nature of the distribution. To
describe categorical data, absolute and relative frequencieswill
be used. To answer the primary question as to whether the
motivation differs between the two intervention groups, a
median regression is planned. Therefore, it can be adjusted for
the degree of dementiaand depression. For differences between
theintervention groupsfor the secondary outcomes, the ordinal
scale data will be analyzed with median regression. For metric
data, a covariance analysis is planned, which also adjusts to
degrees of dementia and depression. Changes in pre- and
postintervention outcomes concerning rel ativeswill be analyzed
by a paired t test or a two-tailed Wilcoxon signed-rank test,
depending on the distribution of the data. For the sensor data,
correlationswith the scores of questionnaireswill be performed.
Furthermore, a skeleton-based analysis of human activity will
be applied on the video frames of the physical exercises[57].
The estimated increase of kinetic energy of the movementsis
intended to provide cues for the increase of motivation [58]. In
addition, the video data will be analyzed for nonverbal
expressive features which provide analytics about the state of
mobility. The significance level will be set to apha=0.05. For
the evaluation, SAS 9.4 (SAS Ingtitute Inc, Cary, North
Carolina, United States) will be used.
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Qualitative Analysis

The qualitative interviews (individual interviews with people
with dementia and relatives; focus groups with caregivers and
dementiatrainers) will be organized in the MAXQDA software
program (VERBI GmbH, Berlin, Germany), and coded and
analyzed by means of qualitative content analysis according to
Schreier 2012 [59] by the Institute of Nursing Science.

Results

Asthisisastudy protocol with the study still intheintervention
stage, no results are available as of yet. The study started in
May 2019 and 18 participants with dementia (8 per group) have
already finished the intervention. The study will end in spring
2020.

Discussion

The overall aim of this study is to explore the effect of a SAR
on psychosocial and physical outcomes of peoplewith dementia
living at home, including caregivers and dementiatrainers. We
hypothesize that the robot has a positive effect on the primary
outcome motivation (stable or decreased apathy) of peoplewith
dementia.

A Lack of Commercially Availableand Tested Socially
Assistive Robots

Research with SAR is arelatively young field [60], especialy
in people with dementia. A systematic review by lenca et al
[61] focusing on intelligent assistive technologies (including
SAR) for people with dementia identified only 17/539 studies
that included SAR. Furthermore, many studies were testing
SAR in an (early) prototype stage [23,62]. Bedarf et a [62]
identified in areview focusing on older people that, in general,
only 6/107 robots were already commercially available. Buhtz
et al [23] identified 3/13 SAR which are commercially available
for older people in home care. In our study, the commercially
available robot Pepper by SoftBank will be tested, which was
refined for home care by our research team before this study
according to the results of a qualitative study using a content
analysis of interviews that included 80 participants (not yet
published), and a first prototype test in home care with 12
participants (Clinical Trials.gov Identifier: NCT03823066, results
not yet published), including people with dementia, caregivers,
and dementiatrainers. Therefined robot isillustrated in Figure
1. According to Alzheimer’s Disease International [1], in the
absence of a medical solution for dementia, we need more
research and innovation around care.

Schussler et a

Reasons of Institutionalization and Socially Assistive
Robots as Nonphar macological Home Care
I ntervention

Most often, research with robots like SAR is performed in
laboratories and institutional settings such as nursing homes
[13,15,63]. However, the home care setting is of highimportance
[1] because about 80% of people with dementia, especialy in
the early stages of the condition, receive care at home mainly
through their relatives, with or without professional support
[6,64,65]. Caregiver burden and the inability of informal
caregiversto perform care on the person with dementia, beside
neuropsychiatric symptoms/BPSD (especially apathy [66]), care
dependency (invarious ADL ), mobility and cognition problems
of the person with dementia, are some of the main reasons for
institutionalization (eg, nursing home) [66-68]. Andel et al [69]
stated that people with dementia are admitted earlier into a
nursing home than people without such anillness. Thissituation
shows that it isimportant to support caregivers of people with
dementiain home care so that people with dementia can stay
at home as long as possible. Our study includes cognitive and
physical training by robot Pepper that belongs to the area of
nonpharmacological interventions, where studies show that
cognitive interventions may have a positive benefit for cognition
and ADL, and physical training may improve or maintain ADL
and may have a benefit for neuropsychiatric symptoms/BPSD
[70-73].

Relevanceto Include Personal Views of People With
Dementia

In our study, we included the personal experience of people
with dementia because from the point of view of older
care-dependent people, there is a scarcity of knowledge about
theuse of robotslike SAR inreal care situations[63]. Itishighly
recommended to include people with dementia and cognitive
impairment in the design iteration cycles [ 74-77] because their
feedback is very relevant for the appropriate and user-friendly
development of novel technologies [76]. Furthermore, people
with dementia are indeed able to learn to make use of robot
technologies [77,78].

Limitations of the Study

The study focuses only on people with mild to moderate
dementia. Therefore, the results cannot be used for peoplewith
severe dementia. People with frontotempora dementia were
not included in the study because of known aggressive behavior.
Therefore, we will not be able to obtain information as to
whether people with this dementia type may benefit from a
robot-based intervention. The study is performed only in home
care, and results cannot be generalized to other settings, like
nursing homes or hospitals.

Results and information of the ongoing study will be
disseminated via our project homepage.
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Abstract

Background: Many cancer patients and survivors worldwide experience disabling fatigue as the main side effect of their illness
and the treatments involved. Face-to-face therapy is effective in treating cancer-related fatigue (CRF), but it is aso
resource-intensive. Offering a self-management program via a mobile phone app (ie, the Untire app), based on elements of
effective face-to-face treatments, might increase the number of patients receiving adequate support for fatigue and decrease care
costs.

Objective: Theaim of this protocol isto describe arandomized controlled trial (RCT) to assess the effectiveness of the Untire
app in reducing fatigue in cancer patients and survivors after 12 weeks of app use as compared with awaiting list control group.
Substudies nested within this trial include questions concerning the reach and costs of online recruitment and uptake and usage
of the Untire app.

Methods: The Untire app study isawaiting list RCT targeting cancer patients and survivors who experience moderate to severe
fatigue via social media (Facebook and Instagram) across 4 English-speaking countries (Australia, Canada, the United Kingdom,
and the United States). The Untire app includes psychoeducation and exercises concerning energy conservation, activity
management, optimizing restful sleep, mindfulness-based stress reduction, psychosocial support, cognitive behavioral therapy,
and physical activity. After randomization, participantsin the intervention group could accessthe Untire app immediately, whereas
control participants had no access to the Untire app until the primary follow-up assessment at 12 weeks. Participants completed
guestionnaires at baseline before randomization and after 4, 8, 12, and 24 weeks. The study outcomes are fatigue (primary) and
quality of life (QoL ; secondary). Potential moderators and mediators of the hypothesized treatment effect on levels of fatigue and
QoL were also assessed. Link clicks and app activation are used to assess reach and uptake, respectively. Log data are used to
explore the characteristics of app use. Sample size calculations for the primary outcome showed that we needed to include 164
participants with complete 12-week measures both in the intervention and the control groups. The intention-to-treat approach is
used in the primary analyses, which refersto analyzing all participants regardless of their app use.

Results. Participants were recruited from March to October 2018. The last participant completed the 24-week assessment in
March 20109.

Conclusions: This mobile health (mHealth) RCT recruited participants online in multiple countries to examine the uptake and
effectiveness of the Untire self-management app to reduce CRF. Many advantages of mHealth apps are assumed, such as the
immediate accessto the app, the low threshol dsto seek support, and the absence of contact with care professional sthat will reduce
costs. If found effective, this app can easily be offered worldwide to patients experiencing CRF.

Trial Registration: Netherlands Trial Register NL6642; https.//www.trialregister.nl/trial/6642.

International Registered Report Identifier (IRRID): DERR1-10.2196/15969
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Introduction

Background

The most common and distressing long-term side effect of
cancer and its treatment is cancer-related fatigue (CRF) [1-3].
CRF can be defined as “a distressing and persistent subjective
sense of physical, emotional, and cognitive tiredness or
exhaustion related to cancer or cancer treatment that is not
proportional to recent activity and interferes with daily
functioning and is not relieved by sleep or rest” [3,4]. A third
of the patients with cancer suffer from fatigue on a daily basis
[5,6], which can persist for up to 10 years after diagnosis [4]
with a considerable impact on their lives [2]. Besides the
personal impact of CRF, the economic impact of CRF is
substantial. A recent European health economics study has
indicated that over 75% of patients with cancer who were
employed changed their employment status, and 28% stopped
working. A US study reported that 30% of patients reduced
their work hours, with an overall average of 4 days per month
per patient [5].

Most patientswith cancer (74%) and oncol ogists (80%) perceive
fatigue as a symptom impossible to manage or to treat
successfully [ 7]. Oncology practice lacks an adeguate approach
to address the consequences of CRF. Usually, physiciansinform
patients with cancer about the risks of cancer treatment,
including the possibility of becoming fatigued [8]. However,
patients assume that treatment for CRF is not available or not
effective, which often discourages patients from asking for help.
Also, when physicians make recommendationsto assist patients
in addressing CRF, these recommendations tend to be
nonspecific as40% of physicians recommended doing nothing,
followed closely by prescribing rest (37%). About 9% of the
physicians in this situation used prescription drugs, which
regularly have severe adverse effects [8]. The inadequate
provision of careisnot solely dueto the lack of education about
fatigue treatment, but also due to the complex origin and
underlying mechanisms of fatigue. The etiology of CRF is
multidimensional, involving physiological, biochemical, and
psychological systems|[9].

When it comes to the psychosocial treatment of CRF,
therapist-guided face-to-face interventions have shown to be
effective [10]. Such therapies include energy conservation,
activity management, optimizing restful deep,
mindfulness-based stress reduction (MBSR) techniques,
psychosocial support, and cognitive behavioral therapy (CBT)
[4,11,12]. However, face-to-face treatment approaches are
limited in reach and resource-intensive, as 1 therapist can only
treat 1 patient or patient-group at a time. Therapist-guided
electronic health (eHealth) interventions in which health care
is delivered over the internet via technologies are offering a
more flexible and low-threshold approach [13]. Another
advantage of eHeadlth isthat due to Web-delivery, aso patients
with little time and energy can take part inthetreatment [ 14,15].

http://www.researchprotocols.org/2020/2/e15969/

One example of a therapist-guided eHealth intervention to
reduce fatigue in cancer survivorsis the More fit after Cancer
(Fitter na Kanker in Dutch) intervention in which patients
received Web-based mindfulness-based cognitive therapy via
a psychologist. This intervention showed strong evidence in
reducing fatigue in survivors of cancer [13]. Although eHealth
interventions involving therapist-guidance can be offered
effectively over theinternet reaching many patientsworldwide,
these interventions are still limited by the availability of
speciaized psychologists.

One way to reach many patients worldwide is to make use of
self-management interventions delivered via the mobile phone
(mobile health [mHealth], which is a subbranch of eHesalth) in
the form of an app. Advantages of mHealth apps concern the
reach (ie, apps are widely and easily accessible by many
patients), the low threshold intensity to engage in apps as
compared with faceto-face treatment, and the low
resource-intensity of the care provided (ie, it does not require
input from a therapist asit can function as a self-management
tool) [16]. As mHeath permits treatment of participants
worldwidewithout having contact with health care professionals,
online recruitment might be an effective way to reach out to a
large number of potential mHealth users within a short time

[17].

Inspired by the academic research and clinical practice from
the Helen Dowling Institute (HDI) for psycho-oncology
including the aforementioned More fit after Cancer trial, the
start-up Tired of Cancer BV (Utrecht, The Netherlands)
devel oped the so-called Untire app, with the goal to deliver an
effective self-management tool to improve CRF and quality of
life (QoL) of patientsand survivors of cancer who feel fatigued.
The Untire app is built for smartphones and tablets for both
mobile operating systems iPhone (Apple Inc) and Android
(Google). The intervention is based on the aforementioned
successful elements of face-to-face therapy for CRF, that is,
energy conservation, activity management, optimizing restful
deep, MBSR, psychosocia support, CBT, and physical activity
exercises [9] and in line with the guidelines of the National
Comprehensive Cancer Network [18]. The app aims to create
awareness by providing psychoeducation, to give insight into
one’s energy levels, thoughts and behaviors about fatigue, and
to help usersto challenge unhel pful thoughts (eg, catastrophizing
thoughts) and behaviors (eg, increase physical activity) by means
of exercises. It is hypothesized that creating awareness and
adjusting unhelpful thoughts and behaviors will lead to
improvementsin CRF and QoL . The current international study
aims to examine whether the use of the Untire app has the
potential to reduce CRF and improve QoL in patients and
survivors of cancer. Until 2017, asfar as we know, ho mHealth
interventions were devel oped to decrease CRF in patients with
cancer and survivors[4,19].
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Aims of the Research

The primary aim of thiswaiting list randomized controlled trial
(RCT) isto assessthe effectiveness of the Untire app in reducing
fatiguein patients and survivors of cancer after 12 weeks of app
access as compared with patientsin awaiting list control group.

Secondary aims are to assess the effectiveness of the Untire app
in improving QoL in patients and survivors of cancer after 12
weeks of app access as compared with patientsin awaiting list
control group; to examine the reach and costs of online
recruitment, study drop-out, and uptake and usage of the Untire
app; and to determine which factors moderate (ie, age, gender,
and country) and mediate (ie, mindfulness, physical activity,
depression, deep, paininterference, and fatigue catastrophizing)
the hypothesized effect of the intervention.

Methods

Approval

The Untire app study has been approved by the Medical Ethical
Committee of the University Medical Center Groningen
(UMCGQG), the Netherlands. Hereafter, the study received either

Spahrkés et al

ethical approval or awaiver from authorized institutions in the
4 English-speaking countries targeted (ie, Australia, Canada,
the United Kingdom, and the United States; see Multimedia
Appendix 1 for a detailed overview of ethical review and
approval by country). The trial has been registered on
29/11/2019 on the Netherlands Trial Registry (NL6642).

Study Design and Setting

The Untire app study is alarge-scale international waiting list
RCT aimed to examine the effectiveness of the Untire app in
improving CRF and QoL in patients and survivors of cancer.
The Untire self-management app was launched worldwide from
March 2018, where study enrollment took place until October
2018. Also, after the recruitment period, the app remained
available. Participants randomly allocated to the intervention
group received the Untire app at the start of thetrial (Figure 1).
After 12 weeks, aso the control participants received the
intervention (ie, 1 year of free app access). During the waiting
time, control participants were allowed to seek or accept other
treatments for their fatigue. The eligibility check and all other
assessments, including demographics of participants, were
carried out by using Questback's Web-based questionnaire
system EFS-survey.

Figure 1. Study design to test the effectiveness of the Untire app in 4 English-speaking countries.
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Study Population

The Untire app study targeted patients and survivors of cancer
of 18 years or older, who experienced persistent fatigue at
moderate or severe levels(ie, an average composite score of >3
onitems 1, 2, and 3 of the Fatigue Symptom Inventory (FSI)
[20,21]) and owned a smartphone, tablet, or iPad. Exclusion
criteriawere adiagnosis of and receiving treatment for a severe
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mental disorder (ie, major depression, psychotic disorder,
anxiety disorder, or addiction) as these persons may need more
intensive treatment than offered by the app. Also excluded were
persons having adiagnosis of chronic fatigue syndrome, myalgic
encephalomyelitis, or fibromyalgia as the app focusses on
improving physical activity, which is not recommended and
could potentially be harmful to these patients [22].
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Procedure and Recruitment

We approached potential participantsover theinternet viasocial
media advertisement campaigns (Facebook and Instagram).
Multiple advertisement campaigns were created to promote the
link to the study page. Both female and male patients and
survivors of cancer of all age groups >18 years, and who have
shown interest in topics related to cancer, fatigue, and cancer
survivorship were targeted in the first advertising campaigns.
Onthe basis of participant characteristics of those who showed
interest (ie, clicked on the advertisement link), comparable
participants (ie, look-alike audiences) were approached in
subsequent advertisement campaigns.

Interested persons were directed to the landing page of the
Web-based survey tool (ie, Questback) that was used for data
collection. Participants were screened for eligibility, and if
eligible, they received an information letter and gave digitally
informed consent. Hereafter, participants completed a baseline
guestionnaire, after which they were randomized into the
intervention or control group. Next, participants received an
email with the information letter (see Multimedia Appendix 2)
and their digital signed consent (see Multimedia Appendix 3).
I ntervention participants received a second email with aunique
access code that could be used to activate the Untire app after
downloading it from the app store, enabling free usage.
Subsequently, participants received email invitations and
remindersat 4, 8, 12, and 24 weeksto fill in the questionnaires.
Once control participants completed the 12-weeks survey, they
also received an email with a unique access code that could be
used to activate the app after downloading it from the app store,
enabling free usage. The 24-weeks follow-up assessment was
used to assess maintenance of the expected decline in fatigue
in the experimental group. Assessmentsdid not last longer than
15 min.

Randomization and Blinding

Participants who completed the baseline questionnaire were
randomized 2:1 by the Web-based academic survey tool (ie,

Spahrkés et al

Questback) into the intervention and control groups. The
randomization ratio was chosen for two reasons. First, we
expected that intervention participants were less likely to
complete the 12-weeks assessment after receiving theincentive
for participation (ie, the free access to the Untire app) already
at baseline, as compared with control participantswho received
the incentive after completing the 12-weeks measure. The 2:1
randomization increased the likelihood of a balanced number
of completed 12-weeks measures. Second, in case the drop-out
rate in the intervention group was higher than expected at the
12-weeks measures, it was considered convenient to have large
enough numbersin the intervention group for in-depth app use
analyses. Due to the character of the intervention, it was not
possible to blind participants and assessors to intervention or
control allocation.

Intervention

Participants in the intervention group were instructed to work
through the app at their own pace and could freely choose
modules to work on. Although daily use of the Untire
self-management app was recommended, participants were
instructed to use the app at |east once a week. Users who had
not been active for 5 days were sent a reminder. Users who
opened the app at least seven times within 10 days received a
rating pop-up (ie, to assess satisfaction and ask for feedback).

After opening the Untire app for the first time, participants
received a short introduction on how to use the app. Participants
were informed that every time they revisit the app (ie, reopen
the app), a (new) daily program will be presented. The daily
program consists of the 4 following core components: (1) My
themes, (2) My exercises, (3) Tip of theday, and (4) My physical
activity (Figure 2). Participants al so received information about
the weekly assessments of their fatigue and rel ated components,
the so-called Quick scan. The Vase of Energy isan integral part
of the Quick scan. Participants were also invited to think about
informing afriend or family member, aso-called buddy, to help
or motivate them to work with the app. All the modules are
explained below in detail (also see Table 1 and Figure 2).

Figure 2. The Untire self-management app: (a) mindfulness-based stress reduction audio exercises, (b) psychoeducative themes, (c) the daily program,

and (d) the vase of energy.
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Table 1. Daily and weekly Untire app components, description, and use.

Spahrkés et al

Untire app components Description

Daily program

Tip of the day

Eg, gratitude

My physical activity

Get basic education about different sources of fatigue (ie, the other themes) and receive an overview of how to work

Receive information on the physiology and the harmlessness of anxiety, as well as several tips on how to cope with
Learn to distinguish between thoughts and facts, and learn that thoughts are malleable. Furthermore, participantsreceive

Learn to accept that energy |levelsare often lower as compared with before your disease. Furthermore, learn to understand
that time-outs may be needed and that you can actively manage your boundaries. Gain insight into your boundaries to

Learn about different factorsrelated to sleep problems and the vicious circle of insomnia, which may influence (quality

My themes Receive psychoeducation and exercises on topics such as fear, worry, anxiety, and sleep.
Basics
with the Untire app, including the rationale of the vase of energy.
Fatigue Receive psychoeducative and medical background information and exercises about cancer-related fatigue.
Anxiety
fear.
Worry
challenging questions to explore their thoughts.
Boundaries
prevent crossing them repeatedly.
Sleep
of) sleep. Receive suggestions on how to improve your sleeping behavior.
Self-care Improve your self-compassion by receiving 20 suggestions for self-care.
Nutrition Receive general information on healthy nutrition based on the latest scientific research.
My exercises

Engagein 17 different mindful ness-based stress reduction exercisesto identify, manage, and rel ease stress (ie, attention
to the breath or body scan).

Tips areideas or quotes based on positive psychology, which should help to get into agood mood (eg, Gratitude).

For instance, receive a gratitude writing tip and exercise, in which you write down 3 moments of the day that you felt
grateful. The gratitude tip will support you in adopting a positive thinking style.

Receive information and exercises on 3 different aspects of the Untire physical exercise training program to increase
levels of physical activity and muscle strength.

Planning Receive severa exercises and tipsto deal with limited levels of energy, such as agenda taking and indicate how the
upcoming days will be about activities and energy levels.
Build up energy Build up your energy by carrying out daily physical activity based on guidance in 30 min aday (daily increasing diffi-
culty). Receive guidance in improving sedentary behaviors through information, exercises, and tips.
Power Receive guidance to build up power and muscle strength through information, exercises, and tips.
Assessments
Quick scan Receive weekly evaluations involving 4 questions about well-being as well as 3 questions about energy (part of the
vase of energy). Viathe personal profile, you can see your progress anytime.
Fatigue How was your fatigue last week?
Burden How was your burden last week?
Happiness How happy have you been last week?
Satisfaction How satisfied have you been last week?
Vase of energy Receive 3 questions presented visually by the vase of energy: What gives you energy? What costs you energy? What
isyour energy leak? The weekly pattern provides insights into energy levels.
could choose the themes based on their interests. The themes
My Themes

My Themes is 1 of the 4 core components of the Untire app,
which servesthe overarching purpose of providing patients and
survivors of cancer with background information about various
aspects of their CRF. Psychoeducation is known as a crucial
element of face-to-face therapy for patients with CRF [4].
Themes that are often associated with CRF include fatigue,
anxiety, worry, boundaries, sleep, self-care, and nutrition.
Participants started with a theme called Basics, which taught
them essential introductory information on CRF and explained
the rational e behind the Vase of Energy. Hereafter, participants
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mostly consist of articles to read or listen to (audio) and small
related exercises (eg, listing realistic activities).

My Exercises—Mindfulness-Based Stress Reduction

Stress-reduction exercises involving relaxation techniques and
meditation exercises are often used in mindfulness-based
cognitive therapy for patients and survivors of cancer (Table 1)
as reduced stress is generally associated with a reduction of
CRF[4,23-26]. Participantsare offered 1 of 17 stress-reduction
exercises. Participants could choose to do a new exercise or
also redo earlier completed exercises. My exercises include
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stress-reducing mind-body activities such as breathing
techniques and body scans. All exercises are audio-guided.

Tip of the Day

Tips are provided to foster insights and tricks to improve the
daily mood of patients and survivors. One exampleisthetip of
the day called gratitude, in which participants are instructed to
write down 3 aspectsthat they are feeling genuinely happy about
that day. Participants areinstructed to continue this exercisefor
the upcoming days. Every day the tip component is revisited,
anew tip isdisplayed and accompanied by amotivational image
or catchphrase.

Physical Activity

Thephysical activity part aimsto increase participants physical
activity levels and muscle strength and, even more important,
gives insight into the management of energy levels and
activities. The app teaches 3 methods to improve the
participant’s energy balance, supported by video-guided strength
exercises (Table 1). Positive effects of physical activity and
gaining fitness are explained, and participants learn that, even
though they feel tired, exercise might improve their feeling of
tiredness. Also, a schedule is presented as an example of how
to build up to 30 min of physical activity a day, which is the
recommended duration of physical activity per day [27].

Quick Scans

Apart from the 4 core components, every week, participantsare
assessed on their level of fatigue and related aspectsin aweekly
quick scan. The quick scan aims to evaluate to what extent
participants experienced fatigue and related aspects in the
previous week. In this way, participants are expected to gain
insights into their patterns and progress of fatigue and energy
levels over time. The quick scan is solely for informing
participants; the app does not offer any personalized feedback
based on participants' answers. The quick scan consists of 4
items assessing the level of fatigue, fatigue burden, satisfaction,
and happiness on avisual analog scale: How was your fatigue
this last week?How was your burden of fatigue this last week?
How satisfied with life have you been thislast week? How happy
have you been thislast week? Every week, participants have to
fill in once their Vase of energy. The vase of energy isavisua
presentation tool helping participants to track and visualize
personal energy levels. Participants gain insights into factors
leading to areduction or increase in energy levels. Apart from
that, so-called energy leaks are explored, which can pertain to
a constant drain (eg, pain, anxiety, and stress). Participants
indicate what was lowering their energy levels, aswell as what
was giving them energy and what caused a consistent energy
leak.

http://www.researchprotocols.org/2020/2/e15969/

Spahrkés et al

Content Delivery Forms

The content of the Untire app is presented in different forms.
Patients and survivors of cancer can read educative articles, but
often also an audio option is available, as listening to the
material instead of reading it might be less tiring for patients
with CRF. Besides reading texts and listening to audio texts or
exercises, the Untire app contains numerous video animations
aimed to explain complex aspects and exercises in an easy to
understand and visually attractive way. Apart from the form of
content delivery (ie, text, audio, and video), also persuasive
elements (eg, motivational pictures in between blocks of text)
are used to visualize key aspects (eg, the biological clock for
sleeping quality). Other persuasive el ementsinclude progression
bars, rewards, badges, and constant encouragements. To
encourage participants to use the app at their own pace, they
receive gentle reminders to take a break after going through 5
pages within a theme. The app fosters social commitment by
supporting participants to invite a so-called buddy. In thisway,
participants can manage their fatigue together with a family
member or friend. Furthermore, participants are also invited to
join the Untire community on Facebook, which provides a
platform for the exchange of thoughts and allows socializing
in abroader socia environment.

App Version

The study used version 2.1 of the app, which has been devel oped
based on a pilot and feasibility study with version 1.0, and a
usability study with 19 users and 9 professionals focusing on
the content, use, and technical aspects of version 2.0. For version
2.1, improvements were made in the onboarding system,
tone-of-voice, and presentation of content. For theimprovements
in the onboarding system, an additional 5 users participated in
a UX usability test. During the study, only minor technical
updates and changes (ie, mostly bug fixes) have been made.

Outcome Assessment

Datain this study have been collected by means of Web-based
guestionnaires and in-app log data. Table 2 presents acomplete
overview of the variables assessed by the Web-based
guestionnaires at each measurement wave for the intervention
and control participants, respectively. Variables were assessed
by either using validated questionnaires, using a selection of
items of a validated questionnaire, or by items specifically
created for thistria. We realize it may be a burden for patients
with CRF to fill out all these assessments. To enhance patients
commitment to the study and to reduce attrition, we carefully
selected alimited number of questionnaires and itemsto include.
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Table 2. Questionnaires to assess the primary outcome, secondary outcomes, moderators, mediators, and explanatory factors (including background
attitudes, experiences of app use, and cost-effectiveness).

Variables

Measurement in weeks

0 (baseline) 4 8 12 24

Measurement (number of items)

Primary outcome measure

Fatigue symptoms FSI2(15): Severity Scale (4) and Interference Scale  1°C® Ic 1c 1c IC
)
Secondary outcome measures
QoL ¢ EORTC-QLQ-30°—Past week (1) and QoL—On IC IcC 1Cc 1c IC
Average (1)
Moderators
Demographic and health characteristics _f IC — —_ — —
Mediators
Mindfulness MAAS-59 (5) IC IC IC IC IC
Physical activity ©) IC IC IC IC IC
Depression PROMIS-29" (4) IC IC IC IC IC
Sleep
Quality PROMIS-29 (1) IC IC IC IC IC
Disturbance SLC-90-R! ©) IC IC IC IC IC
Fatigue catastrophizing FCY (13): Rumination (4), Magnification (3),and ~ !C IC 1Ic 1Ic IC
Helplessness (6)
Explanatory factors
Patients expectancy (©)] | — — —
Patients motivation ()] | — — C —
Patients support in environment WHYMPI/MPIK (5) IC IC IC IC IC
Pain interference RAND-36' (2) IC IC IC IC IC
Experienced changes 5) — — IC IC
User experience of the app (19 — - — 1 C
Cost-effectiveness (6) — — — IC —

3FSl: Fatigue Symptom Inventory (fatigue severity scale, fatigue interference scale).

By intervention measurement.
€C: control measuremen.
onL: quality of Life.

€EORTC-QLQ-30: European Organization for Research and Treatment for Cancer Quality of Life Questionnaire.

"Not applicable.
IMAAS-5: The Mindful Attention Awareness Scale.

PPROM IS-29: Patient- Reported Outcomes Measurement Information System (depression scale, sleep scale).

ISLC-90-R: Symptom Checklist-90-Revised (sleep disturbance scale).

IFCS: Fati gue Catastrophizing Scal e (fati gue catastrophizing—adapted from PCS: Pain Catastrophizing Scale; rumination, magnification, and helplessness

scales).

KWHYMPI/MPI: The West Haven-Yale Multidimensional Pain | nventory.

IRAND-36: Research and Devel opment (pain interference scale).

Primary Outcome Measure

The primary outcome is the change of fatigue severity and
fatigue interference from baseline to 12 weeks, which was
assessed with the self-report questionnaire FSI [20,21]. Fatigue

http://www.researchprotocols.org/2020/2/e15969/
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severity was assessed by calculating the average of 3 severity
items (FSI items 1-3: Rate your average level of fatigue during
the past week; Rate your level of fatigue on the day you felt
most fatigued during the past week; Rate your level of fatigue
on the day you felt least fatigued during the past week) on an
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11-point Likert-scale ranging from O (not at all fatigued/no
interference) to 10 (as fatigued as | could be/extreme
interference). Fatigue interference was assessed by calculating
a composite score of the average of 7 interference items (FSI
items 5-11: Rate how much, in the past week, fatigue interfered
with your general level of activity, ability to bathe and dress,
normal work activity [ includes both work outside the home and
housework, ability to concentrate, relations with other people,
enjoyment of life, mood]). A higher score indicates stronger
severity or interference.

