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Men who have sex with men (MSM) who use dating applications (apps) have higher rates of engaging
in condomless anal sex than those who do not. Therefore, we conducted a two-arm randomized
controlled trial to evaluate the effectiveness of an interactive web-based intervention in promoting
safer sex among this population. The intervention was guided by the Theory of Planned Behavior and
co-designed by researchers, healthcare providers, and MSM participants. The primary outcome was
the frequency of condomless anal sex in past three months. Secondary outcomes included five other
behavioral outcomes and two psychological outcomes. This trial was registered on ISRCTN
(ISRCTN16681863) on 2020/04/28. A total of 480 MSM were enrolled and randomly assigned to the
intervention or control group. Our findings indicate that the intervention significantly reduced
condomless anal sex behaviors by enhancing self-efficacy and attitudes toward condom use among
MSM dating app users, with the effects sustained at both three and six months.

In recent years, online dating has become increasingly popular and wide-
spread worldwide, revolutionizing the way people approach potential part-
ners. At the same time, smartphone dating applications (apps) have grown in
popularity among men who have sex with men (MSM)'. With anonymity
and geo-location features, dating apps have played a central role in facilitating
sexual partner-seeking among MSM™’. However, it is important to note that
while dating apps can make it more convenient and efficient for users to seek
potential sexual or romantic partners’, they also greatly enhance the con-
venience of casual sex’. When compared to traditional offline venues, dating
apps offer MSM an overabundance of connections’, and their network of
sexual relationships becomes more mixed’. However, research has shown
that sexual mixing patterns and the social networks that shape them could, in
part, determine the transmission dynamics of human immunodeficiency
virus (HIV) and sexually transmitted infections (STIs) among MSM’. Thus,
the sexual safety of MSM dating app users requires greater attention.
Existing research has demonstrated a robust association between using
dating apps and specific sexual behaviors, showing that dating app users are
more likely to have had condomless sexual intercourse than non-dating app

users®’. In addition, other behaviors, such as substance use during sex
(chemsex) and group sex, are also common among dating app users'*'".
These aforementioned behaviors have long been considered “risky” or
“unsafe”, as any one of these sexual behaviors can be associated with mul-
tiple potential risks, including the acquisition or transmission of HIV or
STIs*. Using “unsafe” or “risky” might be legitimate from an HIV or STI
prevention perspective, but such risk-based language may perpetuate stigma
and be perceived as judgmental, undermining efforts to promote sexual
health™. Diverse factors can constrain or facilitate individuals’ actions and
the associated level of sexual risk, so it is important to always maintain
linguistic precision and neutrality, as well as acknowledge the social context
when promoting safe sex practices.

It has been well documented that MSM populations are dis-
proportionately affected by HIV and other STIs"™", highlighting the
importance of specific prevention interventions. To prevent HIV infections,
researchers and scholars worldwide have tried different measures, the most
prevalent of which include traditional behavioral prevention (i.e., consistent
and correct condom use) and HIV pre-exposure prophylaxis (PrEP)".
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However, despite the growing scientific evidence of its efficacy and safety,
PrEP is not yet widely available in Southeast Asia, and uptake of PrEP remains
low in the Asia-Pacific region“‘. In China, it is estimated that less than 1% of
MSM at high risk of infection are using PrEP for HIV prevention'. Fur-
thermore, delivery of PrEP without proper assessment and monitoring by
healthcare professionals may lead to inappropriate use and, ultimately, failure
to prevent HIV transmission'®.

Currently, PrEP is not available as part of public healthcare services in
Hong Kong and can only be purchased from private healthcare providers at
a high cost or from other countries such as Thailand". In addition, as a
tailored approach to preventing HIV infection, PrEP is not effective in
preventing other STIs. As such, behavioral interventions that promote the
consistent and correct use of condoms remain the most cost-effective HIV/
STI prevention methods™. However, condoms are not always used con-
sistently among MSM, and there is evidence that frequent dating app users
are more likely to report inconsistent condom use with their casual
partners”. It is therefore important to improve condom use to prevent MSM
from being affected with HIV and other STTs. Given the popularity of dating
app use and its internet-based nature, there is huge potential for health
promotion via the Internet. Consequently, innovative online interventions
that promote safer sex practices among dating app users should be designed
and implemented, as they can contribute to the availability of rich infor-
mation and the delivery of multi-component interventions™.

