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Abstract

Background: There remain unmet HIV prevention needsin China, particularly among gay, bisexual, and other men who have
sex with men. Technology-based interventions are increasingly used in HIV prevention worldwide.

Objective: Weaimed to conduct a systematic review and meta-analysis of studiesto assess the effectiveness of technol ogy-based
HIV prevention interventions to improve HIV testing and consistent condom use in China.

Methods: We searched English-language (PubMed and MEDLINE, Embase, and Web of Science) and Chinese-language
(Wanfang, WEIPU, and China National Knowledge Infrastructure) databases for technology-based HIV prevention intervention
studies published between January 1, 2004, and September 30, 2021. Eligible studies were technology-based HIV prevention
intervention studies with outcomes of HIV testing or condom use among men who have sex with men or transgender women
using randomized controlled or nonrandomized pretest-posttest designs in China. The intervention technologies identified were
apps, web pages, and other types of electronic communications (eg, email, SM Stext messages, and video messages). A Bayesian
meta-analysis was conducted to estimate the pooled effect size and 95% credible interval (Crl). We added study and intervention
features as covariates to explore their associations with the study effects. Study quality was assessed using the integrated quality
criteriafor review of multiple study designs. Publication biaswas assessed using funnel plots and robust Bayesian meta-analyses.

Results: Weidentified 1214 and 1691 records from English-language and Chinese-language databases, respectively. A total of
141 records entered full-text screening, and 24 (17%) studies were eligible for the review. Approximately half (14/24, 58%) of
the interventions were delivered through social media platforms, predominantly using message-based communication. The
remaining studies used email and web-based platforms. The pooled effect sizes estimated were an absol ute increase of 20% (95%
Crl 10%-30%) in HIV testing uptake and an absolute increase of 15% (95% Crl 5%-26%) in consistent condom use. The pooled
point estimate of the effect of randomized controlled trial swas smaller than that of nonrandomized studiesfor HIV testing uptake
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(16% vs 23%) and consistent condom use (10% vs 19%), but their Crislargely overlapped. Interventionslasting >6 months were
associated with a 35% greater uptake of HIV testing (95% Crl 19%-51%) compared to those lasting 6 months.

Conclusions: Technology-based HIV prevention interventions are promising strategies to improve HIV testing uptake and
consistent condom use among men who have sex with men in China, with significant effectsfound across abroad array of studies
and study designs. However, many studies in this review did not include randomized designs or a control group. More rigorous
study designs, such as randomized controlled trials, are needed, with outcome measurements that address the limitation of

self-report outcomes to inform the devel opment and implementation of future intervention programs.

Trial Registration:

(J Med Internet Res 2025;27:€63111) doi: 10.2196/63111

PROSPERO CRD42021270856; https://www.crd.york.ac.uk/PROSPERO/view/CRD42021270856

KEYWORDS

HIV; men who have sex with men; telemedicine; systematic review; Bayesian; meta-analysis

Introduction

Background

HIV remains an important health concern and an area of public
health efforts in China, with a particular focus on HIV
transmission among gay, bisexual, and other men who have sex
with men due to high and sustained risk of HIV infection. A
cross-sectional survey of 47,000 men who have sex with men
from 61 citiesin Chinain 2008 to 2009 found an overall HIV
prevalence of 4.9% [1]. Since 2010, the HIV prevalence among
men who have sex with men has emerged as the highest
population-specific prevalence in China, increasing from 5.7%
to 7.8% by 2014 according to China’'s national HIV sentinel
surveillance system [2]. Studies have suggested that transgender
women may face an even higher HIV prevalence (>10%) than
cisgender men who have sex with men [3-6].

Applying technology-based approaches to deliver HIV
prevention information has been proposed as a critical part of
engaging sexual minority populationsthat are disproportionately
missed in HIV prevention and care in China [7]. These
technol ogy-based interventionsinclude social mediamessaging
[8], web-based HIV referral services[9], chatbots[10], and gay
social networking apps [11-13]. Given that >80% of men who
have sex with men do not disclose their sexua orientation to
health care providers in China [14], technology-based
approaches both alow for improved targeting of interventions
to this hidden population and represent an opportunity to offer
men who have sex with men and transgender women easier
accessto HIV prevention and care serviceswhile reducing fears
related to stigma and discrimination. A literature review
published in 2019 found that multilevel technology-based
interventions in China were effective in delivering HIV
prevention and care services [15]. In addition to the various
modes of technology, there is a popular all-in-one smartphone
app in China, WeChat, providing opportunities to develop
innovative interventions. WeChat offers multiple functions,
including group chat messaging, voice and video calls, gaming,
wallet and payments, and location sharing, in asingle platform.
WeChat has billions of monthly active users in China [16].
WeChat offers developers tools to make WeChat-based mini
apps that do not have to be downloaded and installed from an
app store [12]. These mini apps can include different functions
and features in WeChat and can deliver complex eHealth
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interventions such as secondary distribution of HIV self-testing
kits[17].

Several systematic reviews have identified increased use of
technology-based HIV interventions over the past 2 decades
and have documented mixed evidence regarding the efficacy
of such interventions worldwide. After reviewing studies
published in 2007 to 2019, a systematic review of
technology-based HIV interventions described a trend of
increasing eHealth modalities. Interventions were reported to
be efficaciousin increasing safe sex behaviorsin the short term;
only a quarter of the interventions reported maintaining the
behavior change over a year [18]. Another systematic review
from 2015 to 2020 found more pilot or quasi-experimental study
designsthan efficacy randomized controlled trials (RCTS). The
review found promising feasibility and acceptability outcomes
among pilot studies and some efficacious outcomes among
RCTs [19]. In addition to describing the types of technology
used to deliver interventions and the reported behavior changes,
a few recent meta-analyses have assessed the effect sizes of
technology-based interventions. A meta-analysis of eHealth
i nterventions among men who have sex with men found asmall
but significant effect size for all 3 behavioral outcomes over
the reviewed study period: any condomless anal intercourse
with nonpaying male partners (Cohen d=-0.21; P<.001), HIV
testing (Cohen d=0.38; P<.001), and having multiple sex
partners (Cohen d=-0.26; P=.02) [20]. Another meta-analysis
reviewing studies published between 2010 and 2018 estimated
that the proportion of HIV testing uptake among study
participants who were exposed to technology-based
interventions meant to increase testing was 1.5 times higher
than that among unexposed study participants[21]. Acrossthe
aforementioned 2 reviews, a number of intervention features
were associated with greater impact on HIV testing, including
interventions delivered through mainstream socia media,
providing self-testing kits or HIV testing referral services,
placing interventions on interactive platforms, involving target
users, and providing longer periods of intervention exposure
[20,21]. Both meta-analyses reported high heterogeneity across
their reviewed studies (12=83.3% [20] and 1°=65.2% [21]). So
far, al these systematic reviews have included technol ogy-based
HIV prevention interventions worldwide, but none have been
restricted to China. Given the numerous technology-based
interventions and the unique WeChat platform in China, there
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is a need for a systematic assessment to document these
intervention strategies and effects.

Objectives

We amed to describe technology-based HIV prevention
interventions among men who have sex with men and
transgender women in China, document the intervention
strategies, estimate intervention effects, and explore the
rel ationships between intervention features and effect size. This
review is narrower in geographic focus than previous reviews,
allowing for an understanding of local intervention effects in
China. In previous reviews, small sample sizes and high
heterogeneity across studies were often the major concerns
given the use of conventional meta-analysis. Therefore, we
conducted aBayesian meta-analysisinstead of the conventional
frequentist meta-analysisto improve the precision of the pooled
effect size estimation and to provide the probability of the
intervention effect being >0 [22-24].

