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Abstract

Background: HIV disproportionately impacts young men who have sex with men (Y MSM) who experience disparities across
the HIV care continuum. Addressing antiretroviral therapy (ART) adherence among YMSM is an urgent public health priority.
Technol ogy-based interventions—particularly mobile health platforms—can provide tailored adherence interventions and allow
YMSM to engage and connect with others.

Objective: The objective of this study was to describe the devel opment of AllyQuest, a novel, theoretically-based, smartphone
app designed to improve engagement in care and ART adherence and social support among HIV-positive Y MSM.

Methods: AllyQuest was built on an established platform for patient engagement that embeds social networking and fundamental
game mechanics, such as challenges, points, and rewards. A medication tracker provides reminders to promote ART adherence
via personalized adherence strategies that are user and context specific; a calendar allows for reflection on adherence over time.
After iterative devel opment with input from two youth advisory boards, usability testing was conducted to assess app functionality,
comprehension of the educational content, use of intervention features, and overall impressions of app relevance and appeal. A
28-day pilot trial was conducted with 20 HIV+ YMSM to evaluate intervention feasibility and acceptability.

Results: Mean age of participants was 21.8 years (range 19-24), and 95% (19/20) of the participants were nonwhite. The mean
time of app use was 158.4 min (SD 114.1), with arange of 13 to 441 min. There was a mean of 21.2 days of use (out of a total
possible 28 days). Therewere 222 poststo the daily discussion social wall. Feasibility and acceptability ratings were high. Overall,
participants found the app easy to use and navigate, not intrusive, and had few reported technical issues. Higher levels of app
usage were positively correlated with HIV self-management outcomes, and there was a statistically significant (P<.05) positive
association between the number of days logged into the app and knowledge and confidence in ability to reliably take HIV
medications.

Conclusions:  AllyQuest represents a new, highly scalable solution that is well-suited to meet the specific prevention and care
needs of HIV+ YMSM. The development of this intervention is both timely and vital, given the urgency of the ongoing HIV
epidemic among YMSM.
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Introduction

HIV Infection Among Young M en Who Have Sex With
Men in the United States

In the United States, men who have sex with men (MSM)
experience the highest rates of new HIV diagnoses, with young
MSM (YMSM) and MSM of color continuing to be significantly
impacted [1]. Although the number of diagnoses of HIV
infection among M SM remained stable, from 2010 to 2014, the
number of diagnoses among MSM in the age range of 13 to 24
years increased by 6% [2]. Nationa HIV Behaviora
Surveillance data on MSM from 20 cities found that among
black MSM in the age range of 18 to 24 years tested in 2014,
26% were HIV positive, compared with 3% of white MSM.
Thisdisparity in HIV preval ence between black and white M SM
increased from 2008 to 2014, especially among YMSM [3].
Young Hispanic or Latino MSM had a20% increasein numbers
of diagnoses of HIV infection from 2010-2014 [2].

HIV aso disproportionately impacts YMSM across the HIV
care continuum, with disparities in linkage, retention,
antiretroviral therapy (ART) adherence, and viral suppression
[4,5]. YMSM have documented low levels of ART adherence,
impeding their likelihood of achieving viral suppression [6].
One study among 13 sitesin the US Adolescent Trials Network
found only 7% of diagnosed youth (81% male, 72% black, and
70% gay or bisexual) achieved viral suppression [5], which was
substantially lower than the estimated 50% viral suppression
for al age groups [4,5]. Alarmingly, a recent study of 991
HIV-infected YMSM (aged 15-26 years) found that 69.4% had
a detectable viral load; two-thirds of whom (n=458) reported
recent condomless anal sex [7].

Barriersto Adherence Among Youth

Individual-level stated barriers to adherence among youth
include forgetting, not feeling like taking medication, and not
wanting to be reminded of HIV [8]. Additional factors
contributing to suboptima adherence and viral suppression
among youth, including YMSM, include low medication
adherence self-efficacy [9], psychological distress (depression
and anxiety) [10-13], substance use (alcohol, marijuana, and
other drugs) [10,13,14], structural barriers (eg, homelessness
and health insurance) [15], low social support [11,16], and
HIV-related stigma [10,11,17]. Multiple factors are often
present, and these syndemics are associated with greater
likelihood of nonadherence and detectable vira load in a
dose-response nature [10,18] that also shows disproportionate
impact on minority MSM [18].

There are only a few published interventions focused on
supporting ART adherence among YMSM [19,20]. A 2017
systematic review of interventions along the HIV care
continuum identified 117 medication adherence interventions.
Only 9 (9/117, 8%) focused on adolescents or youth, and only
2 were specifically designed for MSM [19]. A 2014 review of
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adherenceinterventions meeting the Centersfor Disease Control
and Prevention’scriteriafor evidence-based interventionsfound
none that exclusively focused on MSM or youth [21]. Due to
the often marginalized and stigmatized statusthat many Y MSM
living with HIV endure, thereis aneed for the development of
tailored interventionsthat account for the unique and challenging
circumstances they face.

Tailored interventions have been found to produce higher rates
of behavior change and maintenance than nontailored programs
in a variety of health domains, including HIV [22-24].
Technology-based interventions—particularly mobile health
(mHealth) platforms—can provide tailored adherence
interventions and allow YMSM to engage and connect with
others [25-27]. mHealth tools also offer the capacity to design
and deliver tailored content that best meets the specific HIV
management challenges faced by YMSM and each individual
end user [25]. Thefidelity to intervention delivery provided by
mHealth and the market saturation of mobile technology
ownership across socioeconomic strata [28,30] also provides a
high-impact platform that can be taken to scale across and
beyond the United States. Daily mobile phone—based contact
is acceptable to youth living with HIV and is associated with
improved adherence [29]. In this paper, we describe the
devel opment, usability evaluation, and subsequent pilot testing
of AllyQuest, a tailored mobile phone app to increase
engagement in HIV care, ART adherence, and social support.

Methods

I ntervention Development (September 2015-M ay 2016)

AllyQuest is a novel, theoretically-based, mobile phone app
intervention designed to improve engagement in care and ART
adherence and social support among HIV-positive YMSM
(target age: 16-24 years). AllyQuest development was guided
by evidence-based risk reduction and medication adherence
interventions[30-32]; health behavior changetheories, including
socia cognitivetheory (SCT) [33,34]; narrative communication
(eg, storytelling) [35-38]; and the principles of persuasive
technology [39]. AllyQuest addresses key principles of SCT,
including (1) Observationa learning by participating in daily
activities, (2) Modeling and vicarious experiences (observing
and participating in daily discussions, exploration of narrative
“choose-your-own-adventure” stories), (3) Self-efficacy and
verbal persuasion from expert sources (multimedia knowledge
center and tailored messages), and (4) Reinforcements (virtual
rewards and achievements) [33,34-40]. Narrative storytelling
relies on the modeling of behaviors by similar others and has
been shown to foster self-reflection and influence disease
self-management [41-43]. The Fogg Behavior Model (FBM)
[39] of persuasive technology informed the development of
Ayogo’'s Empower Platform, the operating system on which
AllyQuest was devel oped. According to the FBM, the principal
factors to promote behavior change using technology include
triggers, ability, and motivation. The design of AllyQuest
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enhances motivation and skills and provides triggers to
encourage positive behaviors. App notificationsaretriggersfor
healthy behaviors. Regular behavioral self-report prompts serve
as additional triggers and help participants establish healthy
habits. Ability isincreased through knowledge and by identifying
small steps toward target behavioral goals (eg, understanding
side effects and knowing how to fill aprescription). Participants
also get tips from others who are dealing with similar issues
and through narrative stories within the app that reinforce the
consequences of healthy and unhealthy behaviors. App
motivators include social support, rewards, goal setting, and
achievements.