Interactive web-based interventions have been reviewed and proven to
be effective in sexual health promotion®. To date, there have been a growing
number of online interventions designed for MSM populations to promote
HIV-preventive behaviors™***. However, most of these interventions have
been conducted in Western countries, with study samples focusing on
populations such as White and African Americans, while fewer studies have
been conducted in non-Western contexts™. Current intervention studies in
China have identified programs that have been effective in promoting HIV

self-testing among MSM**”, although not all studies emphasizing HIV have
produced significant improvements in most common prevention
behaviors™”. It has been suggested that HIV was not the most interesting
topic of discussion among Hong Kong MSM Internet users”. In addition,
while intervention content is generally delivered through a pre-determined
sequence of steps, existing evidence is inconclusive as to whether this navi-
gation style or self-paced intervention is more effective”. Self-paced inter-
ventions, which allow the recipient to control the pace, could be more time-
flexible and user-friendly, and more user control has been shown to positively
influence users’ perception of efficiency™, thus warranting more research.

Since there is still stigma attached to HIV in Asian cultures, and
homosexuality remains a taboo in traditional Chinese culture, web-based
online interventions for MSM are highly warranted and recommended
because of their potential advantages of being anonymous, repetitive, and
delivered at a convenient time compared to face-to-face interventions™.
Although there are intervention studies for Chinese MSM, they have not
targeted current dating app users and have overwhelmingly emphasized
HIV prevention. Additionally, given that dating app use is an emerging
sexual risk factor’’, there is an urgent need for tailored, interactive inter-
ventions to promote safer sex behaviors. In Hong Kong, where PrEP is not
yet readily available, it is particularly important to promote behaviors such
as consistent condom use and regular HIV/STI testing. Therefore, this study
aimed to develop a self-paced, interactive web-based intervention to
encourage positive attitudes toward consistent condom use and HIV/STI
testing, and to evaluate its effectiveness in promoting these behaviors among
MSM currently using dating apps.

Results

From 30 November 2020 to 19 October 2021, a total of 480 MSM were
enrolled in the study, with 240 participants in the intervention group and
240 in the control group. Of these, 429 participants completed the 3-month

Fig. 1 | Trial profile. This figure shows the CON-
SORT flow diagram of this study.
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follow-up (T1) interview, while 387 completed the 6-month follow-up (T2)
interview, resulting in an overall dropout rate of 19.38%. The trial flow
diagram for the recruitment and follow-up of participants is shown in Fig. 1.

Table 1 presents the sociodemographic characteristics and baseline
study outcomes of the study participants. The mean (standard deviation)
age was 28.69 (7.43) years. Of the 480 participants, 401 (83.54%) were gay
and 79 (16.46%) were bisexual and other sexual orientations. Regarding
relationship status, approximately half of the participants (237/480, 49.38%)
were in a relationship or married, while the other half (243/480, 50.63%)
were single. Among all the participants, 417 (86.88%) had a bachelor’s
degree or higher and 63 (13.13%) did not. In terms of employment, 287
(59.79%) of the 480 participants were employed full-time, while 193
(40.21%) were not.

In terms of baseline study outcomes, 205 participants (42.71%)
reported engaging in condomless anal sex within the last three months.
During the same period, 50 participants (10.42%) participated in chemsex,
and 82 participants (17.08%) engaged in group sex. Additionally, 170 par-
ticipants (35.42%) underwent HIV testing, while 92 participants (19.17%)
were tested for other STIs within the last three months. No significant
heterogeneity in demographic data and study outcomes was found between
study non-dropouts and dropouts, except for significant differences in the
mean age and the number of participants who had engaged in chemsex in
the last three months. Detailed comparisons between study dropouts and
non-dropouts are shown in Supplementary Table 1.

Regarding the primary outcome measure (i.e., condomless anal sex
within the last three months), participants in the intervention group
exhibited a significant reduction in the likelihood of engaging in condomless
anal sex in the last three months (overall time-by-group interaction:
p=0.010). At follow-up interviews, the between-group difference was sta-
tistically significant (3-month follow-up: OR=0.59, p=0.009; 6-month
follow-up: OR = 0.64, p = 0.040), indicating that participants in the inter-
vention group were less likely to engage in condomless anal sex within the
last three months at both follow-up time points. However, the time-
by-group interaction was not statistically significant for other behavioral
outcomes related to chemsex, group sex, HIV testing, and other STI testing,
suggesting that the intervention did not alter these outcomes. Additionally,
the analysis of the number of sex partners with whom participants had
condomless anal sex in the last three months revealed a statistically sig-
nificant overall time-by-group interaction (p =0.043). Within the inter-
vention group, there was a statistically significant decrease in the mean
number of partners from baseline to the 6-month follow-up (mean differ-
ence = —0.26, p = 0.039). However, no statistically significant within-group
differences were observed in the control group. Detailed results can be found
in Table 2 and Supplementary Table 2.

