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Abstract
Background: In the past few years, a burgeoning interest has emerged in applying gamification to promote desired health
behaviors. However, little is known about the effectiveness of such applications in the HIV prevention and care continuum
among men who have sex with men (MSM).
Objective: This study aims to summarize and evaluate research on the effectiveness of gamification on the HIV prevention
and care continuum, including HIV-testing promotion; condomless anal sex (CAS) reduction; and uptake of and adherence to
pre-exposure prophylaxis (PrEP), postexposure prophylaxis (PEP), and antiretroviral therapy (ART).
Methods: We comprehensively searched PubMed, Embase, the Cochrane Library, Web of Science, Scopus, and the Journal
of Medical Internet Research and its sister journals for studies published in English and Chinese from inception to January
2024. Eligible studies were included when they used gamified interventions with an active or inactive control group and
assessed at least one of the following outcomes: HIV testing; CAS; and uptake of and adherence to PrEP, PEP, and ART.
During the meta-analysis, a random-effects model was applied. Two reviewers independently assessed the quality and risk of
bias of each included study.
Results: The systematic review identified 26 studies, including 10 randomized controlled trials (RCTs). The results indicated
that gamified digital interventions had been applied to various HIV outcomes, such as HIV testing, CAS, PrEP uptake and
adherence, PEP uptake, and ART adherence. Most of the studies were conducted in the United States (n=19, 73%). The
most frequently used game component was gaining points, followed by challenges. The meta-analysis showed gamification
interventions could reduce the number of CAS acts at the 3-month follow-up (n=2 RCTs; incidence rate ratio 0.62, 95%
CI 0.44-0.88). The meta-analysis also suggested an effective but nonstatistically significant effect of PrEP adherence at the
3-month follow-up (n=3 RCTs; risk ratio 1.16, 95% CI 0.96-1.38) and 6-month follow-up (n=4 RCTs; risk ratio 1.28, 95% CI
0.89-1.84). Only 1 pilot RCT was designed to evaluate the effectiveness of a gamified app in promoting HIV testing and PrEP
uptake. No RCT was conducted to evaluate the effect of the gamified digital intervention on PEP uptake and adherence, and
ART initiation among MSM.
Conclusions: Our findings suggest the short-term effect of gamified digital interventions on lowering the number of CAS
acts in MSM. Further well-powered studies are still needed to evaluate the effect of the gamified digital intervention on HIV
testing, PrEP uptake, PEP initiation and adherence, and ART initiation in MSM.
Trial Registration: PROSPERO CRD42023392193; https://www.crd.york.ac.uk/PROSPERO/display_record.php?
RecordID=392193
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Introduction
Background
The HIV epidemic among men who have sex with men
(MSM) has become a global concern [1]. Current evidence
suggests that MSM accounted for two-thirds of all new HIV
infections in the United States in 2019 [2], and systematic
reviews showed that the HIV prevalence in MSM in China
increased from 1.4% in 2001 to 8% in 2015 [3,4]. Given the
burden of HIV, substantial efforts have been made to address
the unmet needs of MSM. For instance, there is overwhelm-
ing scientific evidence of the efficacy and safety of pre-expo-
sure prophylaxis (PrEP) and postexposure prophylaxis (PEP)
to prevent HIV infection in MSM. However, studies indicate
that uptake of PrEP and PEP has been suboptimal in these
risk groups, especially among racial or ethnic minorities
[5]. In a recent systematic review and meta-analysis, the
PEP uptake was only between 4% and 6% in MSM; major
obstacles included insufficient knowledge, underestimated
risk of exposure to HIV, and social stigma [6]. Interventions
that improve effective HIV prevention adoption among MSM
are urgently needed to maximize HIV prevention benefits.

Nearly universal mobile phone ownership provides MSM
an opportunity to move away from traditional ways of
meeting partners to seeking sexual partners through geo–
social networking applications [7]. The widespread use of
smartphones also creates a unique opportunity to design
innovative internet-based digital interventions for diverse
MSM in a scalable manner. Internet-based digital inter-
ventions, defined as using internet-based information and
communication technology (eg, mobile apps, websites, and
social media) to support health [8], benefit from being
implemented at a large scale with low costs and can deliver
health services at the time and place chosen by users [9].
However, previous research showed that user engagement in
digital interventions is suboptimal (due to, for example, high
participant attrition) [10], resulting in a significant gap in
intervention efficacy.