Conceptsfor AllyQuest design and overall “look and feel” were
informed by research we conducted with HIV-positive Y MSM
to understand technology utilization, the barriers and facilitators
to ART adherence, and the use of an app to assist with adherence
[26,44,45]. Gamification elements incorporated into AllyQuest
included the ability to “level up,” earn and redeem in-app virtual
currency, and the ability to unlock app features. Throughout
development, we worked closely with two YMSM youth
advisory boards, composed of eight HIV-positive YMSM,
located in Durham, North Carolinaand Chicago, Illinois. Youth
advisory board activities included 13 in-person sessions and
seven rounds of Web-based surveys.

Usability Testing (June 2016-August 2016)

Usahility testing was conducted according to established
usability guidelines [46] one-on-one with eight (nonyouth
advisory board) HIV-positive YMSM aged 16 to 24 years.
Participants were guided through app installation on their
personal phones. They were asked to explore the app and
complete specified tasks within the app without study staff
assistance. While exploring the app, participants were asked to
“think aloud” and provide a running commentary of their
thought processes while performing the tasks [47]. The
concurrent think aloud method was chosen to elicit real-time
feedback and emotional responses[46,48,49]. Participantsthen
received a guided tour of all app features. Participants were
asked about their initial impressions of the app and completed
a posttest survey to assess user experience. Participants were
then asked to use the app daily for 1 week to assess ongoing
functionality, monitor for any technical issues, ensure content
comprehension, evaluate intervention features, and describe
overall impressions of app relevance and appeal. To facilitate
socia connectivity, youth advisory board members also used
the app during the usability testing period. A semistructured
phoneinterview was conducted at the end of the 1-week testing
period.

I ntervention Refinement (August 2016-October 2016)

The research team collated all participant feedback into a
usability report that was presented to the technological partner.
Usahility testing revealed several addressable technical bugs
and user experience issues that were resolved. Usability
participants a so provided specific recommendationsfor content
edits and expansion. The research team addressed as many of
these suggestions as possible before pilot launch, and the
remaining suggestions were prioritized for the next iteration of
development.
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Pilot Evaluation (October 2016-January 2017)

A 4-week pilot trial was then conducted with 20 HIV-positive
YMSM to evaluate intervention feasibility and acceptability.
Participants were recruited from a clinic in Chicago that
primarily serves impoverished communities. Participants
completed a pretest survey and then staff assisted with app
download to participants phones. After 4 weeks of use,
participants completed an online posttest survey and a
phone-based qualitative interview.

Pilot Trial M easures

Sociodemographic Items

Sociodemographic items assessed age, race or ethnicity,
education, income, homel essness, health insurance, and sexual
identity.

Feasibility

Usage datawas captured through in-app analytics and included
number of times per day or week participants accessed the app
and average time spent using app, daily number of activities

completed and daily discussion questions answered, content of
posts, and number of health-focused daily quests completed.

Acceptability

System Usability Scale (SUS) [50] is a 10-item, 5-point Likert
scale of subjective assessments of usability. The SUS provides
a global measure of system satisfaction and subscales of

usability and learnability. For thistrial, 9 of the 10 items were
used, as one question was deemed duplicative.

Client Satisfaction Questionnaire-8 (CSQ-8) was used to assess
global intervention satisfaction. The CSQ-8 has eight items
(quality of app, kind of service received from app, app met
needs, recommend app to a friend, amount of help received
from app, effectiveness of app for dealing with health problem,
overall satisfaction, and willingnessto usethe app again). These
domains are assessed on a 4-point response scale with
individually specified anchors. Participant responses are scored
from 1 to 4, and thus, the possible total scores range from 8 to
32. Higher scoresindicate greater satisfaction. The CSQ-8 has
demonstrated high internal consistency across a large number
of studies and has been used to evaluate technology-based
interventions [51-55].

HI1V Sdf-Management

We devel oped four questionsto assess domains of HIV-specific
self-management after versus before the 1-month pilot trial.
Theseincluded fedling connected to otherswith HIV, knowledge
about HIV, ability to effectively manage HIV, and ability to
reliably take ART. All outcomes were measured on a 5-point
Likert scale, ranging from 1="Much less’ to 5=“Much more.”

Pilot Trial Analysis

Frequencies and measures of central tendency (means, medians,
and SDs) were calculated to describe the sample in terms of
sociodemographics and acceptability, feasibility, and 4-week
retention. Chi-square tests, t tests, and correlations were
examined to provide preliminary effect estimates. Exact
statistical tests were used where possible to account for the
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small sample size. The Spearman rank order correlation
coefficient was cal culated to assess the magnitude of association
between app usage and HIV self-management outcomes, where
avalue of 0 indicates no correlation, and higher valuesindicate
stronger association between variables[56]. The Spearman rank
order correlation is a nonparametric aternative to the Pearson
correlation [57] based on ranks instead of absolute values and
isless sensitiveto outliers and nonnormal variable distributions.
Statistical analyses were conducted using SAS (SAS Institute
Inc) software version 9.4 for Windows.

Table 1. AllyQuest intervention components and scientific rationale.

Hightow-Weidman et a

Results

I ntervention Development

Youth advisory board members provided feedback on (1)
Intervention structure and format (eg, organization of the
intervention, appropriateness and appeal of language and images,
and ease of navigation); (2) Intervention content and activities
(eg, comprehension, acceptability, and relevance); and (3)
Overall app impressions (eg, utility, interest, and enjoyment).
Youth advisory board members feedback informed content
development in all app components (Table 1).

Feature description

Scientific rationale

Profile page

Privacy features: these include avatars, pseudonyms, confidentia pin
number to open app, app time-out after 5 min of inactivity, and med-
ication tracker that allows participants to choose any name (real or
made-up) they want for their medication reminder.

App progression meter: visua display of current app “level” and in-
game currency that is visible to other participants. Participants level

up and earn in-game currency based on app use. Redeem currency to
unlock narratives and other app features.

Daily discussion

Socia prompts:. (eg, How do you remember your medication?) kick-
off daily discussions to foster community, peer sharing, model suc-
cessful behaviors, and provide reinforcement.

Medication tracker

Medication reminder system: discreet personalized reminders and
habit building solutions to promote ART® adherence.

Tailored adherence strategies: upon initial set-up, participants enter
medication details, including the number of times/day and preferred
time of day taken and any food restrictions. The app uses this infor-
mation to provide suggestions on adherence strategies (eg, Take when
| brush my teeth). Participants who are having adherence difficulties
will received tailored feedback on new strategies and adherence tips.

Brain builders

Daily quest: actionable routine tasks help users set goals and build
knowledge or skills.

Brain games: quizzes and interactive exercises help users check
knowledge and skill

K nowledge center

Multimedia: presentation of information that includes HIV-related,
safer-sex, relationships and general health and wellness. Users
prompted with areflection question after each article to apply the
material to their lives. Visual shows progress toward completing each
section.

Character-based narratives

“Choose-your-own adventure” narrativesfeature HIV+YMSM navi-
gating common situations that impact care engagement and ART ad-
herence (eg, unstable housing, substance use, and disclosure). Play
through story paths allows the user to face hard choices that impact
health, practice problem solving, and succeed or fail in a safe space.

Anonymity and privacy recognized asimportant for Y MSM?2 electronic
health. Found in work done by our team and others [58,59].

Game-based elements (eg, levels and competition) influence intervention
engagement and impact [60].

Social support and connection with others are important features for apps
for HIV-positive YMSM [61].

Medication reminders improve adherence, but may not be sufficient [62].

Dynamic tailoring and unique feedback based on frequent assessments
effectively promotes behavior change for many conditions, including HIV
prevention and ART adherence [61,63].

Rated highly by usability and pilot participants. Gamification increases
intervention engagement and impact [62,60] .

Formative work of our team and others has identified that HIV+ YMSM
desire information on both HIV-related issues and general health and
wellness [64].

Narrative communication through role modeling has been identified as
facilitating health behavior change [35-38].