Secondary Outcome Measures

The secondary outcome is change in QoL from baseline to 12
weeks, which was assessed with the 1-item European
Organization for Research and Treatment of Cancer Quality of
Life Questionnaire (How would you rate your overall quality
of life during the past week? [28]) as well as a self-constructed
item of overall QoL (Overall QoL: How would you rate your
overall quality of life on average?) on a 7-point Likert-scale
ranging from O (very poor) to 7 (excellent). A higher score
indicates a better QoL.

Moderating Factors

Demographic data were gathered on age, gender, country of
residence, level of education, employment status, relationship
status, and illness-related characteristics, such as being a patient
or survivor of cancer, timesincediagnosis, and type of treatment
received.

Mediating Factors

The following potential mediating factors were assessed:
mindfulness, physical activity, depression, sleep, and fatigue
catastrophizing. Mindfulness was measured with the Mindful
Attention Awareness Scale [29]. To measure physical activity,
we constructed 3 questions regarding engagement in light,
moderate, and vigorous physical activities. Depression was
measured with the depression subscal e of the Patient-Reported
Outcomes Measurement Information System (PROMIS-29)
[30]. Sleep was measured with the 1-item sleep quality subscale
of the PROMIS-29, and 3 items of the sleep disruption subscale
of the Symptom Checklist-90-Revised [31]. The fatigue
catastrophizing scale was adapted from the Pain Catastrophizing
Scale[32], and measured by the rumination, magnification, and
hel plessness subscales.

Explanatory Factors

Explanatory factors were included as these were assumed to be
potentially helpful for the interpretation of the study results.
Patients' attitudes were assessed with questions about their
expectations, motivations, and experienced support in their
environment. Furthermore, as a proxy of impaired physical
functioning, pain interference was assessed. Pain interference
was measured with 2 items of the Research and Development
Health Survey [33]. Perceived changes in levels of fatigue,
overall QoL, physical activity, mood, and sleep were assessed
with 1-item questions. User experience with the app was
assessed to explore patients' attitudes toward and experiences
with the Untire app. Cost-effectiveness was assessed to explore
the costs and benefits of the Untire app (see Table 1).
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In-App Log Data

Log data are used to explore the characteristics of app use. Once
participants activated their unique access code and gave consent
to the privacy terms in the Untire app, participants were
registered, and their log data were stored anonymously. Log
data are automatically stored data about the activities and
assessments (ie, Quick scans and the Vase of Energy) that
participants perform, and registers the date on which activities
and assessments were performed. App use can be described
based on (1) the duration of app use in days and (2) the degree
of app use. Log data will indicate the first, and the last time a
participant completed an activity and the number of days
between the first and last activity will be used as a proxy for
the duration of app use. The number of completed activities
will be counted and will be used as a proxy for the degree of
app use, with ahigher number of completed activitiesindicating
more app Use.

Data Management

Data collection took place over the internet on the secured and
password-encrypted server of Questback. Anonymous back-ups
were saved on the secured and encrypted server of the UMCG,
permitting only access to the involved researchers.

Statistical Analyses

Preparatory Analyses

We will present baseline characteristics (ie, demographics,
disease, and treatment characteristics) for each variable side by
side for the intervention and control groups by the mean
(standard deviation), or frequencies and percentages.

Main Analyses

Doesthe Untire App Reduce Fatigue Significantly After
12 Weeks of App Access?

To examine a treatment effect of the app on fatigue, the data
collected via Questback’s Web-based survey of fatigue severity
and interference will be analyzed using General Linear Mixed
Models (GLMM) for 4 repeated measures (baseline, 4 weeks,
8 weeks, and 12 weeks), and 2 groups (intervention and control),
following the intention-to-treat (ITT) approach. The ITT
approach refersto analyzing all participants, regardless of app
use, and is the primary approach in al outcome analyses.
Assumptions of linearity, homogeneity of variance as well as
the normal distribution of residuals of the model will be tested.
The individual measures of fatigue ratings over time (level 1)
are nested within each patient (level 2). The default GLMM
model without a country factor will be compared with a model
with a country factor concerning the best model fit using the
Bayesian information criterion.

On the basis of previous studies testing health-related apps
targeting behavior [34-39], we estimated the percentage of
participants that would lose interest in the app or study
assessments, and, therefore, would be lost to follow-up (eg, the
12-weeks measurement), at 60%. For the dataanalysis, wewill,
therefore, employ a model that can take missing data into
account (ie, GLMM). A comparison of the outcomes of the
model run in the ITT approach and the outcomes of a model
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run among those who have completed at least the 12-week
assessment (T12-completers) will demonstrate the robustness
of the findings.

In addition to the model validation, wewill carry out sensitivity
analyses to determine whether the duration and the degree of
app use are related to the degree of change in fatigue severity
and interference over time. Outcomes of active users will be
compared with less-active users. Active and less-active users
are categorized according to the duration and degree of app use.
The dose-response rel ationship of app use and treatment effects
will beexplored in athree-way interaction (timexgroupxactivity
level), using GLMM.

Secondary Analyses

Doesthe Untire App I mprove Quality of Life
Significantly After 12 Weeks of App Access?

To examine the treatment effect of the app on QoL, the data
derived from the 2 QoL questions will be analyzed following
the same analytic procedure as described above in the main
analyses.

What Are the Reach, Costs of Online Recruitment, and
What | sthe Uptake and Usage of the Untire App (Study)?

To explorethe number of participants reached using Web-based
social mediacampaigns, we will use the number of Web-based
advertisement link clicks, leading to the study landing page. To
determine the costs of recruitment, the number of link clicks
will be compared with the budget spent on social media
campaigns. We will calculate the total costs of recruitment, the
costs per person who clicked the link, and the costs per person
that completed the baseline (study) assessment. To examine
how many participants completed the assessments, activated
the app, and used the app in the first 12 weeks of the study,
percentages and count datawill be used. Log datawill indicate
how many participants activated their unique access code, the
number of days a participant has been active in the app, and the
number of activities performed.

Which Factors Moderate, and Which Factors Mediate
the Hypothesized Effect of the I ntervention?

Moderating factors (ie, age, gender, and country) of the
intervention effect of the app on CRF and QoL will be explored
asathree-way interaction (timexconditionxmoderator variable)
using GLMM as described above to gain insights into whether
the intervention effect varies among different groups of
participants, for example, patient with cancer versus survivor.
Moreover, wewill examine vialongitudinal mediation analysis,
whether levels of mindfulness, physical activity, depression,
sleep, pain interference, and fatigue catastrophizing mediate the
hypothesized effect of the intervention.

Sample Size

Sample size calculations for the primary outcome of fatigue
showed that we needed to include 164 participantswith complete
12-weeks measures in the intervention and the control group
(total N=328) to detect a between-group difference in change
from baselineto 12 weekswith aminimal effect size of r|2:0.10
(alpha=.05, 1-beta=.95). The sample size was calculated using
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the smplest between/within-group  comparison  (F
tests—repeated measures analysis of variance [with
within-between interaction]) in G* Power 3.1. With theinclusion
of 820 participants (410 intervention participants; 410 control
participants) and an estimated drop-out of (492/820) 60.0%,
164 participants are expected to remain in the intervention and
164 in the control group at the 12-week primary outcome
measurement. The total baseline completer sample size of
N=820 can be taken as a conservative upper bound as the final
analyzes will be carried out using GLMM. GLMM takes more
information into account and, thus, requires a smaller sample
size given the same power.

Results

Throughout March and Octaober 2018, patients with cancer and
survivors (N=1137) wereeligible and gave consent to participate
inthistrial. Of these, 847 participants started with the baseline
guestionnaire and were randomized into two conditions,
following a 2:1 randomization with 545 participants assigned
to the intervention group and 302 participants assigned to the
control group. The last participants completed their 24-week
assessment in March 2019.

Discussion

Principal Findings

This protocol describes an RCT to assess the effectiveness of
the Untire app in reducing fatigue in patients and survivors of
cancer after 12 weeks of app use as compared with a waiting
list control group. Substudies nested within this trial include
guestions concerning the reach and costs of online recruitment
and uptake and usage of the Untire app. There are advantages
of stand-alone mHealth apps assumed, such as the immediate
accessto the app, the low thresholds to seek support viaan app,
and lower costs in supporting patients as compared with
therapist-guided treatments.

The Untire app is based on a face-to-face therapy protocol,
which was developed by the HDI in the Netherlands [25].
Although successful therapeutic elements have been used
continuously over the years (eg, psychoeducation, CBT, physical
activity, and mindfulness) [40], new ways of treatment delivery
are increasingly being explored. For example, face-to-face
treatment protocols have been effectively adapted to fit
therapist-guided internet therapy [13]. More recently, the
ingredients of the More fit after Cancer protocol were used to
develop an adapted version in the form of a stand-alone app.
The key therapeutic ingredients remained, but no supervision
of a therapist is available. Apart from this shift to
self-management, the app offers flexibility as the patients are
allowed to choose from the entire library of education and
exercises instead of following a structured week-by-week
program. Although the app includes proven successful
therapeutic elements, it isimportant to test its effectiveness as
the delivery mode differs from previously tested interventions.
If we do find the app to be effective, it can easily be offered
worldwide to patients with cancer and survivors experiencing
fatigue.
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The findings will not only show whether or not the app is
effective in reducing fatigue and improving QoL but will also
provide more insight into the underlying mechanisms. Several
routes may lead to a reduction in fatigue. For example,
participants may gain vitality through improvements in the
quality of their deep, increasesin physical exercise, and better
management of their physical activities (eg, balancing activities
throughout the day) [13]. Participants may a so improve because
they learn to better manage their unhelpful or catastrophizing
thoughts about their fatigue, possibly through mindfulness[13].
Previous diary research has shown that such catastrophizing
thoughts are associated with increases in negative affect and
fatigue during the day [41]. This study will demonstrate whether
improvements in these factors mediate hypothesized
improvements in fatigue. Patients with specific problems
concerning sleep or physical activity, or with respect to
unhel pful and catastrophizing thoughts may benefit specifically
from improvements in the respective areas.

Strengths and Limitations

The design of the study has both strengths and limitations.
Strengths are itsinternational focus and large scale, which will
not only provide insight into the effectiveness of the app but
also valuable information on the costs of online recruitment
across different countries, the reach of patients who are
interested in mHealth as a form of treatment for fatigue, and
the uptake of the app. Costs of onlinerecruitment might be hard
to predict, as Facebook advertising campaigns cannot betargeted
to patients with cancer directly. Patients with cancer can only
be targeted indirectly based on shared interests in the field of
cancer (eg, diagnosis, impact, and treatment of cancer).
Furthermore, on the basis of the number of patients to be
included, we hope to be able to conduct moderator analysesto
determine whether the hypothesized intervention effect varies
among different groups of participants (eg, patientswith cancer
versus survivors of cancer) and the context in terms of country
where the intervention is delivered. The study contains a
self-report eligibility check to include only patients with
moderate and severe levels of fatigue, as these patients are
hypothesized to benefit from the intervention. A drawback of
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our onlinerecruitment procedure isthe lack of accessto hospital
records, meaning that we cannot validate medical information
(eg, type, duration, and treatment of cancer). Another study
limitation isthat remotely conducted automated mHesalth studies
regularly show large attrition rates [42]. Although high drop-out
rates and sparing app use may be anatural characteristic, asthe
choi ce to discontinue usage is uncomplicated easy owing to the
impersonal nature of the Web-based study and app assessments.
We hope to counteract this mechanism by sending personal
reminder emails to reinvite participants to complete the
respective study assessments. Finally, thewaiting list RCT will
help to demonstrate causality (ie, can patients benefit from
treatment versus no-treatment) and control for potential
spontaneous improvements during the study period, but we
cannot disentangle the effects of therapeutic elements and
common factors (eg, attention). A drawback of using waiting
list control designs might be that it artificialy inflates
intervention effect estimates as control participants could be
influenced by design to literally wait-to-change and, thus, do
not improve [43]. Using an active control condition could
overcome this shortcoming but was not possible as an equivalent
Web-based intervention was not available, and a comparison
with therapist-guided treatment was not feasible owing to the
international and large-scale character of the study.

Conclusions

This large-scale international RCT examines the effectiveness
of the Untire app aimed at improving fatigue and QoL in patients
and survivorsof cancer. To provide moreinsight into the process
of change, the study also tests the influence of several potential
mediators such as physical activity, catastrophizing, and
mindfulness. M oderator analyseswill further our understanding
of who benefits more depending on, for example, age, gender,
and disease status. These findings will further improve the
theoretical notions of fatigue in relation to other variables
involved in facilitating or moderating change. In terms of
practical implications, the findings will enable us to further
improve the Untire app and similar interventions, for example,
by giving more or less weight to specific therapeutic elements.
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Abstract

Background: Obesity isamong the most significant health challengesfacing today’ s adol escents. Wei ght gain during adolescence
isrelated to cardiovascular disease, type 2 diabetes, and some cancersin later life. Presently, adolescentsliving in Australia have
limited access to age-appropriate obesity prevention services.

Objective: Thisstudy aims to investigate whether atwo-way text message program, with optional telephone health counseling,
improves body mass index (BMI) z score and lifestyle outcomes in adolescents who are overweight.

Methods: Thisstudy will beasingle-blind randomized controlled trial (N=150) comparing atwo-way text message intervention,
with optional telephone health counseling, to usual care in adolescents (13-18 years old, inclusive) who are overweight (recruited
from a pediatric weight management clinic and the broader community in Sydney, Australia). The intervention group will receive
a six-month text message program, which consists of two-way, semipersonalized, lifestyle-focused text messages (four
messages/week) in addition to usual care. The control group will be assigned to receive usual care. The study aso includes a
follow-up at 12-months. The primary outcome is a change in BMI z score at six months. Secondary outcomes are changes in
waist-to-height ratio, diet, physical and sedentary activity levels, sleep quality, quality of life, self-esteem, self-efficacy, socia
support, and eating disorder and depression symptoms. Also, we will examine acceptability, utility, and engagement with the
program through a study-specific process evaluation questionnaire, semi-structured telephone interviews, and an analysis of
health counselor communication logs. The analyses will be performed by the intention-to-treat principle to assess differences
between intervention and control groups.

Results. The study opened for recruitment in December 2019. Data collection is expected to be completed by December 2021,
and the results for the primary outcome are expected to be published in early 2022.

Conclusions: This study will test the effectiveness of an interactive two-way text message program compared to usual carein
improving BMI z score and lifestyle outcomes in adol escents with overweight. This interactive, innovative, and scalable project
also aimsto inform future practice and community initiatives to promote obesity prevention behaviors for adol escents.

Trial Registration: Australia New Zealand Clinica Trials Registry (ANZCTR) ACTRN12619000389101;
https.//www.anzctr.org.au/Trial/Regi stration/Trial Review.aspx ?id=377158& amp;isReview=true
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Introduction

The global prevalence of obese and overweight adol escents has
significantly increased over the last five decades, with 18% of
the global population of children and adolescents being
overweight or obesity in 2016 [1]. No devel oped countries have
successfully halted the continuing upward trend in the
preval ence of obesity and being overweight since 1980 [1]. For
example, in 2017-2018, 25% of adolescents aged 12-17 years
old and living in Australia, were overweight or obese [2].
Among older adolescents (16-17 yearsold) residing in Australia,
there has been a57% increase in the incidence of obesity inthe
last three years [2]. In the United States of America, 20.6% of
adolescents aged 12-19 years old had obesity in 2013-2014 [3].

Preventing obesity during adolescence is important because
adolescence is a life stage when risk factors and lifestyles are
established [4,5]. Once obesity is established, weight loss and
weight maintained after weight loss are difficult to achieve [6].
Consequently, gaining excess weight during adolescence is
likely to lead to being overweight and obese in adulthood [7].
Weight gain during adolescence is associated with higher risk
and earlier onset of cardiovascular disease [8], type 2 diabetes
[9], and some cancers [10]. Moreover, adolescent obesity has
adverse psychosocial outcomes, including weight stigma [11]
and reduced quality of life and self-esteem [12]. Long term
weight regulation isrelated to diet and physical behaviors that
are adopted during adolescence and track throughout life [4].
Therefore, to halt the rise in the prevalence of overweight and
obese adolescents, scalable, low-cost, and engaging strategies
are needed.

Several lifestyle risk factors have been associated with excess
weight gain during adolescence, and adolescents that are living
in developed countries are not achieving national
recommendations. Firstly, consuming the recommended intake
of fruits and vegetables may prevent unhealthy weight gain
[13], yet only 4% of adolescentslivingin Australia, aged 12-17
yearsold, meet national guidelinesfor fruit and vegetableintake
[2]. Secondly, adolescents remain the highest consumers of
discretionary foods and sugar-sweetened beverages, despitethe
evidence that consumption increases the risk of obesity and
being overweight [14,15]. In Australia and the United States,
over 60% of adolescents drink a sugar-sweetened beverage
daily, adding 143 kilocal ories per day. Moreover, discretionary
foods account for a significant portion of adolescents' total
energy intake (>40% in Australian adolescents) [16]. Finally,
short sleep duration [17], insufficient physical activity levels,
and increased screen time are associated with an increased risk
of obesity [18,19]. Both physical activity and sedentary
screen-based behavior guidelines are met by less than 4% of
adolescents aged 13-17 years old [20], and night-time

https://www.researchprotocol s.org/2020/2/€16481

technology use can have harmful effects on adolescent sleep
duration [21].

Despite the apparent risk for weight gain during adolescence,
evidence to inform effective interventions for this population
islacking. A 2019 Cochranereview of 31 randomized controlled
trials (RCTs) testing the effectiveness of a range of
interventions, which included diet or physica activity
components or both, designed to prevent obesity in adol escents
found limited effective interventionsfor adolescents aged 13-18
years old [22]. There has been more investment in childhood
obesity prevention research, with over 85 RCTs conducted in
children aged 6-12 years old. Moreover, the diet and physical
activity strategies delivered to adolescentsin the studies did not
reduce their body massindex (BMI) z score, and there has been
limited investigation of digital intervention modalities. Current
attrition rates for traditional, in-person obesity prevention and
management interventionsin adolescentsremain highly variable,
with 27% to 73% of participants dropping out of interventions
for reasons including the intervention not meeting the
adolescent’s expectations [23,24]. Digital technology has been
identified as an engaging intervention modality for overweight
and obese adolescents [25]. Thus, mobile phone interventions
hold promise for delivering interventions that are scalable,
low-cost, and engaging.

Currently, over 90% of adolescents living in Australia and the
United States own a mobile phone[26,27], and text messaging
remainsaprimary meansof communication between adol escents
[27]. Thereisasmall body of evidence which indicates one-way
text message interventions can promote weight loss in adults
[28]. Emerging research has shown that text messages are a
feasible and acceptabl e form of communication ininterventions
for adolescents with obesity [29-32]. However, thereislimited
high-quality evidence for the role of two-way text messages to
improve obesity prevention behaviors in adolescents who are
overweight. Therefore, the primary aim of this study is to test
the effectiveness of a two-way, semipersonalized text message
program, with optional health counseling, compared to usual
care for improving adolescents BMI z score. This study also
aims to determine if the text message program can improve
lifestyle outcomes. The study will also examine acceptability,
utility, and engagement with the program.

Methods

Study Design

The TEXTBITES (TEXT message Behaviora Intervention for
Teens on Eating, physical activity, and Social wellbeing) study
isasingle-blind, multi-center, randomized controlled trial, which
delivers a six-month obesity prevention program via text
messages to adolescents who are overweight. The study also
includes atwelve-month follow-up (Figure 1). The sitesinclude
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public hospitals and a pediatric weight management clinic at a
public children’shospital in Sydney, Australia. Participantswill
be recruited viareferral from the pediatric weight management
clinic, and from the local community via print and digital
advertisements at community centers, high schools, and tertiary
education providers. A log of al recruitment strategies utilized
will be kept. The target sample size is 150 adolescents aged
13-18 yearsold inclusive, who are overweight. Participantswill
be randomly allocated to either a control or intervention group.
The control group will be assigned to receive usua care. For

Partridge et a

this study, usua care is defined as accessing available health
services and information for adol escent obesity prevention. The
intervention group will be allocated to receive the six-month,
two-way text message program for obesity prevention that
provides practical tipsand information, motivation, and support
for lifestyle modification for healthy eating, physical activity,
and mental wellbeing behaviors, in addition to usual care.
Trained research personnel blinded to the group allocation will
conduct assessments at baseline, six-, and twelve-months during
aface-to-face interview.

Figure 1. Flow chart of study design. Adolescent participants 13-18 years, with overweight are considered for inclusion in the study and randomization
issingle blind, with allocation determined and initiated by the computerized program.
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Randomization and Blinding

After obtaining written informed consent from adol escents and
their parents or guardians (if <18 years old) and completing the
baseline assessment, the research assistant will enter the data
into a secure web-based database. Then randomization will
occur via a centralized, computerized randomization program
in a uniform 1:1 allocation ratio (control: intervention).
Randomization isbased on apermuted randomized block design,
where the strata are gender, age, and recruitment site. The
randomized block method contained block sizesof 2 and 4 in
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aratio of 2:1 to minimize imbalance in small strata groups. A
randomization list was generated by an independent statistician
using RandomiseR package [33] within the R computing
environment (The R Foundation, Vienna, Austria). For each
participant, the computer system automatically produces a study
identification number, which will be used on all study
documents. On the following Monday, after the baseline visit,
the computer system automatically sends the assigned text
message program to the participant. Therefore, the researcher
conducting all face-to-face assessments remains blind to the
study alocation. As an additional precaution and for safety

JMIR Res Protoc 2020 | vol. 9 | iss. 2 | 16481 | p.52
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

purposes, there will be an independent, unblinded researcher
monitoring all incoming text messages.

A 20% (30/150) subsample of participants will be randomly
assigned to wear an accelerometer for seven days to validate
the sef-reported physical activity questionnaire. These
participantswill receive asecond layer of randomization, which
will be nested within each treatment arm at a ratio of 1:5. A
total of 15 participants with accel erometers will be in the text
message intervention group, and 15 participants will be in the
control group.

Study Population

Participants will be eligible to participate if they are: (1) 13 to
18 years old inclusive;, (2) are overweight, defined by the
International Obesity Task Force as equivalent to an adult BMI

of 25.0-29.9 kg/m? [34,35]; (3) own an operational mobile phone
that is capable of sending and receiving text messages; and (4)
providewritten informed consent themselves or provide written
informed consent from their parents or guardians (if <18 years
old).

Participants will be excluded if they: (1) have a diagnosis of
Type 1 diabetesor Type 2 diabetes; (2) have amedical condition
or psychiatric illness that would not allow the participant to
giveinformed consent or would preclude the participant’s ability
to comply with the study protocol; (3) a history of disordered
eating, including being diagnosed with, or treated for, Anorexia
nervosaor Anorexiaathletica, Binge Eating Disorder, or Bulimia
nervosa; (4) are pregnant, or are planning to become pregnant
within the next 12 months; (5) are on weight |oss medications
or any medications known to cause weight gain; (6) areenrolled
in an alternative randomized weight management program; (7)
are already participating in a text message-based study; or (8)
cannot speak English. The team will keep recruitment and
screening logs for those people who are ineligible or declineto
participate, with basic demographic information and reasons
for nonparticipation.

Control Group

The control group will receive usual care. For this study, usual
care is defined as accessing available hedlth services and
information for adolescent obesity prevention, as outlined in
theclinical practice guidelinesfor overweight and obese adults,
adolescents, and children in Australia[36]. Participants in the
control group will receive an initial text message welcoming
them to the study. However, they will not receive the text
message support program or health counseling telephone calls.
The control group will also receive a text message reminder
approximately six- and twelve-months after their enrolment,
notifying them that they will be contacted to schedule their six-
and twelve-month follow-up visits, respectively. Participants
in the control group will be offered the opportunity to receive
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the text message support intervention (no health counseling) at
the end of the study (twelve-month visit) if they wish.

I ntervention Group

Overview

The intervention group will receive usua care, plus a text
message support program that includes a series of text messages
focused on lifestyle modification for obesity prevention, aswell
as an opportunity to speak with an English-speaking health
counselor over six months, as detailed bel ow.

Message Content, Freguency, and Sequence

Thetext message content was co-designed with adolescents and
research/health professionals and using established scientific
methods [37]. The bank of 107 unique text messages are based
on seven behavior change techniques with demonstrated
effectiveness in adolescent obesity prevention interventions
[38], and on evidence-based health information found in current
national obesity prevention, nutrition, and physical activity
guidelines [36,39,40]. Findings from previous text message
development research with adolescents were also applied to
ensure the text message style and language were appropriate
and engaging for adolescents[31,32,41,42].

Each intervention participant will receive a customized and
semipersonalized set of text messages sent on four random days
per week, including one weekend day, and at random times
(Table 1). Each uniquetext message will only be sent only once
during the 6-months. If the participant is attending high school,
the weekday text messages will only be sent before or after
school hours (8:00 AM to 9:00 AM or 3:30 PM to 7:30 PM).
Text messages are based on four priority areas, namely, healthy
eating behaviors (n=26), physical activity behaviors (n=18),
mental wellbeing (n=21), and general behaviors (n=34), and a
total of 6 text messages prompt communication with the health
counselor. One welcome message and one final text message
areincluded in the bank of 107 text messages. General behavior
messages are focused on the environmental impact of eating
and activity, food environment, time management, and practical
tips.

The text messages will be semipersonalized by using the
participant's name and selecting text message content relevant
to the participant's characteristics, such as age. Participants can
also update their personal information (eg, mobile phone number
or changein school attendance) throughout the study. M essages
are sent at no cost to the participants; however, text message
replies to the study team will be paid for by the participant at
standard short message service (SMS) rates set by their mobile
phone provider. The intervention will encourage two-way
communication, with participants monitored by the health
counselor on weekdays. All replies and responses will be
reviewed in regular weekly team meetings.
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Table 1. Examples of text messages sent to the intervention group.

Text message category Example text message

Introductory Hi [pref_name] 2, welcome to the TEXTBITES study. We hope you find the program fun and helpful. If you
have any questions throughout the program, text us or call. e are here to support you! If you ever want to
stop the messages, respond STOP to opt-out.

Physicd activity Need a dose of some happy hormones? Stretching can release endor phins, reduce your stress and make you
feel great. The best part? You can do it anywhere, even while watching TV or YouTube. Check it out:
tinyurl.convstretchyout.

Nutrition Cornisn't just a tasty snack, it's multi-purpose! It can be used to make fireworks, glue, paint & plastic. But

Mental wellbeing

General behaviors

Health counselor

Final

let's face it, popcorn is one of the best uses, check out some recipe ideas here: tinyurl.convairpopcorn.

Your brain has 86 billion thinking cells (called “ neurons’ ) & 80 billion or so supporting cells. Wow, that's
alot! No wonder they need a break at night to rest & recover. Make sure to give them 8-10 hours rest each
day!

Want to get your homework or study donein record time? Do power bursts! Put your phone on do not disturb
and power it out for 25 min. Take a 5 min break (yep, you can check your phone) and repeat until your work
is done!

How is everything going, [pref_name] ? Text back if you would like to chat with our health counsellor about
all things food, exercise and wellbeing and we will get back to you soon.

Thisisyour last message from the TEXTBITES study. Thank you for being a part of the program, we couldn’t
have done it without you! We will contact you shortly to arrange your 6-month follow-up interview. Thanks

again from the TEXTBITES study team!

pref_name: participants preferred first name

bTEXTBITES: TEXT message Behavioral Intervention for Teens on Eating, physical activity, and Social wellbeing

Role of the Health Counselor

Once a month, over six months, intervention participants will
be sent a text message encouraging them to cal the
university-qualified health counsel or to ask questions or request
additional information (Table 1, example, two-way
communication messages). The health counseling calls will
employ complementary theoretical approaches to the text
messages, including motivational interviewing, goal setting,
self-monitoring, barrier identification, and problem-solving
[43,44]. The personalized health counseling callswill last 10-15
minutes and will be delivered according to a standardized
protocol. The university-qualified health counselor (allied health
professional) will monitor and respond to participants’ request
for a call each month, either via text message or phone call,
within three working days. Participants are allowed a total of
six health counseling callsin total over six months. The health
counseling callswill enable participantsto set behavioral goals,
discuss barriers and enablers to behavior change, and their
overall progress. This part of the intervention is based on the
evidence based TEXTMEDS (TEXT messages to improve
MEDication adherence and Secondary prevention) study for
secondary prevention of heart disease [45].

Text M essage M anagement System

The text message management system was developed in
conjunction with the text message intervention to support
women's physical and mental health after breast cancer
treatments study and has similar processes [46]. Each week
messages will be selected from the message bank by the
software sequencer system that ensures that participants are
receiving the correct messages (intervention vs control). Both
intervention and control groups will receive a welcome text
message at the beginning of the study and aconcluding message
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at the end of the 6-months. Each text message will haveaunique
signature to ensure that participants know these messages are
fromthe TEXTBITES study. All participantswill be given brief
training at baseline on how to read, delete, and save a text
message, and how to unsubscribeif required. Training will also
include safe and acceptabl e timesto read the text messages (eg,
reminding participants they must not read the text messages or
use any other mobile phone functions if they are driving). All
participants will also be provided with the research personnel’s
contact details and will be contacted at least once during the
intervention period to organize the six-month follow-up
assessment and once during the follow-up period to facilitate
the twelve-month follow-up assessment.