Gamification, which first emerged in 2008 and gained
popularity since the 2010s, refers to applying game compo-
nents such as leaderboards, points, and badges into non-
game contexts [11]. Unlike serious games, which refer to
full-fledged video games for health purposes, gamification
is relatively open to varying situational engagement models
[12]. Previous studies have been widely conducted on the
use of gamification as a means to increase the initiation of
desired health behaviors [13,14]. Given its increasing use in
public health, gamification might also be useful for interven-
tions to promote HIV prevention and control services. To our
knowledge, two previous reviews explored how gamification
was used during the HIV prevention and care continuum; the
first review was conducted in 2017 and only summarized
studies published between January 2016 and March 2017
[15], and the second review searched studies published in the

Journal of Medical Internet Research and its sister journals
[16], both of which would result in an incomplete study
search. Moreover, to our knowledge, no meta-analysis has
hitherto examined the effectiveness of gamification applied
to HIV prevention and control. Therefore, it is essential
to conduct an in-depth review and provide a meta-analysis
combining evidence on the effectiveness of gamified HIV
digital prevention interventions. Findings from this review
may have important implications for HIV digital health
prevention development and future research.

Objectives
This study was divided into two parts. The first part was
a systematic review of HIV prevention and control gamifica-
tion with the following aims: to describe the characteristics
of included studies that applied gamification, describe the
various gamification elements that are commonly applied,
and evaluate the methodological quality of included studies.
The second part is a meta-analysis of the effectiveness
of gamification applied to HIV prevention and control to
assess the impact of gamification on HIV testing; condomless
anal sex (CAS) reduction; and uptake of and adherence to
PrEP, nonoccupational PEP (nPEP), and antiretroviral therapy
(ART). It was hypothesized that MSM participating in the
gamified intervention would display higher levels of HIV
prevention and care than those in the control groups.

Methods
We conducted this systematic review and meta-analysis
according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) 2020 guideline [17].
The PRISMA checklist is listed in Checklist 1, and the
study was registered in PROSPERO on January 27, 2023
(CRD42023392193).
Search Strategy and Identification of
Studies
The electronic databases PubMed/MEDLINE, Embase, the
Cochrane Library, Web of Science, Scopus, and the Journal
of Medical Internet Research and its sister journals were
searched for scientific articles published from their inception
until January 15, 2024, using a combination of Medical
Subject Headings (MeSH) terms and text words: Men who
have sex with men AND HIV/AIDS AND gamification/game-
based learning AND telemedicine. The search strategy used
for each database is listed in Multimedia Appendix 1 .
Study Selection
The full review screening was conducted by two independent
reviewers who independently checked the titles and abstracts
for inclusion in the review. Full-text articles were obtained for
closer inspection when an article met the inclusion criteria. In
addition, reference lists of retrieved articles, existing relevant
systematic reviews, and all articles citing the included studies
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on Google Scholar were manually searched to allocate studies
not identified in the database searches. Any disagreement
on study selection was resolved by discussion with a third
reviewer.

