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Abstract

This study tested a mobile health (mHealth) intervention program entitled WeTest, delivered via 

the WeChat mobile app, to promote oral HIVST among MSM in Hefei, China. A total of 100 

MSM participants enrolled, completed baseline assessment, were randomly assigned to 

intervention or control, and completed 6-month follow-up surveys. Intervention participants 

(n=50) received two oral HIVST kits and access to WeTest, a private WeChat group which 

provided app-based messages and referrals to health services related to HIV. Control participants 

(n=50) received two oral HIVST kits only. All participants received instructions to upload 

photographic results of their oral HIVST, which were sent to the project counselor via a secure 

WeChat online portal; immediate contact and referrals were made to any participants who tested 

HIV-positive. In GEE analyses adjusting for time effects and baseline confounders, intervention 

participants had significantly higher rates of HIV testing (adjusted rate ratio RR = 1.99, 95% 

confidence interval (CI) 1.07–3.84) and, in particular, higher rates of testing via oral HIVST 

(adjusted RR = 2.17, 95% CI 1.08–4.37) compared with the control group. Significant time effects 
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were also found such that all participants, regardless of group allocation, had significantly higher 

rates of reporting consistent condom use with main partners (adjusted RR = 18.13, 95% CI 5.19–

63.31) and with non-main partners (adjusted RR = 5.33, 95% CI 2.35–12.08). Findings from this 

study provide evidence for the feasibility, acceptability and preliminary effects of this mHealth 

approach to promoting oral HIVST among MSM in China.
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Introduction

The WHO recommends that all sexually active men who have sex with men (MSM) should 

take an HIV test every 6–12 months [1]. HIV testing provides an important opportunity to 

motivate behavioral risk reduction for MSM who test HIV-negative and is a crucial step in 

the linkage to treatment and care for MSM who test HIV-positive [2,3]. Low rates of testing 

and undiagnosed HIV infection pose substantial risks for furthering the growth of the HIV 

epidemic [4,5]. Achievement of the 90–90–90 target (90% detection of all HIV cases, 90% 

of people living with HIV on ART, and 90% of people on ART being virally suppressed) 

could substantially disrupt HIV transmission at the population level [6]. However, in many 

parts of the world, suboptimal rates of HIV testing among MSM is a key barrier to this 

target.

Men who have sex with men are among the key populations at highest risk for HIV infection 

in China. MSM accounted for 25.5% of newly identified HIV cases and AIDS patients in 

2017 [7], and MSM infection rates in China are expected to continue to rise in the absence 

of effective population-specific prevention programs [8]. Despite a national HIV prevention 

plan that prioritizes targeted HIV testing services for MSM, HIV testing rates among MSM 

in China remain low. A systematic review showed that 62% of Chinese MSM had not been 

tested in the past 12 months and about half of them had never been tested for HIV in their 

lifetime [9].

Stigma has been identified as a primary barrier to the utilization of HIV prevention and 

testing services among MSM in China [10,11,12]. HIV testing rates among MSM are further 

challenged by limited HIV knowledge, low perceived risk for HIV, low knowledge about 

HIV testing sites, inconvenient HIV testing clinic times, and fear of receiving a positive HIV 

diagnosis [12,13]. Efforts to improve privacy, confidentiality, and more convenient testing 

services are important to engage MSM in HIV testing and risk reduction [10,14].

HIV self-testing (HIVST) offers an approach to improve testing rates among MSM in China. 

Due to features such as its convenience, privacy, and ability to receive prompt results, 

HIVST may be an effective technology to facilitate HIV testing and identify HIV-infected 

people at an earlier stage of their disease, especially for people who have never been tested 

before [15,16]. A systematic review identified that self-testers can accurately use and 

interpret the HIV self-test kit and achieve results comparable to those obtained by health-

care workers when using HIV rapid diagnostic tests [17]. Oral HIV self-testing kits and 
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finger-prick HIV self-testing kits are available in China. Although both testing techniques 

are acceptable to potential users in China, research demonstrates greater preference for the 

former because it is more simple to use (e.g., not requiring a self-collected blood specimen) 

[18,19,20].