8/ MSM: young men who have sex with men.
PART: antiretroviral therapy.
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Usability Testing

Usahility testing revealed several addressable technical bugs
and user experience issues. Given the time frame and cost
considerations with app development, we prioritized bug fixes
and user experienceissues. Although usershad other suggestions
for app improvement (eg, making the daily discussion more
like Facebook and using different imagery in the profile ared),
these changes were deemed by the research team and technical
partnersto not likely impact pilot trial outcomesin ameaningful
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way and given development cost, were prioritized for a later
study.

App content was also reviewed by usability participants who
provided specific recommendations for areas of the app that
could be expanded (brain builders and daily discussion posts)
and edited (collection stories and daily quests). The research
team worked to address as many of these suggestions as possible
before the pilot launch. Figures 1-6 provides screenshots of the
fully developed AllyQuest app.
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Figure 1. Profile page.
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Figure 2. Daily discussion.
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Figure 3. Medication tracker.
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Figure 4. Daily quest.
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Figure5. Knowledge center article.
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Figure 6. Narrative story.
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Table 2. Demographics AllyQuest pilot study participants, N=20.

Hightow-Weidman et a

Variable Statistics
Age (years), mean (SD) 21.8 (1.55)
Race or ethnicity, n (%)
Black 17 (85)
White 1(5)
Hispanic or Latino 1(5)
American Indian or Alaskan native 1(5)
Education, n (%)
Completed high school 12 (60)
Some college 3(15)
Did not complete high school 5(25)
Sexual identity, n (%)
Gay 19 (95)
Bisexual 1(5)
Employment, n (%)
Currently employed 13 (65)
Homeless last 6 months, n (%)
Yes 5(25)
InHIV care, n (%)
Yes 20 (100)
On HIV medication, n (%)
Yes 19 (95)
Pilot 4-week pilot trial period ended. There was a total of 17

Themean agewas 21.8 years (range: 19-24), 95% (19/20) were
nonwhite, 95% (19/20) identified as gay, 25% (5/20) had not
completed high school, 65% (13/20) were currently employed,
and 25% (5/20) reported homelessness in the past 6 months
(Table 2). Most (16/20, 80%) participants had been diagnosed
in the past year, al reported being engaged in care, and 95%
(19/20) were currently prescribed ART. One-month retention
was 85%, (17/20) though all pilot participants engaged in app
use during thetrial.

App Feasibility

The mean total time of app use was 158.4 min (SD 114.1), and
range was 13 to 441 min. There was amean of 21.2 days of use
with amean of 19.4 days of logging medication (Figure 7). App
usage declined over the course of the trial, with amean of 4.3,
3.4, 3.0, and 2.8 days of usage during weeks 1, 2, 3 and 4,
respectively. Although participants were told that they only
needed to usethe app for 4 weeks, their accessto AllyQuest was
not discontinued until the final participant completed the trial.
A total of 14 participants continued to use the app after their

http://publichealth.jmir.org/2018/2/e34/

knowledge center articlesavailable during the pilot. Participants
read a mean of 8.3 articles (range: 0-17). A total of 45 daily
discussion questions were developed by the study team that
appeared to participants on consecutive days during the pilot
trial (eg, a participant enrolled on October 1 would see daily
discussion topic #1, whereas a participant enrolling on October
7 would seewould see daily discussion topic #7). If aparticipant
did not log on, then they would not see the daily discussion
topic that day but could navigate back to those conversations
to comment. Therewere 222 poststo thedaily discussion social
wall, with a median of 5 posts (range: 1-11) for each daily
discussion question. Most users (16/20) posted at least once
during the 4-week pilot (median: 5.5 posts/person, range: 0-41
posts). The questions that received the most posts included
“What is one goal you have for your health?’ (11 posts), “How
doyou start the safe sex conversation?’ (8 posts); “How do you
deal with people who react badly to your status?’ (7 posts),
“How did you incorporate taking meds into your routine?’ (7
posts), “What qualities do you appreciate in a healthcare
provider?’ (7 posts,) and “How hasHIV changed your romantic
life?’ (7 posts).
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Figure 7. Days and log-ins among participants in AllyQuest pilot trial.
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App Acceptability

Acceptability ratingswere high. Overall, participantsfound the
app easy to use and navigate, not intrusive, and few reported
technical issues (Table 3). The mean score on the CSQ-8 was
27.8 (SD 5.9). Most rated the quality of the app as excellent
(n=10) or good (n=7), and overal, 15/17 were satisfied with
the app. Overall, 16/17 participants felt they were getting the

http://publichealth.jmir.org/2018/2/e34/

RenderX
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kind of service they wanted from the app, 14/17 felt that the
app met most or almost all of their needs, 15/17 reported being
mostly or very satisfied with the amount of help they received
from the app, and 15/17 felt the app helped them deal more
effectively with their HIV. Most (16/17) would recommend the
app to afriend if they were in need of similar help, and 16/17
would use the app again.
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Table 3. AllyQuest pilot study outcomes (n=17); 5-point Likert scale (1=strongly disagree-5=strongly agree).

Survey item Mean (SD) Median (Q1, Q3) Minimum, maximum
Would use this app frequently 4.41 (1.18) 5.00 (4.00, 5.00) 1.00, 5.00
App was easy 1o use 4.76 (0.56) 5.00 (5.00, 5.00) 3.00, 5.00
Felt very confident using the app 4.47 (1.01) 5.00 (4.00, 5.00) 2.00, 5.00
App is accurate 4,53 (1.01) 5.00 (4.00, 5.00) 1.00, 5.00
App is dependable 4.53 (0.62) 5.00 (4.00, 5.00) 3.00, 5.00
Interaction with app is consistent 4.18 (0.95) 4.00 (4.00, 5.00) 2.00, 5.00
Found app unnecessarily complex 1.65 (0.86) 1.00 (1.00, 2.00) 1.00, 3.00
Would need technical assistance to use app 1.71(1.16) 1.00 (1.00, 2.00) 1.00, 5.00
App features are well integrated 4.53 (0.80) 5.00 (4.00, 5.00) 2.00, 5.00
Most people could learn to use app quickly 4.65 (0.61) 5.00 (4.00, 5.00) 3.00, 5.00
Found app cumbersome to use 2.76 (1.64) 3.00 (2.00, 4.00) 1.00, 5.00
After versus before: connected to others with HIV 4.12 (0.70) 4.00 (4.00, 5.00) 3.00, 5.00
After versus before: ability to manage HIV 4.47 (0.72) 5.00 (4.00, 5.00) 3.00, 5.00
After versus before: ability to reliably take ART? 459 (0.71) 5.00 (4.00, 5.00) 3.00, 5.00
After versus before: knowledgeable about HIV 4.29 (0.77) 4.00 (4.00, 5.00) 3.00, 5.00

BART: antiretroviral therapy.

Table 4. Correlations between app usage and HIV self-management outcomes, n=17. Outcome compared with before participating in the study.