To be eligible for inclusion, studies were required to
describe or evaluate gamified interventions for HIV preven-
tion and control in MSM. For the systematic review, the
inclusion criteria were peer-reviewed original articles that
explicitly addressed the use of game elements or gamifica-
tion; the intervention described involved a task specifically
designed for HIV prevention and control, and at least one
game element was involved in the task; the task was delivered
via a digital device (eg, smartphones, tablets, or laptops);
the study population should be exclusively MSM or more
than 50% of the participants should be MSM; and the
primary outcome should contain at least one of the follow-
ing outcomes related to HIV prevention and control, namely,
HIV testing, CAS, and uptake of and adherence to PrEP,
nPEP, and ART for MSM living with HIV. Given the limited
number of published randomized controlled trials (RCTs), we
included a heterogeneous range of study designs, including
controlled pre-post studies, quasi-randomized studies, cohort
studies, and case-control studies. If a study included both a
protocol and efficacy study, we only included the efficacy
study; otherwise, we included the study protocol. The studies
included in the meta-analysis represented a subset of studies
in the systematic review. An additional inclusion criterion
for the meta-analysis was that the study design should
be an RCT. The definition of gamification by Deterding
et al [18] was adopted for this review, which considers
gamification as an umbrella term for using game elements
(rather than full-fledged games) to improve user experience
and user engagement in nongame services and applications.
Studies were excluded if they were not peer-reviewed articles
including letters, commentary, conference abstracts, etc; were
not written in English or Chinese; were systematic reviews
or meta-analyses; the full text was not available in published
form; did not include a well-described intervention; exclu-
sively used text-based technology; or involved serious or
full-fledged games.
Study Quality Assessment
Two reviewers independently assessed the quality and risk
of bias of each included RCT using the revised Cochrane
Risk of Bias Tool (RoB2) [19,20], which contains 5 domains,
namely, bias arising from the randomization process, bias
due to deviations from the intended intervention, bias due
to missing outcome data, bias in outcome measurement, and
bias in the selection of the reported result. The risk of bias
in each domain was judged as low risk, some concerns,
or high risk. We used the Risk of Bias in Nonrandomized
Studies of Interventions (ROBINS-I) tool to assess the risk
of bias in nonrandomized studies of interventions (cohort
studies, case-control studies, controlled pre-post studies, and
quasi-randomized studies), which contains 7 domains, and the
risk of bias in each domain was judged as low risk, moderate
risk, serious risk, critical risk, or no information [21]. Any
disputes between the two reviewers were resolved through
discussion with a third author. We summarized the quality

evaluation results with a risk-of-bias plot by robvis [22].
The average score between the two authors was calculated
for each study, and the weighted Cohen κ coefficient was
measured to test the interrater reliability.

Data Extraction
A structured data extraction form was developed and revised
by the authors. The extracted data comprised study charac-
teristics, participants, intervention characteristics, comparison
activity, and outcomes. The study characteristics included
first author, publication year, country, study design, and
study setting. Participant characteristics included partici-
pant recruitment method, recruitment period, sample size,
follow-up times, mean and SD of participants’ age, and
HIV status. For intervention characteristics, we extracted
intervention developers, intervention names if available,
the number of modules in each intervention, intervention
delivery modality, game components used in each interven-
tion, and theories used to apply gamification. The primary
outcomes were CAS reduction; HIV testing; and uptake of
and adherence to PrEP, nPEP, and ART. Authors of the
initial publications were contacted when additional informa-
tion was needed. Because of multiple classifications proposed
for the term gamification, the components in each digital
gamified intervention were analyzed through the lens of the
Octalysis gamification framework [23], which comprises 8
core drives into which various gamification elements can
be placed, namely, epic meaning and calling, development
and accomplishment, empowerment creativity and feedback,
ownership and possession, social influence and relatedness,
scarcity and impatience, unpredictability and curiosity, and
loss and avoidance (Table S3-2 in Multimedia Appendix
2 [13,24-48]). Laine et al [49] mapped their interview
results from schoolchildren to the Octalysis framework to
better establish a digital gamification-based intervention for
promoting active school transport.

Data Synthesis and Analysis
First, data were synthesized and summarized in a narrative
form assessing the characters of included studies and game
components in each intervention. This qualitative review
consolidated all studies that met the eligibility criteria,
including those for which we could not extract data. Second,
a meta-analysis was conducted to evaluate the effectiveness
of gamification applied to HIV prevention and care, and
variables that mediated these relationships. For each trial,
we estimated the risk ratio (RR) of HIV testing; CAS; and
uptake of and adherence to PrEP, PEP, and ART, compar-
ing the intervention group and the control group together
with the SE of the log RR. Random-effects summary effect
estimates were obtained from DerSimonian and Laird’s [50]
random-effects meta-analyses of (log) RRs and 95% CIs
from each study. When studies included more than one
intervention group with gamification features, they were first
combined into one group following the recommendation
by the Cochrane Handbook. Studies with multiple control
groups were integrated into different subgroup analyses if
they compared their gamified interventions to inactive and
active control groups. For studies reporting outcomes at more
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than 1 time point, we abstracted data in each time point
after randomization. Higgins I2 and 95% CI were estimated
to measure between-study heterogeneity (low heterogeneity:
<25%; moderate heterogeneity: 25%-75%; large heterogene-
ity: >75%) [51]. When heterogeneity was detected by I2