A researcher will manage a study mobile phone, and a record
will be kept of any incoming messages from participants, and
all out-going repliesfrom the study health counsel or throughout
the study. Any analysis of these incoming text messages will
be performed at the group level, except for reporting examples
of individual quotes, which will be anonymized to protect the
participant’s identity. Participants from either group can
withdraw from the study at any time with or without giving a
reason by replying“ STOP” to any of the messages or contacting
a member of the research team, which will activate a process
of review and withdrawal from the study. If a reason for
withdrawal is provided, it will be recorded.

Data Collection and Study Outcomes

The in-person follow-up assessments will occur at the end of
the six-month intervention period and the end of the six months
post-intervention (twelve months from baseline). The primary
outcome, secondary outcomes, and their assessments are
presented in Table 2. The primary outcomeisachangein BMI
z score (units BMI is above or below average for age- and
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sex-specific reference values) measured using calibrated
stadiometer and electronic scales. BMI is calculated as weight
(kg)/[height (meters)?]. Bodyweight and height will be measured
to the nearest 0.1 kilogram and 0.1 centimeter, respectively, at
each assessment time point by the research assistant, who is

Table 2. Description of TEXTBITES study outcomes and assessments.

Partridge et a

blinded to participant allocation and is using a standardized
protocol [47]. Waist-to-height ratio will be measured to the
nearest 0.1 centimeter using a nonstretch plastic waist
measurement tape, midway between the iliac crest and the
lowest rib, and a calibrated stadiometer.

Outcome Assessment

Primary outcome

BMI?z score

UnitsBMI isabove or bel ow average for the age- and sex-specific reference val ues measured using

calibrated stadiometer and electronic scales [47].

Secondary outcomes

Waist-to-height ratio

The midway measurement between theiliac crest and lowest rib and height, measured using a

non-stretch plastic waist tape and a calibrated stadiometer [47].

Adherence to dietary guidelines

Diet quality, food choices and food patterns  pocagsP Survey [49]

Physical activity
Sedentary activity

Objective physical activity

Short questions adapted from the New South Wales Population Health Survey [48]

Validated short physical activity question and study-specific sports participation questions [50]
Modified ASAQC [51-53]
Actigraph GT3X+ activity monitors worn for seven days [54,55]

PedsQL® Version 4.0 Generic Core Scales questionnaire [58]

Short questions adapted from the Project Eat Survey 11 [59]
Short questions adapted the social support and eating habits survey [60] and Social Support Scale

Sleep quality PSQI%-Short [56,57]
Quality of life
Self-esteem Rosenberg Self-Esteem Scale [58]
Self-efficacy
Social support
for Physical Activity [61]
Eating disorders EDE-Q' [62]
Depression CESDR-109[63]

3BMI: body mass index

BACAES: Australian Child and Adolescent Eating Survey
CASAQ: Adolescent Sedentary Activity Questionnaire
4psQI: Pittsburgh Sleep Quality Index

®PedsQL : Pediatric Quality of Life Inventory

fEDE-Q: Eating Disorder Examination questionnaire

9CESDR-10: Centre for Epidemiological Studies Depression Scale-Revised-10

The following questionnaire-based assessments have
demonstrated validity and reliability in adolescent populations
and will be completed online at the in-person follow-up
assessment. Diet quality, food choices, and food patterns will
be measured using the Australian Child and Adolescent Eating
Survey (ACAES) [49], and adherenceto dietary guidelineswill
be measured using short questions adapted from the North-South
Wales Population Health Survey [48]. Physical activity and
sedentary behaviors will be measured using a validated short
physical activity question, study-specific sports participation
questions [50], and a modified version of the Adolescent
Sedentary Activity Questionnaire (ASAQ) [51-53]. For data
quality, physical activity and sedentary behaviors will also be
objectively assessed in a random 20% (30/150) subsample of
participants using Actigraph GT3X+ activity monitorsworn for
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seven days[54,55]. Sleep quality, quality of life, and self-esteem
will be measured using the Pittsburgh Sleep Quality Index Short
(PSQI-Short) [56,57], the Pediatric Quality of Life Inventory
(PedsQL) Version 4.0 Generic Core Scales questionnaire [58],
and the Rosenberg Self-Esteem Scale [58], respectively.
Self-efficacy will be assessed using a questionnaire adapted
from Project Eat Survey Il [59], and social support will be
assessed using a questionnaire adapted from the social support
and eating habits survey [60] and the Social Support Scale for
Physical Activity [61]. Eating disorderswill be measured using
the Eating Disorder Examination Questionnaire (EDE-Q) [62],
and depression will be measured using the Centre for
Epidemiological Studies Depression Scale Revised-10
(CESDR-10) [63]. The schedule of enrolment, interventions,
and assessments are presented in Table 3.

JMIR Res Protoc 2020 | vol. 9 | iss. 2 | 16481 | p.55
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Partridge et a

Table 3. TEXTBITES study schedule of enrolment, interventions, and assessments.

Enrolment Allocation Postallocation
Assessments Before baseline (—t1) Timepoint O Baseline (t;)  6-months(tp)  12-months (tg)
Enrolment
Eligibility screen ad
Informed consent O
Allocation g
I nterventions

Intervention group
Control group

Assessments

BMI?z score

Waist-to-height ratio
Adherence to dietary guidelines
Diet quality, food choices and food patterns
Physical activity

Sedentary activity

Objective physical activity
Sleep quality

Qudlity of life

Self-esteem

Self-efficacy

Social support

Eating disorders

Depression

a a O
a g O
a a O
a g

a a O
a g O
a a O
a g O
a a O
a g O
a a O
a g O
a a O
a g O

3BMI: body mass index

Process M easures

The adolescents’ acceptability, utility, and engagement with
the two-way semipersonalized text message intervention and
interaction with a health counselor will be measured using a
study-specific, process evauation questionnaire, and
semistructured  telephone interviews. All  intervention
participants will be asked to complete the process evaluation
guestionnaire at their 6-month follow-up assessment. The
guestionnaire will include questions regarding acceptability and
utility that require Likert responses from strongly agree to
strongly disagree. It also includes open-ended questions about
the most useful and least useful components of the program, as
well as suggestions to improve the program. Measures of
engagement with the program will be extracted from the text
message management system, including the number of text
messages sent and replies received. At the 6-month follow-up,
both control and intervention participants will be asked if they
accessed any other health-related information or programs
regarding weight management or lifestyle behavior change.
Intervention participants will be invited in person, or by
telephone, to take part in a semistructured telephone interview
at six-months. A minimum of 15 interviews will be conducted

https://www.researchprotocol s.org/2020/2/€16481

and will be consecutive until no new themes or categories
emerge (thematic saturation). However, it is anticipated that at
least 30-40 participants will be invited to take part. These
interviews will be conducted by telephone and will last
approximately 30 minutes. Participants will be purposively
selected to ensure that a variety of views are explored and to
obtain amix of participantsin terms of age and ethnicity.

Statistical Consider ations

Modest reductions in BMI z score (0.01-0.15) in adolescents
have been associated with improvements in several
cardiovascular risk factors and are considered to be clinically
meaningful [64]. The population SD for this power calculation
was obtained from a contemporary Australian RCT in
adolescents [65]. To test for a change in BMI z score of 0.15
(SD 0.27) [65] in theintervention group at six-months, compared
with the control group, for 80% power (type | error=5%,
two-sided test), 1:1 randomization, and accounting for a
conservative 30% dropout-rate based on a recent systematic
literature review [66], we will require 150 participates (75
participants per group).

Baseline demographic characteristics, attrition rates, and the
average number of text messages sent and received for
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participants will be tabulated and compared using descriptive
statistics. Categorical variableswill be summarized using totals
numbers and percentages. Continuous variables will be
summarized using mean and standard deviation for normally
distributed data, or median and interquartile range for data that
are not normally distributed. The baseline characteristics of
completers and noncompleters will be compared to examine
attrition bias, using two-tailed t tests for continuous variables
and chi-squaretestsfor categorical variables. Actigraph GT3X+
accelerometer data will be captured in 1-15 second epochs to
capture the intermittent activity patterns of adolescents and
downloaded using the ActiLife software into an excel
Spreadsheet. Time spent in different physical activities will be
evaluated by classifying the intensity level using count
thresholds specific to adol escents [54,55] .

The primary analysiswill include al available participant data
and will be performed at the end of the study after all the data
has been collected. The analysis of the primary and secondary
outcomes will be conducted according to the intention-to-treat
principle. Continuous outcomes will be analyzed at six- and
twelve-months using analysis of covariance (ANCOVA),
adjusting for baseline measurement of the outcome, gender, and
recruitment site/strategy. Categorical outcomeswill be analyzed
at six- and twelve-months using log-binomial regression and
adjusting for baseline measurement of the outcome, gender, and
recruitment site/strategy. Planned subgroup analyses will
investigate interactions between treatment and subgroups,
including categories of age, socioeconomic status, and ethnicity,
to exploretrendsfor future studies. A significance level of 0.05
will beused. All analyseswill be undertaken using SAS version
9.4 (SAS Ingtitute Inc, Cary, North Carolina, United States).

Process eval uation data, including questionnaire data, interview
data, and text message management data, will be analyzed using
mixed methods. Descriptive analysis will be used to examine
guestionnaire data and software analytics. Interviews will be
conducted by atrained qualitativeinterviewer, digitally recorded
and transcribed. Interview data will be analyzed thematically,
and coding based on emergent themes using the NVIVO
Software program, version 12 (QRS International Pty Ltd,
Victoria, Australia).

Dissemination

The study findings will be disseminated via peer-reviewed
publications and presentations at national and international
conference meetings. Results will also be presented and

communicated appropriately to relevant adolescent and
consumer groups.

Ethical Approval and Consent to Participate

Formal ethical approval for this study has been obtained from
the Sydney Children's Hospitals Network Human Research
Ethics Committee (approval number HREC/18/SCHN/374).
The current protocol version is Version 2.0 (March 20, 2019).
Written and informed consent will be collected from all
participants and their parents/guardians (if they are <18 years
old). The study is sponsored by the University of Sydney and
managed by staff based there. The sponsor has no role in the
study design, the collection, management, analysis, and
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interpretation of data, the writing of the findings, or the decision
to submit the findings for publication. The design and conduct
of the study will be overseen by a steering committee (authors).
This study will adhere to the Australian National Health and
Medical Research Council ethical guidelinesfor human research,
and the study will follow the Consolidated Standards of
Reporting Trials guidelines [67].

Results

Recruitment for the trial will start in December 2019 and is
expected to run until theend of 2020. Data collection isexpected
to be complete by December 2021, and dissemination of trial
resultsis planned after that. The resultson the primary outcome
are expected to be ready during early 2022.

Discussion

Primary Findings

The study will evaluate an innovative means of delivering a
simple obesity prevention program to adolescents who are
overweight and are at risk of obesity using an RCT. It is
hypothesized that the intervention group will seeimprovements
in primary and secondary outcomes compared to control
post-intervention  (six-months) and a  follow-up
(twelve-months). If effective, thisstudy will inform trand ational
research toimprove BMI and lifestyle outcomesfor adolescents,
and to prevent the transition to obesity in young adulthood.
Results of the process evaluation will assess the barriers and
enablers to widespread implementation of the text message
program, with the ultimate goal of providing adolescents with
age-appropriate, evidence-based, and accessible obesity
prevention services.

The simple and innovative text message program addresses a
critical gap in obesity prevention for adolescents, given their
risk of future chronic diseases. Text messages are an appropriate
and access bleintervention delivery modality for this population
group. The benefit of text messagesis that they do not require
an internet connection to receive, offer an interactive modality
to communi cate with health professionals, can be delivered with
minima personnel, and may provide a socialy equitable
intervention for most adolescents. As such, text message
interventions show the potential to reduce socioeconomic
disparities in health care and deliver a scalable, low-cost
intervention to awide population. To date, there have been only
eight RCTs investigating text messages for obesity prevention
or management in adolescent populations [30,68-74]. The
interventions were mostly multicomponent mobile health
interventions, and there was limited process evaluation data to
help understand the effects of the text message component.
Taken together, currently, thereislimited high-quality research
investigating obesity prevention interventions delivered viatext
message for adolescents. Hence, the TEXTBITES study aims
to address this research gap.

Conclusion

Thisstudy will test the effectiveness of asix-month text message
intervention to improve BMI and lifestyle outcomes for
adolescents who are overweight and at risk of obesity. If
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effective at improving BMI and lifestyle outcomes, the results  adolescents, and ultimately be translated to help all adolescents
will provide evidence to inform future practice and community  nationally and internationally.
initiatives to promote obesity prevention behaviors for
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Abstract

Background: Telemedicine based on self-measurement of disease activity could be one of the key components to create the
health care system of thefuture. Previous publicationsin various medical fields have shown that it is possibleto safely telemonitor
patients while reducing the number of outpatient clinic visits. For this purpose, we developed a mobile phone app for patients
with rheumatoid arthritis (RA), which allows them to self-monitor their disease.

Objective: The objective of this study is to assess the safety and efficacy of self-initiated care assisted by a smartphone app in
patients with RA.

Methods: This is a randomized controlled trial that will be performed for 1 year. A tota of 176 patients with RA will be
randomized to either self-initiated care with only one scheduled follow-up consultation assisted by our app or usual care. The
coprimary outcome measures are the number of outpatient clinic consultations with arheumatol ogist taking place during the trial
period and the mean disease activity score as measured by the disease activity score 28 (DAS28) at 12 months. The secondary
outcomes are patient satisfaction, adherence, patient empowerment, and cost evaluation of health care assisted by the app.

Results: Recruitment started in May 2019, and up to 18 months will be required for completion of recruitment. Thus far, 78
patients have been randomized, and thus far, experiences with the app have been positive. The study results are expected to be
published by the end of 2021.

Conclusions: The completion of this study will provide important data regarding the following: (1) safety of self-initiated care
supported by a smartphone app in terms of DAS28 and (2) efficacy of lowering health care usage with this new strategy of
providing health care.

Trial Registration: Netherlands Trial Register NL7715; https.//www.triaregister.nl/trial /7715

International Registered Report Identifier (IRRID): DERR1-10.2196/15105

(JMIR Res Protoc 2020;9(2):€15105) doi:10.2196/15105
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Introduction

Background

Rising health care costs, increasing el derly population size, and
shortage of medical personnel have forced us to think about
alternative ways to organize our health care system. The use of
information technology tools (eHealth) may lead to better
outcomes while reducing costs [1]. One suggested use for
eHealth is asynchronous telemonitoring. In this form of
telemonitoring, patients are monitored without face-to-face or
real-time contact with a physician. Various studies with
asynchronous telemonitoring have been performed in patients
with inflammatory bowel disease (IBD) [2], asthmatic diseases
[3,4], and diabetes mellitus [5], with positive results. However,
for patients with rheumatoid arthritis (RA), clinical evidence
for the use and saf ety of asynchronoustelemonitoring islacking

[6].

Currently, patients are monitored in outpatient clinicsaccording
to the European League Against Rheumatism (EULAR)
treat-to-target guidelines for RA. The guidelines state that
measures of disease activity must be obtained and documented
regularly, as frequently as monthly for patients with
high/moderate disease activity or less frequently, such as every
6 months, for patients with sustained low disease activity or
those in remission [7]. On one hand, the value of most
consultations is low, as 75% of patients in routine clinical
follow-up have low disease activity or show remission [8]. On
the other hand, individualswith RA may experience occasional
increasesin inflammation between routine clinical visits, which
are associated with worsening symptoms, and these arereferred
to asflares[9]. Moreover, patients with RA characterize flares
as unpredictable intense episodes that make them feel helpless
[10]. Frequent self-monitoring of disease activity combined
with self-initiated care could lead to the early identification of
flares and treatment intensification while reducing appointment
frequency for stable patients. Furthermore, with implementation
of such measures, patients with RA may benefit from reduced
travel time, less work leave, and possibly reduced health care
costs.

There are dready many smartphone apps available for
self-monitoring of RA. However, high-quality apps are lacking
[11]. For instance, integration with electronic medical record

http://www.researchprotocols.org/2020/2/e15105/
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(EMR) systems is practically nonexistent. Therefore, we
developed a new app. The developed app requests patients to
fill in aRoutine Assessment of Patient Index Data 3 (RAPID3)
questionnaire weekly for self-measurement of RA disease
activity [12,13]. If disease activity assessment indicates flares,
patients are instructed to contact the outpatient clinic through
the app. We expect the app to support self-initiated care and to
help achieve better disease activity management between
scheduled clinic visits.

Objective

The objective of this paper is to report a protocol for a
randomized controlled trial (RCT) that will test if we can safely
(noninferiority in terms of Disease Activity Score [DAS] 28)
reduce the number of outpatient clinic visits in patients with
RA who self-monitor their disease. If the results confirm our
hypothesis, we aim to implement our telemonitoring strategy
in the Dutch health care system.

Methods

Overview

The study will take place at Reade, a secondary rheumatol ogy
clinic in Amsterdam, the Netherlands. Reade developed the
smartphone app together with the software company Brightfish
BV (Amsterdam, the Netherlands), which offers advice and
assistance to ensure that important standards for cybersecurity,
software design, and software maintenance are met [14]. The
city of Amsterdam along withitssurroundingsisanideal setting
for this study, as network coverage in the Netherlands is
excellent, reaching as high as 96.8%, overall, and 100% in
Amsterdam [15]. Furthermore, over 87% of the Dutch adult
population owns asmartphone, and the mobile downl oad speed
currently ranks sixth worldwide [16,17].

Design, Test, and Redesign

Following the Medica Research Council guidance for
developing and evaluating complex interventions, the
development and evaluation of the app was carried out in three
distinct phases, which will be described in detail elsewhere
(manuscript in preparation) [18]. The process is presented in
Figure 1. Only the protocol for an RCT (phase II1) will be
reported here. The manuscript of the devel opment process and
pilot studiesisin preparation [19].
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Figure 1. The design, test, and redesign approach in three distinct phases. In phase |, the app was developed and tested twice. A prepilot check (1a)
was performed to test usability. Subsequently, the app was tested in a mixed-methods pilot study (Ib). In phase I1, further development was performed
and the new app was re-evaluated with another mixed-methods pilot study (manuscript of pilot studiesin preparation) [19].

Set Design —| Develobment Testin Randomized
Requirements P - & = | Controlled Trial
IPhaseI Phase la
Timeline

Phase Ib

Phase |l

Phase Ill >

Phaselll: Protocol for aRandomized Controlled Trial

In the third phase of the development process, an RCT will be
performed. In this 1-year study, the safety and efficacy of
self-initiated care assisted by our app will be evaluated. The
proposed work process has been thoroughly evaluated with
physicians, researchers, and two patient partners. Multiple
meetings have been held to adjust and improve the process,
with involvement of patients and rheumatol ogists in each step.
Ultimately, all stakeholdersagreed on the strategy, and therefore,
we anticipate successful implementation of this proposed
renewed health care design, if it is clinically proven to be
successful.

The trial has been registered at Triaregister.nl, a publicly
avalable and freely searchable register for studies in the
Netherlands. The study has been approved by the research ethics
committee of the Amsterdam UMC. A total of 176 patientswill
be recruited at the outpatient clinic of Reade, a center for
rehabilitation and rheumatol ogy in Amsterdam, the Netherlands.
Asover 3000 patientswith RA are currently receiving outpatient
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clinic care at Reade, adequate recruitment is expected to be
feasible.

MijnReuma Reade App (MyRheumatism App)

Thebuilt app aimsto collect self-assessment questionnaire data
every week (Table1). Theuser isprompted by weekly reminders
sent by the app to fill out the questionnaire. If the user does not
fill out the questionnaire, another reminder is sent after 24 hours.
If the questionnaire is still not complete, another reminder is
sent 1 week after theinitial reminder. The app presents outcomes
over time in a graph and provides access to patient medical
records and information regarding RA (Figure 2). When a user
completes the questionnaire, the data from the app are
transmitted securely (transport layer security) to secure servers
on the hospital premises. The servers are connected to the Reade
EMR system. Datahandling isfully compliant with all relevant
Dutch privacy and security laws, including 1SO27001 and
General Data Protection Regulations. In the EMR system,
numerical scores and a graph of the self-assessment
guestionnaire data over time can be viewed by Reade health
care professionals (Figure 3).
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Table 1. Self-assessment questionnaire in the MijnReuma Reade App.

Domain Measure Number of questions
Function? mHAQP 10
Pain® NRS® (0-10) 1
Patient-Global® NRS(0-10) 1
Fatigue NRS (0-10) 1
Morning stiffness Minutes 1
Socid participation Likert scale (0-3) 1
Sleep Likert scale (0-3) 1
Anxiety Likert scale (0-3) 1
Stress Likert scale (0-3) 1
Flare question Yes/no 1

#These items together form the Routine Assessment of Patient Index Data 3.
bmHAQ: modified health assessment questionnaire.
°NRS: numeric rating scale

Figure 2. The MijnReuma Reade App. Five separate screenshots illustrate the simple and comprehensive design and interface of the app. The second
screenshot from the left portrays one of the disease activity graphs.
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Figure 3. EMR dashboard. The EMR dashboard displays the results collected with the app. The data originate from the EMR itself, where they are
stored inreal-time after questionnaire compl etion in the app. The graph displays disease activity over time as measured by the RAPID3 (red) and DAS28
(blue). DAS28: Disease Activity Score 28; EMR: electronic medical record; RAPID3: Routine Assessment of Patient Index Data 3.
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Algorithm

The app sends an al ert to the user when the algorithm recognizes
aflare (Figure 4). The alert notifies the user of apossible flare,
provides links to self-management tips, and advises the user to
contact arheumatology nurseif necessary. Thealert isgenerated
when the RAPID3 value of the user increases by more than 2
points from the previous value and the current RAPID3 value
is >4 points. This threshold has been determined on the basis
of the findings in previous studies, in which aflare according
to the DAS28 corresponded with a RAPID3 increase between
1.5 and 2.3 points [9,20]. Furthermore, the cutoff of 4 points
corresponds very well to the patient- and physician-defined flare
cutoffs of 4.33 and 4.27, respectively [20]. Receiver operating

had 77.3% sensitivity and 77.6% specificity for patient-defined
flare and that a cutoff of 4.33 had 67.6% sensitivity and 85.3%
specificity for physician-defined flare. The discussed aternatives
included the RA flare questionnaire (RA-FQ) and FLARE-RA
score [9,21]. As remission criteria are not available for both
these assessments, three out of five RA-FQ domainsare captured
with the RAPID3, and RAPID3 values and FLARE-RA scores
are highly correlated (r=0.77), it was ultimately decided to use
the RAPID3-based algorithm [22]. An anchor question regarding
the presence of an RA flare (yes/no) wasincluded in the weekly
self-assessment  questionnaire (Table 1) to evaluate the
appropriateness of the threshold in this study [9].

Figure 4. Flare algorithm. The app generates an aert with a link to self-management tips and advice to contact the outpatient clinic in case of an
increased disease activity. Left: "Flare warning”. Right: "Your disease appears to be more active".
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Eligibility Criteria

The inclusion criteria are as follows: diagnosis of RA by a
rheumatol ogist; disease duration of at least 2 years; low disease
activity or remission (DAS28 <3.2) at thetime of inclusion; use
of adisease-modifying antirheumatic drug (DMARD); owning
a mobile device with an Android or iOS operating system
(implying mobile phone literacy); age of at least 18 years; and
ability to read and speak Dutch.

The exclusion criteria are as follows: medication change
involving initiation or discontinuation of a DMARD
(conventional [ methotrexate, cyclosporine, cyclophosphamide,
gold injections, hydroxychloroquine, leflunomide,
mycophenolate, sulfasalazine, and corticosteroids] or biological)
in the last 6 months and participation in another interventional
study.

Study Design

Outpatient clinic patients will be informed about the study by
their rheumatologist. If consent is given, they will be contacted
by thetrial physician (BS). They will beinvited for astudy visit
to discuss the study, sign the informed consent form, and
undergo screening for eligibility. The selected patients will be
randomized to one of the following two parallel groups: control
group and intervention group. Patients randomized to the control
group will continue usual care, and outpatient clinic visits are
planned as usual by their rheumatologist, on average 2-3 times
ayear. For patients randomized to the intervention group, only

Seppen et a

one outpatient clinic visit is planned at the end of thetrial period
(after 12 months). They will receive a username and password
for the app to alow monitoring of their own symptoms. If
necessary, they will be provided help to download the app from
the appropriate app store. During thefirst study visit, they will
be instructed on how to complete the weekly questionnaire
through the app. Additional follow-up visits will be scheduled
at the occurrence of flares as recognized by the app or at the
request of individual patients. Furthermore, at 6 months of the
intervention, the blood of the patientswill be tested (erythrocyte
sedimentation rate [ESR], hemoglobin level, leukocyte count,
aspartate aminotransferase level, and alanine aminotransferase
level) at the outpatient clinic. Patients will receive the results
of the blood tests over the phone. If trial patients do not complete
the weekly questionnaire for 4 weeks, they will be contacted to
investigate the reason for nonadherence. Nonadherence will not
lead to discontinuation of the trial for trial patients.

After 12 months, all patients will be seen by thetrial physician
for the second and final study visit. During the visit, a tender
and swollenjoint count will be performed by ablinded research
nurse or arheumatology resident. For patientsin theintervention
group, the number of flare reports will be collected and, if
applicable, the reason for not contacting the outpatient clinic
will be recorded.

During thetrial, al patientswill complete validated self-reported
questionnaires at 0, 3, 6, 9, and 12 months, using a web-based
system (Figure 5).

Figure5. Study design and outcomes over time. The control group continues regular care, usually with two or three preplanned outpatient clinic visits
(OCV5) (light blue box). The intervention group has only one preplanned OCV (blue box) and monitors symptoms using a smartphone app. All patients
completefive questionnaires during the study to compare secondary outcomes. CQR5: Compliance Questionnaire for Rheumatology 5; EC-17: Effective
Consumer Scale 17; PEPPI-5: 5-item Perceived Efficacy in Patient-Physician Interactions; RAPID3: Routine Assessment of Patient Index Data 3; SUS:
System Usability Scale; TiC-P: Treatment Inventory of Costs in Psychiatric Patients; TSQM-9: Treatment Satisfaction Questionnaire for Medication

9; WPAI: Work Productivity and Activity Impairment.
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be seen by arheumatology nurse. Patients will be asked about
possibleflares, associated symptoms, and medication adherence.
If the rheumatol ogy nurse cannot managetheflares, the patient’s
own rheumatologist or the on-call rheumatologist (when the

Flare

All patients, irrespective of the algorithm results or
randomization arm, will be allowed acute outpatient visits if
needed. If patients seek health care during the study, they will
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patient’s own rheumatologist is absent) will be notified by the
rheumatology nurse for further treatment.

Power Analysis

To evaluate the safety of app-supported self-initiated care, we
aim for noninferiority in terms of disease activity, as measured
by the difference in the mean DAS28 score between the two
study groups. Furthermore, we aim for superiority in terms of
the number of outpatient clinic visits, with a lower number
indicating a better result. Two sample size calculations are
performed to determine an appropriate sample size for both
hypotheses.

A sample size of 70 patients in each group has 90% power to
detect noninferiority using a one-sided two-sample t-test. The
margin of noninferiority is —0.3, and it corresponds to half of
theminimal clinically important difference of 0.6, according to
the EULAR response criteria. The true difference between
means is assumed to be 0.0. The significance level (alpha) of
the test is .05. The data are drawn from populations with a
standard deviation of 0.60, which can be generally assumed in
a stable group of patients with RA.

Asthe number of visitswill be analyzed and each patient might
have multiple visits, the sample size calculation needs to take
the exposure-adjusted rate into consideration to power the study.
Therefore, a Poisson test has been performed. The expected
decrease in visits is approximately 50%, as a recent
telemonitoring study in RA showed adecreasein visits of 58%
[23]. A samplesize of 22 patientsin each group has 90% power
at the 5% significance level to detect a difference of 25% (half
the expected difference) with the use of aone-sided two-sample
Poisson test. The exposure time is set at 6 months in the
calculation, but with an actual follow-up of 1 year, the power
will be even higher.

A sample size of 70 patientsin each group will have sufficient
power for both the clinical outcome and reduced appointment
frequency. Considering these calculations and accounting for
follow-up loss of 20% of patients, we plan to include 88 patients
in each group (total 176 patients).

Table 2. Secondary measures.

Seppen et a

Randomization Procedure

Participants will be randomized 1:1 to self-initiated care with
our app (intervention) or standard care (control). Randomization
and alocation will be performed by the author BS, using a
web-based randomization tool (Castor EDC, Ciwit BV,
Amsterdam, the Netherlands) to obtain variable blocks of two,
four, or six, with stratification for treatment (conventional or
biological DMARD). Castor buildsthe all ocation sequence and
performs randomization for the researcher, which can be
considered centralized randomization, without the risk of
allocation bias[24].

Blinding

The 28-joint tender and swollen joint count for the primary
outcome measure will be determined by ablinded research nurse
or rheumatology resident. These individual s have no treatment
relationship with the participants and will be instructed not to
look at the patient files prior to the examination. The nurse or
resident will be called during the study visit to perform the
examination. As in most eHealth trials, it will not be possible
to blind patients and health care providers caring for their
patients to treatment all ocation.

Outcome M easures

The primary outcome measures are health care utilization, as
measured by the number of outpatient clinic visits with a
rheumatologist during the 12-month trial period, and disease
activity, as measured by the DAS28-ESR at 12 months. A list
of secondary outcome measures and their assessment time points
are presented in Table 2 and Figure 5, respectively. The key
secondary outcomesinclude cost evaluation of the intervention
and adherence. Health care costs in the intervention group will
be compared with usual care costs from a societal perspective
as measured using the Treatment Inventory of Costs in
Psychiatric Patients questionnaire, which is adjusted for usein
RA patients, and medical information retrieved from the Reade
EMR system [25]. Furthermore, explorative analysis will be
performed to evaluate the relationship between user adherence
and disease activity.