One of the concerns about HIVST is that, due to the autonomous nature of its use, 

undergoing HIV testing becomes decoupled from pre-test and post-test counseling, 

confirmatory testing, and linkage to care [10,21,22,23]. Strategies are needed to complement 

HIVST with timely and appropriate HIV knowledge, guidance about using and interpreting 

the test kit, behavioral risk reduction information, as well as appropriate referrals.

Mobile technology (mHealth) has been shown to be a feasible and acceptable approach for 

HIV prevention and treatment among MSM [24,25,26,27], and offers a strategy to 

communicate essential information to HIVST users. In China, WeChat is a widely used 

multipurpose mobile application that provides free text/chat messaging, news, gaming, e-

commerce and financial services, and other capabilities. Because of the ubiquitous use of 

this mobile application in China, WeChat offers a potential platform for delivering 

interactive communication messages to HIVST users.

The aim of this current study was to conduct a pilot randomized controlled trial to test an 

mHealth intervention entitled WeTest, which uses WeChat to deliver app-based information 

to MSM users regarding the use of and interpretation of HIVST kits, as well as other 

messages about HIV transmission, risk for other STIs, behavioral risk reduction, and the 

importance of regular HIV testing. This pilot study examined preliminary effects of the 

intervention on HIV testing and use of the HIVST kits; as a secondary outcome, effects on 

condomless sexual behavior were examined.

Method

This study involved a randomized controlled trial comparing MSM in China who received 

access to the WeChat platform compared to a control group without WeChat access. The 

study was conducted from September 2017 to June 2018 in Hefei, the capital city of Anhui 

Province, China. The protocol was registered on ClinicalTrials.gov ().

WeTest Intervention Development

WeTest was developed through a series of preliminary research steps to identify appropriate 

content and app-based procedures to optimize user engagement with the mHealth 

intervention. Based on the IMB model of HIV behavior change [28], an initial formative 

study sought to characterize information domains, motivational factors, and behavioral 

facilitators to promote HIVST and behavioral risk reduction in the target group. We 

conducted indepth individual interviews to explore prospective users’ preferences with 

respect to content of HIVST promotion and HIV prevention messages delivered via WeChat 

[29]. Based on analysis of qualitative data, an interdisciplinary research team worked in 

collaboration with staff from a community-based, MSM-focused, HIV prevention 

organization in Hefei to create a library of messages to provide information, motivation, and 

behavioral recommendations regarding the need for regular HIV testing and condom use 
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among MSM. Eight MSM were then recruited from community venues to participate in 

cognitive interviews to review the full library of messages, comment on and critique the 

clarity, interest level, and relevance of each message. After refining a library of initial 

messages based on this feedback, a beta-version WeTest account was created on WeChat. 

Sixteen MSM were recruited into a 4-week open pilot of the beta-version WeTest program, 

in which they received access to the WeTest account and were asked to review the app-based 

content and regular text-based and infographic messages delivered via the WeTest account. 

After 4 weeks, participants completed exit interviews to describe their experience using the 

app, comment and critique on the messages, and provide general recommendations to 

improve future user engagement. Feedback included comments about the timing, frequency, 

and tone of messages; suggestions about enhancing user interest by including locally 

relevant news about HIV and sexually transmitted infections (STIs); links to additional web-

based content; and recommendations about incorporating multiple communication 

modalities such as videos and infographics.

Participant Recruitment

Participants for the pilot randomized controlled trial were recruited through purposive 

sampling including outreach at community, commercial and online venues frequented by 

MSM in Hefei, as well as through community-based referrals through the assistance of a 

local non-governmental organization serving MSM in Hefei. To be eligible, participants 

must have met the following inclusion criteria: age 18 or older; Chinese; cis-gender male; a 

history of unprotected anal sex with another man in the past 6 months; currently residing in 

Hefei with no intention to leave Hefei during the study period; HIV-negative or status 

unknown; willing to undergo HIVST; and in possession of a mobile smart-phone with 

capability to download and use WeChat. Individuals who previously participated in the open 

pilot were excluded. A total of 193 MSM expressed interest and were screened in person, of 

which 100 met inclusion criteria. Of the 93 who were excluded, 70 did not have unprotected 

anal sex in the past 6 months, 2 were younger than 18 years old, 2 had participated in a 

previous project phase, 3 were unwilling to undergo HIVST, and 8 were not residing in 

Hefei. In addition, 8 individuals tested HIV positive during baseline procedures (see 

Procedures), and were immediately referred to a local CDC for confirmatory testing and care 

and excluded from the study. Figure 1 presents the study flowchart.