App analytics Connected to others with Knowledgeabl e about Ability to manage condition,  Ability to reliably take
HIV, rho (P value) condition, rho (P value)  rho (P value) medication, rho (P value)

Dayslogged in 31(.22) 53(.03) 33(.19) .49 (.05)

Days logged medication .34 (.20) 42 (.10) .19 (.48) A41(.11)

Total time on app 13 (.61) 42 (.09) .04 (.86) .15 (.58)

Articlesread .01(.98) 29(.28) -.10(.72) -.07(.79)

Social wall posts 34(.18) 48(.52) 40 (.12) 35(.17)

Daily quests 32(.22) 43(.88) 12(.63) .36 (.16)

Qualitative exit interviews (n=17) identified areas for app Thedaily discussion and medication tracker were users favorite
improvement, including the need for additional tailoring and features. The discussions gave users a safe space to give and
personalization. Overal, AllyQuest met the needs and receive advice and made them feel less alone:

expectations of its users, as expressed by some users:

But, you know, it did help me to overall accept that |
have to take this prescription becauseit’s only going
to help mein the long run. So it was good as far as
helping me remember to take the medicine.
[Participant 1004]

Being that I’'m not much of a public speaker, in a
sense, or an extroverted personality, the app kinda
allowed meto, you know, bolster my genuine personal
personality in a discrete manner, it was enjoyable.
[Participant 1008]

Next | know | wasjust on thisthing all day. My friends
are like, “ You're always on your phone” I'm like,
“Oh yeah, it's this app. | really can’t talk about it's
my personal life’ They're like, “ Oh, okay” So 1I'm
just always on my phone. [Participant 1007]

When | would read other people's comments on the
little discussion pand thing— would fedl like | wasn't
so alone...it made me feel like | was a part of a
community that understood how hard it is dealing
with something like that, because HIV is, like—it's
something that’s serious, and | alwaysthought it was
a death sentence because when | first found out | had
it, | literally thought | was gonna die. [Participant
1020]

You're talking to profiles and it's really, really cool
cause | get a lot of feedback that | would need in my
life because | don't talk about it with a lot of people.
So this is a way that | get to keep it private and to
myself and also get help. Soit'sreally been amazing.
[Participant 1007]
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The medication tracker helped users establish a medication
strategy and normalize taking medications daily, as described
by one user:

I’ve downloaded other apps where like a medicine
tracker...it was just a very basic thing. And also I've
had discussion forums on my phonewhereit just dove
clean into something that was, like, I'm not gonna
talk about that just yet. So | think the app was, like,
right there in the middle. It offered the avenue to go
deeper into the conversation and it offered just a safe
space at the same time. [Participant 1008]

Overal, users liked and trusted the health information on the
app. Overal, they felt that the tone and content in the narratives
wasimportant and relevant. One participant described how these
storiesinfluenced his relationship with his partner:

Interviewer: How did the stories motivate you in the
app?

Participant: It kinda motivated me to be more open
with my partner...| would keep a lotta things from
them. Like, | would go through stressful times and |
wouldn't tell them...but after seeing how a lotta that
stuff played out, likein the [app] stories, | tryto start
opening up more, and | think we're gonna stay
together for along time. [Participant 1002]

Participants did comment that they wanted more information
regarding sexual hedlth, relationships, mental health, and
nutrition.

HI1V Sef-Management

Higher levels of app usage were positively correlated with HIV
self-management outcomes, and there was a statistically
significant (P<.05) positive association between the number of
days logged into the app and knowledge and confidence in the
ability to reliably take HIV medication (Table 4). Although
statistical power was limited because of the small sample size,
results are promising for afull intervention trial.

Discussion

Principal Findings

In this paper, we describe the development of a novel,
theory-based ART adherence app for Y MSM that showed strong
acceptability, feasibility, and preliminary impact on HIV
self-management outcomes. Prior work has established that
technology-based  interventions—particularly ~ mHealth
platforms—can provide tailored adherence interventions and
alow YMSM to engage and connect with others [25-27].
Furthermore, daily mobile phone-based contact is acceptable
to youth living with HIV and is associated with improved
adherence [29]. Although several mHealth adherence studies
for MSM are underway or under development [65,66], to our
knowledge, there are no currently available interventions for
YMSM that include the range of features incorporated in
AllyQuest or are poised to utilize technology in asimilar highly
innovative and engaging way.

HIV-positive Y MSM wereinstrumental ininforming all stages
of AllyQuest development. Prior research with HIV-positive
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Hightow-Weidman et a

YMSM informed theinclusion of essential elementsin theinitial
AllyQuest prototype, including information on both HIV-rel ated
issues and genera health and wellness [64], anonymity and
privacy features [58,59,64], medication reminders and tailored
adherence strategies [59,63,67-69], and provision of social
support and a connection with others [61,70]. Youth advisory
board and usability participants provided further feedback that
was incorporated in an agile way to alow for ongoing
modifications and enhancements. The result of this processis
auser-centered, highly engaging, multicomponent care support

app.

AllyQuest accommodates different learning styles, motivations,
and needsamong Y M SM through featuresincluding app-guided
tailoring of content, personalized messages, and inclusion of
game-based elements. Gamification uses game design
components in nontraditional gaming contexts, thus providing
opportunities for a greater level of engagement of participants
in online behaviora interventions [60,71]. Interventions can
utilize gamification to deliver highly engaging content and
promote participant interactions both within and outside the
intervention, thus increasing the potential for health behavior
change. To optimize intervention engagement and impact,
AllyQuest integrates health-related challenges, rewards, social
connectivity, and “unlocking” character-driven narratives
[60,71].

AllyQuest was built on an established platform developed by
our technology partner, Ayogo. In a world of ever-shrinking
resources, developing apps for ART adherence de novo may
not take advantage of prior work done to improve treatment
adherence in other disease states, thus failing to capitalize on
lessons learned and software assets developed. Furthermore,
collaborating with technol ogy partnerswith established products
allows for some degree of cost-sharing, ensuring that the app
will be updated as needed and can be scaled up if proven
effective. However, this process still requires active engagement
with the target population to ensure adaptations are both
developmentally and culturally congruent with their needs.
Allowing sufficient time for iterative adjustments to the
intervention is critical.

Understanding the full spectrum of app feasibility and
acceptability before large-scal e efficacy testing isessential. This
entails measuring and subsequently aligning multiple streams
of both in app (metrics of use and participant postings) and out
of app (pre- and posttest surveysand qualitative exit interviews)
data. Ensuring the app has a robust back-end data system to
capture al app analytics is a crucia piece that should be
prioritized early in development. In this study, feasibility and
acceptability metrics aligned with our primary HIV
self-management outcomes, increasing the likelihood that
AllyQuest t could in fact impact long-term HIV ART adherence
among HIV-positive YMSM. However, identifying additional
strategies to ensure consistent and sustained app engagement
should be considered. Integration of featuresthat provide users
who may not respond to technol ogy-only solutions (eg, two-way
text messaging or video counseling sessions with an adherence
counselor) or stepped transition to in-person interventions should
be considered in future studies.

JMIR Public Health Surveill 2018 | vol. 4 |iss. 2| e34|p. 15
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Limitations

This study is not without limitations. Data on HIV
self-management outcomes were self-reported and were only
measured among participants who received the intervention.
Duetothelimited scope and length of this pilot study, enrolling
a control group would not have been feasible, and measuring
changes in biologic outcomes would not have been clinically
meaningful. Statistical tests should beinterpreted with caution,
given the sample size. Findings may not be generalizable to
YMSM from other sociodemographic backgrounds or
geographic locations. Although we attempted to enroll diverse
youth, the mgority of participantswere Y MSM of color. Given
the disproportionate impact of HIV among YMSM of color in
the United States, these youth represent the population in highest
need of interventions. Finally, we had 3 participants who did
not complete their follow-up survey or interview, though all 3
participants logged on to the app and used it during the pilot
study. Additional engagement and retention strategies will be

Conflictsof I nterest

Hightow-Weidman et a

important particularly when evaluating the impact of the app
on out-of-care youth.

Conclusions

Thissmall pilot trial confirmed that an interactive app isfeasible
and acceptableto YMSM as atool to address ART adherence.
Future work should build on the promising data from this trial
to test AllyQuest in a larger, diverse sample to assess
intervention efficacy for improving ART adherence and
increasing sustained viral suppression. If a highly scalable
technology such as AllyQuest could ultimately demonstrate
effectivenessin implementation studies, it would be a powerful
tool for realizing the individual and public health benefits of
biomedical advances in prevention and care therapies.
Furthermore, placing these tailored technologies in the hands
of YMSM offersan approach to HIV self-management that may
empower youth asthey establish optimal HIV care engagement
habits for the future.

Authors MS and EL were employees of Ayogo, Inc at the time of the study. There are no other conflicts to declare.