Secondary measure Scale

Patient satisfaction 10-point Likert scale
Peatient empowerment
Disease activity

Treatment satisfaction
Medication adherence

Effective Consumer Scale 17

Routine Assessment of Patient Index Data 3
Treatment Satisfaction Questionnaire for Medication 9
Compliance Questionnaire for Rheumatology 5

Work productivity Work Productivity and Activity Impairment
Overall cost Treatment Inventory of Costs?
Adherence Questionnaire completion rates

Qualitative data N/AP

8adjusted for use in rheumatol ogy.
BNot applicable.
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Results

Recruitment is currently underway. We started recruitment in
May 2019, and it will continue until the goal of 176 participants
is reached. Thus far, 78 patients have been randomized and,
empirically, experiences with the app have been positive. Data
release in the form of aresearch paper is estimated by the end
of 2021.

Discussion

Summary and Strengths

This study will be the first randomized tria to test the safety
and efficacy of self-initiated care supported by a smartphone
app in patients with RA. Although several apps to monitor
disease activity exist and some of these apps have been tested,
to date, no studies have reported on the use of an app to support
patient-initiated care [26-28]. This study has been performed
in accordance with the relevant domains of the model for
assessment of telemedicine applications, as advised by the
European Commission guidelines, and meets the requirements
of the checklist on how to report hedth interventions using
mobile phones [29,30].

In a recent systematic review of mobile apps for monitoring
disease activity, alack of high-quality apps was reported [11].
The review suggested that apps should use validated
questionnaires and have a user-friendly interface. With the
design and redesign strategy and patient feedback in all stages,
we were able to develop a mobile app that meets the review
requirements. The app is easy for patients to use, visually
presentsdata, and incorporates useful information for physicians.
Furthermore, we secured technical support during the trial
period, as one of the devel opers of the app isapart of the project
team (FC). Additionally, we have ensured that this system is
integrated with the existing Reade EMR system to optimize
clinicians workflow in their busy daily clinical practice.
Integration of the app and its patient-reported outcome (PRO)
data with the existing EMR system has enormous research
potential. This has been recognized before but is often not
accomplished [31].

Expectations

We anticipate that the app will facilitate better comanagement
of the disease by rheumatologists and patients. Thiswill result
in early identification of disease flares and will lead to possibly
better interventionsfor patients requiring treatment adaptation.
Moreover, we expect a reduced appointment frequency for
patients, as unnecessary consultations will be prevented [23].
Furthermore, self-monitoring will improve patient engagement
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and empower patients to manage their own illness. We expect
a fair amount of missing data from the app owing to varying
engagements from our patients [32]. Our primary objective is
not to use the PRO datain statistical analyses, but to ensure that
thedataare useful to patients and rheumatol ogistsfor monitoring
and understanding the disease. Even if patients enter data only
once every 4 weeks, they will still have 4-6 times more data
about their disease status when compared with the data obtained
on visiting the rheumatol ogy outpatient clinic every 4-6 months.

Limitations

This study has several potential limitations. First, there is a
possibility of a ceiling effect of the secondary outcome
measures, as all participants will have low disease activity at
baseline and a disease duration of at least 2 years and might
score well in several of the secondary outcome measures, asis
often the case in the Dutch health care system. Second, the
addition of athird arm (patient-initiated care without the app)
has been discussed to allow evaluation of the effect of the app.
However, we opted against theinclusion of athird arm because
this would mean that information about disease activity could
be lacking for a full year, which is against current EULAR
guidelines. To avoid this unethical design, we selected adesign
similar to that used in the study by de Jong et a, in which the
telemedicine system IBDcoach led to a reduction in outpatient
clinic visits when compared with usua care [2]. Third,
generalizability is limited for three reasons. Firstly, we only
include patients who are in remission, and thus, patients with
high disease activity are excluded from this intervention.
Nevertheless, wethink that thisintervention isstill very relevant,
as there are unmet needs to reduce the number of outpatient
clinic visitsand detect flares early. Secondly, only patientswho
own amobiledevice and therefore are likely receptive to mobile
technology are included. However, we anticipate that this
selection excludes only a small percentage of individuals, as
the proportion of adults with a smartphone is growing and is
already at 87% [16]. Thirdly, the MijnReuma Reade App is
only accessible to patients at Reade presently, which limits
delivery at scale. We have however granted everyone accessto
the prototype app, which other hospitals can incorporate into
their own EMR systems.

Conclusion

Following a design, test, and redesign approach, we have
developed an app that alows patients with RA to monitor their
own disease activity. We anticipate that our app will safely
lower the need of patients for outpatient clinic visits. If proven
safe and effective in an RCT, our aim is to implement our
telemonitoring strategy in the Dutch health care system.
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Abstract

Background: HealthMindr isamobile phone HIV prevention app for men who have sex with men (MSM). In aprevious pilot
study, HealthMindr was found to be acceptable among users and to demonstrate preliminary effectiveness for increasing
pre-exposure prophylaxis (PrEP) uptake among MSM. PrEP is a highly effective HIV prevention intervention; however, uptake
remains low.

Objective: Theaim of this study will be to assess the efficacy of a mobile app for increasing PrEP uptake among MSM in the
southern United States.

Methods: In this randomized controlled trial, we will assess the efficacy of HealthMindr for increasing PrEP uptake among
MSM in the following three southern US cities: Atlanta, Georgia; Jackson, Mississippi; and Washington, DC. In total, 657 men
will be recruited and randomized to intervention and control armsin a 2:1 ratio. Participantsin the intervention arm will receive
access to the full HealthMindr app, with information and resources about PrEP (eg, frequently asked questions, risk assessment
tool, and PrEP provider locator), other HIV prevention information, ability to order free HIV/sexually transmitted infection test
kits, and additional resources related to substance use and mental health. Participantsin the control arm will use the HealthMindr
app but will only have access to the study timeline and a message center to communicate with study staff. Participants will
complete quarterly surveys to assess self-reported PrEP uptake over 12 months of follow-up. Self-reported PrEP uptake will be
verified by dried blood spot testing and/or uploading a photograph of a PrEP prescription.

Results: Participant recruitment began in January 2020.

Conclusions: Thistrial will determine whether the HealthMindr app can increase PrEP uptake anong MSM in the southern
United States.

Trial Registration: Clinical Trials.gov NCT03763942; https://clinicaltrials.gov/ct2/show/NCT03763942
International Registered Report Identifier (IRRID): PRR1-10.2196/16231
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Introduction

Inthe US HIV epidemic, men who have sex with men (MSM)
experience disproportionately high HIV prevalence [1-4] and
incidence [5-7]. MSM aretheonly USrisk groupinwhich HIV
incidenceincreased after 2000 [6], and theincreaseisespecially
alarming among young MSM [5] and MSM of color [8]. MSM
aged 13-24 years and 25-34 years are the only MSM groupsin
which new diagnoses increased after 2009 [9]. The prevalence
of HIV infection among MSM is 67 times greater than that
among other meninthe USpopulation [10]. There are estimated
to be more than 4,700,000 MSM in the United States [10], and
over 800,000 of these men are estimated to be current candidates
for pre-exposure prophylaxis (PrEP) [11].

In the United States, daily oral PrEP is available for MSM as
emitricitabine/tenofovir disoproxil fumarate and
emitricitabine/tenofovir alafenamide. Despite the effectiveness
of PrEP for preventing HIV seroconversion [12,13], there are
anumber of barriersto PrEP uptake, including cost, awareness,
and underestimation of the self-perceived HIV risk [14,15].
Manufacturer payment assistance programs are availableto help
offset the cost of PrEP; however, these programs do not cover
the costs of necessary laboratory tests and can be difficult for
patients to navigate [16].

Multiple models of HIV incidence in MSM suggest that to
substantially decrease HIV incidence in MSM, it is needed to
achieve 40%-50% coverage of multiple prevention servicesand
interventions (eg, condom promotion, HIV testing, PrEP, and
treatment as prevention) in at-risk MSM [17-19]. Currently,
uptake of many prevention services among MSM is low. HIV
testing within the past 12 months, as recommended by some
health jurisdictions [20] and the Centers for Disease Control
and Prevention (CDC) [21], has been reported by 71% of men
in 21 National HIV Behavioral Surveillance cities [22].
However, only 58% of respondents in the American Men’s
Internet Survey (AMIS) [23], a national survey that includes
more rural MSM and MSM living in smaller cities, reported
HIV testing in the past 12 months. In Atlanta, Georgia; Jackson,
Mississippi; and Washington, DC, AMIS dataindicate that there
are significant deficits in annual HIV testing and PrEP
knowledge and uptake. Datafrom the 2017-2018 AMIS surveys
indicate a substantial unmet need for PrEP; 51%, 46%, and 58%
of HIV-negative MSM in Atlanta, Jackson, and Washington,
DC, respectively, are behaviorally eligible for PrEP but have
never taken it (unpublished data). Considering the estimated
population of HIV-negative MSM in each city [24] and the
proportion of PrEP-eligible men and prevalence of PrEP use
from AMIS data in each city, we estimate that the unmet need
for PrEP among MSM in thesethree citiesis greater than 70,000
MSM.

Electronic health (eHealth) tools provide an opportunity to
facilitate uptake of HIV prevention services. A recent summary

http://www.researchprotocols.org/2020/2/e16231/

of eHealth toolsfor HIV preventionin MSM noted that certain
types of prevention services are most amenable to provision
through new technologies. Services for which indications can
be determined through an algorithm are good candidates to
bring to scale with technologies [25]. For example,
well-described criteria and algorithms exist to identify
individuals with behavioral indications for PrEP [26,27].
Moreover, using technology to administer PrEP eligibility
screening could highlight the need for more accessible PrEP
services for rural MSM [25]. Furthermore, the indications of
men for PrEP change over time[28,29], so efficient use of PrEP
among M SM will require periodic reassessment of the HIV risk.
Assuming 6-monthly PrEP dligibility screenings for
HIV-negative MSM, approximately 8 million PrEP eligibility
screenings would be needed in the United States annually to
identify PrEP-eligible MSM. Technologies that allow men to
conduct periodic self-screening and opt-in to clinical screening
when indicated have the potential to substantialy reduce
health-care system burden.

The HealthMindr app is an eHealth tool designed to promote
HIV prevention among young MSM in the United States.
HealthMindr is grounded in Social Cognitive Theory [30],
particularly the components of self-efficacy, goal setting,
outcome expectation, and feedback/self-regulation [31].
HealthMindr is designed to be acomprehensive HIV prevention
app with information and links to resources that involve a
combination prevention approach (eg, HIV/sexually transmitted
infection [STI] testing, PrEP information and provider locators,
and condom promation). Additional details of the app and its
components are presented in the Methods. In a pilot study
conducted in Atlanta, Georgia and Sesttle, Washington,
HealthMindr was found to have high acceptability among MSM
over a4-month follow-up [31]. Weincorporated feedback from
the pil ot participantsto improve the app, including theinclusion
of graphics and videos, additional frequently asked questions
(FAQs), and customizable reminders (eg, to order a HIV test
and schedule an appointment with a PrEP provider). Although
not a primary outcome of the pilot study, 9% of PrEP-ligible
participants initiated PrEP over the follow-up period. The
primary goal of this study is to assess the efficacy of
HealthMindr for increasing PrEP uptake in a randomized
controlled trial (RCT) in the southeastern United States. The
primary am of this study is to assess the efficacy of
HealthMindr for increasing self-reported PrEP uptake among
MSM aged 18-34 yearsin the three cities of Atlanta, Georgia;
Jackson, Mississippi; and Washington, DC in the southern
United States, which have a high HIV incidence among young
MSM. Participants will be randomized to an intervention arm
and provided access to HealthMindr or to a standard-of-care
(information only) control arm. Participantsin the control arm
will be provided access to an app that allows them to manage
their study progress and compl ete surveys but contains no HIV
prevention information. The primary outcome will be PrEP
uptake, as measured by self-report on quarterly follow-up
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surveys. PrEP uptake will be verified by dried blood spot testing
and/or prescription verification. Secondary outcomeswill beto
assess app components contributing to PrEP uptake measured
via app usage data (ie, paradata), conduct in-depth interviews
(IDIs), and measure HIV and ST1 incidence and PrEP adherence
and persistence.

Methods

Study Design

We will conduct a mixed-methods RCT with two arms.
Participants in the intervention arm will receive access to
HealthMindr with enhanced HIV prevention services (HIV test
planning and test locator; initial risk/PrEP eligibility assessment;
HIV treatment locator; and ordering of free condoms, HIV test
kits, and at-home ST specimen collection kits); information
about PrEP; PrEP provider locator; initial local PrEP navigator
referral; and monthly PrEP dligibility assessment and PrEP
navigator referral. The app also provides links to health
insurance exchanges, where eligible men can seek health
insurance (all cities), Medicaid (DC only), or payment assistance
programs. The control arm will be provided standard-of-care
HIV prevention and PrEP information upon enrollment and will
receive access to the control version of the HealthMindr app.
The control version of the app prompts participantsto complete
amonthly mobile phone—administered attention control survey
about diet, exercise, and prescription medications (to assess

Jones et al

PrEP uptake) of the same length as that of the monthly PrEP
assessment given to the intervention arm in order to maintain
the same frequency of contact as that among intervention
participants. Participantsin the control arm will not have access
to the HIV prevention information and services available in
HealthMindr used in the intervention arm.

Study participantswill befollowed for 12 months, and primary
and secondary outcome measurements will be performed at
3-month intervalsin both arms. A schematic of the study design
is presented in Figure 1. Surveys will be distributed to all
participants through the mobile app at baseline and quarterly.
Quarterly surveys will take approximately 30 minutes to
complete; to limit survey duration, non—time-varying survey
elements will not be assessed at each time point. Quarterly
surveys will be identical for men in both arms; however, the
final survey will include questions on acceptability of
HealthMindr only for men in theintervention arm. The surveys
are optimized for smartphones to allow them to be completed
on participants phones. The survey measures represent a
comprehensive set of previously validated measures that will
characterize the population, allow for assessment of
randomization adequacy, document important outcomes, and
allow for exploration of possible moderating factors.

During and after follow-up, participantswill also be purposively
sampled to participate in an IDI to obtain additional insights
into the role that HealthMindr playsin decisions to start or not
start PrEP during the study period.

Figure 1. Study schema depicting planned enrollment in each arm and the schedule of surveys and monthly self-assessments. PrEP: pre-exposure

prophylaxis.
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Study App

HealthMindr is a mobile app designed to be aHIV prevention
portal for MSM, and it was developed using an iterative
community-driven process [32]. As previously described, the
app development is grounded in Social Cognitive Theory,
particularly the components of self-efficacy, goa setting,
outcome expectation, and self-regulation. Participants in the
intervention and control arms will download the HealthMindr
app (Figure 2). The version of HealthMindr used in this study

Jones et al

has been updated and modified according to feedback obtained
in a previous pilot study [31]. Following randomization, the
HIV prevention features of HealthMindr will become available
to participants assigned to the intervention arm. The control
version of the app is designed to support an attention control
that maintains the same schedule of contact as that among
intervention participants and provides a secure method for
participants to communicate with study staff. The common
featuresavailableto all participantsand HIV prevention features
available to intervention participants are described bel ow.

Figure 2. Screenshots of the splash screen, home page, and all about PrEP screen of the HealthMindr app. FAQ: frequently asked questions; PrEP:

pre-exposure prophylaxis; STI: sexually transmitted infection.
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Participants in the control arm will have access to the control
HealthMindr app with limited functionality, which includesthe
following features:

«  Secure messaging: Participants will be able to send and
receive secure messages and communicate with study staff.
When participants receive amessage from study staff, they
will have the option of receiving a nonspecific aert (eg,
You have amessage) on their phone.

«  Study timeline: A study timeline will be displayed so that
participants can see al study activities (eg, surveys and
self-assessments) and seen when they are due.

«  Surveys and self-assessments: Participants will be able to
follow links to complete all study surveys and
self-assessments within the HealthMindr app via a
SurveyGizmo API.

«  Profile: Participants will be ableto create abasic profileto
keep their contact information up-to-date.
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All About PrEP

Pre-exposure prophylaxis (PrEP) is a pill
called Truvada that contains anti-HIV
medications. People who are HIV

negative can take PrEP daily to reduce
their risk of becoming infected with HIV.
For the highest level of protection, PrEP

should be taken every day, along with
HIV testing at regular intervals and using
condoms to prevent other STls.

Is PrEP an option for me? (PrEP Quiz)

PrEP Payment Information

PrEP FAQ

Preparing for your Doctor's Visit

Participants in the intervention arm will have access to the
features described above, as well as the below-mentioned HIV
prevention functions. Where appropriate, we have mapped
functionsto the relevant components of Social Cognitive Theory
(eg, godl setting, self-regulation, and self-efficacy).

« HIV testing: Participants will be able to learn more about
testing options, plan with built-in remindersto test 2-4 times
in the coming year, locate possible places for the tests, and
schedule reminders (goal setting).

» Behaviora risk assessment: Participants will be able to
complete a short behaviora risk assessment (eg, HIV risk
behaviors: sex while drunk or high, unprotected anal
intercourse with a positive or unknown HIV status partner,
total number of sex partners, recent STI diagnosis, and
methamphetamine or popper use and protective behaviors:
HIV testing, STI testing, and consistent condom use;
feedback/self-regulation). Participants will be prompted to
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complete the risk assessment monthly but will have the
option of completing it at any time on-demand.

« Nonoccupational postexposure prophylaxis (nPEP):
Participants will have access to nPEP information, nPEP
self-assessment [27], nPEP locator services[33], and PrEP
referral for those who eval uate multiple exposuresfor nPEP
indication (goal setting and outcome expectation) [34].

« Product ordering: Participants will be able to order
condoms, condom-compatible lubricants, at-home STI
specimen collection kits (urethral and rectal gonorrheaand
chlamydia, and syphilis; goal setting), and at-home HIV
test kits (OraQuick; goal setting). Ordersarefilled through
Amazon fulfillment services.

«  Pre-exposure prophylaxis: Participants will have accessto
PrEP self-assessment at the first app use, monthly
rescreening for PrEP eligibility, PrEP recommendations
adapted from CDC criteria, PrEP provider locator services,
transport or driving directionsto providers, and PrEP FAQs.
The PrEP self-screener assesses certain key elements of
behavioral eligibility (potential indicators of ongoing high
risk for HIV acquisition) and recommends potentially
eligible MSM to visit PrEP providers for further clinical
assessment, with help locating nearby providers and
transport directions (self-efficacy, goa setting, and outcome
expectations). Locator services will be provided via
PrEPL ocator.org, which allows usersto locate nearby PrEP
providers and navigators. PrEP navigation will not be
explicitly offered by study staff; however, participantswho
request PrEP navigation assistance will be directed to
resourcesin their area.

« Substance use and mental health screeners: Participants
will have access to brief screeners to conduct
self-assessmentsfor anxiety, depression, and substance use
problems.

« Substance use and mental health provider directory:
Participants will have access to a list of local resources
availablefor treatment, rehabilitation, and counselling. This
will alow participantsto search the directory of substance
use and mental health counseling providersincluded in the
Substance Abuse and Mental Hedth Services
Administration online directory [35].

Participants and Recruitment

The target enrollment for this study is 657 participants (438
intervention and 219 control participants) acrossthe three study
sites. Power analyses are described in detail below. The
eligibility criteria for this study are as follows. (1) cisgender
male (male at birth and currently identifies as amale); (2) age
18-34 years (inclusive); (3) resident in one of the study
metropolitan statistical areas (M SAs; Atlanta, Georgia; Jackson,
Mississippi; or Washington, DC); (4) intention to reside in one
of the study MSAs for the duration of the trial; (5) available
Android or iOS phone with active service and willingness to
download the study app; (6) English speaker; (7) report of
having anal sex with aman in the past 6 months; and (8) report
of being HIV-negative or never having been tested for HIV.
Men who report currently being on PrEP will be considered
ineligible; however, past PrEP use will not be exclusionary.
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Recruitment strategieswill aim to recruit MSM who are diverse
in terms of race/ethnicity and maintain comparability across
sites. Black and Hispanic MSM will be oversampled with the
goal of enrolling at least 50% of the study popul ation from these
disparately impacted groups. The primary method of recruitment
will beviaonlinevenues, including social networking sites (eg,
Facebook, Instagram, and Twitter), sexual networking apps (eg,
Grindr and Scruff), and banner advertisements on websites
frequented by MSM (eg, Queerty, Towleroad, and Adam for
Adam). In a previous study in Atlanta, Georgia, minimal
differences were observed between men recruited online and
men recruited via venue-based time-space sampling [36]. We
will target men aged at least 18 years, who live in MSAs in
Atlanta, Georgia; Jackson, Mississippi; or Washington, DC.
Additional metropolitan areas in the southern United States
might be added if needed to achieve our recruitment goal. When
men click on a banner advertisement, they will be taken to a
page containing basic study information that includes a short
description of the study activities. If they click on a button to
advance, they will progress through screening, consent, and
enrollment. These procedures are described below. No user data
will be collected from the referral site (eg, Facebook and
Grindr); however, unique tracking links will be used to allow
identification of the referral site. Recruitment yields from each
source will be monitored, and recruitment strategies will be
adjusted as needed to reach the target population number.

In addition to online recruitment strategies, participantswill be
recruited by posting flyers and promoting the study through
community partners (eg, community-based organizations and
drop-in centers) in the three MSAs. Those recruited through
theseflyerswill bedirected to awebsitefor eligibility screening.

Screening, Consent, and Enrollment

Participants who click on an online recruitment advertisement
or follow the URL on a community-based advertisement will
be taken to an e€ligibility screening survey hosted on
SurveyGizmo.com, a Headth Insurance Portability and
Accountability Act-compliant web-based survey platform.
Eligible participants will complete an online informed consent
form, with the option to view avideo summary of theinformed
consent form [37]. After providing informed consent,
participants will be directed to a link to authenticate their
smartphone and download the HealthMindr app from either the
Google Play Store or Apple App Store. Initialy, the app will
display astudy timelinewith alink to the baseline survey, which
participants will completein the app. After the baseline survey
is completed, a standardized fraud check procedure will be
completed. Participants who pass the fraud check will be
randomized and enrolled into the study. Following
randomization, the HIV prevention features of HealthMindr
will become available to participants assigned to theintervention
arm (ie, al participants will have the same HealthMindr app,
with additional content made available to participants in the
intervention arm).

Baseline Survey

The baseline survey will take approximately 30 minutes to
complete. The measured domains will include demographics;
sexual behavior in the past 6 months, PrEP awareness,
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knowledge, attitude, use, and stigma; HIV/ST] testing, diagnosis,
and treatment history; health care access and utilization;
substance use [38]; intimate partner violence; and mental health.
The full survey isincluded in Multimedia Appendix 1.

Fraud Prevention Procedures

To avoid fraudulent registrations, the eligibility criteriawill not
be revealed to prospective participants prior to screening, |P
addresseswill be assessed to block duplicate screening attempts,
and CAPTCHA will be used to prevent bots. Payment of initial
baseline incentives will be delayed for 2-3 business days to
allow routine checks for duplicate | P addresses, names, email
addresses, or phone numbers. Some demographic questions (eg,
age and ZIP code) will be repeated in the eligibility screener
and baseline survey for verification. All participants will be
contacted by phone prior to enroliment. If duplicate contact
information or discrepancies between eligibility and baseline
survey data are detected, the study staff will attempt to resolve
concerns during this phone call and clarify how the situation
arose. If duplicate registrations are detected, the recordswill be
inactivated and deemed invalid.

Randomization

After providing informed consent, downloading the study app,
completing the baseline survey, and passing the fraud check,
participants will be randomized to the intervention and control
ams in a 2:1 ratio (438 intervention and 219 control
participants), with stratification by city to ensure balance of the
study arms across the three study sites [39]. The 2:1
randomization is designed to ensure that the trial includes
enough app users to conduct planned secondary analyses of
intervention efficacy according to thelevel of app usage. Within
each city, a computer program will randomly assign each
participant to the next treatment allocation from a
random-permuted block randomization sequence.

Follow-Up Survey Schedule

All  participants will be asked to complete monthly
self-assessments  and  quarterly  surveys.  Monthly
self-assessments will differ between the study arms. The
participants in the intervention arm will complete a PrEP
eligibility self-assessment that is intended to promote PrEP
uptake (Multimedia Appendix 2). After PrEP initiation, the
monthly survey will include the same PrEP €dligibility
self-assessment to encourage continual awareness of changing
HIV risks and four additional questions assessing PrEP
adherence. The participantsin the control arm will completean
exercise and general hedth self-assessment (Multimedia
Appendix 2). The purpose of the self-assessment in the control
armisto equalize thefrequency of participant contact with study
procedures across the follow-up period. Quarterly surveyswill
be used to measure | abile demographic characteristics and study
outcomes. Participants will receive incentives in the form of
electronic gift cardsfor completion of the baseline and follow-up
surveys according to the following schedule: baseline, US $50;
months 3 and 6, US $40; month 9, US $50; and month 12, US
$60. The graduated increase in the incentive amount over the
follow-up period is designed to increase participant retention
over the entire follow-up period. Any participant who reports
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areactive HIV test result will be contacted to assist with linkage
to care.

Statistical Analysis

The main analysis will use four standard survival analysis
techniques to compare the rate of PrEP initiation between the
study arms and estimate the effect size and statistical
significance for observed differences. This approach will
account for loss to follow-up, study termination owing to
competing events (eg, HIV seroconversion), and other forms
of censoring [40]. The first analysis will use Kaplan-Meier
methods to characterize the empirical survival distribution,
which is the time-dependent probability of remaining PrEP
uninitiated over the follow-up period. This method will yield
estimates of the median time to PrEP initiation and cumulative
incidence with 95% confidenceintervals. In the second analysis,
log-rank or related (eg, Harrington-Fleming) statistical tests
will be used to test the null hypothesis of no difference in the
rate of PrEP initiation between the study arms, with a cutoff P
value of .05 used to determine significance [41]. In the third
analysis, a Cox proportional hazards model will be used to
estimate the hazard ratio associated with the study armsin order
to characterize the strength of the causal effect of app use. The
primary model will include an independent exposure variable
for the study arms as randomized (ie, standard intent-to-treat
analysis), and covariates of interest (including those related to
the four domains along the PrEP continuum) will be included
in the model to increase precision [42]. In the fourth analysis,
parametric survival models (eg, under exponential or Weibull
distributional assumptions) will be used to characterize therate
of PrEP initiation overall and by study arm. Participants will
be analyzed according to the randomized arm (ig,
intention-to-treat analysis).

Primary Outcome

The primary outcome will be the rate of PrEP uptake as
measured by self-report in the app-based surveys at months 3,
6, 9, and 12. Additionaly, al participants reporting PrEP
initiation will be asked to submit confirmation of self-report
either by laboratory testing for the presence of tenofovir
diphosphate via dried blood spots submitted by mail or
uploading a photograph of their PrEP prescription or pill bottle
via HedthMindr. Tenofovir diphosphate, although
conventionally used as a measure of PrEP adherence, will be
interpreted as a qualitative (yes/no) indicator of having taken
PrEP. Participants who opt to verify their PrEP uptake will be
incentivized with an electronic gift card for submitting adried
blood spot (US $40 incentive) or uploading a photograph of
their prescription or pill bottle (US $15 incentive).

Secondary Outcomes

App paradata (eg, number of unique times the app is accessed
and time spent on each app page) will be recorded on the server
side when users access app content. To prevent overestimation
of the time spent in the app and to protect participant privacy,
the app will automatically log out after 3 minutes of inactivity
whether |eft in the foreground or background of the mobile
phone. The server will record a log of all activities the user
completes in the app. These data will be used to summarize
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typical usage patterns of the app, including frequency of overall
app usage; frequency of use of individual app components,
including monthly check-in surveys to assess PrEP dligibility;
and typical time spent on the app. These data will also be used
to inform secondary per-protocol analyses of intervention

efficacy.

HIV and STI diagnoses will be assessed in multiple ways.
Participants in the intervention arm will be able to order HIV
and STI at-home test kits. Those who order HIV test kits will
be asked to self-report their resultsviathe app. ST test kitswill
contain biospecimen collection tools that participants will use
to self-collect samplesto test for syphilisand pharyngesl, rectal,
and urethral gonorrheaand chlamydia. ST1 test kitswill contain
prepaid envelopes that participants will use to return samples
for laboratory testing. STI resultswill be provided to participants
by study staff. Negative results will be delivered via in-app
messages, and positive results will be delivered via a phone
call. Staff will attempt to link participants having positive STI
diagnosesto treatment. Participantsin theintervention arm will
be able to report HIV/STI tests received outside of the context
of the study. Finally, all participants will be asked about recent
HIV/STI diagnoses at the baseline and quarterly surveys.

Among participantsinitiating PrEP, we will assess self-reported
adherence (ie, number of doses missed in the past 30 days) and
persistence (ie, time on PrEP) at each quarterly survey.