For psychological outcome measures, the intervention group showed a
significantly larger improvement in condom use self-efficacy, as measured
by the CSES total score (time-by-group interaction: p<0.001). The
between-group difference was statistically significant at both 3-month
(mean difference: 3.46, p < 0.001) and 6-month follow-up interviews (mean
difference: 3.31, p = 0.002). Moreover, the intervention group demonstrated
a significantly larger improvement in condom use attitude, as measured by
the MCAS total score (time-by-group interaction: p < 0.001). The between-
group difference was statistically significant at both 3-month (mean dif-
ference: 3.77, p =0.047) and 6-month follow-up interviews (mean differ-
ence: 8.65, p<0.001). Table 3 presents these results. Additionally, the
intervention group exhibited significantly larger improvements in all sub-
scale scores of the CSES, and in three subscale scores of the MCAS. Sup-
plementary Table 3 presents the results of these subscale scores.

The mediation analysis revealed that the intervention did not exert a
statistically significant direct effect on the primary outcome after accounting
for the influence of mediators (OR: 0.77, p = 0.234). However, the analysis
identified significant indirect effects of the intervention through changes in
CSES scores (OR: 0.87; 95% CI: 0.75 to 0.97) and MCAS scores (OR: 0.88;
95% CI: 0.74 to 0.98). These findings indicate a full mediation effect, where
the intervention appears to reduce the occurrence of condomless anal sex by

improving both condom use self-efficacy and attitudes toward condom use.
Table 4 and Fig. 2 show the results of mediation analysis.

Discussion
To the best of our knowledge, this study represents the first self-paced,
interactive, web-based intervention developed specifically for Chinese MSM
dating app users. Our study found that the web-based intervention with
interactive features could reduce the rate of condomless anal sex in the past
three months among MSM currently using dating apps, and the effect of the
intervention was significant at both 3-month and 6-month follow-ups.
Additionally, there was a statistically significant reduction in the number of
sex partners with whom participants had condomless anal sex from baseline
to the 6-month follow-up within the intervention group. The intervention
also significantly increased users’ self-efficacy and attitudes toward condom
use, with effects significant from three to six months. Consistent with pre-
vious research™***, our study provided further evidence of the effectiveness
of web-based health interventions in prompting consistent condom use and
enhancing sexual self-efficacy among Chinese MSM. Importantly, the
findings from our mediation analysis offer compelling insights into the
mechanisms by which our intervention influenced sexual behavior. The
significant indirect effects through improved condom use self-efficacy and
more positive attitudes toward condom use underscore the critical role of
psychological factors in fostering consistent condom use. These findings
align with the Theory of Planned Behavior, which suggests that behavioral
change is often preceded by shifts in attitudes and perceived control over the
behavior in question. The intervention’s ability to enhance condom self-
efficacy and attitudes toward condom use was the key factor in reducing
condomless anal sex among participants. This indicates that future inter-
ventions might benefit from placing a greater emphasis on these mediators
to achieve a more substantial impact on sexual health outcomes.

However, it is important to acknowledge that some constructs related
to the Theory of Planned Behavior, such as subjective norms and intention,
were not measured in the current study. The absence of a psychometrically
robust scale to measure subjective norms related to condom use in local
contexts prevented their inclusion in this study. Consequently, there is a
pressing need to develop a valid and reliable instrument for measuring these
subjective norms. Furthermore, future studies should aim to incorporate
measures of subjective norms, intentions to use condoms, and other factors
such as perceived facilitation of condom use. Understanding how inter-
ventions influence these factors could lead to enhanced condom use and
better sexual health outcomes. Additionally, condom use is a complex
behavior involving many scenarios. Future studies should consider col-
lecting more detailed information related to condom use, such as condom
use during the last sexual encounter and the types of sex partners involved.

Our intervention is characterized by outstanding features, including
co-designed intervention content, cultural specificity, highly interactive
gamification elements, and flexibility in the timing of use. Given that con-
domless anal sex without PrEP is well-recognized to be associated with HIV/
STI transmission”’, the primary outcome of our intervention program was
to increase consistent condom use. Unlike most health interventions
developed exclusively by researchers or healthcare providers, our inter-
vention was co-designed with the participation of MSM dating app users”,
researchers, and healthcare providers. This co-design is reflected in the
components of our interventions, which features a range of realistic yet
tricky scenarios that may lead to potentially risky sexual behaviors, along
with relevant educational content. Specifically, these scenarios were iden-
tified by incorporating real-life experiences from dating app-using partici-
pants and insights from front-line healthcare service providers. Our study is
one of the few co-designed interventions that has shown significant effects
on both reducing condomless sex behaviors and improving attitudes toward
condom use. This is consistent with evidence from reviews that peer par-
ticipation in sexual health interventions can simultaneously improve sexual
behavior and attitudes™.