Methods

The protocol for this review was registered in PROSPERO
(registration number CRD42021270856). This review was
conducted following the guidance of the Cochrane Handbook
for Systematic Reviews of Interventions and was reported
following the guidance of the PRISMA (Preferred Reporting
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Items for Systematic Reviews and Meta-Analyses) checklist
(Multimedia Appendix 1) [25].

Eligibility Criteria

The summary of the eligibility criteriafor this systematic review
is presented in Textbox 1. In this review, we used a broad
definition of technology to include the internet (eg, web pages,
social media platforms, and smartphone apps) and other types
of electronic communication (eg, SM Stext messages and video
messages). The inclusion criteria and search strategy were
informed by the population, intervention, comparison, and
outcome framework [26], including appropriate populationsfor
the review’s goals (eg, HIV-negative men who have sex with
men or transgender women residing in China, including Taiwan,
Hong Kong, and Macau), use of a technology-based
intervention, an €ligible study type (eg, RCTs and
nonrandomized designs such as 1-group pretest-posttest studies
and pretest-posttest studies with a nonequivalent comparison
group), eligible study outcomes (eg, HIV seroconversion, HIV
testing, condom use, pre-exposure prophylaxis initiation, and
pre-exposure prophylaxis awareness and willingness), and
eligible data collection time frame (January 1, 2004, to
September 30, 2021) and publication time frame (January 1,
2004, to September 30, 2021). Exclusion criteria were studies
that exclusively used phone calls or in-person interventions,
focused on personsliving with HIV, or did not have quantitative
HIV prevention outcomes (eg, qualitative outcomes).
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Textbox 1. Summary of theinclusion and exclusion criteriafor the systematic review of technology-based HIV prevention interventions for men who
have sex with men in China (2004-2021).

Inclusion criteria

« Articleor study type:

Randomized controlled trials

Nonrandomized trials with a pretest and posttest design

«  Study population:

HIV-negative men who have sex with men

Transgender women

o Study setting:

China (including Taiwan, Hong Kong, and Macau)

o Study intervention:

The internet (eg, web pages, social media platforms, and smartphone apps)
Electronic communication (eg, SM S text messages and video messages)

«  Main outcomes:

HIV seroconversion

HIV testing

Condom use

Pre-exposure prophylaxis (PrEP) initiation

PrEP awareness and willingness

o Quality criteria

Peer-reviewed journal articles

Conference abstracts of the International AIDS Society (IAS) Conference and the Conference on Retroviruses and Opportunistic Infections

(CROQI) or the Chinese National Conference of HIV/AIDS

« Language:

English or Chinese

«  Datacollection period:

January 1, 2004, to September 30, 2021

«  Publication period:

January 1, 2004, to September 30, 2021

Exclusion criteria

« Articleor study type:

Reviews, narratives, commentaries, and editorials

Qualitative studies

«  Study population:

Other populations

o Study setting:

Outside China

«  Study intervention:

Interventions that did not use any form of internet or electronic communication

https://www.jmir.org/2025/1/e63111

RenderX

JMed Internet Res 2025 | vol. 27 | 63111 | p. 4
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Huang et a

« Main outcomes.

o Quality criteria

«  Studiesthat were not published in a peer-reviewed journal

« Language:

«  All other non—English or Chinese languages

.  Datacollection period:
o All periods outside January 1, 2004, to September 30, 2021

«  Publication period:
o All periods outside January 1, 2004, to September 30, 2021

«  Studiesthat exclusively used phone calls or in-person interventions

«  Conference abstracts that were not presented in the IAS Conference, CROI, or Chinese National Conference of HIV/AIDS

Study Identification and Selection

We searched PubMed (including PubMed Centra and
MEDLINE), Embase, Web of Science, Wanfang, WEIPU
(including the Chinese Scientific Journals Database-), the China
Academic Journals Full-Text Database and China National
Knowledge Infrastructure, and the Chinese Biomedical
Literature Database for studies published between January 1,
2004, and September 30, 2021. Conference abstracts were
searched from the online archives of the International AIDS
Society Conference and the Conference on Retroviruses and
Opportunistic  Infections to obtain  English-language
publications, as well as the archives of the Chinese National
Conference of HIV/AIDS for Chinese-language publications.
Searchtermswerefirst developed in English and then trandated
into academic Chinese terminology for searching
Chinese-language databases. A full description of the search
strategy can be found in Multimedia Appendix 2.

Records identified from the keyword search were managed in
Covidence (Veritas Health Innovation). The sel ection procedure
followed the PRISMA guidelines. Duplicate records were
checked across English- and Chinese-language literature and
were removed (n=371). In total, 2 researchers screened titles
and abstracts independently to exclude records that clearly did
not meet the inclusion criteria or clearly met the exclusion
criteria. The eligibility of the remaining records was assessed
through full-text articles. During the full-text review, al the
articles (n=141) were retrieved and reviewed by 2 researchers
independently. Discrepancies were resolved through discussion
among the 2 researchers and a senior researcher. After 115
articleswere removed according to the exclusion criteria, atotal
of 24 (20.9%) articles (n=11, 46% articles in English; n=12,
50% articlesin Chinese; and n=1, 4% abstractsin English) were
included in the final review.

Study Quality Assessment

Study quality was assessed using the integrated quality criteria
for review of multiple study designs (ICROMS), a tool
developed for awide range of study designs, including RCTs,
pretest-posttest  studies, cohort studies, and interrupted
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time-series anayses [27]. The ICROMS consists of two
components: (1) ascoring system for quality of the study design
and (2) a decision matrix that provides mandatory criteria and
minimum requirement scores for specific study designsrelated
to the robustness of the study. The ICROM S assessment has 7
dimensions, ranging from study aims to managing bias. Each
dimension has 3 to 7 specific criteria for quality assessment.
This measure has been used in previous systematic reviews of
eHealth interventions [18,28]. Each study was assessed by 2
researchersindependently. Discrepancieswere resolved through
discussion between the 2 researchers.

Data Extraction

Dataextraction for each study was conducted by 2 coders (WH,
SSW, KN, and Y W) independently. Data extraction for studies
published in Chinese was only conducted by bilingual coders
(WH, KN, and YW). A standard, Microsoft Excel-based
(Microsoft Corp) tool was used to extract data on publication
year, language (English or Chinese), study design, sample size,
technology mode, behavioral theory applied, intervention
development, intervention delivery, outcome measurement (eg,
therecalled period, such asin the last time, and in the previous
month), and results and analyses (eg, number of consistent
condom uses, number of HIV tests, effect size measurement,
and reported effect size). Severa intervention features were
further coded for use as covariates. These features included
whether the intervention was theoretically based (ie, devel oped
based on a behavior change theory), whether the intervention
had active engagement with users (eg, using an interactive
dialogue box, motivational interviewing, and one-on-one
counseling sessions), whether the intervention was designed to
have more than a 1-time interaction, whether intervention
development and delivery involved the target population, the
length of the intervention (eg, <6 months, 6 months, and >6
months), and the length of study follow-up (eg, 3 months, 6
months, and 12 months). Studies that did not report these
features were coded as no. Extracted data were compared, and
discrepancieswere discussed with athird coder until consensus
was reached.
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Data Synthesis

The primary outcomes for this review were HIV testing uptake
and consistent condom use. We defined HIV testing uptake as
the proportion of participants who reported receiving a
facility-based HIV test during the study period or who used an
HIV test kit during the study period. Consistent condom use
was defined asthe proportion of participantswith no condomless
anal sex with any partners during the study period. When the
articles reported multiple follow-up assessments, the longest
follow-up interval was used for the outcomes of interest. Effect
sizes were calculated as mean differences either between the
intervention and control or comparison groups or between the
pretest and posttest time points depending on the study design.
The uncertainty was assessed using SEs. SEs were extracted
from the studies that reported them; for studies that did not
report SEs, we manually calculated them by comparing either
the intervention and control groups in the case of RCTs or the
pretest and posttest outcomes or theintervention and comparison
groupsin the case of nonrandomized studies. Therefore, 1 HIV
testing uptake outcome or 1 consistent condom use outcome
were obtained for each study. Studies using noninferiority
designs (2/24, 8%) were excluded from the meta-analysisgiven
the goal of the review to estimate overall effect sizes. We
decided to use the absolute effect instead of the relative effect
because the absolute effect is easier to interpret for clinical
practice; in contrast, relative measures sometimes provide
misleading estimates [29].