Power Analyses

Power calculations are conducted for the main analysis of time
to PrEP initiation comparing the intervention arm with acontrol
condition. Regarding estimates of PrEP uptake in four quarters
spanning 2014 to 2015, 4507 men started PrEP in the United
States [43]. Assuming all of these men are MSM, which isan
overestimate, and using the number of MSM estimated by the
CDCtobedigiblefor PrEP asthedenominator [11], only 0.6%
(4507/813,970) of digible MSM started PrEP between mid-2014
and mid-2015. Thus, our assumption that at most 2% of men
in the control arm will initiate PrEP during the study period is
conservative. Accordingto our preliminary pilot data, men using
the app initiated PrEP at arate of 9% in a4-month period, and
we conservatively estimate that men in the intervention period
would initiate PrEP at arate of 9% in ayear. We will enroll 438
intervention and 219 control participants, which will provide
91% power (a=.05) to detect a 4.5-fold increase in the rate of
uptakein the intervention arm when compared with the control
arm. If the effects were less than our conservative estimates,
wewould retain reasonabl e power (4-fold: 80% power; 3.5-fold:
74% power). These power calculations assume 20% annual
attrition.

The power cal culations mentioned above were conducted at the
time the study was proposed. However, recent data from the
AMIS [44] indicate that approximately 3% of MSM initiated
PrEP in the past year in the three study MSAs (data
unpublished). Changing the calculations above to reflect 3%
uptake among control participants, we would have 69% power
to detect an intervention effect.
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In-Depth I nterviews

Up to 30 IDIs (approximately 10 per site) will be conducted
within 1 month of PrEP initiation among participants in the
intervention arm who start PrEP. Up to 20 additional IDIswill
be conducted within 1 month of study completion among
participants who fit the following criteria (maximum of five for
each criterion): initiated PrEP, did not initiate PrEP, initiated
PrEP but stopped PrEP prior to the end of follow-up, and cycled
on and off PrEP during follow-up. Participantsundergoing IDIs
will be purposively sampled to ensure representation of men
who access the app at least once during follow-up and receive
aPrEP recommendation. Participantswho initiate PrEP and are
interviewed after 1 month of follow-up will not be eligible to
be reinterviewed at the end of the study. The IDIs will be
conducted by trained qualitative interviewers and will follow
semistructured interview guides. The IDIswill assessthe extent
to which app components facilitated or inhibited PrEP uptake.
Central to the IDIs will be understanding the participants' use
of the app. Participants who initiate PrEP will be asked to
describetherolethat the app played in their decision and which
app componentswere most integral to their decision. Participants
who do not initiate PrEP will be asked if there are additional
components (eg, better linkage to providers and other
information) that could be included in the app, which might
cause them to change their mind about initiating PrEP.
HealthMindr is designed to address known barriers, including
individual risk perception (viamonthly PrEP self-assessments)
and financia costs (via PrEP FAQs and payment information),
and participants will be asked to comment on whether they
accessed these sections of the app. Participants who do not
initiate PrEP will be asked to demonstrate how they used the
app and which components of the app were not used.
Participants who stop and do not restart PrEP or who cycle on
and off PrEP during follow-up will be asked to describe how
HealthMindr influenced their decision to initiate PrEP and
whether additional functions or support might have influenced
their decision to discontinue PrEP.

Additional IDIswill be attempted with participants who report
testing HIV-positive during follow-up. These IDIs will follow
astructure similar to that described above. Additional questions
will be added to explore the factors related to PrEP and
seroconversion. Interviews will explore attitudes toward HIV
prevention generally and PrEP specifically. Participantswill be
asked to comment on why they did or did not use PrEP and
mention any barriers to PrEP they might have experienced.

Qualitative Analysis

All IDIs will be digitally recorded, transcribed verbatim, and
deidentified. Transcriptswill be entered into MAX QDA (VERBI
GmbH, Berlin, Germany), which facilitates the processes of
coding, annotating, and retrieving text such that analysts might
note patterns in the textual data across themes. Data analyses
will be conducted using aphenomenological inquiry framework
[45,46]. Phenomenology is focused on describing what agiven
group of people have in common when they experience a
phenomenon and is an inductive analytic approach that allows
the patterns, themes, and categories of analysisto emerge from
data[45,46]. Dataare then presented through textual phenomena
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descriptions based on summaries of experiences described by
respondents. Composite descriptions offer explanations of
underlying structures that exist across the respondents
experiences [45,47].

Trial Registration and I nstitutional Review Board
Approval

This study has been reviewed and approved by the Institutional
Review Board at Emory University (#1RB00102006), and the
Ingtitutional Review Boards at George Washington University
and University of Mississippi Medical Center have agreed to
rely on this decision. This study has been registered at
Clinical Trials.gov (NCT03763942).

Results

Participant enrollment began in January 2020. Study resultsare
expected to be available in 2022.

Discussion

PrEP is a highly effective HIV prevention intervention, and
with widespread use and high levels of adherence, it has the
potential to drastically reduce HIV incidence among MSM in
the United States. Despite its promise, PrEP uptake has been
slow since receiving Food and Drug Administration approval
in 2012 [48,49]. Its uptake has been the slowest among
population groups that are most disproportionately affected by
the HIV epidemic, including black and Hispanic MSM [50,51].
Innovative interventionsthat can be brought to scale are needed
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Abstract

Background: Thereisan unmet need to develop effective, feasible, and scal able interventionsfor poor adherence and depression
in persons living with HIV in low- and middle-income countries (LMIC).

Objective: Thisstudy aimsto investigate the effectiveness of anurse-delivered cognitive behavioral therapy (CBT) intervention
for adherence and depression (CBT-AD) among persons living with HIV who are failing first-line antiretroviral therapy (ART)
in Cape Town, South Africa.

Methods: This study isa2-arm randomized controlled trial of CBT-AD integrated into the HIV primary care setting in South
Africa. A total of 160 participantswho did not achieve viral suppression from their first-line ART and have aunipolar depressive
mood disorder will be randomized to receive either 8 sessions of CBT-AD or enhanced treatment as usual. Participants will be
assessed for major depressive disorder using the Mini International Neuropsychiatric Interview at baseline and 4, 8, and 12
months. The primary outcomes are depression on the Hamilton Depression Scale (HAM-D; as assessed by a blinded assessor)
at the 4-month assessment and changes in ART adherence (assessed via real -time, electronic monitoring with Wisepill) between
baseline and the 4-month assessment. Secondary outcomes are HIV viral load and CD4 cell count at the 12-month assessment
aswell as ART adherence (Wisepill) and depression (HAM-D) over follow-up (4-, 8-, and 12-month assessments).

Results: Thetrial commenced in August 2015 and recruitment began in July 2016. Enrollment was completed in June 2019.

Conclusions: Results of this study will inform whether an existing intervention (CBT-AD) can be effectively administered in
LMIC by nurses with training and ongoing supervision. Thiswill present unique opportunities to further explore the scale-up of
abehaviora intervention to enhance ART adherence among persons living with HIV with major depression in ahigh-prevalence
setting, to move toward achieving The Joint United Nations Programme on HIV/AIDS 90-90-90 goals.

Trial Registration: ClincialTrials.gov NCT02696824; https://clinicaltrials.gov/ct2/show/NCT02696824
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Introduction

Background

The global HIV epidemic has disproportionately affected low-
and middle-income countries (LMIC) and Southern Africain
particular [1]. In this region, South Africa has the highest rate
of HIV infection and the highest number of personsliving with
HIV (PLWH) [1]. Coupled to this, it also has the largest
antiretroviral therapy (ART) treatment program [2]. Successful
management of the epidemic in these high-prevalence settings
requires effective interventions across the care cascade. In 2017,
it was reported that only approximately 30% of HIV-infected
individualsin South Africa had achieved viral suppression [3].
One key aspect of effective viral suppression are behavioral
adherence factors, including the management of mental
disorders, such as major depressive disorder (MDD).

Depressive disordersare highly prevalent among South Africans
in general, with the lifetime prevalence of MDD being 9.8%,
whereas PLWH are at increased risk of developing adepressive
disorder [4]. Rates of 10% of major depression and nearly 30%
of minor depression have been noted in PLWH in South Africa
[5]. Mental health services are not geared to address depressive
disorders in general in PLWH in primary heath settings,
resulting in alarge treatment gap—only 25% of persons affected
by acommon mental disorder ever obtain treatment [6]. Reasons
for this treatment gap include the burden of large patient
numbers and few mental health professionals, limited treatment
options, and a general focus on hospital-based services as
opposed to clinic- or community-based ones where the focus
is often on severe mental disorders [7-9]. Counseling and
psychotherapy for depressive disordersare not readily available
in primary hedlth care because of constraints in skills and
resources[10,11]. Asqualified psychologistsarein short supply
in South Africa, the use of mental health nurses, who staff the
community mental health clinics, represents an opportunity to
transfer critical cognitive behavioral therapy for adherence and
depression (CBT-AD) skills more widely.

The impact of untreated MDD includes several adverse health
outcomes, such asHIV disease progression and mortality [12],
aswell asreduced quality of life, disability, and increased time
out of role [13,14]. A significant mediator of these outcomes
in the context of untreated MDD is poor medication adherence
[15]. PLWH in South Africa face severa psychosocid
challenges known to increase the risk for depressive disorders
[16] and also severa stressors unique to living with HIV, such
as stigma, loss, and the challenges of living with a chronic
disease [17,18]. Strategies to improve depression and coping
with living with HIV within primary health care are, therefore,
imperative.

https://www.researchprotocol s.org/2020/2/€14200

In LMIC, thereis alack of consensus on how best to provide
mental health care for PLWH [19,20]. Owing to resource
constraints, such asalack of qualified clinical psychologiststo
deliver evidence-based psychosocia treatments and a lack of
psychiatrists to evaluate and further treat by utilizing the
available medications in LMIC, health systems have utilized
task-sharing approaches, with varied success [21,22]. The
delivery of evidence-based psychotherapy for acombination of
MDD and adherence difficulties by paraprofessionals would
represent a significant step forward in addressing this issue
among PLWH [23].

CBT isan effective treatment for MDD, with astrong evidence
base [24]. In the context of MDD in chronic disease care, there
are datato support its use to improve both MDD and adherence
[25-27]. Thereisgrowing evidencethat CBT for both adherence
and MDD (ie, CBT-AD) might be effective in LMIC and in
South Africain particular. In an open case series of 14 sessions
of CBT for depression in HIV clinics in Cape Town [28], 6
participants experienced a marked reduction in depressive
symptoms during the course of treatment. This study established
initial feasibility and acceptability for CBT for depression
applied to PLWH in South Africawith a CBT psychologist as
the interventionist. A further pilot study of 14 participants
evaluated a shortened, nurse-delivered, integrated CBT-AD
intervention adapted to the South African context [29]. Although
improvements in adherence and mood were robust, there were
challengesin provider fidelity to theintervention, which required
intensive training and supervision. Further work to develop an
effective, yet scalable, CBT-AD intervention is, therefore,
necessary. In addition to the key issues of adherence and
remission of depression, the issue of task-sharing of the
intervention to nonpsychol ogists needs to be explored.

Trial Objectives

The goa of this tria is to investigate whether CBT-AD
administered by nursesis effective for reducing depression and
improving ART adherence among PLWH with adherence
difficulties and MDD in primary health care in Cape Town,
South Africa.

The primary objective is to compare the effectiveness of an
isiXhosa-adapted, nurse-delivered CBT-AD intervention
integrated into the HIV care setting in individuals who are
failing, or have failed, first-line ART. The CBT-AD treatment
isbeing compared with enhanced usual care (enhanced treatment
asusual [ETAU]) at 12 months. ETAU consists of participants
medical providers being furnished with a referral letter
indicating the psychiatric conditionsthey meet diagnostic criteria
forincluding MDD. Primary study end pointsinclude depression
scores on the Hamilton Depression Scale (HAM-D; as assessed
by ablinded assessor) at the 4-month assessment and changes
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in adherence scores (assessed viathe el ectronic Wisepill device)
between baseline and the 4-month assessment.

Secondary outcomesinclude HIV viral load and CD4 cell count
at the 12-month assessment aswell as adherence (Wisepill) and
depression (HAM-D) over follow-up (4-, 8-, and 12-month
assessments).

Methods

Trial Design

Project Ziphamandla (meaning to be empowered in isiXhosa)
is a 2-arm, randomized controlled trial comparing CBT-AD
with ETAU among PLWH who are failing, or have failed,
first-line ART (see Consolidated Standards of Reporting Trials
diagram in Figure 1).

https://www.researchprotocol s.org/2020/2/€14200
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Before randomization to treatment condition, participants
complete a diagnostic assessment, clinician-rated measures of
depression, and a self-report psychosocial assessment battery.
We aim to randomize 160 participants to either CBT-AD (8
sessions) or ETAU. For participants in both conditions,
treatment providers receive letters summarizing the results of
the participants’ diagnostic assessments. At this point, their
treatment providers may further diagnose or treat (with
antidepressants) MDD in the participants. Randomization
follows approximately 1 month after the baseline assessment,
so that stratification can occur by those who may or may not
have commenced antidepressants as part of their care, following
thisletter. The 1-month period from baseline to randomization
also allows for a baseline assessment of ART adherence using
Wisepill real-time electronic adherence monitoring. For
participants in both arms, there are 4 major study assessment
points. baseline, post intervention (4-month), 8-month, and
12-month.
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Figure 1. Consolidated standards of reporting trials diagram. CBT-AD: cognitive behavioral therapy for adherence and depression; ETAU: enhanced
treatment as usual; SOC: standard of care; 4M: 4-month; 8M: 8-month; 12M: 12-month.
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Study Sites and Participants

Recruitment

All participantsare enrolled at primary HIV careclinicslocated
in periurban areas of Cape Town. Potential participants are
identified by their HIV primary care clinic as not responding
totheir current antiretroviral (ARV) treatment regimen (defined
per loca clinic standards as viral load >400 copies/mL).
Research assistants (RAS) and other study staff situated at the
primary care clinicswork with staff inthe HIV clinicstoidentify
potential participants as they wait for their appointments. RAs
areisiXhosa-speaking staff recruited locally for the study based
on their research and clinical experience. They are extensively
trained in the study protocol and supervised weekly by the
project director who is a PhD-level clinical psychologist. The
team also makes use of recruitment materias (eg, fliers) to

https://www.researchprotocol s.org/2020/2/€14200

describe that the study is for individuals who are managing
depression and are not responding to their current ARV
treatment regimen. Potential participants are screened using the
MDD module of the Mini International Neuropsychiatric
Interview (MINI) [30]. If individuals screen positive for MDD,
but they do not have arecent (1 month) viral load, they are asked
to undergo a blood draw to determine if their viral load is
unsuppressed (ie, >400 copies/mL).

To be eligible for the study, participants must (1) be HIV
seropositive, (2) have a current diagnosis of MDD (meets
threshold for diagnostic severity based on the MINI), and (3)
not have attained viral suppression from first-line ART.
Participants are excluded if they (1) are unable or unwilling to
provide informed consent, (2) have active untreated major
mental illness (untreated psychosis or mania or high suicide
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risk) that would interferewith CBT-AD, (3) havereceived CBT
for depression, or (d) are aged <18 years.

Procedures and Study Assessments

Baseline

At baseline, participants complete the informed consent process
and sign therelease of information form to allow accessto their
medical record for most recent viral load and CD4 and current
ART regimen. The nurse interventionists conduct the clinical
assessment and administer the HAM-D and the remaining MINI
modules. The RAs administer the battery of psychosocial
assessments and other self-report questionnaires. The study
team, including 2 clinical psychologists, meets to discuss each
case and confirm that participants meet diagnostic criteria for
MDD.

Participants also provide consent to alow the study staff to
contact them for up to 1 year after completion of the study (ie,
1 year after the 12-month follow-up visit) for additional study
purposes. The team makes use of mobile phones as well as
meets participants at clinics when they attend other clinic
appointments, as phone numbers do change frequently. In
addition, participants al so consent to alow the study to continue
to access medical records at their clinic (eg, viral load and CD4
cell count) for aperiod of 5 years following completion of the
study. We anticipate that approximately 1000 prospective
participants need to be screened and consented to randomize
the sample of 160 fully eligible individuals.

Randomization

Approximately 1 month after the initial baseline assessment,
participants return for their randomization visit. At this visit,
participants arerandomly assigned to either CBT-AD or ETAU.
Randomization is determined by a computer-generated chart,
using the Research Electronic Data Capture (REDCap)
randomization module [31]. Study staff enter stratification
information (specifically, antidepressant use and site) and click
randomize. Antidepressant use is confirmed by paper medical
record review. Once the condition has been assigned in
REDCap, thisfield is locked and cannot be changed.

Asthe study team sends aletter to HIV providers documenting
the participants depression, regardless of study arm, participants
are given the opportunity to start using antidepressant
medication outside of the study if they are not already using
them. Therefore, at the randomization visit, we stratify
randomization by whether or not the participant is taking an
antidepressant (2 levels). We are also stratifying by which study
site the participant is seen at (2 levels). Note our Data Safety
and Monitoring Board (DSMB) reviews baseline data annually
for adeguacy of randomization.

Retention

The RAstrack participant retention, which is reviewed weekly
by the on-site project director. Proceduresto maximizeretention
include reimbursing participants for their transport costs,
providing participants with an appointment card, contacting
participants to remind them of their scheduled appointments,
and offering a R200 grocery voucher to participants who
completethefull course of treatment. We also collect extensive
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locator information (eg, contact information of 2 significant
others with whom the participant is in regular contact). We
make efforts to maintain contact with individuals who move to
a nonstudy site for their HIV care but are still willing to
complete follow-up.

Following baseline, there are 3 further major assessment visits:
post intervention (4 months), 8 months, and 12 months. At the
4-, 8-, and 12-month follow-up assessments, an independent
assessor (1A), blind to study condition, repeatsthe clinician-rated
assessments and administers the self-report measures to the
participants. Bloods are drawn to determine viral load and CD
count (unless available through medical chart proximal to the
visit). The follow-up assessments occur at the study sites.
However, in the event that a participant is unable to attend the
study sites, the assessment may be conducted telephonically
and arrangements can be made to have bloods drawn at the
closest local facility.

All participants receive standard HIV and ART adherence
counseling, comprising 3 to 4 sessions as part of standard of
care at the clinic. Participants randomized to the integrated
intervention (CBT-AD) receive their first intervention visit
following randomization and receive up to 8 intervention
ons (plus optional booster sessions).

Interventions

I ntervention Training

Before starting the study, nurse interventionists completed a
weeklong training in theintervention that was conducted by the
US and South African investigators. The South African
investigatorsthen provided further training until the nurseswere
deemed competent to begin administering the intervention.
Since the nurses started administering the intervention to
participants, the project director and the other South
Africa—based clinical psychologist provide weekly supervision
for an hour with support from the USinvestigators when needed.
Moreover, 1 therapy session from each interventionist isorally
trandated by the RAsduring theweek it occurred andislistened
to by the clinical psychologists in preparation for supervision.
Approximately yearly, interventionists have booster training
with the US and South African investigators to prevent drift
and enhance fidelity and competence to the protocol.

Standard of Care—Enhanced Treatment as Usual

Theclinic nurse provides feedback to the participant and to their
clinic doctor (via a letter) about their MDD diagnosis. In
addition, all participants undergo standard of care adherence
counseling in the clinic, which may include severa sessions
with a clinic counselor. The letter specifically states that they
are not restricted in terms of referral or trestment of MDD for
their patient with respect to antidepressant medications or other
interventions available.

Treatment | ntervention—Cognitive Behavioral Therapy
I ntervention for Adherence and Depression

Theintervention isthe specific version that we have adapted to
this setting based on a series of pilot studies [29]. Adherence
and self-care issues are incorporated into each session. In early
sessions, we employ mativational interviewing and
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psychoeducation to establish confidence in, and credibility of,
the treatment and to increase motivation for retention in the
study. In addition, information specific to the participant is
gathered during this interactive process, with careful attention
to the role of specific life stressors that may influence case
conceptualization. After session 1, which focuses on adherence
counseling, at the start of each on, the nurseinterventionist
discusses adherence and depressed mood over the past week,
reviewsthe resultsfrom the Wisepill as agraph depicting actual
adherencein the past week, and discusses any adherence issues.
This review alows for a discussion of progress and
consideration of any problem solving or enhancements to the
homework and coping plan assigned in previous sessions. To
integrate CBT for depression with adherence skills, participants
review adherence problem solving before starting the weekly
CBT-AD sessions that focus on both depression and
adherence/self-care. For this study, to maximize fidelity to the
intervention, it is delivered in the form of a flip-book that the
interventionist and participant both see, with additional notes
on one side for the interventionist and visual depictionsfor the
participant.

Session 1: Life-Steps

Life-Steps [32,33] is a single-session intervention based on
genera principles of CBT as well as more specific principles
of problem-solving therapy. The adapted Life-Stepsincorporates
13 informational, problem-solving, and cognitive behavioral
components. (1) psychoeducation, (2) transportation to
appointments, (3) obtaining medications, (4) formulating adaily
medication schedule, (5) plan for storing medications, (6) plan
for obtai ning medi cationswhen away from home, (7) identifying
social supports, (8) identify motivation for adherence and create
association with reminders, (9) plan for coping with medication
side effects, (10) communication with treatment team, (11) plan
for taking medication when using substances, (12) responses
to dipsin adherence, and (13) review of plans. In each step, the
participant and clinician define the problem, generate alternative
solutions, make decisions about the aternatives, determine the
optimal solution, and develop an action plan to implement that
solution.

Session 2: Psychoeducation and Motivational
I nterviewing

A major focus of the first session involves gathering and
presenting information in a way that promotes credibility and
confidence in the treatment for participants [34]. Following
principlesof culturally informed functional assessment and case
conceptualization [35-37], the nurse interventionist and the
participant go over the CBT model of depression and, using
motivational interviewing, identify specific motivations for
behavior change and attempt to resolve participant ambivalence.

Sessions 3 and 4: Behavioral Activation

This module addresses depression-related withdrawal from
pleasurable activities and social interactions. Participants learn
to rate their mood with respect to the activities of their life and
learn to systematically program pleasure- and mastery-based
activities back into their lives. This module has been extensively
adapted for patients with very limited resources who are living
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in poverty, including an isiXhosa-trand ated and locally adapted
pleasant events checklist.

Sessions 5 and 6: Problem Solving

Thisinvolves teaching participants how to define and approach
problems; generate and rank order alternative solutions; and
implement optimal solutions. Participants are also taught how
to break down a complex problem into manageable steps. This
approach isused for the treatment of depression [38] and coping
with chronicillness[39] and wasreviewed positively by patients
in our pilot study [29].

Session 7: Relaxation Training

Progressive muscle relaxation and diaphragmatic breathing are
used to support management of negative mood and stress.
Progressive muscle relaxation comprises tensing and relaxing
particular muscle groups to learn to distinguish between the
feelings of tensed versus relaxed muscles. Ultimately, the goal
is to enable the participant to cue their muscles to relax when
they start to feel anxious. These relaxation techniques are also
widely used in behaviora medicine approaches to managing
body pain, headache, and nausea[40], all of which can be side
effects of ART and can interfere with adherence.

Session 8: Review and Relapse Prevention

One goa of CBT is to transition patients to be their own
therapists and continue to use the skills after the active
intervention ends. Accordingly, this session makes such plans
and involves discussing how the participant may continue to
cope with emergent life stress.

Booster Sessions

After completing the 8 sessions outlined above, participants
randomized to the CBT-AD treatment condition also may attend
up to 9 optional booster sessionsthroughout follow-up. Booster
ons comprisetopicsand skillsfrom the previous 8 sessions
to address any additional difficulties with adherence and/or
depression, tailored to theindividual and based on notes of their
ons.

Nurse I nterventionist Protocol | ntegrity

The integrity and feasibility of the specific protocol is assured
empiricaly. All intervention sessionsaredigitally recorded and
subsequently translated into English by the RAs. Each session
of 1 hour takes approximately 2 hoursto translate. Participants
provide consent for this but are not excluded if they refuse this
aspect. Monitoring of the intervention takes into account both
therapist adherence and competence [41]. We have devel oped
arating checklist to evaluate the nurse counsel ors adherence to
CBT-AD, including whether the specific treatment components
were, in fact, delivered.

M easures

Diagnostic Evaluation

The MINI 7.0 for Diagnostic and Statistical Manual of Mental
Disorders5 is one of the most widely used diagnostic
instrumentsto reliably determine psychiatric disordersin clinical
populations [42-45]. The MINI is designed to be used by
clinicians but can be administered by nonclinicians with
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appropriate training and supervision. Therecruiters conducting
the screening, the nurse interventionists, and the 1A received
training and weekly supervision on the MINI.

Primary Outcomes

Depression

Thenurseinterventionists at baselineand the | A at thefollow-up
assessments completethe HAM-D [46], one of the most widely
used clinical measures of depression in psychiatric research that
has strong psychometric reliability and validity. It hasalso been
used in several antidepressant medication trialsin South Africa
[45,47,48]. Assessors are trained by certified trainers and
licensed psychiatrists/psychologists on the study. The
self-reported Center for Epidemiol ogic Studies Depression Scale
[49] isalso used. This measure has been trandated into isiXhosa
and used successfully in South Africa.

Assessment of Adherenceto Antiretroviral Therapy

Wisepill isareal-time, electronic adherence monitoring system
that comprises a pillbox container fitted with a global system
for mobile communication chip. Using mobile phone
technology, the Wisepill transmits a real-time signal to the
Wisepill Web server each time the pillbox is opened. The
Wisepill Web server can be securely accessed from any
computer via the Wisepill Technologies website with the use
of adesignated log-in and password. It captures real-time data
on device openings and, hence, provides the results of weekly
assessments for longitudinal modeling. For the purposes of this
study, we did not establish a window for missed doses; they
were just counted as whether or not they opened the device the
required number of times (ie, if they opened the device on 2
Separate occasionsfor atwice daily regimen, it would be counted
as fully adherent for the day, and if they opened it once for a
twice daily regimen, it would be counted as 50% for the day).
To ensure the Wisepill device is working properly, we check
in with participants at approximately half-way between major
study visits (ie, at approximately 2, 6, and 10 months in study
participation). In addition, we monitor Wisepill functionality
between the baseline visit (when the device is issued) and the
randomization visit. To ensure the device is working properly,
if no signal is detected from the Wisepill device for 3 or more
days in a row within the first week after the device has been
issued, we contact the participant to ascertain if they are
experiencing any issueswith their device. The purpose of these
check-ins is solely to enquire about any difficulties using the
Wisepill device. The Wisepill Web server also monitors device
battery levels, and participants whose devices had low battery
are contacted to remind them to charge the Wisepill device.

Secondary Outcomes. HIV Viral Load and CD4 Cell
Count

Absolute CD4 cell count and number of HIV vira copies per
milli liter of blood are extracted from the participants’ medical
record at baseline (to assess the first-line treatment failure
inclusion criteria) and at 12-month follow-up. This allows for
a calculation of the proportion of patients with virologic
suppression. Participantswho do not haveviral load test results
within 1 month of the baseline assessment or 4-, 8-, and
12-month follow-up undergo a blood draw for assay using the
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COBAS AmpliPrep/TagMan HIV-1 test (range: 20-10,000,000
copies/mL) [50].

Psychosocial Self-Report Assessment Battery

Participants complete a demographic questionnaire including
itemsregarding age, sex, sexual orientation, educational history,
and employment status. National Institutes of Health
(NIH)—defined categories are used to assess participant race
and ethnicity, although we anticipate mostly (if not only)
isiXhosa-speaking black South African participants. We also
obtain dataon modeof HIV infection, using asingle-item (AIDS
Clinical Triadls Group) question assessing risk factors for
likelihood of means of HIV infection.

Medications

During baseline assessment, participants will provide
information regarding all of their medications (psychiatric, HIV,
and other). When completing assessments at every study visit
thereafter, patients are asked to report any changes to their
medication regimen. These changes are recorded on adherence
guestionnaires and cross-checked with clinic chart review. Any
initiation or changes to antidepressant medications are tracked
across all participants and will be used as covariatesin analyses.

Data Analysis

Primary Outcome Measures

The primary outcome analyses compare changes in depression
(HAM-D; continuous measure assessed by a blinded assessor)
and adherence scores (continuous measure assessed viaWisepill)
from baseline to the 4-month assessment.

Secondary Outcome Measures

Secondary outcome measures include viral load, analyzed
categorically (suppressed vs not) at the 12-month outcome,
using <400 copies/mL as suppressed (consistent with recent
work analyzing chart-extracted viral load data from the same
clinics in Khayelitsha). CD4 is analyzed continuously at the
12-month outcome. In addition, HIV medication adherence and
depression scores over time are examined as secondary
outcomes using the 4-, 8-, and 12-month assessment time points.

The ultimate data analytic approach will depend on the
distribution of the data We anticipate that we will use
generdlized linear models), which are estimated using
generalized estimating equations with robust standard error
estimates to account for repeated measures of the outcome. For
the primary outcomes, we will examine adherence scores
longitudinally using the Wisepill dataand Hamilton scoresusing
the 2 time points (baseline to 4 months) comparing the 2 study
arms. For outcomes assessed at the 4 major assessments (ie,
baselineand 4, 8, and 12 months), wewill use repeated measures
analyses. For 12-month viral load, we will test the proportion
of those who are suppressed using Fisher exact test. If
continuous viral load data are analyzed, we will make log
transformations and examineviral load using repeated measures.
To reduce bias, theintention-to-treat principleis utilized, where
individuals are analyzed according to the condition they were
randomized, regardless of their fidelity to that condition.

JMIR Res Protoc 2020 | vol. 9 | iss. 2 | 14200 | p.91
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Exploratory Outcomes

We examine the possible effects of alcohol and substance use
by means of the World Health Organi zation’s alcohol, smoking,
and substance involvement screening test [51]; the alcohol use
disorders identification test [52]; and the MINI [30], and we
examine demographic factors as moderators to the effects of
the nurse-delivered CBT intervention. For these analyses, we
fit interaction terms to the models. We also separately assess
effects of the treatment in subgroups defined by these factors.
If results indicate that the intervention significantly increases
adherence, we then assessthe extent to which this effect operates
through possible mediators (eg, depression, coping, and social
support). In the first set of models, we add the main effects of
alcohal (as an example) and time (ig, the different assessment
time points), in addition to an intervention by alcohol use
interaction and intervention by time interaction. We conduct a
product of coefficientstest for the effect of each mediator asan
intervening variable[53]. Statistical significance of the mediated
effect will be determined by the asymmetric distribution of
products test. This test is conducted separately for the other
mediators.