The highly interactive nature of our intervention is another novel and
significant feature within the context of existing evidence. It has been
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Table 1 | Baseline characteristics and study outcomes of the study participants

Overall Intervention Control
N =480 n =240 n=240

Baseline socio-demographic characteristics
Age, mean (SD) 28.69 (7.43) 28.22 (7.37) 29.15 (7.48)
Sexual orientation

Gay 401 (83.54%) 195 (81.25%) 206 (85.83%)

Bisexual and others 79 (16.46%) 45 (18.75%) 34 (14.17%)
Relationship status

In a relationship/married 237 (49.38%) 129 (563.75%) 108 (45.00%)

Single 243 (50.63%) 111 (46.25%) 132 (55.00%)
Educational level

Bachelor’s degree or above 417 (86.88%) 208 (86.67%) 209 (87.08%)

Less than a bachelor’s degree 63 (13.13%) 32 (13.33%) 31 (12.92%)
Employment status

Employed full-time 287 (59.79%) 136 (56.67%) 151 (62.92%)

Not employed full-time 193 (40.21%) 104 (43.33%) 89 (37.08%)
Monthly personal income (HK $)

>20,000 213 (44.38%) 105 (43.75%) 108 (45.00%)

<20,000 267 (55.63%) 135 (56.25%) 132 (55.00%)
Characteristics of dating app usage
Duration of using dating apps

More than 1 year 358 (74.58%) 177 (73.75%) 181 (75.42%)

Less than 1 year 122 (25.42%) 63 (26.25%) 59 (24.58%)
Frequency of using dating apps

Every day 213 (44.38%) 103 (42.92%) 110 (45.83%)

Not every day 267 (55.63%) 137 (57.08%) 130 (54.17%)
Primary outcome
Had condomless anal sex in the last 3 months

Yes 205 (42.71%) 105 (43.75%) 100 (41.67%)

No 275 (57.29%) 135 (56.25%) 140 (58.33%)
Secondary outcomes
Had chemsex in the last 3 months

Yes 50 (10.42%) 20 (8.33%) 30 (12.50%)

No 430 (89.58%) 220 (91.67%) 210 (87.50%)
Had group sex in the last 3 months

Yes 82 (17.08%) 34 (14.17%) 48 (20.00%)

No 398 (82.92%) 206 (85.83%) 192 (80.00%)
Underwent HIV testing in the last 3 months

Yes 170 (35.42%) 74 (30.83%) 96 (40.00%)

No 310 (64.58%) 166 (69.17%) 144 (60.00%)

Underwent other STI testing in the last 3 months

Yes 92 (19.17%) 41 (17.08%) 51 (21.25%)

No 388 (80.83%) 199 (82.92%) 189 (78.75%)
Number of sex partners with condomless anal sex in the last 3 months?, mean (SD) 0.95 (2.18) 1.05 (2.57) 0.85(1.72)
Condom Self-Efficacy Scale total score, mean (SD) 56.08 (10.40) 56.13 (10.26) 56.04 (10.57)
Multidimensional Condom Attitudes Scale total score, mean (SD) 115.85 (21.47) 115.93 (22.45) 115.78 (20.49)

Note: The percentages of participants represented in certain columns of this study may not sum exactly to 100.00% due to the rounding of figures.

# The outcome was not mentioned in the published protocol.
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2 p-values were obtained by generalized linear mixed-effects models with logit links. There were no adjustments in the models.
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documented that interactive interventions can provide personalized feed-
back and promote active learning23 . In addition, web-based interventions
have recognized advantages, such as being anonymous, repetitive, and
convenient”. By combining these features, we incorporated interactive
games into our intervention, introducing various real-life scenarios where
different decisions would lead to different endings. In line with previous
studies™”, our results indicate that such interaction components yielded a
significant effect on consistent condom use, suggesting that this interaction
may help motivate situational reflection among MSM and, in turn, improve
their actual condom use behavior. Furthermore, we paid special attention to
user experience and user flexibility by not controlling participants’
engagement with the intervention, allowing them to maintain their self-
pacing. The entire intervention was hosted on a website accessible from any
device connected to the Internet. Most educational or informative pages
were designed to be one page long, featuring graphical illustrations. As for
the interactive game in the intervention group, the actual duration of each
play depended on the participants’ engagement but typically lasted around
5-10 minutes.

In addition, despite the flexible time commitment required from the
participants and the relatively low cost of this intervention, the effects of the
intervention continued to be significant at the 3-month and 6-month fol-
low-ups, indicating that the intervention has relatively good sustainability.
In comparison to similar interactive web-based interventions designed to
reduce condomless anal sex among MSM in Western countries’*®, which
did not account for the use of dating apps among MSM, their intervention
effects of promoting consistent condom use lasted only three months. In
addition, their findings may not be generalizable to populations in Asia-
Pacific countries due to differences in cultural contexts, such as Chinese
culture, where homosexuality is still considered taboo. While the effect of
our intervention in promoting condom adherence was sustained and
remained significant in the sixth-month follow-up, longer-term effects
were not tracked. This limitation warrants future research to examine the
intervention’s impact over a longer period.