Given the expected heterogeneity acrossthe studies, aBayesian
random-effects model was used to estimate the pooled effect
size and 95% credible interval (Crl) for behavior changes in
HIV testing uptake and consistent condom use associated with
the interventions [23]. This model assumes that reported study
estimates (y) follow anormal distribution, with the mean equal
tothetrue study effect and the SD equal to the reported SE. The
true study effects (8) were assumed to arise from a normal
distribution, with the mean equal to the overall meta-analytic
estimate (1) and study heterogeneity (t; Multimedia Appendix
3 [27]). In a robust version of this hierarchical model, we
specified the true study effects as arising from a t-distribution
(with estimated df) to increase robustness against potential
outliers. We chose vaguely informative default priors for all
model parameters and conducted prior sensitivity analyses.
Multimedia Appendix 4 [20] provides more details. All models
were estimated using Hamiltonian Monte Carlo sampling [30].
We ran 4 Markov chains for 20,000 iterations, dropping the

https://www.jmir.org/2025/1/e63111

Huang et a

first 10,000 iterations as aburn-in phase. Forest plotswere used
to display the estimates.

To explore relevant study and intervention features that could
be associated with the study effect sizes, we added the study
and intervention features as covariates to the Bayesian model.
Heterogeneity and potential publication bias were evaluated
qualitatively through examining contour-enhanced funnel plots,
which included the statistical significance of study estimates,
and quantitatively through examination of the Bayes factor with
robust Bayesian meta-analysis. We also conducted subgroup
analyses to estimate the pooled effect sizes and 95% Crls by
RCT and nonrandomized designs. All analyseswere conducted
using the brms and RoBMA packages in R (version 4.3.1; R
Foundation for Statistical Computing).

Results

Study Characteristics

We identified 1214 records from English-language databases
and 1691 records from Chinese-language databases published
between January 1, 2004, and September 30, 2021. Of these
2905 records, after removing 371 (12.77%) duplicates, 2534
(87.23%) were screened by title and abstract, and atotal of 141
(4.85%) records were included in the full-text screening. After
the full-text screening, 24 studies were included in the fina
review. The study selection process and reasons for exclusion
are presented in Figure 1. Table 1 presents the characteristics
of each reviewed study, including study design (with dates and
sample size), technology type, intervention, theoretical
framework and intervention devel opment, intervention delivery
and frequency, and reported results. Half (12/24, 50%) of the
reviewed studies were published in English, and half (12/24,
50%) were published in Chinese. Most study sites (19/24, 79%)
werein mainland China. Other study sitesincluded Hong Kong
(3/24, 12%) [31-33] and Taiwan (2/24, 8%) [34,35]. Although
transgender women were included in our search strategy, the
eligible studies were restricted to men who have sex with men.
Over half (13/24, 54%) of the studies were RCTs. Of the 13
RCTs, 8 (62%) were 2-group paradlel RCTs, 2 (15%) were
3-group paralel RCTs [32,36], 2 (15%) were noninferiority
RCTs [37,38], and 1 (8%) was a stepped-wedge cluster RCT
[39]. Among the nonrandomized studies (11/24, 46%), 9%
(1/11) used a pretest-posttest design with a nonequivalent
comparison group [35], 45% (5/11) used 1-group pretest-posttest
designs [40-44], and 45% (5/11) used pretest-posttest designs
with repeated cross-sectional surveys [45-49].
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the study search and selection process.
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Table 1. Study design and intervention features in the reviewed studies in China from 2004 to 2021 (N=24).

Huang et a

Study and loca
tion

Study design, peri-
od, and sample size

Intervention
technology

Intervention and
control group

Theoretica frame-
work and interven-
tion development

Intervention delivery
and frequency

Reported results®

Traditional RCT<? with 1 intervention group and 1 control group (n=8; n=6 in English and n=2 in Chinese)

Cheng et a
[50], 2019;
mainland
China

Chiou et a
[34], 2020;
Taiwan

Lauetd
[31], 2008;
Hong Kong

Wang et a
[33], 2018;
Hong Kong

Nonblind RCT;
September 2010-
June 2011; N=1100

RCT; August 2015-
May 2017, N=300

RCT; study dates
not specified; N=477

Nonblind RCT;
study dates not spec-
ified; N=430

Web pages

App—devel-
oped by the
research
team for
men who
have sex
with men

Email

App—alive
chat app

Intervention: online
interactive scenarios
about HIV-related
risk behaviors and
health messages;
control: standard
HIV referral service
only

Intervention: use of

amultifunction SBS'
app for 6 months;
control: no interven-
tion

Intervention; health
messages in the
form of graphics,
HIV-related risk be-
havior electronic
monthly form with
tailored feedback,
and peer counselors,
control: no interven-
tion

Intervention: an on-
linevideo promoting
HIV testing, another
online video and an

mil promoting
HIVST with online
real-time instruc-

tionsand pretest and
posttest counseling

(HIVST-01CY), and
afree HIVST Kkit;
control: an online
video promoting
HIV testing

TPBC: developedvia A total of 4

mixed methods for-
mative research

IMBY model; devel-
oped through aqual-
itative study solicit-
ing men who have
sex with men's
needs, men who
have sex with men
user reviews, and
expert review on
content validity

Did not report that
any theory was used;
developed by a pan-
el consisting of the
authors

HBM' ; developed
through literaturere-
view and astakehold-
er panel discussion

weeks—1-timeddiv-
ery of 5 scenarios
viaweb-based inter-
active dialogue box
and weekly health
messages sent via
email for 3 weeks

A total of 24
weeks—a message
reminding the user
of the app’s func-
tions was sent every
2 weeks, and aquiz
and 2 activitiesrelat-
ed to HIV testing,
safe sex, and recre-
ational drug use
were sent every 3
weeks

A total of 6
months—a health
message was sent
viaemail every 2
weeksand an e-form
with feedback (“re-
port card”) was sent
every month

1-time—onlineHIV
testing promotion
video (3 minutes),
online HIVST-OIC
promotion video (4
minutes), and abrief
M1 (15 minutes)

Intervention vs control,
BLY to 6-month

FU®—condomless anal
sex in the previous 3
months decreased (dif-
ferencein propor-
tion=9.3%, 95% ClI
1.1%-17.5%)

I ntervention vs control,
BL to 6-month
FU—HIV and syphilis
testing frequency in-
creased (mean differ-
ence=0.217; SE 0.08);
percentage of condom
use during anal sex in
the previous 3 months
increased (differ-
ence=20.7%; SE 0.06);
other outcomes: disease
and safe behavior
knowledge increased
(difference=2.13; SE
0.21)

Intervention vs control,
BL to 6-month FU—no
changein HIV testing
in the previous 6
months; no changein
condom useduring ana
sex in the previous 6
months; other out-
comes. no changein
HIV- or STD-related
knowledge and percep-
tions