Procedures

After completing informed consent, all participants watched a brief video created by the 

project team about self-administering the oral HIVST kit and interpreting the test results. A 

research assistant was initially present in the room to respond to questions arising while 

watching the video. Following the video demonstration, participants performed the HIVST 

in private and then completed a 20-minute baseline survey while waiting for their test 

results. Participants initially read and interpreted their test rests in private, and then the 

research assistant entered the room to answer questions. In order to maintain a sample of 

HIV-uninfected participants in the prospective trial, individuals who tested positive at 

baseline (n=8) were immediately referred to HIV care and excluded from the study. The 
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research assistant then assigned participants to intervention or control groups, based on an a 
priori randomization sequence that was managed by the study statistician.

Participants in the intervention group (n=50) downloaded the WeTest mobile app in the 

presence of the research assistant, who provided an overview of the WeTest account features 

including how to browse messages, videos, and news items on the account. They were 

instructed to maintain the WeTest account for 6 months, during which two new additional 

messages would be added to the account weekly. WeTest messages included brief 

informational articles about HIV, STIs, and HIV testing; first-person stories about people 

diagnosed and living with HIV; local data about HIV and STI infections among MSM; news 

about national policies related to HIV; and stories about general health concerns of MSM. In 

addition to new content, a video and information text about using the oral HIVST kit was 

permanently available on the WeTest account. The account also included a two-way 

communication feature in which users could send a text message to a member of the WeTest 
team and receive a reply within 24 hours.

Participants in the control group (n=50) completed the general baseline procedures only – 

i.e., they watched the video demonstration, self-administered the oral HIVST kit, and 

completed the baseline questionnaire. Participants in the control condition did not receive 

access to the WeTest account, and did not receive any of the app-based messaging provided 

to the intervention group.

At the conclusion of the baseline session, all participants were provided two additional oral 

HIVST kits and received standard information about the need for sexually active HIV-

negative or status-unknown MSM to test for HIV every 3 to 6 months. In order to confirm 

their actual use of the oral test kit and to increase opportunities for two-way communication, 

the research assistant requested that all participants upload and submit a photograph of the 

HIVST result via a secure project-specific “customer service account” on WeChat (different 

from the WeTest intervention account); however, this was not a mandatory component of the 

procedure. In the case of an emergency, all participants were informed that a member of the 

project team was “on call” 24-hours via the customer service account to provide immediate 

response, assistance, and referrals to any participant. In the case of any preliminary HIV 

positive results, members of the project team were trained in following standard Ministry of 

Health protocols regarding referrals to the local CDC for confirmatory testing and linkage to 

care.

Six months following enrollment, participants received a phone call or text message that 

provided a link to a secure online site for completing the follow-up survey. All participants 

received 100 RMB (approximately $14 USD) at baseline and at 6-month assessments.

Measures

Socidemographic Characteristics

Participants self-reported their age, education level, employment status, average monthly 

income in the past 6 months, marital status, current relationship status, sexual orientation, 

and whether they had hukou (official residence registration) in Hefei.
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HIV Testing

Participants self-reported lifetime and recent 6-month HIV testing behaviors at baseline and 

follow-up, including use of an oral HIVST kit. As mentioned, participants were asked to 

upload and submit a photograph of their oral HIVST result, which was included as an 

additional indicator of testing behavior.

Event-level Sexual Risk Behavior

A secondary outcome was sexual risk behaviors during the past 6 months. Participants 

described the following sexual behavior characteristics at baseline and at 6-month follow-up: 

type of relationship with sex partners (main, casual, commercial), partner gender (male, 

female), and sexual activities (insertive/receptive: oral, anal, vaginal). For each sex act they 

reported, they reported condom use on a 5-point scale: never, rarely, sometimes, often, 

always.