However, our intervention did not significantly reduce the rate of
group sex and chemsex, nor did it have an effect on increasing the uptake of
HIV and STT testing. The non-significant effects on these behavioral out-
comes could be explained by the considerable reductions in individual
sexual activities and the decrease in HIV/STT testing accessibility during the
COVID-19 pandemic”™. Additionally, study dropouts engaged in
chemsex behaviors at a significantly higher rate than those who completed
all follow-ups, which could have influenced the intervention’s effect.
Moreover, the lack of significant results related to group sex and chemsex
may also be attributed to the baseline characteristics of the participants, as
only 10.42% of our participants engaged in chemsex and 17.08% engaged in
group sex. The low incidence of such behaviors might have limited the
room for improvement through the intervention. Regarding HIV and other
STI testing behaviors, our educational content recommends screening for
HIV/STIs after any condomless sexual activities. However, the significantly
improved consistent condom use, self-efficacy, as well as attitude among
study participants, may have led them to perceive a reduced need for the
testing. Drawing from successful practices in improving HIV testing, it is
recommended that future interventions incorporate an HIV risk assess-
ment tool and include timely reminders to facilitate testing behaviors in a
more effective manner.

There are several limitations and implications for further studies. First,
both the primary and secondary measures are self-reported, which may
result in potential social desirability and recall bias. The use of anonymous
web-based interventions may have encouraged a more open and trusting
environment, thereby reducing the impact of such bias. Future collabora-
tion with sexual health services could be considered to include more
objective data from medical records, and in-depth interviews could also be
supplemented to obtain more qualitative feedback. Second, dichotomous
measures of behavioral outcomes may be less sensitive to change than
continuous measures™. It would be more appropriate to collect data on the
frequency of sexual behaviors when measuring behavior change. Third,
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although timely reminders were used to facilitate participants’ completion of
the intervention, and those in the intervention group engaged in the
interactive game at least once, this study did not capture participants’ actual
use of the intervention, such as the frequency or duration of their visits,
which may have impacted the effectiveness of the intervention®. This
highlights the importance of future web-based interventions, adequately
considering and recording specific digital engagement strategies, with
detailed process evaluation recommended. Fourth, 28.78% (194/674) of
eligible MSM declined to participate in this study during the recruitment
process, which is similar to another local study targeting Hong Kong
MSM?. However, as specific reasons for refusal were not recorded in this
study, this may have resulted in a failure to reach those who are more
vulnerable or have particular concerns. Further research should therefore
document and analyze such reasons to improve the accessibility and gen-
eralizability of the intervention.

In addition, this study was conducted during the COVID-19 pan-
demic, and the incidence of sexual encounters and corresponding sexual
behaviors appeared to be lower compared to the pre-pandemic period.
Therefore, these findings cannot be generalized to the entire MSM popu-
lation, and more research is needed to explore the post-pandemic situation.
Lastly, although PrEP is still not readily accessible to the majority and
remains costly in Hong Kong and mainland China, it is a crucial component
of comprehensive HIV prevention. It is also worth noting that this study did
not include HIV-positive or transgender populations, whose sexual safety is
equally important. Therefore, a more comprehensive approach should be

Table 4 | Mediation analysis

Odds ratio (95% CI)*
Direct effect (Intervention to condomless 0.77 (0.49 to 1.19)
anal sex)
Total indirect effect 0.76 (0.62 to 0.89)
Change in Condom Self-Efficacy Scale total score® 0.87 (0.75 to0 0.97)
Change in Multidimensional Condom Attitudes 0.88 (0.74 to 0.98)

Scale total score®

Contrast® 0.99 (0.81 to0 1.22)

Note: It was a complete case analysis (n = 387)

#The number of bootstrap samples utilized to generate percentile bootstrap confidence intervals is
5000. A statistically significant effect at the 0.05 level (5% significance level) is indicated when the
confidence interval does not include the value of 1.

° This referred to the difference in scores from baseline to the 6-month follow-up (T2-T0). A larger
increase in the score indicated a greater improvement in the variable.

¢ This note referred to the comparison between the specific indirect effects via the two mediators.
The contrast itself was not statistically significant, indicating that the mediating effects of the two

mediators did not differ significantly from each other in their influence on the primary outcome.

developed in the future to promote safer sex among a broader range of
populations.