References

1. Centersfor Disease Control and Prevention. 2016. HIV Surveillance Report, 2015 URL.: https.//www.cdc.gov/hiv/library/
reports/hiv-surveillance.html [accessed 2018-02-26] [WebCite Cache |D 6xX30JSDz]

2. Centersfor Disease Control and Prevention. 2015. HIV Surveillance Report: Diagnoses of HIV Infection in the United
States and Dependent Areas, 2015 URL: https://www.cdc.gov/hiv/pdf/library/reports/surveillance/

cdc-hiv-surveillance-report-2015-vol-27.pdf [accessed 2018-03-18] [WebCite Cache ID 6yOkyFQGY]]

3. Wegnert C, HessKL, Rose CE, Balgji A, Smith JC, Paz-Bailey G, NHBS Study Group. Age-Specific Race and Ethnicity
Digparitiesin HIV Infection and Awareness Among Men Who Have Sex With Men--20 US Cities, 2008-2014. J Infect Dis
2016 Mar 01;213(5):776-783. [doi: 10.1093/infdig/jiv500] [Medline: 26486637]

4.  Centersfor Disease Control and Prevention. 2015. Monitoring selected national HIV prevention and care objectives by
using HIV surveillance data - United States and 6 dependent areas - 2013 HIV Surveillance Supplemental Report 2015
Updated May URL : https://www.cdc.gov/hiv/pdf/library/reports/surveillance/

cdc-hiv-surveillance-supplemental -report-vol-22-2.pdf [accessed 2018-03-18] [WebCite Cache ID 6y0l9K dHZz]

5. KapogiannisBX, Mayer K. The HIV continuum of care for adolescents and young adults (12-24 years) attending 13 urban
US centers of the NICHD-ATN-CDC-HRSA SMILE collaborative. Presented at: |AS; 2015; Vancouver.

6. Kim SH, Gerver SM, Fidler S, Ward H. Adherence to antiretroviral therapy in adolescents living with HIV: systematic
review and meta-analysis. AIDS 2014 Aug 24;28(13):1945-1956 [ FREE Full text] [doi: 10.1097/QA D.0000000000000316]

[Medline: 24845154]

7.  Wilson PA, Kahana SY, Fernandez M1, Harper GW, Mayer K, Wilson CM, et al. Sexual risk behavior among virologically
detectable human immunodeficiency virus-infected young men who have sex with men. JAMA Pediatr 2016
Feb;170(2):125-131 [FREE Full text] [doi: 10.1001/jamapediatrics.2015.3333] [Medline: 26641367]

8. MacDonell K, Naar-King S, Huszti H, Belzer M. Barriers to medication adherence in behaviorally and perinatally infected
youth living with HIV. AIDS Behav 2013 Jan;17(1):86-93 [FREE Full text] [doi: 10.1007/s10461-012-0364-1] [Medline:

23142855]

9.  Houston E, Fominaya AW. Antiretroviral therapy adherencein a sample of men with low socioeconomic status: the role
of task-specific treatment self-efficacy. Psychol Health Med 2015;20(8):896-905. [doi: 10.1080/13548506.2014.986137]

[Medline: 25439192]

10. KuhnsLM, Hotton AL, Garofalo R, Muldoon AL, Jaffe K, Bouris A, et al. An index of multiple psychosocial, syndemic
conditions is associated with antiretroviral medication adherence among HIV-positive youth. AIDS Patient Care STDS

2016 Apr;30(4):185-192 [FREE Full text] [doi: 10.1089/apc.2015.0328] [Medline: 27028184]
11. Murphy DA, Marelich WD, Hoffman D, Steers WN. Predictors of antiretroviral adherence. AIDS Care 2004
May;16(4):471-484. [doi: 10.1080/09540120410001683402] [Medline: 15203415]

12.  Shacham E, Estlund AL, Tanner AE, Presti R. Challenges to HIV management among youth engaged in HIV care. AIDS
Care 2017 Feb;29(2):189-196. [doi: 10.1080/09540121.2016.1204422] [Medline: 27397139]

13.  White M, Gordon JR, MimiagaMJ. Therole of substance use and mental health problemsin medication adherence among
HIV-infected MSM. LGBT Health 2014 Dec;1(4):319-322. [doi: 10.1089/Igbt.2014.0020] [Medline: 26789859]

http://publichealth.jmir.org/2018/2/e34/

JMIR Public Health Surveill 2018 | vol. 4 | iss. 2| e34 | p. 16
(page number not for citation purposes)


https://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
https://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.webcitation.org/

                                            6xX30JSDz
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2015-vol-27.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2015-vol-27.pdf
http://www.webcitation.org/

                                            6y0kyFQGY
http://dx.doi.org/10.1093/infdis/jiv500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26486637&dopt=Abstract
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-supplemental-report-vol-22-2.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-supplemental-report-vol-22-2.pdf
http://www.webcitation.org/

                                            6y0l9KdHz
http://europepmc.org/abstract/MED/24845154
http://dx.doi.org/10.1097/QAD.0000000000000316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24845154&dopt=Abstract
http://europepmc.org/abstract/MED/26641367
http://dx.doi.org/10.1001/jamapediatrics.2015.3333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26641367&dopt=Abstract
http://europepmc.org/abstract/MED/23142855
http://dx.doi.org/10.1007/s10461-012-0364-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23142855&dopt=Abstract
http://dx.doi.org/10.1080/13548506.2014.986137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25439192&dopt=Abstract
http://europepmc.org/abstract/MED/27028184
http://dx.doi.org/10.1089/apc.2015.0328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27028184&dopt=Abstract
http://dx.doi.org/10.1080/09540120410001683402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15203415&dopt=Abstract
http://dx.doi.org/10.1080/09540121.2016.1204422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27397139&dopt=Abstract
http://dx.doi.org/10.1089/lgbt.2014.0020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26789859&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Hightow-Weidman et &

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

GrossIM, Hosek S, Richards MH, Fernandez M1. Predictors and profiles of antiretroviral therapy adherence among African
American adolescents and young adult males living with HIV. AIDS Patient Care STDS 2016 Jul;30(7):324-338 [FREE
Full text] [doi: 10.1089/apc.2015.0351] [Medline: 27410496]

Rudy BJ, Murphy DA, HarrisDR, Muenz L, Ellen J, Adolescent Trials Network for HIV/AIDS Interventions. Patient-rel ated
risks for nonadherence to antiretroviral therapy among HIV-infected youth in the United States: a study of prevalence and
interactions. AIDS Patient Care STDS 2009 Mar;23(3):185-194 [FREE Full text] [doi: 10.1089/apc.2008.0162] [Medline:
19866536]

Macdonell KE, Naar-King S, Murphy DA, Parsons JT, Harper GW. Predictors of medication adherence in high risk youth
of color living with HIV. JPediatr Psychol 2010 Jul;35(6):593-601 [ FREE Full text] [doi: 10.1093/jpepsy/jsp080] [Medline:
19755495]

Bogart LM, Landrine H, Galvan FH, Wagner GJ, Klein DJ. Perceived discrimination and physical health among HIV-positive
Black and Latino men who have sex with men. AIDS Behav 2013 May;17(4):1431-1441 [FREE Full text] [doi:
10.1007/s10461-012-0397-5] [Medline: 23297084]

Friedman MR, Stall R, Silvestre AJ, Wei C, Shoptaw S, Herrick A, et al. Effects of syndemics on HIV viral load and
medication adherence in the multicentre AIDS cohort study. AIDS 2015 Jun 01;29(9):1087-1096 [ FREE Full text] [doi:
10.1097/QA D.0000000000000657] [Medline: 25870981]

Risher KA, Kapoor S, DaramolaAM, Paz-Bailey G, Skarbinski J, DoyleK, et al. Challengesin the evaluation of interventions
to improve engagement along the HIV care continuum in the United States: a systematic review. AIDS Behav 2017
Jul;21(7):2101-2123. [doi: 10.1007/s10461-017-1687-8] [Medline: 28120257]