Sample Size Estimation and Statistical Analyses

Previous research showed that about 20% of MSM in China took an HIV self-test in the past 

6 months [30]. We anticipated a similar test rate in the control group. A sample size of 38 

participants per group was estimated to be sufficient to detect a between-group difference in 

the HIVST rate of 30% or above, based on 80% statistical power and a two-tailed alpha level 

of 0.05. In consideration of the potential drop-out rate, we increased the sample size to 50 

participants per group, yielding a total sample size of 100.

We first described baseline group differences with respect to participants’ demographic 

characteristics, HIV testing history, and sexual behaviors. Group differences on categorical 

variables, such as educational level, occupation and current relationship status, were 

described using Chi-square tests. Group differences on continuous or ordinal variables, such 

as times of HIV test in the past 6 months, were described using the Wilcoxon rank-sum test. 

Second, as determine preliminary intervention effects, we conducted multivariable analyses 

to test our primary hypothesis that participants in the intervention group would engage in 

higher HIV testing – in particular higher use of HIVST – compared with the control group 

from baseline to 6-month follow-up. We also explored differences in condom use between 

the intervention and control groups between baseline and 6-month follow-up. To test our 

hypotheses, we used generalized estimating equations (GEE) analysis to account for 

correlations of repeated measures data for both HIV testing and condom use. Relative risk 

ratios and 95% confidence intervals associated with the “group” variable (intervention vs. 

control) provided the main indicators of preliminary intervention effect sizes for key 

outcomes. Analyses used an intent-to-treat approach, and adjusted for baseline confounders 

(group, time, age, education, income, occupation, and hukou). All analyses were conducted 

in SPSS version 23.0; p-values < 0.05 were considered statistically significant.
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Results

Descriptive Statistics

A total of 100 participants enrolled (see Table 1 for characteristics reported at baseline). 

Over half were 18–29 years old (68%), had less than a college degree (53%), earned below 

5300 Yuan in the last 6 months (71%), and self-identified as gay or homosexual (78%). 

There were no statistically significant baseline group differences on the aforementioned 

characteristics. However, at baseline, control group participants were more likely to report 

being unemployed students compared with those in the intervention group; hence, 

multivariable analyses adjusted for occupation.

A library of 79 messages were created and delivered to participants via WeChat during the 

intervention period. Based on software diagnostics, approximately 80% of these messages 

(63 of 79 messages) were read by >20% of participants and 15% of the messages (12 of 79 

messages) were read by >50% of participants. The most frequently read WeTest messages 

included content concerning MSM diagnosed and living with HIV, drug use, and case 

studies about HIV infection. Further detailed description about the intervention process, 

content, and user experience will be provided elsewhere.

During the 6-month follow-up period, 5 intervention group participants “unfollowed” the 

WeTest account and 1 control group participant lost contact with the “customer service 

account”. These participants discontinued active participation between three to five months 

following enrollment, and subsequently did not receive WeTest messages. Among 

participants who reported using the oral HIVST kit, 98% (41 of 42 participants) of those in 

the intervention group and 35% (9 of 26 participants) of those in the control group submitted 

photographs of their oral HIVST results during the 6-month follow-up period. Two 

participants received HIV-positive self-test results (both in the control group).

HIV testing and condom use behaviors

Table 2 shows descriptive data on self-reported HIV testing behaviors at baseline and 

follow-up. At baseline, HIV testing history and attitudes towards oral self-testing between 

the intervention and control groups at baseline were all statistically non-significant. Most 

participants at baseline had taken an HIV test of any type in the 6 months (62% intervention, 

58% control), but few participants had ever self-administered the oral HIV self-test kit (12% 

intervention, 22% control). Most participants reported limited trust in results of the oral HIV 

self-test kit (58% intervention, 68% control) at baseline. Almost all participants reported 

inconsistent condom use for receptive and insertive anal sex with both main and casual/

commercial male sex partners at baseline (see Table 2).