(P<.05), a subgroup analysis was performed to investigate
the possible source of heterogeneity: study designs, type
of control group, selected samples (eg, participants with
different risk levels) versus unselected samples, interven-
tion duration, and outcome diagnosis (clinical diagnosis vs
self-reporting). A meta-regression analysis was conducted if
the number of RCTs for each outcome of interest was >10
[52]. Potential publication bias was explored by the Egger test
and contour-enhanced funnel plots. If publication bias was
present, nonparametric trim-and-fill analysis was performed
to explore its impact on the meta-analysis results. All P
values were 2-sided, and P<.05 was considered statistically
significant. All analyses were conducted using Stata 15 (Stata
Corp) using “metan” commands.
Role of Funding Source
The study funder had no role in the study design, data
collection, data analysis, and result interpretation. The
corresponding author had full access to all study data and

held the final responsibility for the decision to submit the
manuscript for publication.
Ethics Approval
This study was approved by the medical ethics board of
Binzhou Medical University (#2021-007).

Results
Search Results
Figure 1 illustrates the literature search and the screening
process. A total of 348 records were initially retrieved by the
database search. After removing 74 duplicates, the remain-
ing 274 records underwent screening based on their title
and abstract. Among these, 218 records were determined
to be irrelevant and excluded. Next, the eligibility of 56
full-text records was assessed, yielding 25 records meet-
ing the inclusion criteria and being included in the study.
In addition, a secondary reference search was performed,
yielding 1 more relevant record. Consequently, a total of 26
articles were included in the qualitative analysis [13,24-48].
Furthermore, of the 26 articles, 6 RCTs were chosen for the
meta-analysis [24,29,30,32,33,39].

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the literature-screening process. JMIR:
Journal of Medical Internet Research; MSM: men who have sex with men.

Study Characteristics
The features of each included paper regarding study
information, interventions, and outcomes are listed in

Multimedia Appendix 2. As shown in Table 1 and Table
S3-1 in Multimedia Appendix 2, the included studies
were published between 2013 and 2023, with the major-
ity published after 2018, which indicated that research on
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adopting gamification during the HIV prevention and care
continuum among MSM is an emerging field. A total of 73%
(n=19) of studies were conducted in the United States. As for
study designs, most adopted an RCT design (n=10, 38%). In
terms of sample sizes, the studies had a range of participants
from 5 to 901. When considering all the studies included
in the review, a total of 4436 participants were involved.

The mean age of participants reported in the studies ranged
from 16.2 to 42.7 years. Concerning primary outcomes, most
studies explored the effects of gamified intervention on PrEP
adherence (n=9), followed by HIV-testing promotion (n=7),
changes in CAS (n=6), ART adherence (n=5), PrEP uptake
(n=4), and PEP uptake (n=2).

Table 1. General characteristics of included studies (N=26).
Characteristics Studies, n (%)
Publication year

2013 1 (4)
2018-2019 10 (38)
2020-2021 9 (35)
2022-2023 6 (23)

Country
United States 19 (73)
Malaysia 1 (4)
Tanzania 1 (4)
Indonesian 1 (4)
Spain 1 (4)
Mexico 1 (4)
Thailand 1 (4)
China 1 (4)

Study design
Randomized controlled trial 10 (38)
Pre-post 5 (19)
Historical control design 1 (4)
Feasibility test 5 (19)
Study protocol 5 (19)

Main eHealth modes
App 18 (69)
Internet 5 (19)
Both 2 (8)
Not reported 1 (4)

Primary outcomes
Condomless anal sex reduction 6 (18)
HIV testing 7 (21)
PrEPa uptake 4 (12)
PrEP adherence 9 (27)
Postexposure prophylaxis 2 (6)
Antiretroviral therapy adherence 5 (15)

Behavioral theories
Motivational interviewing 1 (4)
Information-motivation-behavioral skills 11 (42)
Social cognitive theory 5 (19)
Integrated behavioral model 1 (4)
Information System Research Framework 1 (4)
Social learning theory 1 (4)
Principle of self-learning 1 (4)
Dyadic HIV care engagement 1 (4)
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Characteristics Studies, n (%)
Levesque framework 1 (4)
Not reported 3 (12)

aPrEP: pre-exposure prophylaxis.