Intervention vs control,
BL to 6-month
FU—HIV testing rate
increased (RRM=1.77,
95% Cl 1.54-2.03;
ARR"=39.1%, 95% Cl
31.3%-46.9%)
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Study and loca-  Study design, peri-  Intervention  Intervention and Theoretical frame-  Interventiondelivery - Renorted results?
tion od, and samplesize technology  control group work and interven-  and frequency
tion development
Yuneta Double-blind RCT; App—WeChat  Intervention: acom- AIDSRisk Reduc- A total of 3 Intervention vs control,
[13],2021;  October 2017-June prehensiveinterven- tion Model; didnot months—informa-  BL to 3-month FU—no
mainland 2018; N=192 tion packageinclud- report the processof tionrelatedtothein- changein HIV testing
China ing 4 compo- interventiondevelop-  tervention wassent  in the previous 3
nents—HIV risk as=  ment every 4 weeks months; condom use
sessment, HIV test- among casual partners
ing facility recom- in the previous 3
mendation, free con- monthsincreased (OR°®
doms and HIVST 2.81, 95% Cl 1.23-
kit, and health educa- 6.39)
tion website; con-
trol: alink toan HIV
health education
web page
Zhueta RCT; September Ap—WeChet  Intervention: IMB model; devel- A total of 6 Intervention vs control,
[12],2019;  2017-June 2018; WeTest program oped throughforma-  months—2 weekly ~ BL to 6-month
Hefei N=100 pluswatchingabrief tivein-depthinter-  health messages FU—HIV testinginthe
video demonstrating viewsfor interven-  about personal sto-  previous 6 monthsin-
the use of the tion content, cogni-  ries, dataon HIV creased (adjusted
HIVST kitandre-  tiveinterviewsfor 5o sTIP infections RR=1.99, 95%Cl 1.03-
sultsinterpretation  refining content, and among men who 3.84); oral HIVST in
and2oral HIVST  apilottest of thebe-  haye sex with men, ~ the previous 6 months
kits with standard taversion of the national policies, increased (adjusted
information about ~ WeTest program and general health RR=2.17,95% CI 1.08-
regular HIV testing; concern stories of 4.37); no changein
control: only the menwho havesex ~ consistent condom use
demonstration video withmen and 1-time  in the previous 6
and 2 oral HIVST instructionsfor oral  Months
kits with standard HIVST kit use
information about
regular HIV testing
Lietal [51], RCT;March2017- App—WeChet Intervention: Did not report that ~ Did not report the  Intervention vscontrol,
2020; main-  April 2019; N=600 WeChat-based any theory wasused; length of theinter-  BL to 6-month
land China counseling, HIV did not report the vention—the HIV FU—condomless anal
testing, and test re-  process of interven-  infectionrisk evalua  sex in the previous 6
sult notification, as  tion development tion was sent every  monthsdecreased (from
well asHIV infec- week 42%t0 16% intheinter-
tion risk evaluation vention group and from
and personal behav- 41% to 31% in the con-
ior change sugges- trol group; x%,=18.0,
tions; control': on- P<.05)
Site intervention, in-
cluding regular distri-
bution of HIV educa
tion materials, in-
person class, counsdl-
ing, and HIV testing
Xieo et al Double-blind RCT;  App—WeChet  Intervention: men Did not report that A total of 12 Intervention vs control
[52],2020;  July 2017-June who have sex with  any theory wasused; months—aweekly  at the 12-month
Shanghai 2018; N=200 men—focused HIV  did not report the regular HIV preven- FU—no changein con-

prevention message
plusregular HIV

prevention message;
control: regular HIV
prevention message

process of interven-
tion development

RCTswith 2 intervention groups and nontraditional RCTs (n=5; all in English)

tion message and a
weekly men who
have sex with
men—focused HIV
prevention message

sistent condom usein
the previous 6 months;
other outcomes: knowl-
edgeincreased in sever-
al AIDS knowledge
items
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Laueta Nonblind 3-group ~ Email and Intervention group  Parallel response 1-time Intervention group 1 vs
[32],2016; paralel RCT; study web page 1: STD-rdlated cogni- model; developedby videos—videoland intervention group 2,
Hong Kong  dates not specified; tive approach—a aninterdisciplinary  video 2: 5 minutes;  intervention group 1 vs
N=402 video about STD panel with meetings video 3: 10 minutes control, and interven-
prevention (video 1) with men who have tion group 2 vs control
and a video about sex with men at the 3-month FU—no
UAIY prevention changein UAI inthe
among men who previous 3 months after
have sex with men the intervention across
(video 2); interven- the 3 groups; other out-
tion group 2: STD- comes:. no significant
related cognitive association between
plusfear appeal im- |mm9d|ate fear-related
agery approach—an emotional responses
additional movie and UAI
with fear appeal and
visual imagery
(video 3) plusvideo
1 and video 2; con-
trol: HIV-related in-
formation—based ap-
proach—received
factual HIV-related
text information but
no video
Luoeta 3-group parallel App—Blued Interventiongroup  Did not reportthat  Did not report the Intervention group 1 vs
[36],2021; RCT; October 2017- 1: HIV risk assess-  any theory wasused; length of theinter-  control, BL to 12-
Beijing, Chi- September 2018; ment and tailored did not report the vention and delivery month FU—mean
na N=9280 feedback plusrou-  process of interven-  frequency number of HIV testsin
tine HIV education; tion development the previous 12 months
intervention group 2: increased (| RR'=1.32,
HIV risk assessment 95% Cl 1.09-4.58); in-
pl us_routmeHIV ed- tervention group 1 vs
ucation; control: intervention group 2,
routine HIV educa- intervention group 1 vs
tion control, and interven-
tion group 2 vs control,
BL to 12-month
FU—no statistically
significant differences
in the proportion of
UAI among the 3
groups
Tang et a Noninferiority RCT; Videomes- Interventiongroup  Did not report that  1-timevideos—both Intervention group 1 vs
[37],2016;  study datesnotspec- sage 1: acrowdsourced  any theory wasused; videoswere 1 intervention group 2 at
mainland ified; N=721 video promoting the 1-minute crowd- minutelong the 3-week FU—no
China HIV testing; inter-  sourced video was differencein first-time

vention group 2: a
health marketing
video promoting
HIV testing; control:
no control or compar-
ison group

developed viaa
crowdsourcing con-
test; the health mar-
keting video wasde-
veloped by amarket-
ing company with
public health profes-
sional guidance

HIV testing, with a
noninferiority margin
of -3%
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Tang et a Noninferiority sin-  Videomes-  Interventiongroup  Did not report that ~ 1-time—bothvideos Intervention group 1vs
[38],2019; dle-blind RCT; sage 1: acrowdsourced  anytheory wasused;, were1 minutelong intervention group 2 at
mainland November 2015- video promoting the 1-minute crowd- the 3-week FU—no
China February 2016; condom use; inter-  sourced video was differencein proportion
N=1173 ventiongroup 2: a  developed viaa of condomless sex, with
social marketing crowdsourcing con- anoninferiority margin
video promoting test; the social mar- of +10%, and no differ-
condom use keting video was encein HIV testingin
shot by a marketing the previous 3 weeks,
company following with anoninferiority
ascript by socia margin of +10%,; inter-
marketing experts vention group 1 vsinter-
and approved by vention group 2 at the
young men who 3-month FU—no differ-
have sex with men ence in proportion of
condomless sex, with a
noninferiority margin
of +10%
Tang et a Stepped-wedgecluss  App—WeChet  Intervention: routine  Did not report that A total of 3 Intervention vs histori-
[39],2018;  ter RCT; July 2016- andotherso- cpcSand CBO! any theory wasused, months—6 HIV cal control, BL to 12-
Guangdong  August 2017; cial media promotional efforts, developed througha  testing promotional  month FU—the propor-
and Shan-  N=1381 platforms HIV testing promo-  Nétionwide open imagesweresentvia tion of HIV testing in-
dong tional image, a free contest, aregiona  WeChat biweekly,  creased (differencein