Chaiyachati KH, Ogbuoji O, Price M, Suthar AB, Negussie EK, Bérnighausen T. Interventions to improve adherence to
antiretroviral therapy: arapid systematic review. AIDS 2014 Mar;28 Suppl 2:5187-S204. [doi:

10.1097/QA D.0000000000000252] [Medline: 24849479]

CharaniaMR, Marshall KJ, Lyles CM, Crepaz N, Kay LS, Koenig LJ, HIV/AIDS Prevention Research Synthesis (PRS)
Team. Identification of evidence-based interventions for promoting HIVV medication adherence: findings from a systematic
review of U.S.-based studies, 1996-2011. AIDS Behav 2014 Apr;18(4):646-660 [FREE Full text] [doi:
10.1007/s10461-013-0594-x] [Medline: 24043269]

Noar SM, Benac CN, Harris M S. Does tailoring matter? Meta-analytic review of tailored print health behavior change
interventions. Psychol Bull 2007 Jul;133(4):673-693. [doi: 10.1037/0033-2909.133.4.673] [Medline: 17592961]

Kreuter MW, Wray RJ. Tailored and targeted health communication: strategies for enhancing information relevance. Am
JHealth Behav 2003 Dec;27 Suppl 3:S227-S232. [Medline: 14672383]

Krebs P, Prochaska JO, Rossi JS. A meta-analysis of computer-tailored interventions for health behavior change. Prev Med
2010;51(3-4):214-221 [FREE Full text] [doi: 10.1016/].ypmed.2010.06.004] [Medline: 20558196]

Hightow-Weidman LB, Muessig KE, Bauermeister J, Zhang C, LeGrand S. Youth, technology, and HIV: recent advances
and futuredirections. Curr HIV/AIDS Rep 2015 Dec;12(4):500-515. [doi: 10.1007/s11904-015-0280-X] [Medline: 26385582]
LeGrand S, Muessig KE, McNulty T, Soni K, Knudtson K, Lemann A, et al. Epic Allies: development of a gaming app to
improve antiretroviral therapy adherence among young HIV-positive men who have sex with men. IMIR Serious Games
2016 May 13;4(1):e6 [FREE Full text] [doi: 10.2196/games.5687] [Medline: 27178752]

Muessig KE, Nekkanti M, Bauermeister J, Bull S, Hightow-Weidman LB. A systematic review of recent smartphone,
Internet and Web 2.0 interventions to address the HIV continuum of care. Curr HIV/AIDS Rep 2015 Jan 28;12(1):173-190.
[doi: 10.1007/s11904-014-0239-3] [Medline: 25626718]

Shaw RJ, Steinberg DM, Zullig LL, Bosworth HB, Johnson CM, DavisLL. mHealth interventions for weight loss: aguide
for achieving treatment fidelity. JAm Med Inform Assoc 2014;21(6):959-963. [doi: 10.1136/amigjnl-2013-002610] [Medline:
24853065]

Belzer ME, Kolmodin MacDonell K, Clark LF, Huang J, Olson J, Kahana SY, Adolescent Medicine Trials Network for
HIV/AIDS Interventions. Acceptability and feasibility of a cell phone support intervention for youth living with HIV with
nonadherence to antiretroviral therapy. AIDS Patient Care STDS 2015 Jun;29(6):338-345 [FREE Full text] [doi:
10.1089/apc.2014.0282] [Medline: 25928772]

Garofalo R, Kuhns LM, Hotton A, Johnson A, Muldoon A, Rice D. A randomized controlled trial of personalized text
message reminders to promote medication adherence among HIV-positive adol escents and young adults. AIDS Behav 2016
May;20(5):1049-1059. [doi: 10.1007/s10461-015-1192-x] [Medline: 26362167]

Johnson MO, Charlebois E, Morin SF, Remien RH, Chesney MA, National Institute of Mental Health Healthy Living
Project Team. Effects of a behavioral intervention on antiretroviral medication adherence among people living with HIV:
the healthy living project randomized controlled study. J Acquir Immune Defic Syndr 2007 Dec 15;46(5):574-580 [FREE
Full text] [Medline: 18193499]

Wilton L, Herbst JH, Coury-Doniger P, Painter TM, English G, Alvarez ME, et a. Efficacy of an HIV/STI prevention
intervention for black men who have sex with men: findings from the Many Men, Many Voices (3MV) project. AIDS
Behav 2009 Jun;13(3):532-544. [doi: 10.1007/s10461-009-9529-y] [Medline: 19267264]

Bandura A. Health promotion by socia cognitive means. Health Educ Behav 2004 Apr;31(2):143-164. [doi:
10.1177/1090198104263660] [Medline: 15090118]

http://publichealth.jmir.org/2018/2/e34/ JMIR Public Health Surveill 2018 | vol. 4 | iss. 2| €34 | p. 17

(page number not for citation purposes)


http://europepmc.org/abstract/MED/27410496
http://europepmc.org/abstract/MED/27410496
http://dx.doi.org/10.1089/apc.2015.0351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27410496&dopt=Abstract
http://europepmc.org/abstract/MED/19866536
http://dx.doi.org/10.1089/apc.2008.0162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19866536&dopt=Abstract
http://europepmc.org/abstract/MED/19755495
http://dx.doi.org/10.1093/jpepsy/jsp080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19755495&dopt=Abstract
http://europepmc.org/abstract/MED/23297084
http://dx.doi.org/10.1007/s10461-012-0397-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23297084&dopt=Abstract
http://europepmc.org/abstract/MED/25870981
http://dx.doi.org/10.1097/QAD.0000000000000657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25870981&dopt=Abstract
http://dx.doi.org/10.1007/s10461-017-1687-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28120257&dopt=Abstract
http://dx.doi.org/10.1097/QAD.0000000000000252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24849479&dopt=Abstract
http://europepmc.org/abstract/MED/24043269
http://dx.doi.org/10.1007/s10461-013-0594-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24043269&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.133.4.673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17592961&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14672383&dopt=Abstract
http://europepmc.org/abstract/MED/20558196
http://dx.doi.org/10.1016/j.ypmed.2010.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20558196&dopt=Abstract
http://dx.doi.org/10.1007/s11904-015-0280-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26385582&dopt=Abstract
http://games.jmir.org/2016/1/e6/
http://dx.doi.org/10.2196/games.5687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27178752&dopt=Abstract
http://dx.doi.org/10.1007/s11904-014-0239-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25626718&dopt=Abstract
http://dx.doi.org/10.1136/amiajnl-2013-002610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24853065&dopt=Abstract
http://europepmc.org/abstract/MED/25928772
http://dx.doi.org/10.1089/apc.2014.0282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25928772&dopt=Abstract
http://dx.doi.org/10.1007/s10461-015-1192-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26362167&dopt=Abstract
http://europepmc.org/abstract/MED/18193499
http://europepmc.org/abstract/MED/18193499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18193499&dopt=Abstract
http://dx.doi.org/10.1007/s10461-009-9529-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19267264&dopt=Abstract
http://dx.doi.org/10.1177/1090198104263660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15090118&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Hightow-Weidman et &

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

Bandura A. Human agency in social cognitive theory. Am Psychol 1989 Sep;44(9):1175-1184. [Medline: 2782727)

Fix GM, Houston TK, Barker AM, Wexler L, Cook N, Volkman JE, et a. A novel process for integrating patient stories
into patient education interventions. incorporating lessons from theater arts. Patient Educ Couns 2012 Sep;88(3):455-459.
[doi: 10.1016/j.pec.2012.06.012] [Medline; 22770814]

Houston TK, Cherrington A, Coley HL, Robinson KM, Trabaugh JA, Williams JH, et al. The art and science of patient
storytelling-harnessing narrative communication for behavioral interventions: the ACCE project. J Health Commun 2011
Aug;16(7):686-697. [doi: 10.1080/10810730.2011.551997] [Medline: 21541875]

Petraglia J. Narrative intervention in behavior and public health. J Health Commun 2007;12(5):493-505. [doi:
10.1080/10810730701441371] [Medline: 17710598]