Gamified Digital Intervention
Characteristics
As for intervention characteristics (Table S3-3 in Multimedia
Appendix 2), the number of intervention modules ranged
from 3 to 13. Of the 26 studies, 22 (85%) included members
of the target population (MSM) during the developmental
phase of the intervention. Gamification was delivered mostly
by mobile apps (n=18, 69%), followed by the internet (n=5,
19%). The duration of study follow-ups ranged from 2 weeks
to 15 months. Of the 26 studies, 88% (n=23) used theories
for gamified intervention development. Information-motiva-
tion-behavioral skills (IMB) were used in 42% (n=11) of
studies, social cognitive theory in 19% (n=5), motivational

interviewing in 4% (n=1), integrated behavioral model in 4%
(n=1), Information System Research Framework in 4% (n=1),
social learning theory in 4% (n=1), principle of self-learning
in 4% (n=1), dyadic HIV care engagement in 4% (n=1), and
Levesque framework in 4% (n=1). Studies included in the
systematic review used a range of game core drives and game
components (Table 2 and Table S3-3 in Multimedia Appen-
dix 2). The most frequently used game core drives were
ownership and possession, followed by social influence and
relatedness, development and accomplishment, empowerment
creativity and feedback, and unpredictability and curiosity.
The most frequently used game components were points,
followed by challenge, discussion forums, and mentorship or
character narrative.

Table 2. Type of game core drives and game components used in the included studies (N=26).
Game core drives Studies, n (%)
Development and accomplishment 11 (42)

Challenge 9 (35)
Bottom line 1 (4)
Leaderboard 1 (4)

Empowerment creativity and feedback 6 (23)
Tailored message 2 (8)
Online timely feedback 2 (8)
Progress bar 2 (8)

Ownership and possession 17 (65)
Points 10 (38)
Money 1 (4)
In-game currency 2 (8)
Badges 5 (19)

Social influence and relatedness 13 (50)
Mentorship/character narrative 6 (23)
Discussion forum 6 (23)
Allegiance 1 (4)

Unpredictability and curiosity 3 (12)
Unpredictable incentives 2 (8)
Gumball/bonus draws 2 (8)

Quality Assessments of Included Studies
An overview of the different risks of bias in each study
is presented in Tables S4-1 and S4-2 in Multimedia Appen-
dix 3 [13,24,25,28-30,32-36,39,42,43,45,48]. The weighted
Cohen κ coefficient was 0.88, suggesting good agreement
between raters [53]. Overall, 10 RCTs were assessed using
the RoB2, with 6 rated as having a high risk of bias. A high
risk of bias occurred in the domains outcome measurement
[24,28,30,42] and missing outcome data [29,43] (Figure S4-1
in Multimedia Appendix 3). Of the 6 nonrandomized studies
assessed using the ROBINS-I tool, 2 presented a serious risk
of bias [34,35] and 4 a critical risk of bias [25,36,45,48]

(Figure S4-2 in Multimedia Appendix 3). These nonrandom-
ized studies were not further included in the meta-analysis.
We did not evaluate the study quality of the other 10 studies
[26,27,31,37,38,40,41,44,46,47], as they were designed as
study protocols or feasibility studies that did not report results
for the outcomes of interest in our review.
Effects of Gamification on CAS
The 10 RCTs under each outcome of interest in this
review are listed in Table S5-1 in Multimedia Appendix
4 [13,24-39,41-48]. The meta-analysis on the effect of
gamification on CAS reduction contained 3 RCTs (total
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N=2138). One RCT reported the effect of gamification on
engaging in CAS [43], while the other 2 evaluated the effect
of gamification on the number of CAS acts and were included
in the meta-analysis [32,33]. The gamified digital intervention
conferred significant protection against self-reported numbers
of CAS acts at the 3-month follow-up (Figure 2; incidence

rate ratio [IRR] 0.62, 95% CI 0.44-0.88). However, this effect
was not statistically significant 6 months post intervention
(Figure 3; IRR 0.71, 95% CI 0.38-1.36). We did not find
evidence of publication bias (Figure S6-1 in Multimedia
Appendix 5).

Figure 2. Meta-analysis of randomized controlled trials assessing the effect of gamified digital interventions on the number of condomless anal sex
acts among men who have sex with men 3 months post intervention [32,33]. IRR: incidence rate ratio.

Figure 3. Meta-analysis of randomized controlled trials assessing the effect of gamified digital interventions on the number of condomless anal sex
acts among men who have sex with men 6 months post intervention [32,33]. IRR: incidence rate ratio.