Sample Size Considerations

The study is powered to detect differences in the depression
outcome as well as virologic suppression, and accordingly, a
samplesize of 160 randomized participantsisappropriate. Using
repeated measurements with a medium effect, we will have
almost 90% power to detect a 10% difference in depression
with complete retention at randomization, and assuming 20%
attrition, we will have 84% power to detect adifference. Onthe
basis of our earlier efficacy trial that was completed when this
study was being designed, for those who entered the study with
detectableviral load (in this study, all participants entering will
have detectable virus), there was a 20% difference in the
proportion of those who had undetectable virus at 12-month
follow-up: 40% of thosein the control condition compared with
60% of those in the experimental condition [27]. On the basis
of these effect sizes, for this study, with a sample size of 160,
we are powered to detect differences in the secondary binary
outcome, virologic suppression, asfollows: wewill have >90%
power to detect at least a 25% difference and >80% power to
detect at least a 20% difference in the proportion of those with
detectableviral load. These cal culations assume a20% attrition
rate that occurs during the active treatment phase of the study,
that the proportion of subjectswith viral suppressionin the usual
care comparison condition is 0.4, that the type | error rate is
5%, and that the correlation between observations on the same
subject is0.5.

Data Safety and Monitoring Board

The study team has constituted a DSMB including severa
leading investigators. DSMB members were recruited because
of expertise covering behaviora intervention development,
global mental health, and implementation. The DSMB meets
at least annually and is provided with areport on study progress
and enrollment and details of all adverse events. The DSMB
includes open and closed sessions.
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Ethical Consider ations

The triadl was approved by the Human Research Ethics
Committees (HREC) of the University of Cape Town (HREC
010/2014) and the Institutional Review Board (IRB) of the
University of Miami (IRB Study Number: 20150399). The City
of Cape Town research office aso approved the study
(6584/10530). The trial is registered with Clinical Trials.gov.
Informed consent is obtained from all potential participants
before enrollment. Prospective participants are informed of all
foreseeable risks of study involvement, that participation is
voluntary and does not affect their clinical care, and that they
may withdraw their consent without this affecting their medical
care. The consent forms are available in English and isiXhosa,
the main languages spoken in these clinics. To ensure
confidentiality, a unique participant identification number is
assigned to participants, and this deidentified number is used
on all datacollection forms. We collect data using the REDCap
electronic data collection platform that transmits data in real
time to a central secure database, enhancing data safety. All
data not stored electronically, such as copies of consent
documents, are stored in locked filing cabinets in designated
locked offices. Formswith personal identifying information are
stored separately from case report forms. Study records are not
availableto participants’ health care providers unless requested
and documented that participants give consent to this release.
We, however, ask participants consent to obtain relevant
medical information including HIV RNA viral load test results
from their clinic folders.

Themain risk associated with this study istheinitial worsening
of symptoms and risk of suicide arising from issues uncovered
during counseling [54]. To minimize this potential harm, we
train staff to screen all participants who report or display signs
of distressfor risk of suicide and to provide referrals (based on
severity of risk) to appropriate services. These cases are
discussed with the study clinicians. There are aso potential
benefitsto participation. All participants benefit from screening
for MDD and referral to mental health care as appropriate. We
hypothesize that participants in the intervention arm will
experience improvements in their mental health, adhere better
to ART, and reduce their risk of treatment failure.

Results

Thetria commenced in August 2015 and recruitment beganin
July 2016. To date, we have screened over 900 participants and
randomized 139 participants. A total of 45 participants have
exited the study at 12 months. Recruitment continued till July
2019, with the final participant exiting 12 months later in June
2020.

Discussion

The development of interventionsto improve HIV outcomesin
the care cascade has become critical to the success of global
ART programs. More specifically, attainment of the 90-90-90
The Joint United Nations Programme on HIV/AIDS goalswill
require a concerted effort, across testing, care engagement, and
effective ART adherence. Individuals enrolled onto ART may
struggle to adhere for various reasons, but the detection and
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treatment of depressive illness is a major treatment gap, with
potential for significant health and health-economic benefits.
In addition, behavioral interventions, especially in LMIC, must
be scalable and cost-effective. Scalable means that the
intervention can be integrated into primary health care and
delivered by nonmental health specialist providers (where
professional psychiatrists and psychologists are too few).
Cost-effective means that there needs to be a clear benefit to
the overall health care and economic system to justify directing
resourcesto recruiting, training, and sustaining interventionists.

The proposed study is unique in that it attempts to address
several of these key questions. Most notably, the intervention
targets both adherence challenges and depressive symptoms
simultaneously. This patient-level integration of ART
medication adherence and depression is key to the success of
the program. Although the rel ationship between mental disorder
(specifically MDD) and poor adherence is clear, there are few
randomized controlled trials demonstrating clear benefits of
behavioral interventions on biological outcomes in LMIC.
Furthermore, the intervention is being delivered by clinical
nurse practitioners with experience in mental health. Nursesare
central figures in the growth and development of the South
African health care system and, indeed, many LMIC primary
health care programs. This is evidenced by the South African
Nurse-Initiated Management of Antiretroviral Treatment
program [55].

The inclusion of both behavioral and biological outcomesis a
major strength of this study. These combined outcomes
strengthen the case for improving mental health care services,
which have been historically underfunded in many LMIC.
Recent data suggest that el ectronic medication adherence tools
(such as Wisepill) are not used uniformly across study samples
and, therefore, cannot be used a sole measure of medication
use. Successful demonstration of medium- to long-term benefits
to sustained viral suppressioniskey to the effortsin individual-
and community-level programs.

It is hoped that a positive outcomein thistrial would influence
health systems policy not only in South Africabut also in other
LMIC. With this in mind, using nurses as interventionists
represents a novel approach to complex disorders. Nurses,
particularly those with mental health training or experience,
may be uniquely suited to fill an important gap in existing
task-sharing models, including expanding local capacity for
training and supervising nonprofessional providersin CBT and
treating more complex, treatment-resistant patients in
stepped-care models that also include lay counselors at lower
tiers of care. Furthermore, training lay counselors in more

Joska et al

complex CBT techniques may be challenging [56] and may not
be suitable for more complicated clinical cases. We, therefore,
believe that nurses are a provider group uniquely positioned to
support scale-up of behavioral interventionsto support the needs
of more complicated individuals with poor adherence and
comorbid psychiatric disordersaswell asincreaselocal capacity
for training and supervision in CBT in task-sharing modelsthat
use lay health workers.

Potential challenges to the success of this trial include
difficulties in identifying and recruiting individuals in busy
clinic settings, with both virological failure and MDD. To
successfully randomize participants, we confirm that the
1-month viral load is>400 copies and that criteriafor MDD are
met. To address this challenge, we make allowance for
additional blood draws in depressed individuals. We work
tirelessly with clinic staff in their busy HIV clinics to identify
potential participants. A second potential challengeis participant
retention through both the acute (intervention) component and
thelong-term (12 months) outcome period. In this study, PLWH
live in periurban areas and may struggle to attend regular
planned therapy visits because of casual employment, sickness,
or migration. We ensure that we obtain maxima and
contemporaneous contact information and work hard to devel op
rapport with participants across the study. Participantswho miss
visits are tracked through the clinic system and approached on
visit days, and those who migrate may be allowed to complete
major assessments by telephone. Hopefully, this will mitigate
the risks of attrition. Finally, although previous studies have
reported limited or variable success with task-shared behavioral
interventions because of poor fidelity, limited skills, or
insufficient supervision, major components of this study are
intervention supervision (which is performed weekly in a
face-to-face fashion), fidelity assessment, and session
monitoring. We also note that although we are stratifying for
antidepressant prescription across both arms, it is possible that
the study itself may result in a change in prescribing behavior.
We do not anticipate that this will be a marked effect but will
report on this when afinal medical record review is conducted
at study completion.

In summary, this study has the potential to address several key
questions regarding how effective behavioral interventions
might be delivered and integrated into primary health care
settingsin LMIC with high HIV prevalence. Our findings might
be used to inform how patients with adherence difficulties and
HIV nonsuppression might be effectively treated in primary
care, which is critical to motivating to health authorities for
scale-up.
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Abstract

Background: The World Health Organization reports that dental cavities affect 60% to 90% of children globally. FDI World
Dental Federation and Unilever Oral Care have developed public health programs to improve brushing habits over their 12-year
partnership. The last of these (phase I11) named Brush Day & Night aimed to educate children on brushing twice daily with a
fluoride toothpaste and gave useful information for anew project, phase 1V. The 21-day Brush Day & Night programisan intense
education activity designed to establish the habit of brushing day and night with a fluoride toothpaste. The program involves
daily brushing instruction and includes free toothpaste and toothbrushes.

Objective: The main objective of the study is to evaluate the impact of a 21-day school program on children’s oral health. As
a secondary objective, we aim to evaluate the impact on the knowledge, behavior, toothbrushing habits, and quality of lifein
school children aged 6 to 9 years after a 21-day school program and compare with baseline and a control group as measured by
the self-reported questionnaires issued to children (in particular, the self-reported brushing frequency and positive responses on
fluoridated toothpaste use). The enduring nature of the program will be determined by the inclusion of 8- and 24-week time
points.

Methods: The study is a 2-arm superiority randomized controlled trial. Clusters in this study are infant and junior schoolsin
Indonesiaand Nigeria. The study aimsto recruit 20 schools with children aged 6 to 9 yearsin each country. At baseline, children
in both intervention and control schoolswill answer aquestionnaire and havetheir clinical oral health assessed using the Simplified
Ora Hygiene Index (OHI) and Decayed Missing and Filled Teeth index. Children in the intervention schools will then take part
in astructured 21-day Brush Day & Night intervention. Children in the control schoolswill be provided with free toothpaste and
toothbrushes but will not receive the 21-day intervention. The questionnaires and OHI assessments are repeated after the 21-day
program is completed and again 8 weeks later and 24 weeks later for all participating children. Parents/carers/guardians of all
children will sign the informed consent and complete questionnaires on their own experience and attitudes toward oral health
and toothbrushing routine at each of the four times points (baseline, 21 days, 8 weeks, and 24 weeks). The study will be conducted
by the national dental associations of Indonesia and Nigeria and was approved by the ethics committees of both countries.

Results:  The study is ongoing. Recruitment of schools started in Indonesiain February 2018 and in Nigeriain April 2018 for
the first part of the study, which concluded in Indonesiain September 2018 and in Nigeriain November 2018. The second part
of the study (the second half of the schools) started in November 2018 in Indonesia and December 2018 in Nigeria.

Conclusions: We expect to collect all the data during 2019 and publish findings from the study by March 2020.
Trial Registration: Clinical Trials.gov NCT04001296; https://tinyurl.com/selxraa
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Introduction

Prior Work

The Brush Day & Night (BDN) program is the result of a
12-year partnership between FDI World Dental Federation (FDI)
and Unilever. It is an intense education activity designed to
establish the habit of brushing day and night with a fluoride
toothpaste. The program involves daily brushing instruction
and includes free toothpaste and toothbrushes (see Multimedia
Appendix 1 for more information).

The program was designed based on the theories of behavior
change. Behavior change interventions and the formation of
health promoting habits is thoroughly reviewed by Lally et a
[1] and specificaly in the context of interventions to improve
tooth brushing by Claessen et al [2]. This and other research
was crystallized into the Unilever 5 levers of change model [3],
which is the foundation for the design of this particular
intervention. The first step of the model is to identify barriers,
triggers, and motivators to adopting a new behavior. Those
insights are considered in designing a new behavioral
intervention in 5 steps:

+ Makeit understood
«  Makeit easy

+ Makeit desirable

+ Makeit rewarding
+ Makeit ahabit

Thisis a21-day intervention, a duration chosen to reflect past
research [4] that repetition of between 12 and 15 times is
necessary to make a habit change, and 21 calendar daysis 15
school days. The choice of schools within which to implement
the program was influenced by the work of Pine et a [5] that
states schools can be an optimum place for behavior change
interventions where both parents and teachers may beinvolved
in the intervention. The duration of 21 days was also chosen to
avoid the program becoming overly onerousfor the schoolsand
teachers implementing the program.

Textbox 1. Study objectives.

Previous work has shown that the 21-day BDN program is
effectivein improving children’s toothbrushing knowledge and
habits[6]. A study conducted in 10 countrieswith 7991 children
aged between 2 and 12 years reveded that 25% more of the
school children brushed their teeth twice a day at the close of
the 21-day intervention. The program was found to be more
effective among the 7 to 9 year age group.

Rationale for the Study

Theimportance of preventing oral diseasesto achieve good oral
and genera hedth is well known [7]. Regular twice-daily
toothbrushing with afluoride toothpasteiswidely recommended
for all age groups [8,9] and is effective in improving gingival
health and preventing caries. It has been demonstrated that the
successful adoption of good brushing habits in childhood can
be effective in reducing dental caries risk for the longer term
[10].

The 21-day BDN school program is a behavioral change
intervention targeting primary school age children [6]. Itisan
immersive program designed to be delivered by dentists, dental
nurses, or teachers at schools. This new study using the 21-day
BDN school program aims to build on the previous results [6],
with a new design. The previous study used nonprobabilistic
convenience sampling with an intervention group only.
Additionally, dueto differencesin eval uation time pointswhich
varied between 6 to 12 months, no quantitative conclusions
could be drawn from the plague index score. The study power
and robustness of the methodology were cited as necessary
improvements in a future investigation.

Study Objectives

The main objective of the study is to evaluate the impact of a
21-day school program on children’s oral health. The primary
objectiveisto evaluate the impact on knowledge, behavior, and
toothbrushing habits in school children after a 21-day school
program and compare with baseline and control group.
Subsequent objectives will examine the impact on oral health,
durability of the intervention, and any wider benefits on
parent/carer and child well-being. The specifics of the objectives
are outlined in Textbox 1.

with baseline and control group

children in their control group

and 24 weeks (ie, approximately 7 monthsin total)

to brush day and night

«  Primary: measure the impact on knowledge, behavior, and toothbrushing habits in school children after a 21-day school program and compare

«  Secondary: measure the impact on oral health via plague levels at baseline and after a 21-day school program with children and compare with

« Tertiary: evaluate the longer term impact of the 21-day program on knowledge, behavior, and oral health in children after a period of 8 weeks

«  Quaternary: provide evidence that the 21-day school program is effective in getting parents and carers to also improve their brushing habits and

«  Quinary: measure the change in quality of life, well-being, and social measures of school children after a 21-day oral health program

http://www.researchprotocols.org/2020/2/e14156/
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Methods

Intervention

Children participating in the 21-day BDN school program are
each provided with toothpaste and a toothbrush and follow
brushing instruction, supervised brushing, and the singing of
songs to facilitate learning the importance of brushing day and
night, with stickers and calendars to track progress. A
celebration is held at the end of the program with certificates
and rewards. The program is supported by colorful materials
with bespoke cartoon characters. Parents are provided with
educational lesflets.

Study Design

This study is a 2-arm, superiority cluster randomized trial.
Clustersin this study areinfant and junior schoolsin Indonesia
and Nigeria. Schoolswill be matched into pairs by location and
then randomized to intervention and control groups using a
randomization table,

The study will look to recruit children aged 6 to 9 yearsin school
grades 1, 2, and 3 to participate in the study. Children who
assent to take part in the study (see Multimedia Appendix 2 for
form), meet the selection criteria, and have the informed consent
of their parents (see Multimedia Appendix 3 for form) will be
enrolled in the study. The study flowchart is shown in Figure
1

Figurel. Study flowchart.

Melo et d

The TO (baseline), TO+21 (end of 21-day intervention), T1 (8
weeks after the end of the intervention), and T2 (24 weeks after
the end of the intervention) data collection time points will
consist of questionnaire completion and a clinical assessment
of plague level evaluation using the Simplified Oral Hygiene
Index (OHI-S) and an additional cariesevaluation at TO and T2
using the Decayed, Missing, and Filled Teeth index (DMFT).
For the control group, the same flowchart will be followed, but
the “ Start 21-day BDN program/Finish 21-day BDN program”
is replaced by only providing toothpaste and toothbrushes to
school children.

The delivery of the intervention program relies on Unilever
materials including toothpaste and toothbrushes as well as all
the necessary educational materials. These materials are
produced and delivered by Unilever locally. Trand ations of the
materials to a local language will be completed if necessary.
Toothpaste provided in Indonesia will be a commercialy
available and marketed product manufactured by Unilever
Indonesia containing 1450 ppm fluoride as 1.12% sodium
monofluorophosphate in a chalk base (Pepsodent Anti-Cavity
or similar). In Nigeria, acommercially available and marketed
toothpaste sold by Unilever Nigeria containing 1450 ppm
fluoride (0.32% sodium fluoride) in asilicaabrasive (Pepsodent
Cavity Fighter Gel or similar) will be provided.

Obtain approval from Local Ethics Committee or Institutional Review
Board

Obtain approval of Head Teachers

Allocate schools to Intervention or Control group using randomization
table

Obtain Parental Informed Consent and Child Assent

Collect Baseline data (T0)

Start 21-day BDN Programme

Finish 21-day BDN Programme

Colleet *Day 22" data (T0+21)

Collect T1 data (= T0O+21 plus 8 weeks)

Collect T2 data (=T0+21 plus 24 weeks)

Data analysis and reporting of results

Selection of Schools

This is a cluster randomization trial with schools being the
clusters, randomized to intervention or control groups. Schools
need to be matched in terms of setting (city, suburb, rural) and
socioeconomic status. The sample size calculation determined
the number of schools that would be required to detect a
difference between the test and control groups. The response
of interest is an improvement in brushing behavior.

For Nigeria, it is assumed that 30% of the children are already
brushing twice a day [6]. The trial is designed to detect a
minimum 35% difference in the number of children brushing
day and night at day 22 between the intervention group and the

http://www.researchprotocols.org/2020/2/e14156/

control group. It is assumed that the control group will see a
20% increase in proportion of children brushing twice a day
due to the free toothpaste and toothbrushes they are given
(Hawthorne effect). Theinterclass correlation has been set low
at 0.05 and 0.10 (ie, low interpupil correlation) as we do not
expect the children to influence each other in their brushing
behavior because brushing will be carried out at home.

For Indonesia, it isassumed that 84% of the children are already
brushing twice a day [6]. The trial is designed to detect a
minimum 30% difference in the number of children brushing
day and night at day 22 between the intervention and control
group. It is assumed that the control group will have 40% of
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children brushing twice per day as a result of the Hawthorne
effect. Again, the interclass correlation has been set at 0.05.

Therefore, for both Nigeria and Indonesia, the target number
of schools is 20 (10 intervention and 10 control schools)
calculated using power 80% and a significance level of .05.
This number of clusters should also be sufficient to detect a
difference of 0.5 in the OHI-S (plague) at the same power and
significance level. About 30 children in each class, in each
grade, are anticipated, and for each child, the participation of a
parent compl eting the questionnaires at each time point will be
requested.

Recruitment and M anagement of Participants

Rollout

After written approval from the ethics or education authority
has been received, local study coordinators (LSC) will visit
each school to obtain the head teacher’s permission to attend
schools to deliver the 21-day BDN program and collect data.
The LSCs are also responsible for the full delivery of the
program from recruiting and matching the schools and
composing the dental teams to training the teachers. A dental
team is generally composed of 2 to 4 trained and certified
dentists and nurses. Dentists will also receive appropriate
training and be calibrated for the oral health examinations. A
trained and calibrated dental team will be responsibleto collect
the answers from the self-reported questionnaire and complete
the clinical observation of oral health statuses recording the
plaqueindex at all study end pointsand the caries DMFT index
at baseline and at the end of the study (T2). In addition, the LSC
will be in charge of training the teachers to deliver the 21-day
BDN program over 21 days.

The LSC will be given alist of unique user |Ds generated for
each school, for each class, and for each child participating in
the program. The head teacher will be asked by the LSC to
provide alist of the children attending years 1, 2, and 3 in their
schools. Thelist should includefirst and last name, gender, and
date of birth (dd/mm/yyyy) for each child plus the name of the
child’s parent.

A member of the study staff will explain the details of the study
in person to parents. If parents wish their child to participate,
the parent will sign the appropriate informed consent form. Two
copies of the informed consent will be completed, one copy
will be kept by the parents and one copy returned to the national
dental association team. Each LSC is responsible for leading
the dental teams. The LSC will assign an ID to each child
participating in the study. This ID only plus the exact date of
birth will be used to report data, so the data collected will be
anonymous once reported.

Selection Criteria

A list of inclusion and exclusion criteria will be defined to
manage participantsin the study. Children in school year grades
1, 2, and 3, aged 6 to 9 years, in good general health, willing
and able (eg, to brush teeth and understand and respond to
guestions) to participate in the 21-day BDN activities at school
and at home, and planning on attending their currently registered
school for at least the next 12 months will be included.

http://www.researchprotocols.org/2020/2/e14156/
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Exclusion criteriainclude failure of parents to provide written
informed consent, children scheduled for medical or dental
procedures during the duration of the study, children who have
a known allergy to any toothpaste ingredients, children with
obvious signs of gross or untreated caries or of significant
periodontal disease which in the opinion of the dentist would
affect the scientific validity of the study, or children whose
well-being would be affected by the study. Children and their
families should have no ffiliation (eg, employee) with either
FDI or Unilever.

Participant Restrictions

A list of restrictionsis also set on participants, such as children
should not take part in any other form of oral health education
for the duration of the study (ie, those that might be delivered
at community health centers). Parents should inform their child's
classteacher if they receive any form of dental treatment during
the study duration or if they have been prescribed any medicines.

Participant Withdrawal

Participants can withdraw from the study at any time, and
parents will be advised at the start of the study that they may
withdraw their child and family from the study at any time
without giving areason. If a parent withdraws a child from the
study, the parent will also be considered withdrawn. Children
will be withdrawn from the study analysis if they miss more
than 5 days of school during the 21-day intervention period.
School attendance during the 21-day period will be checked
against the school register.

Ethics and Quality Standards

The study was presented to the local ethics committees in
Nigeria and Indonesia to receive ethics agreements for health
research using humans as research subjects. In Nigeria, the study
was granted approval by the State Universal Basic Education
Board before enrollment of the schools. In Indonesia, the study
was granted approval by the Health Research Ethics
Commission at the Faculty of Denta Teaching, Trisakti
University, also before the enrollment of the schools. The study
was registered with Clinical Trials.gov (NCT04001296).

It is the responsibility of the LSC to ensure that the study is
conducted in accordance with the principles of Good Clinical
Practice, 2008 version of the Declaration of Helsinki, and
applicable local laws and regulations concerning studies
conducted on human subjects that are outside of the definition
of a medicinal product or medical device. Quality assurance
audits may be performed by the sponsor or any ethics committee
or regulatory authority during the course of the study or at study
completion.

Study End Points

Assessment of Behavioral Change | mpact

The objective of this study is to evaluate the impact of
educational school programs in improving the oral health of
local communities. The primary objective of the study analysis
will be to measure the impact on knowledge, behavior, and
toothbrushing habitsin school childrenin Indonesiaand Nigeria
after a 21-day school program. This will be evaluated using
three questions (specifically questions on behavior and
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knowledge) from the children’s questionnaire at al evaluation
points (TO, TO+21, T1, T2). Improvement in knowledge and
behavior will be calculated based on the percentage of positive
change. Positive change is considered when a child selects the
correct answers of twice daily brushing with a fluoride
toothpaste.

The secondary objective employsthe use of the OHI-Sto assess
plaquelevels. More frequent brushing will result in lower plaque
levels compared with baseline and compared with control
groups. Plaque level swill be used to validate reported brushing
frequency with assessments timed to align with questionnaire
completion (how well are the children retaining and acting on
the information/motivation delivered by the 21-day
intervention?). To evaluate thelonger term impact of the 21-day
program on knowledge/behavior and oral health in children
after periods of 8 weeks and 24 weeks, the children in the test
group should report higher levels of brushing frequency and
reduced plaque levels compared with children in the control
group. To provide evidence that the 21-day school program is
effective in getting parents and carers to aso improve their
brushing habits and to brush day and night, parents own
brushing frequency, use of fluoride toothpaste, amount of
toothpaste, and toothbrushes purchased should increase when
compared with baseline and compared with parentsin the control
group. To measure the changein quality of life, well-being, and
social measures of school children after a 21-day oral health
program, children may report less dental discomfort/pain and
need to take fewer days off school as aresult. Additionally, at
baseline (T0) and T2, all children will be scored for their caries
prevalence using the DMFT index. No direct conclusions on
the caries can be made but it isimportant descriptive information
that is often not availablein these two countriesand could serve
further research.

Questionnaires

This study aims to understand, to a greater extent, the impact
of the 21-day BDN program on quality of life-related outcomes
and, thus, includes more detail ed questions and addresses some
aspects of the new oral health definition [11].

The parent questionnaire includes 14 main questions addressing
aspectson oral health behavior and knowledge, socioeconomic
factors, well-being, and quality of life-related outcomes. Most
of the parent questions were taken from validated questionnaires,
namely the World Health Organization ora health surveys,
Global Oral Health Assessment Index, and Positive Oral Health
and Well-being 15-term [12-14]. Other questions were
devel oped through aprocessin which an expert group identified

http://www.researchprotocols.org/2020/2/e14156/
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topics included in similar surveys and devel oped questions on
these topic areas adapted to the study objectives and setting.
Parent questions can be found in Multimedia Appendix 4.

The children’s questionswere derived from the parent questions
and adapted for children’s comprehension and to obtain the
required information as set by the objectives of the study. In
addition, building on learning gained in the previous study [6],
the questionnaire was further refined to remove overlapping
answers encountered that required some retrospective
reinterpretation prior to analysis.

The children’s questionnaire includes 8 main questions to
address the primary objective of improvement in behavior and
knowledge, adapted to their comprehension.

- Did you brush your teeth yesterday?

« If yes, how many times?

- Did you brush your teeth today?

« If yes, how many times?

«  How often do you brush your teeth at home?

« Most days, do you brush your teeth both in the morning
and the evening?

- Doyouthink it isimportant to brush your teeth every day?

- If yes, how often should you brush your teeth every day?

An intense immersion into a fun and engaging 21-day BDN
program will inform children of the importance of twice a day
brushing with a fluoridated toothpaste and motivate improved
brushing frequency. Thiswill be seenin results of questionnaires
issued to children at time points throughout the study. All
children’s questions can be found in Multimedia Appendix 5.

Simplified Oral Hygiene I ndex

The OHI-S[15] isarapid method for evaluating oral cleanliness
of population groups. In this study, the following permanent
teeth will be scored: 16, 11, 26, 46, 31, and 36. However, due
to the specific target age group of the study, the equivalent
deciduous teeth 55, 51, 65, 85, 71, and 75 will be scored when
the above-mentioned permanent teeth are not present.

Decayed, Missing, and Filled Teeth Index: Tooth Level

The DMFT index [14] has been used for more than 70 years
and iswell established as the key measure of caries experience
in dental epidemiology. The DMFT index can be applied to
both the permanent and primary dentition. Table 1 shows the
full schedule of study end points by time point and intervention
for this study. The schedule is the same for control and
intervention groups.
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Table 1. Study end points by time point and intervention.

Melo et d

Group and end point Baseline TO TO+212 T1° T2
Children
Questionnaire X X X X
OHI-s¢ X X X X
DMFT® X X
Parents/carers
Questionnaire X X X X

8T0+21: end of 21-day intervention.

BT1: 8 weeks after the end of the intervention.

©T2: 24 weeks after the end of the intervention.
doHI-S: Simplified Oral Hygiene Index.

EDMFT: Decayed, Missing, and Filled Teeth index.

Data Management

Data Exclusion

All school data will be used, and where a school has been
significantly noncompliant (eg, a school has not sufficiently
followed and completed al elements of the 21-day BDN
program) with the protocol, this will be registered. Minor
deviations may be included at the discretion of the LSC.
Participants who missed more than 5 days (one school week)
of the 21-day BDN program will havethisinformation registered
in the analysis.

Data Handling and Record Keeping

Paper forms (Multimedia Appendix 6) will be used to collect
all questionnaire answers from parents and children aswell for
reporting the oral health indicators used, the OHI-Sand DMFT.
All collected datawill be compiled using SPSS Statistics (IBM
Corp) software for study analysis.

The LSC will keep a separate confidential enrollment log that
matchesidentifying codeswith children’s names and addresses.
The LSC will maintain these documents at the site. It is the
responsibility of the LSC or designee to maintain adequate
clinical study records. Copiesof al clinical study material must
be archived for aperiod of at least 15 years after the end of the
study (or more as legally required). All documents must be
archived in a secure place and treated as confidential material.
The anonymous datawill be made availableto researchers upon
request.

Statistical Analysis

As outlined in Table 2, five outcomes measures have been
prepared and prioritized to evaluate the effect of the 21-day
program. At each time point, summary statistics will be
calculated for intervention and control schools and include
within- and between-group analyses.

http://www.researchprotocols.org/2020/2/e14156/

Each of the mentioned measures in Table 2 will be compared
between TO and T0+21 and between TOand TO+21 and T1 and
T2 for the intervention and control groups. The mean change
will be reported, with 95% confidence interval and associated
P value. Longitudina modelswill be used. Multinomial logistic
regression will be performed when the outcome variables have
a nomina level of measurement. For ordina and interval
outcome variables, we will use either ordered logistic or linear
regression as appropriate. To measure positive change, we will
convert nominal or ordinal independent variables using dummy
variables where each dummy will be measuring the effect of
one answer category on the reference category.