At follow-up, participants in the intervention group compared with those in the control 

group reported significantly higher prevalence of taking any type of HIV test during the past 

6 months (92% vs 68%, p<0.01) and self-administering the oral HIVST kit (84% vs 52%, 

p<0.01). Intervention participants had a higher prevalence of submitting a photograph of 

their oral HIVST result compared with control (82% vs 18%, p<0.01), had a higher 

prevalence of taking an HIV test 2 or more times during the past 6 months (64% vs 40%, 

p<0.01), and reported higher trust in the oral HIVST results (71% vs 42%, p=0.02). There 
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were no significant differences between intervention and control groups in self-reported 

consistent condom use at follow-up, whether with main male sex partners (40% vs 40%, 

p=0.96) or with casual or commercial male sex partners (56% vs 52%, p=0.74), or during 

receptive anal sex (39% vs 51%, p=0.37) or insertive anal sex (48% vs 48%, p=0.99).

Intervention effects on HIV testing and condom use behaviors

Table 3 presents GEE models presenting intervention effect sizes with regard to the HIV 

testing and condom use outcomes. Group, time, age, education, incomes, occupation, and 

hukou were included in all GEE models. With respect to the primary outcomes, there was a 

significant increase in HIV testing behaviors (adjusted RR=1.99, 95% CI 1.03–3.84, 

p<0.05), use of oral HIVST (adjusted RR=2.17, 95% CI 1.08–4.37, p<0.05), and trust in the 

result of the oral HIVST (adjusted RR=2.28, 95% CI 1.15–4.51, p=0.02) in the intervention 

group compared to control. With respect to condom use behaviors, there were no significant 

differences between intervention and control groups. However, there were significant time 

effects for all condom use behaviors, such that all participants reported more consistent 

condom use with a main male sex partner (adjusted RR=18.13, 95% CI 5.19–63.31, p<0.01), 

with a casual or commercial sex partner (adjusted RR=5.33, 95% CI 2.35–12.08, p<0.01), 

during receptive anal sex with any male partner (adjusted RR=8.03, 95% CI 3.29–19.62, 

p<0.01), and during insertive anal sex with any male partner (adjusted RR=9.80, 95% CI 

3.78–25.41, p<0.01).

Discussion

This study explored the initial feasibility and effects of a mHealth intervention to promote 

HIV testing and, in particular, use of HIVST among MSM in China. Overall, results showed 

that the intervention increased HIV testing behavior, self-administration of HIVST, and trust 

in results of HIVST results over 6 months of follow-up compared to the control group, but 

had limited effects on increasing consistent condom use in the intervention group compared 

to the control group. These findings offer a promising indication that the WeTest mHealth 

intervention facilitated use of and trust in oral HIVST as a means for increasing awareness 

of one’s HIV status.

Preliminary intervention findings are useful in the context of growing acceptance of HIV 

self-testing among MSM in China. A cross-sectional study of 5,996 MSM in Beijing 

reported that 40% had previously used HIVST kits 92% were willing to use HIVST kits in 

the future [30]. Another study involving 2,383 MSM found that 16% of MSM in China who 

engaged in HIVST sought follow-up HIV prevention, testing, counseling, or care services 

provided at a non-governmental organization or CDC, suggesting that HIVST can offer an 

important step in improving use of in-person HIV services [31]. Thus, HIVST is a potential 

platform to achieving China’s 90-90-90 goals, by improving engagement in HIV care 

services among HIV-infected populations, as well as China’s overall HIV testing and 

prevention goals.

Findings from this pilot intervention provide preliminary evidence about the feasibility, 

acceptability, and preliminary effects of mHealth interventions for HIV-related outcomes in 

China. For example, WeChat has been shown to be a promising mode of delivering 
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messages to promote medication adherence [32] as well as mental health and quality of life 

[33] among people living with HIV in China. Previous research has described the potential 

for mHealth interventions to improve engagement in HIV prevention and sexual health risk 

reduction programs for MSM in China [27]. Nearly all (98%) of those who reported using 

oral self-test kits in the intervention group uploaded and submitted photographs with their 

test results to a remote WeTest staff counselor via the secure portal. This high submission 

rate suggest that the potential utility for remote health workers to counsel, refer, and provide 

linkages to care for people who test positive. In consideration of the barriers to in-person 

HIV testing and prevention counseling services described by MSM previously, HIVST 

coupled with mHealth interventions such as WeTest can facilitate comfort performing HIV 

testing in private along with prompt access to referrals to follow-up services and HIV risk 

reduction messages provided by a remote counselor.