HIVST kit, and alo-
cal CBO-led contest
for HIV testing sto-
ries; control: routine
CDC and CBO pro-
motional efforts

strategy designathon
contests, and local
participatory con-
tests

Nonrandomized pretest-posttest designs (n=11; n=1in English and n=10 in Chinese)

Koeta
[35], 2013;
Taiwan

Liueta
[45], 2012;
mainland
China

Pretest-posttest de-
sign with nonequivar
lent groups using a
repeated cross-sec-
tional survey; Octo-
ber 2010-November
2011; n=1008 at BL
and n=1037 at
posttest

Pretest-posttest de-
sign using arepeated
cross-sectional sur-
vey; study dates not
specified; n=1293 at
BL and n=1014 at
posttest

Web
page—Face-
book

Web page
and email

Intervention: trained

iPOL s shared and
exchanged news,
video clips, reports,
and opinions and
connect with others
for advice and sup-
port on an online
iPOL platform built
on Facebook using
the Web 2.0 two-
way communication
format; control: an-
other nonequivalent
control websitewith
no intervention

Intervention: HIV
prevention messages
about risk of HIV
infection, safe sex
practice, and HIV
tests through aweb
page and viaemail;
control: no control
or comparison group

The DOIY theory;
did not report the
process of interven-
tion development

Did not report that
any theory was used;
did not report the
process of interven-
tion devel opment

1-time accessto a
free HIVST kit, and
1-timeloca CBO-
led contest

A total of 6
months—no regular
schedule; frequent
sharing of informa-
tion and 2-way con-
versations; atotal of
432 posts, 503 com-
ments, and 804 likes
ontheiPOL plat-
form; and an estimat-
ed 959,088 people
viewed the posts on
theiPOL platform

A total of 2
months—3 sessions
of HIV prevention
education messages,
did not report thein-
tervention frequency

proportion=8.9%, 95%
Cl 2.2%-15.5%); the
proportion of HIVST
increased (RR=1.89%,
95% CI 1.5%-2.38%);
no changein facility-
based HIV testing; no
change in condom usg;
no change in syphilis
testing or anticipated
HIV stigma

Intervention vs control,
BL to 6-month
FU—HIV testsin the
previous 6 months in-
creased (43.89% vs
22.31%; X°1=54.8,
P<.01); condom use
during anal sex with

online sex partnersin-
creased (34.15% vs

26.19%; x%1=13.4,
P<.01)

BL to 3-month FU—the
proportion of lifetime
HIV testing increased
(49% to 54%; P<.05);
the proportion of last-
time condom use in sex
with men increased
(65% vs 71%; P<.05);
other outcomes: knowl-
edgeincreased in sever-
al AIDS knowledge
items
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Xieetd Pretest-posttest de-  App—ZANK  Intervention: HIV Did not report that A total of 2 BL to 3-month FU—the
[49], 2018;  signusing arepeated prevention interven-  any theory wasused; months—did not re- proportion of lifetime
Dongguan cross-sectional sur- tion (did not report  did not report the port theintervention HIV testing increased
vey; study dates not any intervention de-  process of interven-  delivery andfrequen- (4994 vs 550%; x%=7.7,
specified; n=1510 at tails); control: no tion development cy P<.05); consistent con-
BL and n=1321 at control or compari- dom uée inanal sex
posttest son group with men in the previ-
ous 6 monthsincreased
(50% vs 55%; X1=9.8,
P<.05); the proportion
of last-time condom use
in anal sex with men
increased (67% vs 73%;
)(21:10.8, P<.05); other
outcomes: knowledge
increased in several
AlIDSknowledgeitems
Liueta 1-group pretest- App—QQ  Intervention: one-  Did not report that A total of 6 BL to 6-month FU—the
[40], 2014;  posttest design; July and WeChat on-one HIV preven- any theory wasused; months—each proportion of lifetime
Jining 2012-December tion intervention did not report the monthly intervention  HIV testing increased
2012; N=213 sessionwithCBO  process of interven-  session lasted 30 (629% vs 76%; x%1=9.5,
volunteersviaQQor tion development minutes P<.05); consistent con-
WeChat and setup of dom usein anal sex
ahotlinefor HIV with men in the previ-
and Hl\./ testing ous 6 monthsincreased
counseling; control: B
no control or compar- (47% vs 61%; X“1=7.3,
ison group P<.05); the proportion
of last-time condom use
in ana sex with men
increased (56% vs 68%;
X?1=5.6, P<.05)
Song et al 1-group pretest- SMStext Intervention: SMS  Did not report that A total of 6 BL to 6-month FU—no
[41], 2017;  posttest design; messages text messageswith  any theory wasused; months—2 mes- change in the propor-
Guangxi September 2014-De- HIV knowledge, did not report the sages every week tion of HIV testing in
cember 2014, condom knowledge, process of interven- the previous 3 months;
N=212 and HIV testingin-  tion development consistent condom use
formation; control: inanal sex with menin
no control or compar- the previous 3 months
ison group increased (27% vs57%;
)(21:30.4, P<.05); the
proportion of |ast-time
condom usein anal sex
with men increased
(38% Vs 73%; X*4=3.6,
P<.05)
Zhangeta  1-group pretest- App—QQ Intervention: HIV Did not report that A total of 6 BL to 6-month FU—the
[44], 2014;  posttest design; Au- prevention interven-  any theory wasused; months—did notre- proportion of lifetime
Shandong gust 2013-May tion on HIV knowl-  did not report the port theintervention HIV testing increased
2014; N=468 edge, risk of infec-  process of interven-  delivery and frequen-  (30% vs 51%; df=1,
tion, condom use tion devel opment cy P<.01); consistent con-

and safe sex prac-
tice, and HIV test-
ing; control: no con-
trol or comparison
group

dom usein anal sex
with men in the previ-
ous 6 months increased
(45% to 60%; df=1,
P<.01); other outcomes:
HIV knowledge in-
creased (88% vs 94%;
df=1, P<.01)
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Yanet a 1-group pretest- App—QQ Intervention: CBO  Did not report that A total of 6 BL to 6-month FU—the
[43],2013;  posttest design; Octo- volunteer one-on- any theory wasused;, months—did not re- proportion of lifetime
Heilongjiang ber 2011-December one HIV prevention  did not report the port theintervention HIV testing increased
2012; N=400 intervention session  process of interven-  delivery andfrequen-  (57% vs 68%; df=1,
viaQQ; control: no  tion development cy P<.01); consistent con-
control or compari- dom usein anal sex
son group with men in the previ-
ous 3 monthsincreased
(45% vs 60%; df=1,
P<.01); the proportion
of last-time condom use
in ana sex with men
increased (66% vs 82%;
df=1, P<.05)
Teo et a 1-group pretest- Ap—WeChet  Intervention: health  Did not reportthat A total of 6 BL to 6-month
[42],2020;  posttest design; messages delivered  any theory wasused;, months—health FU—consistent con-
Shaoxing April 2018-June by aCBO and afree did not report the messageswereddiv- dom usein anal sex
2018; N=209 oral fluid-based process of interven-  ered biweekly with regular partnersin
HIV ST kit; control:  tion development the previous 6 months
no control or compar- increased (52% to 64%;
Ison group X%1=4.4, P<.05); consis-
tent condom usein ana
sex with casual partners
met onlinein the previ-
ous 6 monthsincreased
(67% to 85%; X°=8.5,
P<.05); consistent con-
dom usein anal sex
with casual partners
met in person in the
previous 6 months in-
creased (58% to 89%;
X?1=5.6, P<.05); other
outcomes. knowledge
increased in severa
AIDSknowledgeitems
Wang et a Pretest-posttest de-  Web page Intervention: multidi- Did not report that A total of 12 BL to 12-month
[47],2014; signusingarepeated and app mensional interven-  any theory wasused; months—did notre- FU—consistent con-
Chengdu cross-sectional sur- tionmodel including did not report the port theintervention dom usein anal sex in
vey; October 2012- online and venue- process of interven-  delivery frequency  the previous 6 months
September 2013; based interventions, tion development increased (46% to 64%;
n=370 at BL and aswell astrained df=1, P<.01)
n=236 at posttest peer educators con-