Each of the above measures will be compared between the
intervention and control group at TO, TO+21, T1, and T2 using
analyses of covariance, mixed models, and generalized
estimating equations as appropriate. Mean differences will be
reported, with 95% confidence interval and associated P value.

In addition to analyzing the impact of the program on various
beneficiaries through behavior and health change, the global
impact of the 21-day program will be analyzed. This analysis
will be performed by multivariate analysis, which measuresthe
influence of each outcome variable on the others and of each
independent variable on the relevant outcome variables. We
will aso measure some of the variables with a measurement
model such as factor analysis. All statistical analyses will be
performed using SPSS Statistics software.

To minimize bias in the results, the intention to treat principle
will be applied and every randomized participant will be
analyzed. The schoal structureis hel ping usto minimize missing
data, but it may still occur due to the longitudinal aspect of the
study and number of follow-ups. In this case, carrying the last
data forward should be the best approach.
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Table 2. Study objectives as they relate to the statistical analysis plan.

Melo et d

Objective

Outcome variables

Results observed for

Hypotheses

Primary: measure the impact on
knowledge/behavior and toothbrush-
ing habits in school children after a
21-day school program and compare
with baseline and a control group

Secondary: measure the impact on
ora health viaplaguelevelsin school
children after a 21-day school pro-
gram and compare with baseline and
acontrol group

Tertiary: evaluate the longer term
impact of the 21-day program on
knowledge/behavior and oral health
in children after aperiod of 8 weeks
(T1) and 24 weeks (T2) or approxi-
mately 7 months total

Quaternary: provide evidencethat the
21-day school program iseffectivein
getting parents and carersto also im-
prove their brushing habits and to
brush day and night.

Quinary: measure the change in
quality of life, well-being, and social
mesasures of school children after a
21-day oral health program

Child questionnaire: reported brushing
frequency, knowledge of the need to
brush twice aday, reported use of fluo-
ride toothpaste

Child clinical observation: plague lev-

els (OHI-S?) will be used to validate
reported brushing frequency with as-
sessmentstimed to align with question-
naire completion (how well are the
children retaining and acting on thein-
formation/motivation delivered by the
21-day intervention?)

Child questionnaire: reported brushing
frequency at T1 and T2; knowledge of
the need to brush twice aday and report-
ed use of fluoride toothpaste at T1 and
T2; and OHI-Sat T1 and T2 compared
with baseline, after 21 days, and with
control group

Parent questionnaire: reported brushing
frequency, reported use of fluoride, re-
newing toothbrush frequency, amount
of purchased toothpaste

Child questionnaire: reported absen-
teeism for oral health issues

within-group analysis.
TO+21vsTO; be-
tween-group analysis:
TO, TO+21

within-group analysis:
T0+21 vsTO; be-
tween-group analysis:
TO, TO+21

within-group analysis:
T2vsTO, TO+21, and
T1vsTO, TO+21; be-
tween-group analysis:
TO, T0+21, T1, T2

within-group analysis:
T0+21 vsTO; be-
tween-group analysis:
TO, TO+21

within-group analysis:
T0+21 vsTO; be-
tween-group analysis:
TO, TO+21

Immersion in astructured 21-day school
program will inform children of the impor-
tance of twice aday brushing with afluoridat-
ed toothpaste and motivate improved brush-

ing frequency.

More frequent brushing will result in lower
plaque levels compared with baseline and
compared with their control group.

Childrenin theintervention group will report
higher levels of brushing frequency and re-
duced plague levels compared with the chil-
drenin the control group. This can be attribut-
ed to the 21-day intervention.

Consenting for their children to participate
in atoothbrushing program will likely trigger
areflection upon their own oral care habits,
and parents’ own brushing frequency, use of
fluoride toothpaste, amount of toothpaste,
and toothbrushes purchased should increase
when compared with baseline and compared
with parentsin the control group.

Children may report less dental discom-
fort/pain and a need to take fewer days off
school as aresult.

30HI-S: Simplified Oral Hygiene Index.

Safety Monitoring

Adverse Event

An adverse event (AE) will be considered as any untoward
medical occurrence in a subject that is new in onset or an
exacerbation of apreexisting condition, whether related to study
product or procedures or not. However, medical occurrence
resulting from a pretreatment AE (ie, any medical occurrence
that occurs after informed consent but before the start of the
intervention) will be considered as medical history and only
recorded as an AE if it worsens during the study. Similarly, a
medical occurrence resulting from preexisting medical condition

http://www.researchprotocols.org/2020/2/e14156/

(ie, events that occur with comparable frequency and severity
to the subject’sbaseline condition) isreported as medical history
and not AE. Relatedness—the likelihood that an AE is related
to the study product or study procedure—of an AE is defined
in Table 3. An AE will be recorded only once, with the most
extreme severity:

«  Mild: awareness of symptoms that require minimal or no
treatment and do not interfere with daily activity

« Moderate: discomfort or low level of interference that is
enough to interfere with but not prevent daily activity

«  Severe interrupted or unableto perform usual daily activity;
usually requires treatment

JMIR Res Protoc 2020 | vol. 9 | iss. 2 | €14156 | p.104
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Table 3. Relatedness of adverse events.
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Relatedness Definition

Not related
environmental factors.

Unlikely

AEZisclearly due to an alternative cause, even if this cannot be definitely identified. Alternative causesinclude diseases and

Connection between AE and the study product or procedure is unlikely:

« AEhasarelationship in time to the study product or procedure
« Alternative cause (eg, disease or environmental factor) is the most likely explanation, even if this cannot be identified

Possibly

Connection between AE and the study product or procedure cannot be ruled out with certainty:

« AEhasarelationship in time to the study product or procedure
« Alternative cause (eg, disease or environmental factor) seems likely or possible or thereis significant uncertainty about

the cause of the AE

Probably

There is ahigh degree of certainty that the AE is related to the study product or procedure:

« AEhasarelationship in time to the study product or procedure

«  Possible aternative cause may be present

« AE disappears or decreases on withdrawal or reduction of study product or procedure (if performed)

Definitely
e  Thereisastrong relationship in time
« Alternative causeis unlikely

AE isclearly related to the study product or procedure:

« AE disappears or decreases on withdrawal or reduction of study product or procedure (if performed)

3AE: adverse event.

Serious Adverse Event

A serious adverse event (SAE) is an AE that results in any of
thefollowing outcomes: death, life-threatening event, in-patient
hospitalization, persistent or significant disability/incapacity.
Any other important medical event may be considered an SAE
when the event may jeopardize the subject and may require
medical or surgical intervention to prevent one of the outcomes
listed. A stable preexisting condition is not an AE, and
hospitalization for elective treatment (eg, cosmetic or dental
procedure) of a preexisting condition that did not worsen from
baselineis not an SAE.

Reporting of Adverse Events

AEswill be monitored, reported, and followed up to the public
health authorities. All AEs will be recorded and submitted to
the FDI global team at the end of the study. The LSC will
maintain source documents to fully record all AEs.

Additionally, SAEs and clusters of AEs that may affect the
safety or continued participation of participants in the study
will be reported immediately using a more detailed form. An
SAE will be reported to FDI within 24 hours of the LSC
becoming aware of the event.

Follow-Up of Adverse Events

If an AE is ongoing at the end of the study, follow-up will be
performed until the AE hasresolved, unless decided and agreed
that no further follow-up will be necessary. Follow-up may take
the form of subject visits, referral to another specialist, site
telephone calls to the subject, or letters from the treating
physician. For expedited AEs, if applicable, the LSC will submit
follow-up reports. The LSC will comply with the specific
reporting requirements of the ethics committee, reporting as a
minimum any serious unexpected adverse reaction that is an

http://www.researchprotocols.org/2020/2/e14156/

unexpected SAE that may be related to study product or
procedure.

Results

This protocol is being retrospectively published with the
information shared with the two participating countries on
January 19, 2019. In the meantime, the trial was set up, and the
study isongoing. Recruitment of schoolsand participants started
in Indonesiain February 2018 and in Nigeriain April 2018 for
the first part of the study, which concluded in Indonesia in
September 2018 and in Nigeriain November 2018. The second
part of the study (the second half of the schools) started in
November 2018 in Indonesia and December 2018 in Nigeria.
We expect to collect al the data during 2019 and publish
findings from the study by March 2020.

Discussion

This new study will include both intervention and control
schools and children and ensure that evaluations (knowledge,
behavior, plaque levels, and dental caries) are made within a
clearly defined time window to facilitate data analysis.

Childrenin the control group will not receive the 21-day school
program intervention. This will allow a full evaluation of the
benefit of the intervention. The OHI-S will be used to score
plaque. This is a 4-point scale and hence will be more
discriminatory than the 2-point (visible plaqueindex) scale used
previously. Thisisthefirst time that the 21-day BDN program
has been evaluated in a study with a set of control schools. The
impact of such a program on parents is also being studied for
the first time. We expect this study will increase knowledge of
the effectiveness of thisintervention in bringing immediate and
sustained change in knowledge, behavior, toothbrushing habits,
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oral health, quality of life, and well-being in childrenaged 6to  disseminated among project leaders as guidance for the
9 years and their parents. We aim to publish the results in a development and continuation of implementation of school
specia edition of the International Dental Journal by March  programsin their countries.

2020. In addition, results will be presented at conferences and
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Abstract

Background: The uptake of pre-exposure prophylaxis (PrEP) has been slow for young black men who have sex with men
(BMSM) living in the southern United States. Thisis a significant issue because 8 of the 10 states with the highest rates of new
HIV infections are in the South. Jackson, Mississippi (MS), the site of this project, has the second highest AIDS diagnosis rate
in the nation and the highest rate of HIV infection for young, urban BMSM. This study will develop and test an engaging,
interactive, and cost-effective mobile messaging intervention to improve engagement in PrEP care for BMSM aged 18 to 35 years
living in Jackson, M S,

Objective: The goals of this mixed methods study are to (1) conduct qualitative interviews with young BMSM in Jackson, MS,
to understand individual, community, and structural barriers affecting engagement in PrEP-related care, (2) assemble a PrEP
mobile messaging intervention that includes text messages with publicly availableinternet content (websitesand YouTube videos)
that provide factual information, motivational materials, and behavioral skillsrelated to PrEP and HIV prevention, and (3) evaluate
the preliminary efficacy of theintervention in arandomized controlled study with PrEP-eligible BMSM receiving carein STI/HIV
testing clinicsin Jackson, MS.

Methods: Thisresearch protocol will be conducted in 2 phases. A development phase will involve in-depth interviews (n=30)
with PrEP-eligible BMSM who receive care in STI/HIV testing clinics in MS. These interviews will allow researchers to select
the texted material that will be sent out during theintervention. The second phase will consist of an unblinded, small, randomized
controlled trial among 66 new participants to examine the preliminary efficacy of the intervention compared with enhanced
standard of care (ESC) on attendance at a PrEP services appointment (the first step in initiating PrEP care) and receipt of a PrEP
prescription, based on self-report and electronic medical records. Thefree, publicly available material will be sent to PrEP-ligible
BMSM in 8 to 16 interactive text messages over 4 weeks. Study assessments will occur at enrollment and at 4- and 16-weeks
postenrollment and can be completed online or in person. All participants will be recruited from alocal clinic.

Results: Institutional review board approval was received on January 16, 2017, and research activities, subsequently, began in
February 2018. Recruitment for the study concluded in November 2019. In total, 65 participants were randomized with 33 being
assigned to the intervention and 32 to ESC. Collection of follow-up datais ongoing.

Conclusions: This PrEP mobile messaging intervention aims to increase uptake of PrEP by BMSM in the southern United
States. Thisintervention usesinteractive, tailored text messaging and appealing free Web content (publicly accessible educational
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websites and YouTube videos) to promote linkage to PrEP care and increase HIV preventative behaviors. A cost-effective PrEP
mobile messaging intervention has great potential to improve information about PrEP, improve motivation to use PrEP, and

decrease stigma and structural barriers that often prevent engagement in PrEP-related medical care.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(2):€15781) doi:10.2196/15781

Clinical Trials.gov NCT03308097; https://clinicaltrials.gov/ct2/show/NCT03308097
DERR1-10.2196/15781

KEYWORDS

pre-exposure prophylaxis (PrEP); HIV prevention; men who have sex with men (MSM)

Introduction

Background

The strategy of using antiretrovirals as a form of HIV
prevention, known as pre-exposure prophylaxis (PrEP), has
received considerable attention and holds tremendous promise
[1,2]. Despite the advancements supporting PrEP efficacy and
itsavailability, uptake of PrEP by many men who have sex with
men (MSM) has been slow. In particular, uptake has been slow
for young black MSM (BM SM) who livein the southern United
States [3-8]. Thisis a significant issue because BMSM living
in the South have particularly high rates of HIV. Eight of the
ten states with the highest rates of new HIV infections are
located in the South, and estimates suggest that BMSM in the
South are 5 times more likely than white MSM in the South to
becomeinfected with HIV [9]. The site of this proposed project,
Jackson, MS, has the highest prevalence of HIVV among urban
MSM living in the United States (39.5 per 100 MSM) [9]. The
premise of thisproject isto devel op atargeted mobile messaging
intervention to improve linkage to PrEP care for young BMSM
in Jackson, MS, who are at high risk for HIV infection.
Interventions that improve linkage to PrEP care are urgently
needed for BMSM in the South.

Truvada (tenofovir disoproxil fumarate/emtricitabine) for PrEP
was approved by the US Food and Drug Administration as an
HIV prevention method in July 2012 for individuals aged 18
years and older and in 2018 for adolescents weighing at least
77 pounds [10]. Despite this, knowledge and access to
information about PrEP remains low in many MSM
communities. This has restricted linkage and uptake of PrEP
and, ultimately, the effectiveness of PrEP at the community
level [3-7,11-13]. To use PrEP, individuals must have accurate
knowledge, understand its risks and benefits, and be willing to
takeit. Studies show that many high-risk individualswho would
be excellent candidates for PrEP have not taken it simply
because their knowledge about it islimited [3,11]. In one study
conducted among young MSM in 2013, only 27% of study
participants were aware of PrEP [11]. Knowledge about PrEP
has increased recently [13,14]; however, some studies show
that awareness remains markedly lower among men of color,
those who live in southern and rural areasin the United States,
and those whose primary care providers are not aware that they
have sex with men [15]. Among 436 BMSM surveyed in
Atlanta, GA, from January 2012 (6 months prior to PrEP
approval) to March 2014 (20 months after approval), only 20.5%
were aware of PrEP before approval and only 23.4% were avare
of PrEP after approval [3]. Improving southern, young BMSM's
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knowledge about PrEPiscritical for successful linkageto PrEP
care.

Strengthening the relationships young BMSM have with
providersiscritical for successful PrEP uptake. Young BMSM
who are a highest risk of HIV infection are historically
underserved by the health care system [16-19]. Therefore,
engaging patients in care is challenging and requires support
for doctors and patients [19,20]. Brooks et a [6] found that
heightened concerns over potential side effects to PrEP pose a
significant barrier to engagement and linkage to PrEP care for
BMSM. In the southern United States, homophobia, stigma,
and clinician/patient communication all influence initiation of
PrEP[21-23]. Eaton et al [3] surveyed 398 HIV negative BMSM
at a black Gay Pride event in the southeastern United States.
Among this sample, 60% agreed that they were uncomfortable
talking to a health care provider about having sex with men.
Race-based medical mistrust was also identified as abarrier to
engaging in PrEP. Around 1 in 5 participants reported that
“people of my race cannot trust doctors and health careworkers’
(21%), “ people of my race should be suspicious of information
from doctors and health care workers’ (19%), and “people of
my race should be suspicious of medicing” (19%). Strengthening
communi cation and connection between medical caregiversand
the young BMSM community are crucial components to
improving linkage and initiation of PrEP care in the South
[12,14,18,23]. Accurateinformation about PrEP and issues such
as potential side effectswill need to be shared in a method that
considers a history of mistrust to effectively alay concerns
among southern BMSM [18].

Furthermore, addressing structural/economic barriers to
receiving PrEP-related care isimperative for BMSM. Effective
interventions to improve PrEP must assist individuals when
navigating insurance companies and enrolling in medication
co-pay assistance. In 2014, approximately 21% of African
Americans did not have health insurance, compared with 12%
of whites [24]. The situation is particularly concerning for
southern BMSM since some of the highest levels of poverty in
the United States are in the South. Mississippi has the highest
poverty level (28%) in the United States, which directly impacts
heslth care access. Southern states also have the most restrictive
Medicaid eligibility criteriaand provide fewer Medicaid benefits
than other regions in the country [25]. Interventions that help
navigate the economics of getting on PrEP, such as PrEP co-pay
and full medication assistance programs, are essential to the
successful implementation of PrEP in the South, where poverty
is highest.
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Last, decreasing stigma about PrEP and HIV can improve
linkage and initiation of PrEP-related care for BMSM.
Participants in PrEP demonstration studies have reported that
stigmaaffectstheir decision toinitiate PrEP care[19,20,26-30].
Gay men have reported afear of being |abeled as promiscuous
by doctorsand “ Truvadawhores’ by friends. These stigmatizing
labelsinfer that PrEP is associated with unbridled sex and may
be abarrier to care [20,27,30]. Furthermore, the only currently
available PrEP method, Truvada, is the same medication used
to treat those infected with HIV. In the South, where
HIV-associated stigmaishigh and HIV is prevalent, being seen
with Truvada can be perceived as being HIV-infected, which
is a further barrier [19,30]. HIV-related stigma is particularly
widespread in the South [11,12,20,31]. Interventions must
replace negative community attitudes about individuals using
PrEP with positive impressions of PrEP users as individuals
who take care of themselves and others [32].

PrEP and HIV prevention interventionsfor young BMSM need
to be interactive, cost effective, and easily integrated into
existing clinical care. We will use interactive, tailored text
messaging and appealing free Web content (publicly accessible
educational websites and YouTube videos) to promote linkage
to PrEP care and increase HIV preventative behaviors. A
cost-effective, interactive intervention that uses mobile
technology is particularly compelling for use with young MSM.
MSM make greater use of cell phone technologies than
heterosexuals [33], and there is evidence that mobile phone
teledensity (ie, number of phones per person) in black southern
communities has outpaced black communities in the northeast
[34-37]. On amonthly basis, young black adultsin the United
States spend nearly 56 hours using smartphone apps or internet
browsers and 2.5 hours watching videos on their smartphones
[38]. With such widespread use of mabile technologies, it is
not surprising that data supports the use of mobile technology
to improve health [39-41]. Meta-analyses have shown that
mobileinterventions are most effective when they areinteractive
and tailored [39-41]. The widespread appeal and use of
smartphones and promising data supporting mobile messaging
interventions for health promotion create a unique opportunity.
Information about PrEP and HIV prevention can be delivered
to young, southern BMSM during their leisure time, outside of
the sexually transmitted infection (ST1)/HIV clinic, and in a
manner that is cost effective and easily scalable
[34,35,38,42-46].

Theoretical Framework for | ntervention

The information-motivation-behavioral skills (IMB) modéd is
awell-established conceptualization for improving engagement
in care and decreasing HIV risk behaviors. HIV prevention
interventions and linkage/engagement in care interventions
based on the IMB model have demonstrated efficacy [47,48].
Reviews have suggested that interventions guided by theory are
more efficacious than those not driven by theory [47-50].
According to the IMB model, health information, motivation,
and behaviora skillsare thefundamental determinants of health
behavior. For a PrEP-related intervention to be successful, a
person must learn information that is directly relevant to HIV
prevention and treatment with PrEP. Knowledge is a necessary
but not sufficient condition for change. Personal motivation to
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engage in HIV preventative behavior or engage in treatment
regimens (attitudes about health) and motivation (perceived
social, cultural, and structural support for performing these acts)
are essential for change. Finally, skills for performing healthy
behaviors and a sense of self-efficacy must be easily applied to
an individua’s cultural, social, and structural setting [47-50].
Engagement in PrEP care can be facilitated by accurate
knowledge of medication benefits, self-efficacy for care, and
structural support [51,52]. Our intervention, and the online
material it iscomposed of, will address these factors within the
IMB model and the local/geographic, structural, and racia
context. The IMB model is broadly applicable and can be used
to organize and guide theoretically consistent and culturally and
structurally informed intervention content [53].

Aims and Objectives

This mixed methods study will develop an online PrEP mobile
messaging intervention for PrEP-eligible BMSM at the STI/HIV
testing clinicsin Jackson, MS. Theintervention will be created
with the help of in-depth interviews with 30 young BMSM in
MS that will seek to understand individual, community, and
structural barriersaffecting |MB factorsrelevant to engagement
in PrEP-related care. We will then conduct a randomized
controlled pilot study with 66 PrEP-eligible BMSM seen at
STI/HIV testing clinics. Thispilot will evaluate the preliminary
efficacy of the PrEP mobile messaging intervention compared
with enhanced standard of care (ESC) onimproving HIV-related
knowledge and attitudes, attendance at a PrEP services
appointment, and recel pt of a PrEP prescription. These datawill
provide preliminary evidence of the intervention’s impact and
inform a larger randomized controlled trial (RCT), if needed,
as atest of the intervention.

Methods

Trial Registration and Institutional Review Board
Approval

The research and ethics presented in this study were approved
by the institutional review board of Rhode Island Hospital and
University of Mississippi Medical Center (UMMC). This study
isregistered on Clinical Trials.gov (NCT03308097).

Design

This research protocol will be conducted in 2 phases. A
development phase will involvein-depth interviews (n=30) with
PrEP-eligible BMSM who receive care in STI/HIV testing
clinicsin MS. Interviews will be conducted by LB, LW, or a
trained senior research associatein aprivate area of the UMMC
STI/HIV testing clinic. Theseinterviewswill allow researchers
to select and adapt the material that will be sent out through the
PrEP mobile messaging intervention. The material will be
composed of free, publicly available links to websites and
YouTube videos that provide factual information, motivational
materials, and behavioral skills related to PrEP and HIV
prevention. The second phasewill consist of asmall, unblinded,
parallel, randomized controlled pilot study among 66 new
participants in the clinics to examine the preliminary efficacy
of theintervention compared with ESC on attendance at a PrEP
services appointment and receipt of a PrEP prescription.
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Participants will be randomized using the block randomization
method designed to randomize subjects into groups that result
in equal sample sizes (1:1). This method is used to ensure a
balance in sample size across groups over time. Blocks will be
small and balanced with 6 participants assigned to each block.
Blockswill be generated using an internet application and saved
on asecure drive accessible only to Rhode Island Hospital staff.
A research assistant at Rhode Island Hospital will randomize
participants after they are enrolled by UMMC staff. The
intervention material will be sent to PrEP-eligible BMSM in 8
to 16 interactive text messages over 4 weeks. Study assessments
will occur at enrollment and at 4 and 16 weeks postenrolIment.

Participants

Young BMSM, aged 18 to 35 years, who visit the STI/HIV
testing clinics in Jackson, MS, and who are eligible for PrEP
according to current treatment guidelines [54] will be eligible
for enrollment in each phase of the study according to the
following criteria: (1) English speaking, (2) eligible to receive
prophylactic antiretroviral treatment, (3) not enrolled in another
PrEP-related study or HIV prevention study, and (4) able to
give consent/assent and not impaired by cognitive or medical
limitations as per clinical assessment. Clinical assessment will
occur by members of the proposed research team, asthey have
substantial prior clinical (medical and psychiatric) and research
experience in care of young adults and adults. While having a
smartphone or computer is not an €igibility criterion,
participants without regular access to this technology must be
willing to cometo the clinic twiceaweek if they are randomized
to the intervention arm to access intervention content. There
will not be overlap between subjectsin the developmental and
RCT phases. We are enrolling only BMSM between the ages
of 18 to 35 years, because they are the subgroup most at risk
for acquiring HIV in Jackson, M S. Limiting the study to young
BMSM will alow for the development of amobileintervention
that is targeted, acceptable, and engaging for this specific
population.

Description of Intervention Content

The PrEP mobile messaging intervention employs graphics,
characters, and video content specifically chosen to be appealing
to young BMSM. Text messages and accompanying Web
content will target IMB constructs. These |MB-consistent
messages and content all aim to increase knowledge and
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engagement in PrEP care and decrease HIV risk behaviors.
Examples of the IMB-informed texts include: “ Do you want to
see a cool website with more information about PrEP? Check
out this website” which provides information, “Hear from Dr.
Mena, who worksin Jackson. You can take PrEP and still have
fun” which enhances mativation, and “ Hear tipsfor taking PrEP
each day and how to get PrEP easily in Jackson” which teaches
behavioral skills.

Interviews will ensure that the intervention material is relevant
to community context (eg, stigma, structural barriers). Currently,
the intervention is composed of 8 text messages with 1 to 2
links to publicly available Web content in each message.
Participantswill be sent 2 text messages per week over 4 weeks.
Thetiming and length of the texts and Web activities are based
on the timing and length of the efficacious Center for AIDS
Research HIV prevention project reviewed in preliminary studies
[55]; however, the length and frequency of the intervention and
intervention activities will be assessed and edited during the
development stage. Each text message will have alink to Web
information, quizzes, and games focused on providing facts
about PrEP and HIV transmission and prevention and on
correcting misperceptions about HIV and PrEP. Videosthat are
publicly available online and that specifically address
engagement in PrEP-related care and HIV prevention
information deficits identified with BMSM will be part of the
modules. Pictures and graphics have been selected to appeal to
BMSM. Young, black male role models are used to impart
information and address attitudes, stigma, and social norms
concerning engagement with providers, PrEP, and HIV risk.
Accurateinformation will reduce PrEP misconceptionsthat fuel
stigma. Videosthat show BMSM discussing the positive aspects
of PrEP for them, their partners, and their communities will
also help reduce stigma. The intervention will also address
structural barriers. Mobile-ready information has been selected
to help participants navigate health insurance, medication
assistance programs, and co-pay assistance programs. Figure 1
shows sample text messages with pictures of accompanying
IMB Web content.

Preliminary material will either be confirmed or adapted
following in-depth interviewswith 30 BMSM €ligiblefor PrEP
seen at STI/HIV testing clinics in Jackson, MS. Thus, these
interviews finalize the links and digital material that will be
sent out by the mobile messaging intervention during the RCT.
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Figure 1. Preliminary intervention text messages developed from publicly available internet content.

The cost, access

) | to and use of
Truvada as PrEP

*  varies widely.

Developmental Phase Qualitative Interviews

Quialitativeinterviewswill be conducted by LB, LW, or atrained
senior research associate, who have experience with interviews
used to develop behavioral interventions and hedth care
provider training. Interviews will be digitaly recorded and
recordings uploaded to a securefilelocation on the Rhode Iland
Hospital server that will only be accessible to project staff.

Developmental phase participants will be recruited from the
UMMC STI/HIV testing clinics. They will be screened for
eigibility by UMMC research assistants by phone or in person.
Those €eligible and interested will arrive the day of the focus
group or interview, and research staff will review the consent
form with them. Those who sign the consent form will proceed
with the interview.

Interview questions were developed to reflect the IMB model.
Questions focus on the relevance and utility of the presented
content and its appeal and will solicit suggestions for potential
improvements. Feedback will be elicited after exposure to
mobile material in a secure clinical space at the UMMC
STI/HIV testing clinics. We will ask about general reaction to
the preliminary Web content and all texted queries. Participants
will be asked about the acceptability and rel evance of texts and
mobile content, actions, and graphics as they relate to race,
culture, and structural factors. We will also concentrate on
deeper, or more complex, emerging themes. For example, if
there are particular barriers to engagement in PrEP care, such
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as misconceptions about the perceived risk of HIV, more content
will target this misperception [56-58]. If other barriers to
engagement in PrEP-rel ated care, such as misinformation about
side effects or mistrust of the medical community, areidentified,
more content will target these issues. For example, participants
will be asked “Asablack, gay male, how worried are you about
getting HIV? How effective do you think PrEP is at preventing
someone from getting HIV?’ and “How comfortable do you
feel talking to your doctor about sex, HIV, and PrEP?’ After
viewing preliminary Web content, participants will be asked,
“Which partsof thiswebsite or YouTube video would influence
how concerned you are about HIV?' “Do any parts of this
websiteor video help you feel prepared to start PrEP?’ “Do any
parts of this website help you to know how to pay for PrEP?’
and “How could these messages be made more relevant to you,
your friends, and your partners?’ Major topics and subtopics
from the interviews will be coded. Additional codes will be
generated for topics that invariably arise and that may have
significance to the project. Qualitative data will be analyzed
using the qualitative software package NVivo version 11 (QSR
International). In order to maintain scientific adequacy and
confirmability, we will perform semistructured interviews on
asufficient number of participantsfrom each relevant subgroup
defined by age (divided at 25 years); level of interest in starting
PrEP; and identifying as gay, bisexual, or neither until thereis
redundancy in themes and general feedback. All interviewswill
focus on how sexual orientation, race, stigma, culture, age, and
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structural factors influence IMB for the major targets of the
intervention.

After thefirgt 15 quditative interviews, another draft preliminary
PrEP mobile messaging intervention will be assembled. This
draft intervention will be assessed with another group of young
BMSM using the similar qualitative procedures. Interviewswill
continue until thematic redundancy is achieved. Theseiterative
design efforts will provide an intervention that is culturally
acceptable and theoretically informed. Throughout the
developmental phase, members of the research team will
iteratively review and assesstheclinical utility of all intervention
components via the BMSM participants' qualitative feedback
and audiotaped session materials. The team will assess the
strengths and weaknesses of intervention components and
indicate revisions. Specifically, we will assess the intervention
content’s accuracy and suitability, ability of the intervention
content to engage MSM, and ability to target STI/HIV-related
behavioral changewith material and techniques consistent with
the IMB model. Additionaly, the team will review the
intervention material for relevance, conceptua clarity, and
potential technological problems.