Notably, participants who enrolled in the study had high rates of recent HIV testing at 

enrollment, relative to estimates of HIV testing behaviors reported in other studies of MSM 

in China [9,12], though fewer had used the HIVST kit. Previous studies have described some 

of the barriers to using oral HIVST among MSM in China, including low knowledge about 

oral HIVST as a method for HIV testing, mistrust and doubts about the accuracy of oral self-

testing, and poor access to oral HIVST kits [13,34]. Indeed, one of the broad barriers to use 

of HIVST is distrust of the HIVST products that are commonly available in China. 

Anecdotal reports have indicated the availability of oral HIVST kits through online markets 

in China, and MSM informants have expressed concern about the accuracy and authenticity 

of HIVST kits purchased through online sources [29]. The higher levels of trust toward oral 

HIVST results observed in the study may be attributed to our WeChat messages which 

provided information about the high quality of oral HIVST kits when provided through a 

reliable source such as CDC-endorsed NGOs or research universities in China. Therefore, 

efforts to improve access to safe, reliable, accurate and affordable oral HIVST kits in China 

are essential to achieve the promise of these kits to increase HIV testing behaviors.

The WeTest pilot intervention did not achieve higher rates of consistent condom use among 

intervention participants compared to the control group at follow-up. Self-reported 

consistent condom use was extremely low in both intervention and control groups at 

baseline, for each type of sexual behavior assessed. For example, less than 5% reported 

consistent condom use with main male sex partners, and approximately 20% reported 

consistent condom use with casual or commercial sex partners. Rates of consistent condom 

use increased considerably in both groups at follow-up, with approximately half of all 

participants reporting consistent condom use with main male sex partners and with casual or 

commercial sex partners, respectively. The higher rates of consistent condom use might 

reflect the positive effects of self-administering the oral HIVST kit and receiving 

preliminary HIV test result for all participants at baseline, which may have potentially led 

participants to reflect of their HIV risk factors and attempt to minimize risk through 

consistent condom use. However, the higher rates of consistent condom use reported at 

follow-up might also reflect participant self-report bias and the desire to appear compliant 

with HIV prevention recommendations.
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Limitations

There are several limitations this study. First, this study used a non-representative sample 

recruited through targeted physical and online venues. A noteworthy limitation of the sample 

was that the majority of participants had engaged in HIV testing during the 6 months prior to 

enrollment, which is not representative of the general MSM population in China. Future 

research with diversified recruitment methods to reach more high-risk subgroups of MSM 

samples are needed to determine the generalizable effects of mHealth approaches to promote 

oral HIVST in China. Second, one of the inclusion criteria stipulated that individuals must 

agree to self-administer the oral HIVST kit at baseline, which introduced a selection bias 

against those who were unwilling to do so. This specific criterion was based on our initial 

concern about the potential misuse or incorrect interpretation among first-time users of the 

oral HIVST kit, which was a relatively novel device in China and which necessitated an in-

person demonstration of the HIVST kit at enrollment to ensure appropriate use. Given our 

understanding of the relative ease of using the oral HIVST kit, future research might not 

require selecting participants based on their willingness to self-administer the oral HIVST 

kit at enrollment. Third, participants received oral HIVST kits free of charge directly 

through the project, which does not reflect the actual economic and physical barriers to 

accessing HIVST kits in China [35]; this design feature may have led to an overestimate in 

the usage of oral HIVST kits among MSM with limited financial resources. Further research 

examining the cost effectiveness of HIVST can inform the utility of incorporating HIVST at 

free or discounted prices into the national VCT policy. Fourth, despite the generally high 