Effects of Gamification on PrEP
Adherence
A total of 4 RCTs compared PrEP adherence in MSM
receiving a gamified digital intervention to non–PrEP-rela-
ted mobile games [29], youth-friendly services [30], the
standard of care from a health educator and a study clinician
[39], or educational videos on sleep hygiene and diet [24].
The meta-analysis suggested an effective but nonstatistically
significant effect of PrEP adherence at the 3-month follow-
up (Figure 4; RR 1.16, 95% CI 0.96-1.38) and 6-month
follow-up (Figure 5; RR 1.28, 95% CI 0.89-1.84). We did not

find evidence of publication bias (Figure S6-1 in Multimedia
Appendix 5).

Only 1 RCT was designed to evaluate a gamified mobile
app (MyChoices) to increase HIV testing and PrEP uptake,
and the results showed that the MyChoices arm had a 22%
higher prevalence of HIV testing over the 6-month follow-
up compared to those in the standard of care arm, while
there was no difference in PrEP uptake between the different
intervention groups [28]. Two RCTs were implemented to
evaluate the effects on ART adherence among MSM living
with HIV [13,42]. They used different questions to measure
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ART adherence, and we did not conduct a further meta-anal-
ysis for this outcome. For example, the study conducted by
Hightow-Weidman et al [13] showed that the proportion
of individuals self-reporting ≥90% adherence in the past 7
days rose markedly at 13 weeks post intervention with no
significant difference between study arms. Horvath et al [42]
evaluated an online social support intervention (Thrive With
Me [TWM]) with an RCT design, and the result did not
show a significant group difference for the overall ART

adherence (≥90% ART adherence in the past 30 days 1 month
post intervention). We found that no RCT was conducted
to evaluate the effect of the gamified digital intervention
on PEP uptake, PEP adherence, and ART initiation. Further
studies are still needed to evaluate the effect of the gamified
digital intervention on PEP initiation, PEP adherence, and
ART uptake in MSM. A meta-regression analysis was not
conducted since the number of RCTs in each outcome of
interest was fewer than 10.

Figure 4. Meta-analysis of randomized controlled trials assessing the effect of gamified digital interventions on pre-exposure prophylaxis adherence
among men who have sex with men at the 3-month follow-up [29,30,39]. RR: risk ratio.

Figure 5. Meta-analysis of randomized controlled trials assessing the effect of gamified digital interventions on pre-exposure prophylaxis adherence
among men who have sex with men at the 6-month follow-up [24,29,30,39]. RR: risk ratio.
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Discussion
Principal Findings
This study aimed to conduct a systematic review and
meta-analysis to evaluate the effectiveness of gamification
on the HIV prevention and care continuum among MSM.
A total of 26 studies involving 10 RCTs were included in
the systematic review. Our findings revealed that gamifica-
tion of HIV prevention and control addressed HIV-specific
outcomes, such as CAS, HIV testing, PrEP uptake, PrEP
adherence, nPEP uptake, and ART adherence in MSM living
with HIV, with most RCTs focusing on PrEP adherence
(4/10, 40%), followed by CAS (3/10, 30%). The majority
of studies were published after 2018 (25/26, 96%) and
conducted in the United States (19/26, 73%), and only 6
studies were conducted in low- and middle-income coun-
tries (Malaysia, Tanzania, Indonesia, Mexico, Thailand, and
China), indicating that the gamification of the HIV prevention
and care continuum is an area under development. Our review
showed that the most frequently used game core drive was
ownership and possession, and points emerged as a frequently
used game component. Besides, the most used theory in
gamified digital intervention development was IMB. Overall,
results from the meta-analysis of RCTs showed significant
positive effects of gamification on reducing the number of
CAS acts and improving PrEP adherence in MSM. However,
the robustness of these findings was limited by the small
number of studies included in the meta-analysis.
Gamification Being Applied in the HIV
Prevention and Care Continuum
Gamification is a technique that uses game components
to motivate participants to engage positively in healthy
behaviors. Cugelman [12] identified 7 game components that
are linked to proven behavior change strategies, including
goal setting, offering a challenge, feedback, reinforcement,
compare progress, social connectivity, and fun and playful-
ness. In this review, we found the most frequently used
game element was reinforcement (gaining points), followed
by the capacity to overcome a challenge, which is consistent
with reviews in other health areas, such as physical activity
[54] and cognitive training [55]. Reinforcement represents
the motivation driven by feelings of owning something and
the desire to get more of it. Hence, healthy behaviors are
mostly reinforced by the desire for possession. Challenge is a
game component that falls under the core drive development
and accomplishment, which motivates individuals through
personal growth and the drive to achieve specific targeted
goals [23]. Although the above game elements have been
widely used in HIV prevention and care interventions, other
game elements are less reported in research studies, such
as unpredictability and curiosity, loss and avoidance, and
scarcity and impatience. Hence, researchers must collabo-
rate with companies focusing on gamification technology to
include different game components for the future develop-
ment of digital interventions.