In conclusion, our study provides evidence for the effectiveness of
a web-based interactive intervention in reducing condomless anal sex
behaviors among MSM dating app users, with the effect being sig-
nificant at the 3-month follow-up and lasting for six months. We also
demonstrate that such an intervention can improve self-efficacy and
attitudes toward condom use, with significant effects sustained at both
three- and six-month follow-ups. The mechanistic analysis demon-
strated that the intervention effectively decreased the occurrence of
condomless anal sex by enhancing self-efficacy for condom use and
fostering more favorable attitudes toward condom use. It is recom-
mended that similar studies be customized for other regions in Asia,
taking into account the diverse cultural, social, and healthcare land-
scapes across different regions. In the meantime, future online inter-
ventions could build on this by introducing more tailored components
to promote specific behavioral changes.

Methods

Study design

This study was a two-arm, assessor-blinded, randomized, parallel-group
trial with a 6-month follow-up period, conducted in Hong Kong from
November 2020 to April 2022. The trial was registered on ISRCTN
(ISRCTN16681863) on 28 April 2020, under the registry name “The safe use
of dating applications (apps) among men who have sex with men: devel-
oping and testing an interactive web-based intervention to reduce risky
sexual behaviours”. The trial protocol has been published’, and there were
no important changes to the methods or study content after the trial
commencement.

Participants

The study participants were enrolled using convenience sampling. Par-
ticipants were eligible for inclusion in this study if they (i) were self-
identified as cis male, (ii) were MSM who self-reported having ever had
sexual contact with men, (iii) were aged 18 or above, (iv) were current
dating app users, (v) were HIV-negative, (vi) had been sexually active in
the last 12 months, and (vii) were able to read and understand Chinese.
Sample size calculations were described in detail in the protocol®, and a
total of 400 participants (200 in each group) was necessary to achieve 80%
power at a 0.05 significance level. To recruit as many participants as
possible from different sources, both online and offline recruitment
methods were employed. These included direct recruitment via dating
apps and mass university emails, and posting promotional materials with
the help of social media and local non-governmental organizations tar-
geting the MSM population.

al: p=3.46 (1.30, 5.61),

Change in CSES Score

b%: OR=0.96 (0.94, 0.99),

p=0.002

c2: OR=0.77 (0.49, 1.19),

Having condomless anal sex

Intervention vs. Control

p=0.234

vs. Not

d': f=8.90 (4.56, 13.24),
p<0.001

Change in MCAS Score

e2: OR=0.99 (0.97, 0.9994),
p=0.041

Fig. 2 | Mediation analysis. This figure describes the mediation analysis in the present study. CSES: Condom Self-Efficacy Scale. MCAS: Multidimensional Condom

Attitudes Scale. ': Coeffient of Linear regression (f). > Odds ratio.
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Fig. 3 | Workflow for the implementation of
the study. This figure describes the implementation
of the intervention in the present study.

Enrollment and baseline data collection

Eligible participants first access to the study website
1. Review study information and provide electronic consent
2. Create an account with an email address
3. Complete baseline questionnaire

)

A

practices

Intervention Group Control Group
e An interactive game illustrating three sets of e 3 information and educational materials

tailored scenarios
e 9 information pages about safer sex

about sexual orientation and related
discriminations.

[ Before 3 months follow-up enrollment

S J
Research team would review the participant’s completion progress and

send reminder messages once a week for three times respectively.
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e Reminder to fill in the first follow-up survey .
e Reminder to complete the interactive game & .
review the information pages

Reminder to fill in the first follow-up survey
Reminder to review the information pages

| 3 months post-enrollment and first follow-up data collection l

Before 6 months follow-up enrollment Wﬁ

Research team would review the participant’s completion progress and
send reminder messages once a week for three times respectively.

. v

e Reminder to fill in the second follow-up e Reminder to fill in the second follow-up
survey survey
e Reminder to complete the interactive game & e Reminder to review the information pages

review the information pages

| 6 months post-enrollment and first follow-up data collection ‘

~

Exit | ¥

confirm their completion and thank their committed participation in the study.

[ After participants have completed the survey, research team would send a follow-up message to ]

Randomization and masking

Randomization was performed using a computer-generated block
randomization procedure with a block size of 4 and a 1:1 randomiza-
tion ratio. The computer-generated sequence was created by an inde-
pendent programmer, who also developed an online platform that
managed masking and allocation concealment. Participants were
automatically assigned by the platform based on the randomization
ratio only after they had successfully registered on the platform. All
participants and research team members were blinded to the allocation
sequence prior to assignment (i.e., allocation concealment). However,
participants were not blinded after allocation, and blinding to group
assignment was not feasible given the nature of the intervention. The
research team was not blinded either. It is important to highlight that
our eHealth intervention was self-paced, and the study questionnaires
were self-administered. This setup minimized any direct interaction
between participants and the research team regarding intervention
content, thereby reducing the potential for bias introduced by the
research team.