ducting online coun-
seling and introduc-
ing men who have
sex with men from
onlineto in-person
venues to receive
condoms, lubricant,
and HIV testing;
control: no control
or comparison group
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Wang et al Pretest-posttest de-  App—QQ Intervention: peer Did not report that A total of 12 BL to 12-month
[46], 2011;  signusing arepeated education through  any theory wasused; months—did not re-  FU—the proportion of
Yingtan cross-sectional sur- QQ groupsand on-  did not report the port theintervention lifetimeHIV testingin-
vey; August 2009- sitecounseling; con-  process of interven-  delivery frequency  creased (10% vs 75%;
August 2010; n=135 trol: no control or tion development X21:48-4, P<.01); con-
at BL and n=134 at comparison group sistent condom usein
posttest anal sex withmenin
the previous 6 months
increased (24% vs 78%;
X?1=78.2, P<.01); the
proportion of last-time
condom use in anal sex
with men increased
(50% vs 90%;
)(21:35.8, P<.01); other
outcomes: knowledge
increased in severa
AIDSknowledgeitems
Wang et al Pretest-posttest de-  Unclear Intervention: Did not report that A total of 12 BL to 12-month
[48],2009;  signusing arepeated POLW-ddlivered on- @ theory wasused; months—did notre- FU—HIV testinginthe
Mianyang  cross-sectional sur- lineand offlinepeer did not reportthe  port theintervention  previous 6 monthsin-
vey, December education; control:  Processof interven-  delivery frequency  creased (13% vs 54%;
2006-January 2008; nocontrol or compar-  tion development X%1=76.5, P<.01)
n=201 at BL and ison group
n=203 at posttest

8Results reported by the study authors. Point estimates for nonsignificant outcomes are left out.

BRCT: randomized controlled trial.

°TPB: theory of planned behavior.

94BL: baseline.

€FU: follow-up.

fSBS: safe behavior and screeni ng.

9MB: information—motivation-behavioral skills.
hsTD: sexualy transmitted disease.

IM1: motivational interview.

IHIVST: HIV self-testing.

KHIVST-OIC: HIVST with online real-time instructions and pretest-posttest counseling.

'HBM: health belief model.

"MRR: relativerisk.

"ARR: absolute risk reduction.

°0OR: odds ratio.

PSTI: sexually transmitted infection.
9UAI: unprotected anal intercourse.
"IRR: incident rate ratio.

SCDC: Center for Disease Control and Prevention.
‘cBO: community-based organization.
YiPOL: internet popular opinion leader.
VDOI: diffusion of innovations.

YWPOL : popular opinion leader.

Intervention Features

The development of approximately one-quarter of the
interventions (7/24, 29%) wasinformed by abehaviora theory
[12,13,32-35,50]. All studiesguided by behavioral theorieswere
published in English. The theories used included conventional
behavioral theories such as the health belief model [33], the

https://www.jmir.org/2025/1/e63111

RenderX

theory of planned behavior [50], the diffusion of innovations
theory, the information—motivation—behavioral skills model
[12,34], and the paralel response model [32], as well as an
HIV-specific model—the AIDS Risk Reduction Model [13].
Regarding intervention content, over half (15/24, 62%) of the
studies used a comprehensive intervention package rather than
asingleintervention [12,13,31,33-36,39,40,46-48,50-52]. Most
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of these comprehensive interventions (14/15, 93%) included
back-and-forth interaction with participants, such as screening
for HIV-related risk behaviors, peer counseling, motivational
interviewing, community-based organization- ed activities, and
online counseling with referrals for in-person HIV tests
[12,13,31,33-36,39,40,46-48,50,51]. Most of theseinteractions
(12/15, 80%) were live conversations with a research team
member or atrained volunteer [12,31,33-35,39,40,46-48,50,51].
A few studies (3/15, 20%) used automatic-reply text-based
messages [13,36,50].

Over half (14/24, 58%) of the studies delivered intervention
content through social media platforms and direct message
functionality, half (7/14, 50%) of which were WeChat based
[12,13,39,40,42,51,52]. A quarter of the studies (7/24, 29%)
used SMS text messages, video messages, or email to deliver
intervention content [12,31,32,37,38,41,45]. The interventions
in 21% (5/24) of the studies were delivered through web pages
[13,32,45,47,50]. Intotal, 25% (6/24) of the studies used 2 types
of technologies in their interventions [12,13,31,32,45,47].
Three-quarters of studies (18/24, 75%) delivered their
interventions multiple times; a third of those (6/18, 33%) did
not report the frequency of intervention delivery. Among studies
reporting their intervention delivery frequency, weekly (5/12,
42%) [12,35,41,50,52] and biweekly (4/12, 33%) [31,34,39,42]
were the most common frequencies. The length of the
interventions varied from a single time to a year, and the most
frequent intervention length was 6 months (9/24, 38%)
[12,31,34,35,40-44]. In terms of community engagement, less
than half (10/24, 42%) of the studies reported involving men
who have sex with men in intervention development
[12,32-35,37-40,50], and a third of the studies (9/24, 38%)
reported engaging the men who have sex with men community
in intervention delivery [31,35,39,40,42,43,46-48]. Only 12%
(3/24) of the studies reported engaging the men who have sex
with men community in both the intervention development and
delivery process [12,35,50].

Huang et a

Study Quality

Onthe basis of the quality assessment using the| CROM Sglobal
quality scores, over two-thirds of the studies (17/24, 71%) met
the score requirement (Multimedia Appendix 5). When
considering the mandatory criteria, only 25% (6/24) of the
studies met them, all of which were RCTs. On the basis of the
quality review by study design, in the case of RCTs, 8% (1/13)
of the studies did not meet the score requirement [ 36], and 46%
(6/13) did not meet the mandatory criteria of managing bias
between groups with random allocation [12,31,33,34,51,52].
The controlled pretest-posttest design study did not meet either
the score requirement or the mandatory criteria[35]. Regarding
uncontrolled pretest-posttest design studies (10/24, 42%), half
(5/10, 50%) did not meet the minimum score requirement
[40,42,45,47,48], and none of them met the mandatory criteria
of mitigating the effect of no contral group.

Publication Bias

The contour-enhanced funnel plotsin Figures2 and 3 reveal an
asymmetrical distribution of studiesfor both HIV testing uptake
and consistent condom use, indicating possible publication bias.
In particular, 12% (3/24) of the studies[33,46,48] and 8% (2/24)
of the studies [41,46] seemed to report much larger effect sizes
compared to the rest of the studies for HIV testing uptake and
consistent condom use, respectively. The asymmetry regarding
nonsignificant results suggeststhat the asymmetrical distribution
was probably caused by publication bias based on statistical
significance. The robust Bayesian meta-analysis results
document evidence of publication bias, with a Bayes factor of
21.04 and 4.37 indicating that the likelihood of publication bias
was 21.04 and 4.37 times the likelihood of no publication bias
for HIV testing uptake and consistent condom use, respectively.
The Egger test indicated no small-study effects as the results
were not statistically significant, with a z statistic of 0.24 and
aP vaueof .81 for HIV testing uptake and a z statistic of 0.37
and a P value of .71 for consistent condom use.