Effects of Gamification on CAS
The meta-analysis of 2 RCTs demonstrated a 38% reduc-
tion in the number of CAS acts in the intervention group
compared with the control group at the 3-month follow-up.
In addition, a 29% reduction in the number of CAS acts
was reported at the 6-month follow-up, with no statistical
significance (IRR 0.71, 95% CI 0.38-1.36), which suggests a
short-term intervention effect. These findings have important
implications, as all of these RCTs enrolled young MSM (ages
13-29 years) disproportionately affected by HIV [56], and
few HIV prevention interventions were targeted for young
MSM [57]. Moreover, given that mobile technology provides
greater access to the target population who may not be able
or willing to come in person to receive HIV health service, it
provides an ideal platform to reach these young gay, bisexual,
and transgender individuals whose ownership of smartphones
and use of mobile phone apps are increasing.
Effects of Gamification on HIV PrEP
Adherence
Our pooled results indicated that gamified digital interven-
tions effectively improved PrEP adherence in MSM. At the
3-month follow-up, those in the intervention group were 1.16
times more likely to engage in optimal PrEP dosing (≥700
fmol/punch measured by dried blood spots) than the control.
The proportion of participants who engaged in optimal PrEP
dosing was 28% higher in the intervention versus control
groups at the 6-month follow-up. Similar results on behav-
ior change have also been found in asthma and vaccination
uptake [58,59]. Notably, in the development stage of their
interventions, 3 of the 4 RCTs adopted the IMB theory,
which is a behavioral change theory that may explain the
effectiveness of these interventions [29,30,39]. Researchers
have also suggested that interventions guided by theories are
more efficient than those not driven by theories [60]. The
IMB model asserts that informed and motivated participants
with adequate skills for enacting adherence-related behaviors
would optimally adhere to their PrEP regimen over time
[61]. Interventions that integrate gamification components
can educate users to interface in a more dynamic, immersive,
and engaging way to make the experience more informative
and motivating for individuals to promote positive health
behavior change.

Some concerns should be mentioned after this review.
First, more than half of studies on gamification were
conducted in the United States, limiting generalizability to
other countries. Second, the intervention module and duration
were different in different interventions. For example, MSM
had access to TWM for 5 months [62], while participants only
received access to MyPEEPS over 3 months [32]. Even in an
assigned intervention duration, participants’ use patterns for
different intervention components varied [39]. Reasons may
include a lack of ongoing new features embedded in apps,
and the effectiveness may be not sustained long-term if the
gamification is not continuously improved.
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Study Limitations
There were some limitations in this review. First, the number
of RCTs available for each outcome of interest in the
meta-analysis was limited, suggesting the need for further
validation of our findings through additional studies. Second,
as previous studies established that intervention engagement
metrics (eg, frequency, duration, or amount of mobile health
[mHealth] use) were positively associated with interested
outcomes [13,63], we were unable to conduct an in-depth
analysis of participants’ electronic paradata and how these
data could affect our result because of the small size of
studies. Indeed, further trials are needed to better measure
the effective mediators in gamification for healthy behavior.

Additionally, the effects of gamification on CAS and PrEP
adherence were only pooled 3 and 6 months post intervention.
Accordingly, little is currently known about the longer-term
impact of the gamified digital intervention.
Conclusions
This study indicated that mHealth-based gamification
interventions in the HIV prevention and care continuum
among MSM are in a phase of rapid evolution and continued
development. Our study substantiated the short-term effect of
gamification on CAS in MSM, although the long-term impact
of gamified digital interventions remains to be determined.
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