Petraglia J, Galavotti C, Harford N, Pappas-Del uca KA, Mooki M. Applying behavioral science to behavior change
communication: the pathwaysto changetools. Health Promot Pract 2007 Oct;8(4):384-393. [doi: 10.1177/1524839907301402]
[Medline: 17804825]

Fogg BJ. Persuasive technology: using computersto change what we think and do. Ubiquity 2002 Dec 01;2002(December):2.
[doi: 10.1145/764008.763957]

Abraham C, Sheeran P, Orbell S. Can social cognitive models contribute to the effectiveness of HIV-preventive behavioural
interventions? A brief review of the literature and areply to Joffe (1996; 1997) and Fife-Schaw (1997). Br JMed Psychol
1998 Sep; 71 ( Pt 3):297-310. [Medline: 9733424]

Gucciardi E, Jean-Pierre N, Karam G, Sidani S. Designing and delivering facilitated storytelling interventions for chronic
disease self-management: a scoping review. BMC Health Serv Res 2016 Jul 11;16:249 [FREE Full text] [doi:
10.1186/s12913-016-1474-7] [Medline: 27401836]

Houston TK, Allison JJ, Sussman M, Horn W, Holt CL, Trobaugh J, et al. Culturally appropriate storytelling to improve
blood pressure: arandomized trial. Ann Intern Med 2011 Jan 18;154(2):77-84. [doi:
10.7326/0003-4819-154-2-201101180-00004] [Medline: 21242364]

McQueen A, Kreuter MW, Kalesan B, Alcaraz KI. Understanding narrative effects: the impact of breast cancer survivor
stories on message processing, attitudes, and beliefs among African American women. Health Psychol 2011
Nov;30(6):674-682 [FREE Full text] [doi: 10.1037/a0025395] [Medline: 21895370]

Hightow-Weidman LB, Muessig K, SrivatsaM, Lawrence E, LeGrand S, Kirschke-Schwartz H, et al. AllyQuest: Engaging
HIV Young MSM in Care and Improving Adherence through a Socia Networking and Gamified Smartphone App. Presented
at: 9th International AIDS Society Conference on HIV Science (IAS); 2017; Paris, France.

Hightow-Weidman LB, Muessig KE, Pike EC, LeGrand S, BaltierraN, Rucker AJ, et al. HealthM powerment.org: building
community through amobile-optimized, online health promotion intervention. Health Educ Behav 2015 Aug;42(4):493-499.
[doi: 10.1177/1090198114562043] [Medline: 25588932]

Usabhility. URL : https://www.usability.gov/ [accessed 2018-02-26] [WebCite Cache ID 6xX3v6pY K]

Rubin J, Chisnell D. Handbook of Usability Testing: How to Plan, Design, and Conduct Effective Tests Second Edition.
Indianapolis, IN: Wiley Publishing, Inc; 2008.

Olmsted-HawalaEL, Murphy ED, Hawala S, Ashenfelter KT. Does age make a difference? Presented at: Proceedings from
the Society for Technical Communication Summit; 2012; Chicago, IL.

Richardson S, MishurisR, O'Connell A, Feldstein D, Hess R, Smith B et a. “Think aloud” and “Near live” usability testing
of two complex clinical decision support tools. Int JMed Inform 2017 Oct;106:1-8. [doi: 10.1016/j.ijmedinf.2017.06.003]
[Medline: 28870378]

Brooke J. A quick and dirty usability scale. In: Weerdmester B, McClelland I, editors. Usability Evaluation in Industry.
London: Taylor and Francis; 1996:189-194.

Matsubara C, Green J, Astorga LT, DayaEL, Jervoso HC, Gonzaga EM, et al. Reliability tests and validation tests of the
client satisfaction questionnaire (CSQ-8) as an index of satisfaction with childbirth-related care among Filipino women.
BMC Pregnancy Childbirth 2013;13:235 [FREE Full text] [doi: 10.1186/1471-2393-13-235] [Medline: 24341288]
Cordova D, Alers-Rojas F, LuaFM, Bauermeister J, Nurenberg R, Ovadje L, et a. The usability and acceptability of an
Aaolescent mHealth HIV/STI and drug abuse preventive intervention in primary care. Behav Med 2016 May 25:1-12. [doi:
10.1080/08964289.2016.1189396] [Medline: 27223646]

Tsai LLY, McNamara RJ, Dennis SM, Moddel C, Alison JA, McKenzie DK, et al. Satisfaction and experience with a
supervised home-based real-time videoconferencing tel erehabilitation exercise program in people with chronic obstructive
pulmonary disease (COPD). Int J Telerehabil 2016;8(2):27-38 [FREE Full text] [doi: 10.5195/ijt.2016.6213] [Medline:
28775799

Nobis S, Lehr D, Ebert DD, Baumeister H, Snoek F, Riper H, et a. Efficacy of aweb-based intervention with mobile phone
support in treating depressive symptoms in adults with type 1 and type 2 diabetes: a randomized controlled trial. Diabetes
Care 2015 May;38(5):776-783. [doi: 10.2337/dc14-1728] [Medline: 25710923]

Donker T, Bennett K, Bennett A, Mackinnon A, van Straten A, Cuijpers P, et a. Internet-delivered interpersonal
psychotherapy versus internet-delivered cognitive behavioral therapy for adults with depressive symptoms: randomized
controlled noninferiority trial. JMed Internet Res 2013;15(5):e82 [FREE Full text] [doi: 10.2196/jmir.2307] [Medline:
23669884]

http://publichealth.jmir.org/2018/2/e34/ JMIR Public Health Surveill 2018 | vol. 4 |iss. 2| €34 | p. 18

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2782727&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2012.06.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22770814&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2011.551997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21541875&dopt=Abstract
http://dx.doi.org/10.1080/10810730701441371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17710598&dopt=Abstract
http://dx.doi.org/10.1177/1524839907301402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17804825&dopt=Abstract
http://dx.doi.org/10.1145/764008.763957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9733424&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-016-1474-7
http://dx.doi.org/10.1186/s12913-016-1474-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27401836&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-154-2-201101180-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21242364&dopt=Abstract
http://europepmc.org/abstract/MED/21895370
http://dx.doi.org/10.1037/a0025395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21895370&dopt=Abstract
http://dx.doi.org/10.1177/1090198114562043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25588932&dopt=Abstract
https://www.usability.gov/
http://www.webcitation.org/

                                            6xX3v6pYK
http://dx.doi.org/10.1016/j.ijmedinf.2017.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28870378&dopt=Abstract
http://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/1471-2393-13-235
http://dx.doi.org/10.1186/1471-2393-13-235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24341288&dopt=Abstract
http://dx.doi.org/10.1080/08964289.2016.1189396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27223646&dopt=Abstract
http://europepmc.org/abstract/MED/28775799
http://dx.doi.org/10.5195/ijt.2016.6213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28775799&dopt=Abstract
http://dx.doi.org/10.2337/dc14-1728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25710923&dopt=Abstract
http://www.jmir.org/2013/5/e82/
http://dx.doi.org/10.2196/jmir.2307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23669884&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Hightow-Weidman et &

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

AstiviaOL, Zumbo BD. Popul ation models and simulation methods: the case of the Spearman rank correlation. Br JMath
Stat Psychol 2017 Jan 31;70(3):347-367. [doi: 10.1111/bmsp.12085] [Medline: 28140458]

Janosky JE. Pearson correlation coefficientsvsreliability coefficients. JAm Diet Assoc 1991 Aug;91(8):912-913. [Medline:
1894897]

Muessig KE, Pike EC, Fowler B, LeGrand S, Parsons JT, Bull SS, et al. Putting prevention in their pockets: developing
mobile phone-based HIV interventions for black men who have sex with men. AIDS Patient Care STDS 2013
Apr;27(4):211-222 [FREE Full text] [doi: 10.1089/apc.2012.0404] [Medline: 23565925]