Figure 2. Contour-enhanced funnel plot for correlation between probability of publication and magnitude of effect for HIV testing uptake in China
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Figure 3. Contour-enhanced funnel plot for correlation between probability of publication and magnitude of effect for consistent condom usein China

(2004-2021).
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Bayesian Meta-Analysis

For the meta-analysis, 62% (15/24) of the studieswereincluded
for the HIV testing uptake outcome, and 54% (13/24) of the
studies were included for the consistent condom use outcome.
Of the 15 studiesincluded for the HIV testing uptake outcome,
most (n=13, 87%) reported an improvement in HIV testing
uptake, whereas 13% (2/15) of the studies reported no
substantial change. Only 33% (5/15) of the studies estimated
the effect size [12,13,33,34,39]; other studies (10/15, 67%)
conducted chi-square tests to assess significance. For condom
use behavior, most studies (10/13, 77%) reported an
improvement in consistent condom use, 23% (3/13) of the
studies reported no significant change, and only 23% (3/13) of
the studies estimated an effect size.

The overal effect sizes estimated from the Bayesian
random-effects model were 0.20 (95% Crl 0.10-0.30) for HIV
testing uptake and 0.15 (95% Crl 0.05-0.26) for consistent
condom use. The probability that the mean difference exceeded
0was>99% for both HIV testing uptake and consistent condom
use despite the effect sizesfor afew studies (2/15, 13% for HIV
testing uptake; 3/13, 23% for consistent condom use) being
estimated to be closeto 0. In the HIV testing uptake model, the

https://www.jmir.org/2025/1/e63111

effect sizes of 20% (3/15) of the studies seemed much larger
than those of the others[33,46,48]. However, after using arobust
model with t-distributed random effects, the pooled effect size
was 0.19 (95% Crl 0.10-0.30), similar to the estimates from the
origina model. The probability that the mean difference
exceeded O was still >99%. Similarly, adjusting the 15% (2/13)
of the studies with large effect sizes[41,46] in the robust model
for consistent condom use yielded close estimates (0.12, 95%
Crl 0.05-0.23) compared to those of the original model.

Theoverall effect sizeswere also estimated separately by study
design (RCT and nonrandomized design) given their difference
in study quality assessment. Figure 4 presents the estimated
effect sizesfor HIV testing uptake by RCT and nonrandomized
designs. The pooled effect point estimate of RCT studies (0.16,
95% Crl —0.02 to 0.33) was smaller than that of nonrandomized
studies (0.23, 95% Crl 0.07-0.38), but the Crls largely
overlapped. The 95% Crl for RCTswas dightly wider than that
for nonrandomized studies, but they largely overlapped.
Similarly, the pooled effect point estimate for consi stent condom
use for RCTs (0.10, 95% Crl —0.02 to 0.21) was also smaller
than that for nonrandomized studies (0.19, 95% Crl -0.00 to
0.37), but these Crls largely overlapped (Figure 5). Detailed
model results are presented in Multimedia Appendix 3.
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Figure 4. Forest plots of intervention effect on HIV testing uptake from Bayesian random-effects meta-analysis in China (2004-2021)
[12,13,31,33-35,39-41,43-46,48,49]. Crl: credible interval; RCT: randomized controlled trial.
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Figure 5. Forest plots of intervention effect on consistent condom use from Bayesian hierarchical random-effects model in China (2004-2021)
[32,34,35,40,41,43,45-47,49-52]. Crl: credible interval; RCT: randomized controlled trial.
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Covariate Analysis

We explored the association between behavior change outcomes
(HIV testing uptake and consistent condom use) and study
characteristics and intervention features (Table 2). Among the
study characteristics and intervention features we assessed, the
only characteristic that was associated with the behavior change
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0.3 06

outcome wasthe length of theintervention and study follow-up.
Interventions lasting >6 months were associated with a 35%
greater uptake of HIV testing (95% Crl 19%-51%) compared
to interventions lasting 6 months. Studies followed up on for
12 months were associated with a 2% greater uptake of HIV
testing (95% Crl 1%-39%) compared to those followed up on
for 6 months.
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Table 2. Association between study and intervention characteristics and study effect sizesin China (2004-2021)2,

Study and intervention characteristics HIV testing uptake (n=15 studies) Consistent condom use (n=13 studies)
Values Coefficient® (95% Crl9) Values Coefficient (95% Crl)

Publication year, median (IQR) 2014 (2012-2018) -0.01(-0.03t00.01) 2016 (2011-2020) -0.01 (~0.04 to 0.02)
Publication language, n (%)

English 7 (47) Reference 4(31) Reference

Chinese 8(53) 0.04 (-0.12t0 0.20) 9 (69) 0.10 (-0.07, 0.27)
Outcome measure, n (%)

Lifetime HIV testing 6 (40) Reference _d —

HIV testing in the previous 3 months 4(27) -0.04 (-0.24t0 0.15) — —

HIV testing in the previous 6 months 5(33) 0.09 (-0.11t0 0.27) — —

Co_ns_j stent condom use on the last anal sexual — — 1(8) Reference

activity

Consistent condom use in the previous month ~ — — 1(8) -0.04 (-0.50t0 0.42)

Consistent condom usein the previous 3 months — — 5(38) 0.10 (-0.24 t0 0.43)

Consistent condom usein the previous6 months — — 6 (46) 0.10 (-0.24 t0 0.43)

I ntervention based on a behavior changetheory, n (%)

No 10 (67) Reference 9 (69) Reference

Yes 5(33) 0.05 (-0.12 to 0.21) 4(31) -0.10 (-0.27 t0 0.07)
I ntervention included back-and-forth interactions, n (%)

No 4(27) Reference 5(38) Reference

Yes 11 (73) 0.09 (-0.08 t0 0.27) 8(62) 0.07 (-0.09 to 0.24)

>1 intervention session, n (%)

No 4(27) Reference 8(62) Reference

Yes 11(73) -0.05(-021100.11)  5(38) -0.02 (-0.20 to 0.15)
I ntervention development involved the target population, n (%)

No 9 (60) Reference 8 (62) Reference

Yes 6 (40) 0.04 (-0.13 10 0.19) 5(38) -0.10 (-0.27 to 0.06)

Intervention delivery engaged the target population, n (%)

No 8(53) Reference 8(62) Reference

Yes 7(47) 0.04 (-0.12 t0 0.21) 5(38) 0.07 (-0.10t0 0.25)
Length of theintervention, n (%)

6 months 8(53) Reference 5(38) Reference

<6 months 5(33) -0.06(-0.17t00.06)  5(38) -0.09 (-0.27 to 0.10)

>6 months 2(13) 0.35(0.19t0 0.51) 3(23) 0.08 (-0.15t0 0.31)

Length of study follow-up, n (%)

6 months 9 (60) Reference 7 (54) Reference
3 months 3(20) -0.14 (-0.30t0 0.02) 3(23) -0.10 (-0.29 to 0.09)
12 months 3(20) 0.02 (0.01t0 0.39) 3(23) 0.10 (-0.12t0 0.33)

8Univariate regression were conducted for each characteristic.

bCoefficients from univariate models exploring the relationship between variables in the first column and HIV testing uptake and condom use. For
example, thefirst coefficient represents the coefficient of publication year in amodel with only publication year asthe covariate.