Procedures

Participants were screened for eligibility through an online screening
questionnaire. Eligible participants were asked to sign an electronic consent
form and use their email addresses to register for the study. After enroll-
ment, the research team sent each participant a confirmation message and
further instructions for participating in the study. After completing the
baseline questionnaire, they were then randomly assigned to either the
intervention or control group and were automatically guided to the web
content corresponding to their allocation. In addition to instructions pro-
vided via pop-up messages when participants entered the platform, timely
reminder messages from our trained research assistant were also sent to
participants who did not complete the intervention content.

The intervention, named “Safe Fun Battle”, was designed to promote
safer sex behaviors among Chinese MSM dating app users. Underpinned by
the Theory of Planned Behavior", the intervention consisted of interactive
components and knowledge-based information about safer sex practices,
including condom use, an introduction to different STTs, and guidance on
how to get tested. The theory posits that all behaviors are influenced by an
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individual’s intentions, which are determined by attitudes, normative
beliefs, and perceived control. Accordingly, we incorporated scenarios into
the interactive game where personal beliefs and attitudes about sexual health
primarily drive the decision-making process. For example, participants
could choose whether to trust the negative HIV test results presented by a
virtual partner and decide whether to go condomless in the game. Addi-
tionally, the intervention provided comprehensive information on safer sex
and sexual health. Exposure to accurate knowledge was expected to raise
awareness of potential risks, thereby enhancing participants’ perceived
control over their sexual behaviors.

To better understand the needs and real-life experiences of MSM
dating app users, we initially conducted an exploratory qualitative study
involving thirty-one sexually active MSM dating app users™. Based on their
usage of dating apps, specific sexual activities coordinated via these apps,
and their experiences arranging sexual encounters, the research team
designed three sets of tailored scenarios. The content of the intervention was
also co-developed with local organizations offering community support and
STI testing services to the MSM population. Specifically, the principal
investigator of this study initially proposed some scenarios, after which all
relevant stakeholders, working as a team, provided detailed suggestions
based on their own experience or practices. Afterward, internal pilot tests
were conducted within the team to confirm the appropriateness of the
content, and unstructured discussions were held periodically. We con-
tinuously revised our intervention content until a final consensus was
reached. Notably, the gamification elements and educational content
designed for the intervention group were discussed and confirmed with
front-line workers. By incorporating real-life examples collected from the
qualitative interviews and practical insights from local community workers,
the intervention aimed to improve participants’ perceived self-efficacy and
decision-making skills related to condom use, negotiation and HIV/STI
testing in real-life contexts.

Three sets of tailored scenarios were selected as the background for the
games, including The Hotel Room, When Sex Encounters Drugs, and
Cruising at the Sauna. In each storylines, participants were exposed to
various situations illustrating the potential consequences of meeting sexual
partners through dating apps, as well as the risks to sexual health during
sexual encounters. They had to make virtual decisions in each context, with
each action leading to a different ending for the stories. Depending on the
player’s choices, there were 11 possible endings to the stories. The endings
were tied to the content of the information pages. For example, if players
chose to have condomless sex and were exposed to the risks of STI trans-
mission, they were directed to the relevant information pages to learn more
about safer sex practices, a good condom use guide, an introduction to
different STIs, and how to get tested. There were also neutral endings where
players made informed and safe decisions in every situation. In these cases,
they were presented with general reminders for safe dating app usage®,
highlighting the potential risk of sexual abuse associated with app use. This
caution was based on a previous study that reported a higher incidence of
sexual abuse among dating app users. In addition, participants were also
presented with information related to chemsex, along with a list of local
supporting organizations and the services they offer.

The control group was provided with brief information and educa-
tional materials from the online platform, which were not related to the
intervention component on dating apps and safer sex. Participants were
offered three information pages that provided an expanded description of
sexual orientation, discrimination against sexual orientations, and disclos-
ing one’s sexual orientation (coming out).

All participants were encouraged to review the content of their assigned
group at their convenience throughout the study period in a self-paced
manner. Every action on the study website would be recorded automatically
and monitored daily by the research assistant. This allowed the research
team to quickly check whether individual participants accessed different
study components and to track their progress. Reminder messages were sent
to the participants when it was time to complete the first (at 3 months post-
enrollment) and second (at 6 months post-enrollment) follow-up surveys.

In these messages, the participants were also reminded to complete
any required study components they had not yet finished. The detailed
flowchart is shown in Fig. 3.