Senn TE, Braksmajer A, Coury-Doniger P, Urban MA, Carey MP. Mobile technology use and desired technol ogy-based
intervention characteristics among HIV+ black men who have sex with men. AIDS Care 2017 Apr;29(4):423-427. [doi:
10.1080/09540121.2016.1220479] [Medline: 27535069]

Cugelman B. Gamification: what it isand why it mattersto digital health behavior change developers. IMIR Serious Games
2013;1(1):e3 [FREE Full text] [doi: 10.2196/games.3139] [Medline: 25658754]

Senn TE, Braksmajer A, Coury-Doniger P, Urban MA, Rossi A, Carey MP. Development and preliminary pilot testing of
a peer support text messaging intervention for HIV-infected black men who have sex with men. J Acquir Immune Defic
Syndr 2017 Feb 01;74 Suppl 2:5121-S127. [doi: 10.1097/QA1.0000000000001241] [Medline: 28079722]

Saberi P, Johnson MO. Technol ogy-based self-care methods of improving antiretroviral adherence: a systematic review.
PL0OS One 2011;6(11):e27533. [doi: 10.1371/journal.pone.0027533] [Medline: 22140446]

LewisMA, Uhrig JD, Bann CM, Harris JL, Furberg RD, Coomes C, et a. Tailored text messaging intervention for HIV
adherence: a proof-of-concept study. Health Psychol 2013 Mar;32(3):248-253. [doi: 10.1037/a0028109] [Medline: 22545972]
Saberi P, Siedle-Khan R, Sheon N, Lightfoot M. The use of mobile health applications among youth and young adults
living with HIV: focus group findings. AIDS Patient Care STDS 2016 Jun;30(6):254-260 [ FREE Full text] [doi:
10.1089/apc.2016.0044] [Medline: 27214751]

Tanner AE, Mann L, Song E, Alonzo J, Schafer K, Arellano E, et al. weCARE: a social media-based intervention designed
toincrease HIV care linkage, retention, and health outcomes for racially and ethnically diverse young MSM. AIDS Educ
Prev 2016 Jun;28(3):216-230 [FREE Full text] [doi: 10.1521/aeap.2016.28.3.216] [Medline: 27244190]

Muessig KE, LeGrand S, Horvath KJ, Bauermeister JA, Hightow-Weidman LB. Recent mobile health interventions to
support medication adherence among HIV-positive MSM. Curr Opin HIV AIDS 2017 Sep;12(5):432-441. [doi:
10.1097/COH.0000000000000401] [Medline: 28639990]

Dowshen N, Kuhns LM, Johnson A, Holoyda BJ, Garofalo R. Improving adherence to antiretroviral therapy for youth
living with HIV/AIDS: apilot study using personalized, interactive, daily text message reminders. J Med Internet Res
2012;14(2):e51 [FREE Full text] [doi: 10.2196/jmir.2015] [Medline: 22481246]

Schnall R, Bakken S, Rojas M, Travers J, Carballo-Dieguez A. mHealth technology as a persuasive tool for treatment, care
and management of persons living with HIV. AIDS Behav 2015 Jun;19 Suppl 2:81-89. [doi: 10.1007/s10461-014-0984-8]
[Medline: 25572830]

Schnall R, Mosley JR, Iribarren SJ, Bakken S, Carballo-Diéguez A, Brown IW. Comparison of a user-centered design,
self-management app to existing mHealth apps for persons living with HIV. IMIR Mhealth Uhealth 2015;3(3):€91 [FREE
Full text] [doi: 10.2196/mhealth.4882] [Medline: 26385783]

Horvath KJ, Alemu D, Danh T, Baker JV, Carrico AW. Creating effective mobile phone apps to optimize antiretroviral
therapy adherence: perspectives from stimulant-using HIV-positive men who have sex with men. IMIR Mhealth Uhealth
2016 Apr 15;4(2):e48 [FREE Full text] [doi: 10.2196/mhealth.5287] [Medline: 27084049]

King D, Greaves F, Exeter C, Darzi A. 'Gamification': influencing health behaviours with games. JR Soc Med 2013
Mar;106(3):76-78. [doi: 10.1177/0141076813480996] [Medline: 23481424]

Abbreviations

ART: antiretroviral therapy

CSQ-8: Client Satisfaction Questionnaire-8
FBM: Fogg Behavior Model

mHealth: mobile health

MSM: men who have sex with men

SCT: social cognitive theory

SUS: System Usability Scale

YMSM: young men who have sex with men

http://publichealth.jmir.org/2018/2/e34/ JMIR Public Health Surveill 2018 | vol. 4 | iss. 2| €34 | p. 19

(page number not for citation purposes)


http://dx.doi.org/10.1111/bmsp.12085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28140458&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1894897&dopt=Abstract
http://europepmc.org/abstract/MED/23565925
http://dx.doi.org/10.1089/apc.2012.0404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23565925&dopt=Abstract
http://dx.doi.org/10.1080/09540121.2016.1220479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27535069&dopt=Abstract
http://games.jmir.org/2013/1/e3/
http://dx.doi.org/10.2196/games.3139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25658754&dopt=Abstract
http://dx.doi.org/10.1097/QAI.0000000000001241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28079722&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0027533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22140446&dopt=Abstract
http://dx.doi.org/10.1037/a0028109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22545972&dopt=Abstract
http://europepmc.org/abstract/MED/27214751
http://dx.doi.org/10.1089/apc.2016.0044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27214751&dopt=Abstract
http://europepmc.org/abstract/MED/27244190
http://dx.doi.org/10.1521/aeap.2016.28.3.216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27244190&dopt=Abstract
http://dx.doi.org/10.1097/COH.0000000000000401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28639990&dopt=Abstract
http://www.jmir.org/2012/2/e51/
http://dx.doi.org/10.2196/jmir.2015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22481246&dopt=Abstract
http://dx.doi.org/10.1007/s10461-014-0984-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25572830&dopt=Abstract
http://mhealth.jmir.org/2015/3/e91/
http://mhealth.jmir.org/2015/3/e91/
http://dx.doi.org/10.2196/mhealth.4882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26385783&dopt=Abstract
http://mhealth.jmir.org/2016/2/e48/
http://dx.doi.org/10.2196/mhealth.5287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27084049&dopt=Abstract
http://dx.doi.org/10.1177/0141076813480996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23481424&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Hightow-Weidman et &

Edited by G Eysenbach; submitted 08.09.17; peer-reviewed by R Schnall, K Card; comments to author 28.09.17; revised version
received 31.10.17; accepted 07.12.17; published 30.04.18

Please cite as:

Hightow-Weidman L, Muessig K, Knudtson K, Srivatsa M, Lawrence E, LeGrand S, Hotten A, Hosek S

A Gamified Smartphone App to Support Engagement in Care and Medication Adherence for HIV-Positive Young Men Who Have Sex
With Men (AllyQuest): Development and Pilot Study

JMIR Public Health Surveill 2018;4(2):e34

URL: http://publichealth.jmir.org/2018/2/e34/

doi: 10.2196/publichealth.8923

PMID: 29712626

©Lisa Hightow-Weidman, Kathryn Muessig, Kelly Knudtson, Mala Srivatsa, Ellena Lawrence, Sara LeGrand, Anna Hotten,
Sybil Hosek. Originaly published in IMIR Public Health and Surveillance (http://publichealth.jmir.org), 30.04.2018. Thisisan
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Public Health and Surveillance, is properly cited. The complete bibliographic
information, a link to the original publication on http://publichealth.jmir.org, as well as this copyright and license information
must be included.

http://publichealth.jmir.org/2018/2/e34/ JMIR Public Health Surveill 2018 | vol. 4 | iss. 2| €34 | p. 20
(page number not for citation purposes)

RenderX


http://publichealth.jmir.org/2018/2/e34/
http://dx.doi.org/10.2196/publichealth.8923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29712626&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