CCrl: credibleinterval.
dNot applicable.
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Sensitivity Analysis

We conducted sensitivity analyses using different priors, such
as anoninformative prior (u1~N[0, 10,000]) and an informative
prior (U~N[0.38, 1] for HIV testing uptake and u~N[0.21, 1]
for consistent condom use) on meta-analytic means, aswell as
an aternative heterogeneity prior (t~Half-Cauchy [0,1]; Tables
S1and S2in Multimedia Appendix 4). For boththe HIV testing
uptake and consistent condom use models, the effect estimates
across the models were similar to those of the original models,
suggesting that the estimated effects from the original models
were stable.

Discussion

Principal Findings

Reviewing atotal of 24 eligible studies published in the last 2
decades, we found promising effects for technology-based
interventions designed to support HIV testing uptake and
consistent condom use among men who have sex with menin
China. The estimated pooled effect sizes from our primary
Bayesian meta-analysis found a promising absolute effect on
increasing both HIV testing and condom use—a 20% increase
in HIV testing uptake and a 15% increasein consistent condom
use. The probability that the effect size exceeded 0 was >99%
for both HIV testing uptake and consistent condom use. To
address potential outlier studies reporting larger effects
compared to other reviewed studies, we used robust models for
both outcomesthat estimated pooled effect sizes similar to those
of the original models. These promising behavior change effects
of interventions in China align with findings of other
meta-analyses worldwide. A previous global meta-analysis
identified a significant effect in increasing HIV testing uptake
(Cohen d=0.38) and reducing condomless anal intercourse
(Cohen d=0.21) [20]. Another meta-analysis of computer-based
interventions also estimated a significant effect in increasing
condom use (Cohen d=0.26) [53]. To address concernsregarding
prior selection, we conducted sensitivity analyses using different
types of priors for both HIV testing uptake and consistent
condom use. These models produced similar estimates to those
of the origina models. Therefore, we propose that
technology-based interventions are likely to be effective in
changing these 2 behaviors based on the reviewed studies.

We conducted subgroup analyses to explore the difference in
estimated effect sizes across study designs to account for the
varied quality of studies despite the fact that the benefit of
Bayesian random-effects modelsis allowing for a combination
of the effect sizes of studies with different designs. We found
that the estimated pooled effect sizesfor nonrandomized studies
were dlightly larger than those for RCT studiesin both the HIV
testing uptake and consistent condom use outcomes. The effect
size dispersion of consistent condom use among RCTs seemed
lower than that among nonrandomized studies. However, these
95% Crls largely overlapped, indicating that the effect size
differences between study designs were not significant or
substantial. Previous meta-analyses examining the effect size
difference among study designs have reported a significant
estimated effect size difference in unprotected anal intercourse
reduction across RCTs and nonrandomized designs, whereas
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the results were not significant for HIV testing uptake
improvements[20,21]. Theseinconsistent findings suggest that
study designs should be explored as an essential factor that
could impact theintervention effect sizein future meta-analyses.
This also urges more rigorous study designs such as RCTs to
fully demonstrate the effects of these technology-based
interventions.

Previous reviews and meta-analyses have indicated that several
intervention features might be associated with the intervention
effect, including involvement of users in the design process,
interactive interventions, multipleintervention sessions, longer
treatment durations, and the use of combined technology
modalitiesto deliver the intervention [20,21]. However, we did
not find any significant associations between these intervention
features and the effect size, which could be due to the known
issue of small sample size for specific features (ie, the small
number of studies included with these traits). Although our
meta-regression analysis showed that interventions lasting >6
months seemed to have a significantly greater impact on HIV
testing uptake compared to interventions lasting 6 months, it
could be a coincidence as the 8% (2/24) of the studies that
delivered interventions for >6 months reported much larger
effect sizes than the rest of the studies [46,48]. Moreover, we
did not find any other intervention features, such astheory-based
intervention content, back-and-forth interactions, multiple
intervention sessions, and community engagement, that could
possibly explain the association between intervention duration
and the effects on HIV testing uptake.

One of the unique features of these maobile health (mHealth)
interventions in China is leveraging the same mainstream,
all-in-one social networking app, WeChat. As mHealth becomes
a more important and efficient tool to deliver health
interventions, there are lingering questions regarding how to
tailor interventions for target populations and how to scale up
efficacious interventions to a broader range of populations
[19,54]. Technology-based intervention modes have expanded
from web-based formats to SM S text messages to social media
[18,55,56]. With 1.3 billion monthly active users (>80% of the
population) in China [57], WeChat is a convenient platform to
distribute direct messages with text, pictures, and videos to
specific users. It aso offers a platform for people to develop
WeChat-based appsthat areless costly compared to developing
astandard smartphone app [16]. In addition, using amainstream
socia networking app instead of a men who have sex with
men—focused app may reduce the concern of stigmaby avoiding
unanticipated outing or labeling. In our review, despite the fact
that most studies that used WeChat only used its direct
messaging function to deliver interventions, several studies (4/7,
57%) developed an official account or a mini app for risk
assessment and HIV self-testing kit distribution [12,42,51,52].
Some researchers are al so exploring approachesto leverage this
social mediaplatform to provide more comprehensive services
together with men who have sex with men—focused
community-based organizations and public opinion leaders
[58-60]. Using this socia networking platform, researchers may
be able to enhance community engagement and provide more
comprehensive health servicesto alarger target popul ation.
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Despite the meta-regression showing no significant association
between effect size and intervention features, some patternsin
intervention development and delivery can still be observed
descriptively. For example, theory-based interventions have
been reported to be more effective than non-theory-based ones
[61]. In our review, less than athird of the studies (7/24, 29%)
reported using a health behavior theory when developing the
intervention. This low use of behavior change theories aligns
with a previous review on mHealth studies in low- and
middle-income countries [62]. This is not surprising because
most of the health behavior theories were developed in the
context of high-income countries, and some of the constructs,
such as self-efficacy, could be difficult to apply without tailoring
for the target population and local context. The insufficient use
of health behavior change theories in the development of
mHealth interventions highlights an opportunity to further
improve the intervention effectswith theory-guided intervention
development and reinforces the need to develop or adapt these
existing theories into culturally and contextually appropriate
theories.

Limitations

Our analysisislimited by publication bias given that significant
and positiveintervention resultsare more likely to be published.
Nonsignificant findings should be encouraged to be published.
All the reviewed studies (24/24, 100%) were conducted in the
context of China. Despite the fact that technology-based
interventionsin general have been found to be effective for HIV
testing and condom use behavior, the application of technology
and intervention contents should be tailored based on culture,
context, and the needs of the targeted populations in different
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countries. In addition, the data available for analysis from
original study reports were limited. Future intervention studies
should be encouraged to report more details about the
intervention features to alow for further analysis or scale up.
Moreover, we did not identify any studies that targeted
transgender women in China in this review. This indicates a
lack of technology-based HIV prevention research focused on
transgender women in China. The lack of research on and high
HIV preval ence among transgender women worldwideindicate
aneed for HIV prevention effortstailored to this key population
[6]. Finally, this review searched for studies published before
2021. There could be a risk of excluding relevant studies
published between 2022 and 2024. These studies could be
included in future reviews.

Conclusions

Existing socia networking platforms in China provide great
opportunities for technology-based intervention devel opment
and distribution for HIV prevention. Technology-based HIV
prevention interventions were found to have significant effects
on health behavior change in both HIV testing uptake and
consistent condom use among men who have sex with menin
China across a broad array of studies and study designs.
However, many study designsin thisreview werelessrigorous,
without arandomized design or acontrol group. More rigorous
study designs, such as RCTs, and measurement of outcomes
that address the limitations of self-report, such as picture
verification of HIV self-tests, are needed to build up a more
robust evidence base for the development and implementation
of future technology-based intervention programs.
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