When the participants registered for the intervention, they provided an
email address or phone number for identification and verification. Each set
of information could only be used once, and all registered participants could
only access the content assigned to them. Participants had unlimited access
to their respective content throughout the 6-month study period (Supple-
mentary Note 1). Both groups completed self-administrated online assess-
ments three times: at baseline, at 3 months (first follow-up), and 6 months
after baseline (second follow-up). All study data were de-identified and
strictly confidential, and only members of the research team were author-
ized to access them. The intention-to-treat principle was applied throughout
the study.

Outcomes

The primary outcome was the frequency of condomless anal sex in the past
3 months, measured by asking participants how often they used a condom
during different types of sex. Responses to this self-reported item ranged
from “never” to “always”, with only “always” being considered consistent
condom use. All other answers were considered inconsistent condom use.
Secondary outcomes included five other behavioral outcomes and two
psychological outcomes. Four secondary behavioral outcomes were mea-
sured in the same way as condom use, including the frequency of group sex,
chemsex, HIV testing, and other STT testing behaviors in the past 3 months.
These behavioral outcomes were analyzed as binary variables. Additionally,
to provide a more comprehensive understanding of the primary outcome,
the number of sex partners with whom participants had condomless anal
sex in the last 3 months was also recorded, though this metric was not
mentioned in the published protocol .

In addition, self-efficacy and attitude toward condom use were col-
lected as psychological outcomes. Self-efficacy in condom use was measured
by the validated traditional Chinese version of the Condom Self-Efficacy
Scale (CSES)*, a 14-item instrument covering three domains: (1) consistent
condom use, (2) correct condom use, and (3) condom use communication.
Participants rated their responses on a 5-point Likert scale, ranging from 1
(very unsure) to 5 (very sure), with a total score ranging from 14 to 70.
Higher scores indicated a higher level of condom use efficacy. The scale had
good reliability in this study, with a Cronbach’s alpha coefficient of 0.93.

Attitudes toward condom use were measured by the UCLA Multi-
dimensional Condom Attitudes Scale (MCAS), which has been modified
and validated in Hong Kong before**. It is a 23-item instrument covering
six domains: (1) reliability and effectiveness, (2) excitement, (3) displeasure,
(4) identity stigma, (5) embarrassment about negotiation, and (6) embar-
rassment about purchase. Participants rated their responses on a 7-point
Likert scale, ranging from 1 (strongly disagree) to 7 (strongly agree), with a
total score ranging from 23 to 161. Higher scores indicated a more positive
attitude toward condom use. The scale had good reliability in this study,
with a Cronbach’s alpha coefficient of 0.90.

Finally, participants’ sociodemographic characteristics were also col-
lected, including age, sexual orientation, relationship status, education level,
employment status, and monthly personal income.

Statistical analysis

Descriptive statistics were presented to characterize the sociodemographics
and study outcomes of the participants at each time point. Comparisons
between participants who completed the study (non-dropouts) and those
who did not (dropouts) were performed using Chi-square tests for cate-
gorical variables and independent samples ¢-tests for continuous variables.
Generalized linear mixed-effects models with logit links were used to ana-
lyze binary outcomes (i.e.,: the practice of condomless anal sex, group sex,
chemsex in the last three months, receiving HIV testing, and other STI
testing in the last three months). Linear mixed-effects models were used to
assess differential change in continuous outcomes (i.e.,: scores on the CSES
and MCAS, as well as the number of sex partners with whom participants
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engaged in condomless anal sex in the past 3 months). Time, group, and the
interaction between group and time were included as independent variables.
The intention-to-treat principle was applied. These models could handle
missing follow-up assessments without the need for imputation. The odds
ratio (OR), mean difference, and 95% confidence interval (95% CI) were
estimated. To investigate potential mediating effects, Hayes” Process Model
4 was utilized for mediation analysis®. In this analysis, group allocation
served as the independent variable, while changes in CSES and MCAS scores
from baseline to the 6-month follow-up were mediators. The dependent
variable of interest was the occurrence of condomless anal sex reported at
the 6-month follow-up. Statistical analyses were performed using SPSS
version 25.0 (IBM Corporation). All statistical tests were two-tailed, with a
statistical significance level of 5%.

Ethics consideration

This study was approved by the Institutional Review Board of the University
of Hong Kong/Hospital Authority Hong Kong West Cluster (HKU/HA
HKW IRB), reference number: UW 18-152. Electronic informed consent
was obtained from each study participant. The study reporting follows the
Consolidated Standards of Reporting Trials (CONSORT) - EHEALTH
checklist” and in accordance with the Declaration of Helsinki.

Data availability

A more comprehensive abstract is detailed in the Supplementary Note 2.
The raw data supporting the conclusions of this article and additional,
related documents are available from the corresponding author on rea-
sonable request.
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