HIVST acceptance level and retention rate of MSM participants observed in the study, there 

were some participants who discontinued using the app. Privacy was among the noted 

concerns about the WeTest app, and further research is needed to understand how to improve 

user engagement and retention in the intervention. Although most HIVST users in the 

intervention group submitted their photographic testing results via the online portal, fewer of 

the participants in the control group did so. Further research is warranted to understand 

users’ concerns related to sending HIVST result through electronic portals - via photographs 

or text – in order to facilitate timely and appropriate responses (e.g., counseling, referrals, 

linkage to care) at the point of home-based testing. Fifth, this pilot study assessed a small 

sample size, included short-term self-report outcomes, and lacked biological confirmation of 

sexual risk reduction outcomes. These methodological design characteristics were likely to 

have contributed to large confidence intervals. Future studies incorporating rigorous 

methodological design features such as long-term follow-up, biological outcomes, and a 

larger sample size are needed to provide stronger evidence of intervention effects. Finally, 

due to the preliminary nature of this pilot study, we were unable to test mediating variables 

that are necessary to understand the mechanisms of action that determine behavior change.

Conclusions

Findings from this study provide preliminary evidence about the feasibility, acceptability, 

and initial effects of using an mHealth approach to facilitate use of oral HIVST kits among 

MSM in China. Intervention effects on condom use were not observed. Future research is 

needed to test the effects of this mHealth strategy on HIV testing and sexual risk reduction, 

and will benefit from more representative MSM samples, a longer follow up period, 

biological or other objective indicators of intervention effects, assessment of theoretical 
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mechanisms, and additional efforts to ensure users’ sense of privacy and safety. Cost-

effectiveness analysis can inform policy decisions regarding increasing access to HIVST and 

incorporating this testing modality in China’s HIV prevention and testing policies. Future 

HIVST social marketing initiatives in China should also include efforts to address low HIV 

knowledge, awareness and testing of other highly prevalent STIs, and the role of stigma as a 

barrier to HIV/STI testing, access and linkage to care and treatment for people who test 

positive for HIV or STIs, and adherence to treatment for MSM in China.
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Figure 1. 
Study flowchart
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Table 3.

Effect of intervention on HIV testing and condom use behaviors in past 6 months using generalized estimating 

equations

RR Std. error 95% Wald CI Waldχ2 P

Lower Upper

HIV test, last 6 mos.

Group (Intervention vs control) 1.99 1.40 1.03 3.84 4.18 0.04

Time (Follow up vs baseline) 2.96 1.38 1.57 5.58 11.21 <0.01

Oral HIV self-test, last 6 mos.

Group (Intervention vs control) 2.17 1.43 1.08 4.37 4.77 0.03

Time (Follow up vs baseline) 12.43 1.46 5.96 25.93 45.14 <0.01

Trust degree in oral self-test result*

Group (Intervention vs control) 2.28 1.42 1.15 4.51 5.62 0.02

Time (Follow up vs baseline) 2.39 1.40 1.23 4.63 6.63 0.01

Consistent condom use with main male sex partner, last 6 mos.

Group (Intervention vs control) 0.90 1.52 0.39 2.06 0.06 0.80

Time (Follow up vs baseline) 18.13 1.89 5.19 63.31 20.63 <0.01

Consistent condom use with casual or commercial male sex partner, last 6 
mos.

Group (Intervention vs control) 0.95 1.52 0.41 2.17 0.02 0.89

Time (Follow up vs baseline) 5.33 1.52 2.35 12.08 16.06 <0.01

Consistent condom use during receptive anal sex with male sex partner, last 
6 mos. †

Group (Intervention vs control) 0.40 1.84 0.12 1.32 2.27 0.13

Time (Follow up vs baseline) 8.03 1.58 3.29 19.62 20.90 <0.01

Consistent condom use during insertive anal sex with male sex partner, last 
6 mos. †

Group (Intervention vs control) 0.60 1.62 0.23 1.54 1.17 0.29

Time (Follow up vs baseline) 9.80 1.62 3.78 25.41 22.38 <0.01

Note: Age, education, incomes, occupation, and hukou were controlled in all GEE models.

*
Categories: Strongly trust versus do not strongly trust (reference).

†
Categories: Always versus not always (reference).
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