Pilot Randomized Controlled Trial

Overview

We will evaluate the impact of the IMB mobile PrEP/HIV
intervention compared with ESC in an RCT with 66 newly
recruited BMSM. Recruitment will take place at local STI/HIV
testing clinics using flyers and word of mouth. Flyers list the
igibility criteriaand provide contact information of the UMMC
research assistant they can contact if they would like to
participate in a study to test a new mobile messaging tool that
provides information about PrEP. Those interested in
participation will be screened either in person or over the phone
by research assistantsin MS. Those interested and meeting all
eigibility requirements will be scheduled to complete consent
and baseline assessment if it does not occur on the same day.
Research staff will then go over the consent form (Multimedia
Appendix 1) inaprivate area of the STI/HIV testing clinic, and
participants will fill out the consent and locator forms.
Participantswill then compl ete the baseline survey and be placed
in either the intervention or ESC group using computerized,
block randomization. Wewill compare conditions on attendance
a a PrEP services appointment and receipt of a PrEP
prescription at 16 weeks using datafrom the electronic medical
record and by self-report. Conditions will also be compared by
self-report on PrEP and HIV-related knowledge, attitudes, skills,
and risk behaviors at baseline, 4 weeks (immediately
postintervention), and 16 weeks.
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Pre-Exposure Prophylaxis Mobile Messaging
I ntervention

Participants in the intervention will receive text messages with
intervention content over 4 weeks on their smartphones. Mobile
phones will not be provided by the researchers; therefore,
participants must have their own working smartphone or
computer or bewillingto comeinto theclinic regularly to access
content to be eligible to participate. The intervention is
composed of 8 to 16 textswith links to Web content. Textswill
be sent twice aweek over 4 weeks by aresearch assistant using
the Health Insurance Portability and Accountability Act
(HIPAA)-compliant Study Management and Retention Toolkit
(SMART) developed by Emory University [59]. While thereis
minima human involvement in the intervention, participants
have the option to contact research staff by phone or SMART
if they have any questionsor concerns. Based on feedback from
the developmental phase, intervention content was selected to
belesstailored to the population and more diverse and inclusive.
Videoswere also included that were perceived as more accurate
representations of socia interactions in the south. The
preliminary timing and length of the texts and Web activities
are based on the timing and length of the efficacious Center for
AIDS Research HIV prevention project reviewed in preliminary
studies (Pl: LW). Each mobilelink sent to participantswill take
between 5 and 10 minutes to read, listen to, or interact with.
Participants can engage with text message material on their
phones at any place that is convenient and comfortable.

Enhanced Standard of Care Condition

Theimpact of the intervention will be compared with ESC. At
both STI/HIV testing clinics in which subjects are recruited,
the medical director and his staff assess patients for PrEP
eligibility and HIV risk (as defined by the Centers for Disease
Control and Prevention [CDC] guidelines) [54]. Feedback is
given to each patient on their current risk behavior and future
plans (personal risk summary). Patients are given a CDC
informational handout with basic PrEP facts; shown a brief,
5-minute, free/publicly available online video about PrEP; and
given contact information for the clinic care coordinator. These
procedures are consistent with CDC guidelines for PrEP, and
because of the handout, personal risk summary, and video, the
procedure can be considered ESC. The medical director and his
team have used the handout and video for the past 2 years. The
video is colorful, informative, and well received but has not
been chosen with specific qualitative feedback from BMSM.
Patients in both conditions will receive the ESC clinical
encounter described here and be followed for assessments. Only
patientsin the IMB mobile messaging intervention will receive
the additional 8 to 16 text messages (Figure 2).
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Figure 2. Study flow diagram of the randomized controlled trial phase.
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M easur es and Assessments

Assessments

Assessmentswill occur at baseline, immediately postintervention
(4 weeks), and 3 months postintervention (16 weeks) and will
take 45 minutes to compl ete.

Measures

A computer self-interview using Research Electronic Data
Capture (REDCap) will be used to assess behavior since it is

confidential, allows for complex branching/skip patterns, and
detects greater rates of risk behavior [60]. Participants will be
emailed the REDCap surveys 2 days prior to their appointments,
but they may also opt to complete the surveys on a computer
at the UMMC STI/HIV testing clinics. Standard items will be
administered to gather demographic data (including age,
educational level, sexual orientation, socioeconomic status,
race, ethnicity, and stability of housing). The measures below
will be used to evaluate HIV- and PrEP-related knowledge,
attitudes, and behavior (see Table 1 for linkage between
constructs and intervention).

Table 1. Linkage between constructs, intervention foci, and assessment instruments.

IMB? construct Description of construct Intervention foci Assessment instruments

Information PrEP® and HIV risk knowl-  Increased HIV/PrEP knowledge, perceived vul-  HIV/PrEP Knowledge Scales
edge nerability to HIV/STIs

Motivation Risk attitudes, intentions, and  Improved motivation for PrEP and related med- IMB PrEP Care Motivation Scale, Self-Effica-
self-efficacy for starting PrEP ical care, increased motivation for safer sex, de- ¢y for PrEP Care, Rollnick’s Readiness Ruler
and engaging in PrEP-related  creased perceived structural and stigmabarriers
medical care

Behavior Attendance at PrEP preven-  PrEP prevention appointment, safer sex skills  Attendance at PrEP services appointment, re-

tion appointment, sexual risk

ceipt of PrEP prescription, and sexual risk self-
report

8 MB: information-motivation-behavioral skills.
bprEP: pre-exposure prophylaxis.
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Outcomes

Primary Outcome

With participant consent, staff at the STI/HIV testing clinic will
abstract from the electronic medical record any PrEP services
appointment and any PrEP prescription received around 20
weeks (4 weeks after final assessment). Participants will also
be asked to self-report if they are currently taking PrEPfor each
assessment. Thisstudy isoccurring in the only two PrEP clinics
in Jackson, and both are affiliated with UMMC. Participants
arerecruited fromthe STI/HIV clinicsrun by the same medical
staff. PrEP is unavailable elsewhere in Mississippi, so virtualy
no one will begin PrEP at another location. While study
inclusion criteriado not restrict to only those living in Jackson,
MS, we anticipate that accessibility to the recruitment siteswill
lead to a predominately local sample.

Secondary Outcomes

The following self-report scales on secondary outcomes will
be asked on al three questionnaires. We will assess how
responses to these measures change over time.

H1V/Sexually Transmitted I nfection and Pre-Exposure
Prophylaxis Knowledge

The HIV Knowledge Scale assesses knowledge about issues
such asrisksfor HIV using 18 items with true, false, or do not
know response options. Test-retest reliability (r=.73) and interna
consistency (reliability coefficient=.90) were both satisfactory
in studies with at-risk young adults [61]. The STI Knowledge
Questionnaire uses similar response options with 10 items
assessing risk for and treatment of sexually transmitted
infections. Test-retest reliability (r=.88) and internal consistency
(reliability coefficient=.86) were both satisfactory in studies
with at-risk young adults [62]. Because there is no PrEP
knowledge scale with published psychometrics, we will use a
15-item questionnaire to assess knowledge (true/false/don’t
know) based on facts from the CDC and the San Francisco
AIDS Foundation websites concerning PrEP. Theitemswill be
tested for readability and relevance with the target population
in the qualitative phase of the study. Items will be revised if
needed for the RCT portion of this study.

Personal and Social Motivational Readiness for
Pre-Exposure Prophylaxis Care

Rollnick’s Readiness Ruler [63] will be used to assess
motivation for engaging in PrEP care. Respondents rate how
ready they are to (1) attend a PrEP services appointment, (2)
begin PrEP, and (3) go to PrEP-related medical appointments
on ascalefrom 1=not ready to 10=ready to engage. Participants
will aso complete the 10-item, Likert-style IMB PreP
Motivation Scale from the LifeWindows Project Team. It has
been modified to assess persona and socia (culture and
structure) motivationsfor PrEP rather than antiretroviral therapy
and is used in our ongoing study of PrEP adherence (1R34
MH104068) in consultation with Dr Jeffery Fisher, one of the
developers of the IMB model [64].
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Pre-Exposure Prophylaxis and Appointment
Sdf-Efficacy

This measure was developed based on Bandura's theory of
self-efficacy [65] and was shown to have strong reliability
(alpha>.80) [66]. The instrument consists of Likert-style items
(with 5 response options). Three items assess self-efficacy for
taking PrEP as prescribed and attending PrEP-related medical
appointments. The IMB PrEP Behaviora Skills Scale has 14
Likert-style items (modified to address PrEP rather than
antiretroviral therapy). This measure assesses information,
motivation, and perception of behavioral ability to perform the
necessary PrEP skills. It hasaninternal consistency of .90 when
used with infected adults [64].

Risk Behavior Assessment

The risk behavioral assessment (used in LB'’s other federally
funded projects) is a reliable and valid computer-assisted
structured interview assessing self-reported sexual behaviors.
It assesses types of sexual behavior (ie, anal, oral, vaginal) in
the past 3 months, frequency of sex, age of sexua debut, and
number and gender of partners. Additional questions cover use
of barrier method contraception, sex with high-risk partners,
transactional sex, reasons for condom nonuse, frequency and
guantity of substance use, and having sex while using alcohol
and drugs [67].

Statistical Analysis

Hypothesis One

The PrEP mobile messaging intervention, developed with
participant feedback, will be judged by participants to be
feasible, appealing, relevant, and useful. Intervention links that
receive a mean score of less than 30 on the session evaluation
form or lessthan 24 on the client satisfaction questionnaire will
be discarded.

Hypothesis Two

A total of 66 participants will be randomized to 2 conditions.
Thoseinthe IMB PrEP mobile messaging intervention condition
will show improvements in each of the IMB domains:
information (HIV and PrEP knowledge), motivation
(motivational readiness for PrEP and medical care, improved
self-efficacy, and improved attitudes for PrEP and medical
treatment), and behavior (HIV risk behavior score and
engagement in PrEP). Information, motivation, and HIV risk
scores will be evaluated at 4 and 16 weeks using linear
mixed-effect models, which will account for the 3 assessments
(O, 4, and 16 weeks) being nested within individuals [68,69].
We will test for differencesin linear change over time between
intervention and control groups on each outcome variable. For
the PrEP uptake outcome, we will evaluate difference between
conditions in the proportion of participants who engaged in
PrEP (attended a PrEP medica visit, received a PrEP
prescription, or self-reported starting PrEP). Propensity scores
(ie, inverse probability of treatment weighting) will be used to
account for any imbalance in baseline characteristics between
conditions[70]. Hierarchical linear modeling analyses are robust
if missing dataamount issmall. If missing dataamount islarger,
last observation carried forward techniques will be used for
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missing scale data. Outcomes such as engaging in PrEP care
(attending a PrEP medical visit or receiving a PrEP prescription)
can be obtained from the medical record regardless of subject
attrition.

Asthisisan intervention development study and the impact of
the experimental intervention is not known, there may not be
adequate power to determine the efficacy of the IMB PrEP
mobile messaging intervention, and pilot studies are not
designed to provide accurate estimates of effect sizes upon
which to base large trials [71]. Nevertheless, the small pilot
RCT may provide a signal of impact on its major outcomes.
We conservatively assume that retention of 66 participants over
16 weeksis 85% based on previousclinic trials. Power analyses
were run with Optimal Design 3.01 (open source, University
of Michigan) [72]. The model assumed 3 assessments nested
within cases. The hierarchical linear modeling analyses with
alphaof 0.05 and power of 0.80 will be able to detect an effect
size of 0.38 SD for change in the information and motivation
outcomes. If the alphais 0.10 (asis appropriate in exploratory
research), then the power is 0.80 to detect an effect size of 0.34
SD. Power to detect adifferencein the proportion of participants
beginning PrEP by 16 weeksis 0.80 if 10% of the ESC group
begin PrEP (similar to our preliminary studies) and 39% of the
intervention group begin PrEP. Because chart review will extend
to 24 weeks, actual power should be somewhat greater.

Incentives

For their involvement in this study, developmental phase
participants will receive $50 gift cards as an incentive. During
the RCT, subjectswill receive $50 gift cards for completing the
basdline assessment and $40 for the 4- and 16-week assessments.
Participants who confirm contact information and research
appointments prior to the 4- and 16-week assessments will
receive an additional $10 per appointment. Receipts for this
payment are offered to participants should they deem it
necessary.

Ethical Considerations

To protect participants from potential risk of breach in
confidentiality, thefollowing measureswill betaken. Participant
research data will be identified by numeric ID only and any
records containing potentially identifying information will be
kept separate from any research data. All research data (written
records and audiotapes of program sessions) will be kept in a
locked file, and electronic datawill be password-protected. All
of the study-related materialswill only be accessibleto research
staff. All data collection will take placein secure and supervised
clinical settingsor with HIPAA-compliant software (REDCap).
All study personnel have completed training and received
certification in Human Subjects Research Protection
(Collaborative Ingtitutional Training Initiative Program) and
HIPAA regulations and will continue to renew this training in
compliance with hospital policies.
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To further protect the privacy of the study participants, we will
obtain a Certificate of Confidentiality from the US Department
of Health and Human Services. With this certificate in place,
the researchers cannot be forced to turn over identifying
information about a study participant in any federal, state, or
local criminal, administrative, legidative, or other proceedings.
This certificate does not prevent a study participant from
volunteering to turn over their research information nor does it
prevent researchersfrom providing research-related information
to others when requested by the study participant.

Results

This is an ongoing study. The developmental interviews took
place from February to April 2018. Recruitment for the RCT
phase began in November 2018 and closed in November 2019.
Follow-up data is still being collected. Therefore, analysis of
the RCT has yet to begin.

Based on input from the qualitative interviews, content was
selected to be more diverse and inclusive and less tailored to
young BMSM. Participant preference for videos that more
accurately reflected social interactions in the South was also
considered when choosing content for the RCT. Furthermore,
interview participants were asked what time of day they would
want to receive the texts, so texts are sent between 11 am and
4 pm. There have been no significant changes to the videos and
links that are given asintervention content since the beginning
of the study. However, in theinitial protocol, participants were
to receive follow-up queries on days they received content
asking them to rate the links. Lack of participant interest in
responding to queries led the team to remove this from
procedures. Currently, there are no prompts to remind
participants to engage with content.

At the conclusion of recruitment, 65 participants were
randomized in total (33 to theintervention and 32 to ESC). The
goal was to randomize 33 participants to each arm of the study
(66 intotal). However, three individualswho compl eted baseline
were withdrawn from the study prior to randomization.
Demographics for the 68 participants, taken at baseline, are
presented in Table 2. The average age of participants is 23.9
years. Individuals predominately identify asmale; black, African
American, or Haitian; and not of Hispanic or Latino descent,
which reflects the eligibility criteria. Most of the sample
received ahigh school diplomaor General Educational Diploma
and are either currently employed or a student. While yearly
income ranges from less than $10,000 to $79,999, many
participants make | ess than $40,000.

Of those who have been randomized, 3 were withdrawn from
the study, 2 were removed from the intervention arm for
seroconverting during the trial, and 1 was removed from the
ESC arm for no longer self-identifying as an MSM. Until
follow-up concludes, we cannot determinethe effect of treatment
assigned on the desired outcomes.
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Table 2. Pre-exposure prophylaxis mobile randomized controlled trial demographics (n=68).

Variable Value
Agein years, mean (SD) 23.9(4.8)
Gender identity, n (%)
Mae 67(99)
Gender nonconforming 1(2)
Race, n (%)
American Indian or Alaskan Native 34
Black, African American, or Haitian 62 (91)
Multiracial 34
Hispanic or Latino, n (%)
Yes 1(2)
No 67 (99)
Highest level of education, n (%)
Some high school 1(2)
High school graduate or GED? 42 (62)
College degree or higher 20 (29)
Other 5(7)
Employment status, n (%)
Employed full-time 28 (41)
Employed part-time 13 (19)
Student 13 (19)
Disabled/unable to work 1(2
Unemployed 13(19)
Annual income, n (%)b
$0-$9,999 28 (47)
$10,000-$19,999 11 (18)
$20,000-$29,999 9 (15)
$30,000-$39,999 7(12)
$40,000-$49,999 3(5)
$50,000-$59,999 0(0)
$60,000-$69,999 1(2)
$70,000-$79,999 1(2)

8General Educational Diploma.
bEj ght participants (12%) did not provide information on annual income.

Discussion

Review

The PrEP mobile messaging intervention aimsto inform BM SM
in the southern United States on the purpose and beneficial
impacts of PrEP while reducing stigma about this method of
HIV prevention. Through digital material aligned with an IMB
theoretical framework, the intervention attempts to motivate
participantsto engage in PrEP-related care. This cost-effective,
easy-to-use, interactive PrEP/HIV prevention mobile messaging

http://www.researchprotocols.org/2020/2/e15781/

RenderX

intervention could provide BMSM in the southern United States
with the information and motivation they need to schedule a
PrEP services appointment and take preventative measures in
the high-risk environment of the South. No other study has
sought to improve this aspect of PrEP-related care, yet
attendance at a PrEP services appointment isa crucial first step
in the prevention timeline.

Moreover, the intervention is cost effective and easily adapted
and tailored to participants. Free and publicly available online
content will be selected through in-depth interviews. Selected
online material will addressinformation, motivation, behavioral
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skills, cultural barriers (such as stigma), and structural barriers
(such as payment). In thisway, the PrEP/HIV prevention mobile
messaging intervention is made to be more effective for its
target population.

Despite being developed for BMSM, the addition of diverse
andinclusive material based on developmental feedback allows
the intervention to be generalizable to other populations.
Furthermore, the protocol’s low cost and ease of use would
make the intervention easy to apply in routine settings outside
of asmall RCT. However, to do so would likely require a shift
from the SMART platform to local agencies sending texted
information by cellphone. More individuals would then need
to be trained on the protocol.

Limitations

Rouffiac et al

report on study outcomes sincethey are aware of their treatment
group. They may also be more or less inclined to seek out
additional information or be lost to follow-up. While the
follow-up questionnaire asks participants how many of thelinks
or videos they watched, this report may be inaccurate due to
social desirability bias. Therefore, it will be difficult to ascertain
if results are biased due to nonuse of intervention content.

Conclusion

With the large numbers of youth possessing smartphones, the
PrEP mobile messaging intervention isapromising routein the
effort to increase PrEP uptake for BMSM living in the southern
United States. Digital systems cross geographic and
interpersonal barriers and can engage at-risk populations. The
results of this study can signify the role that interactive digital

Some limitations should be noted regarding this protocol. This Interventions can play in HIV prevention and clinical care.

trial isunblinded, which may lead participantsto alter how they
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Abstract

Background: Gay, bisexual, and other men who have sex with men experience several disparitiesrelated to human papillomavirus
(HPV) infection, including high incidence rates of anal cancer. Although the HPV vaccineis currently recommended for young
adults, HPV vaccine coverage is modest among young gay, bisexual, and other men who have sex with men (Y GBMSM).

Objective: We describe the design and methods for a randomized controlled trial (RCT) to rigorously evaluate Outsmart HPV,
a population-targeted, individually tailored, Web-based HPV vaccination intervention for YGBMSM. The RCT is designed to
determine the efficacy of the intervention, the mechanism by which the intervention has an effect (ie, mediation), and whether
efficacy varies by participant characteristics (ie, moderation).

Methods: Outsmart HPV was previously developed and pilot-tested. This study is a 3-arm prospective RCT that will enroll a
projected 1995 Y GBMSM who are aged 18 to 25 years, live in the United States, and have not received any doses of the HPV
vaccine. Participants will be recruited by means of paid advertisements on social media sites and randomized to receive (1)
standard information on the Web about HPV vaccine (control group), (2) Outsmart HPV content on the Web with monthly
unidirectional vaccination reminders sent via text messages, or (3) Outsmart HPV content on the Web with monthly interactive
vaccination reminders sent via text messages. Participants will complete Web-based surveys at 4 time points during the study:
baseline, immediately after engaging with Web-based content, 3 months after randomization, and 9 months after randomization.
Primary outcomes will include both HPV vaccine initiation (ie, receipt of 1 or more doses of the HPV vaccine) and completion
(receipt of al 3 dosesrecommended for thisage range). We will examine constructsfrom theintervention’stheoretical framework
as potential mediators and demographic and health-related characteristics as potential moderators of intervention effects.

Results. Theinstitutional review board at The Ohio State University has approved the study. Materials have been devel oped
and finalized for all study groups. Recruitment for the RCT began in fall 2019.

Conclusions: If shown to be efficacious, Outsmart HPV has the potential to fill an important gap by promoting HPV vaccination
among a population at increased risk of HPV infection and HPV-related disease.

Trial Registration: ClinicalTrials.gov NCT04032106; http://clinicaltrials.gov/show/NCT04032106
International Registered Report Identifier (IRRID): PRR1-10.2196/16294

(JMIR Res Protoc 2020;9(2):€16294) doi:10.2196/16294
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Introduction

About 45% of men in the United States have a current genital
infection with at least onetype of human papillomavirus (HPV)
[1]. Infection with oncogenic HPV types can cause several types
of cancer among men (eg, ana, oropharyngeal, and penile
cancers), and infection with nononcogenic types can cause
genital warts[2,3]. Several HPV-related disparities exist among
gay, bisexual, and other men who have sex with men (GBMSM).
Past research has shown that up to about 66% of GBM SM who
are HIV negative have a current genital HPV infection, with
prevalence estimates being even higher among those who are
HIV positive [4]. Anal cancer incidence rates among GBM SM
have ranged to more than 60 cases per 100,000 population,
which ismuch higher than the national rate of about 2 cases per
100,000 population for men [5-9].

Although the Advisory Committee on Immunization Practices
(ACIP) began recommending routine HPV vaccination for
females in the United States in 2006 [10], routine vaccination
was not recommended for males until 2011 [11]. The ACIP
now recommends routine HPV vaccination for both male and
female adolescents aged 11 to 12 years and recently voted
unanimousdly to support catch-up vaccination for personsthrough
the age of 26 years who are not vaccinated [12]. Before this
recent update, catch-up vaccination was recommended only for
males aged 13 to 21 years, although routine HPV vaccination
was still recommended for men who have sex with men
(including those who identify as gay or bisexual or who intend
to have sex with men) through the age of 26 years [13]. The
recent update also now recommends that adults aged 27 to 45
years make shared decisions with their doctors about getting
the HPV vaccine [12]. The HPV vaccine series consists of 2
dosesif it isinitiated before the age of 15 years and 3 doses if
itisinitiated after the age of 15 years[13]. HPV vaccination is
currently approved to prevent anal cancer and genital warts
among males [14].

Despite recommendations, HPV vaccine coverage is modest
among young gay, bisexual, and other men who have sex with
men (Y GBMSM) in the United States. Studies have shown that
about half or fewer Y GBMSM have received any HPV vaccine
doses, and fewer than 20% have received al recommended
doses[15-22]. Although HPV vaccine coverage may be dlighter
higher among GBM SM than among heterosexual men [16,23],
the suboptimal coverageisstill somewhat surprising, given that
most GBMSM have expressed a willingness to get vaccinated
[24-28]. YGBMSM have reported numerous barriers to HPV
vaccination, including lack of knowledge about HPV and the
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HPV vaccine, concerns about vaccine safety, concerns about
cost and/or health insurance, perceived stigma around the
vaccine (eg, the vaccine is only for females), fear of potential
health care discrimination, and lack of a health care provider
recommendation to get vaccinated [17,20,29]. Given that many
YGBMSM remain unvaccinated, efforts to increase HPV
vaccine coverage among these men are needed.

We recently developed and pilot-tested a Web-based HPV
vaccination intervention for YGBMSM called Outsmart HPV
[30]. During the pilot test, we recruited 150 unvaccinated
YGBMSM from the United States through social media [31].
We randomized participants to receive either standard
information about the HPV vaccine (control group) or
popul ation-targeted, individually tailored content about the HPV
vaccine and monthly unidirectional vaccination reminders
(Outsmart HPV intervention group). Theresults of the pilot test
showed that HPV vaccine initiation was higher among
participants in the intervention group (34/76, 45%) than those
inthe control group (19/74, 26%; P=.02) [30]. We a so observed
a trend toward HPV vaccine completion being higher among
theintervention group (8/76, 11%) than among the control group
(2174, 3%; P=.07) [30], and the intervention group reported
larger changes in several attitudes and beliefs about HPV and
the HPV vaccine [32]. Participants in the intervention group
reported high levels of acceptability and satisfaction with
Outsmart HPV [32].

The next step in this line of research is to implement a
well-powered randomized controlled trial (RCT) to determine
the efficacy of Outsmart HPV. It is important to also identify
the mechanism by which the intervention has an effect (ie,
mediation) and determine how efficacy may vary by participant
characterigtics (ie, moderation). This study describesthe protocol
for a study that will accomplish this by comprehensively
evaluating Outsmart HPV.

Methods

Trial Overview

This study is a 3-arm prospective RCT that will enroll a
projected 1995 YGBMSM (Figure 1). Participants will be
randomized to receive (1) standard information about the HPV
vaccine (control group), (2) Outsmart HPV with monthly
unidirectional vaccination reminders (Out-U group), or (3)
Outsmart HPV with monthly interactive vaccination reminders
(Out-1 group). Each group is described in detail inthefollowing
sections. We will follow up with the participants for 9 months
and use an intent-to-treat approach to determine the effects of
Outsmart HPV on HPV vaccination.
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Figure 1. Overview of the randomized controlled trial for the Outsmart HPV intervention. HPV: human papillomavirus; Out-l group: Outsmart HPV
that includes monthly interactive vaccination reminders; Out-U group: Outsmart HPV that includes monthly unidirectional vaccination reminders.
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Recruitment and Eligibility

We will recruit YGBMSM through paid advertisements on
social mediasites. Social mediasiteswill include Facebook and
Instagram, with the potential for expanding to other sites if
needed. About 90% of adults aged 18 to 29 yearsin the United
States use social media, with Facebook and Instagram being 2
of the most popular platforms for these ages [33,34]. For the
pilot test, we aso recruited by means of socia media
advertisements, and it resulted in a sample of participants who
were demographically similar to nationally representative
samples of YGBMSM [31].

Advertisements will link potential participants to the project
website, which is a mobile-friendly website accessible by
desktop, laptop, tablet, or smartphone (iOS and Android).
Eligibility will be based on responses to a Web-based screener.
Potential participants will be eligible if they (1) are cisgender
male; (2) are aged between 18 and 25 years; (3) self-identify as
gay, bisexual, or queer; report ever having oral or anal sex with
amale; or report being sexually attracted to males; (4) livein
the United States; (5) have not received any doses of the HPV
vaccine; and (6) did not participate in the pilot test of Outsmart
HPV. We specify the age of 25 yearsinstead of 26 years asthe
upper age limit so that participants do not age out of the
recommended age range for routine vaccination [12,13] during
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the study. We will also require men to read English and be able
to provide informed consent, both of which will beinferred by
completion of the digibility screener and consent form. After
completing the screener, eligible men will provide informed
consent and create aproject account (eg, establishing ausername
and password and providing an email address and text message
number to allow for study communications).

Initial Website Session and Randomization

After account setup, participants will begin their initial project
website session. This will consist of completing a baseline
survey on the Web, engaging with Web-based content about
the HPV vaccine (either Outsmart HPV or control group
materials), and then completing a posttest survey on the Web.
Immediately after completing the baseline survey, participants
will be randomized using a 1:1:1 allocation scheme to receive
(2) standard information about the HPV vaccine (control group),
(2) Outsmart HPV that includes monthly unidirectional
vaccination reminders (Out-U group), or (3) Outsmart HPV that
includes monthly interactive vaccination reminders (Out-I
group). Recruitment will continue until a projected 1995
YGBMSM are randomized (about 665 per study group).
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Study Materials

Materials for all study groups are patterned heavily after those
from our pilot test [30,32]. To further help ensure the
appropriateness of study materials, we conducted focus groups
of YGBMSM before the RCT to review and discuss study
materials. The project websitewill deliver materialsto all study
groups.

Outsmart HPV With Monthly Unidirectional Vaccination
Reminders

Outsmart HPV was devel oped using aframework that included
aspects of the Protection Motivation Theory [35],

Reiter et d

Information-M otivation-Behavioral Skills Model [36], and the
Minority Stress Model [37]. The intervention for the Out-U
group will consist of 2 components: (1) population-targeted,
individually tailored Outsmart HPV content on the Web and
(2) unidirectional monthly HPV vaccination reminders sent via
text messages. The Web-based content will be presented in 4
sequential sections (Figure 2) that contain infographics, other
visual formats, and tailored testimonials. The 4 sections are as
follows:

Figure 2. Screenshot from a smartphone of the Outsmart HPV intervention showing the 4 sequential sections. Both intervention arms (Outsmart HPV
that includes monthly interactive vaccination reminders and Outsmart HPV that includes monthly unidirectional vaccination reminders groups) will

receive this content.

Get Vaccinated
v

1. Learn About HPV provides population-targeted information
about HPV prevalence, transmission, and HPV-related
diseases among GBMSM. For example, this section
provides information about the occurrence of anal cancer
among GBMSM. At the end of this section, participants
are asked to identify what they think is the most important
thing they learned about HPV.

2. Learn About the Vaccine provides information about the
HPV  vaccine, including its dosing schedule,
recommendations for administration, effectiveness, and
safety. This section aso includes population-targeted
information about the HPV vaccineamong Y GBMSM (eg,
the acceptability of the vaccine reported by YGBMSM in
past research) [17]. The end of this section 