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Furthermore, compared with non-MSM males, MSM have 
higher odds of engaging in commercial sex [6], drug use [7], 
and multiple sex partners [8], which makes them susceptible 
to HIV infection and sexually transmitted diseases (STDs).

Currently, face-to-face interventions to reduce HIV-
related risk behavior among MSM population, such as moti-
vational interviewing and peer interventions, are often used 
and have yielded good results. For example, Mausbach pro-
vided a face-to-face intervention for MSM in the interven-
tion group based on motivational interviewing techniques, 
and by 12 months post-baseline 7.1% reduction in unpro-
tected sexual behavior was observed in the intervention 
group compared to control group [9]. Similarly, Chakrapani 
provided a motivation interviewing-based counselling inter-
vention to 459 MSM with 16.4% increase in condom use 
in the intervention group after 6 months [10]. Besides, Liu 
conducted a 12-month peer intervention to 367 MSM and 
showed 68% reduced risk of using illicit drugs in the inter-
vention group compared to the control group [11]. How-
ever, given the sexual and HIV discrimination and stigma 
that MSM may feel during face-to-face interventions, this 
approach produced a high rate of subsequent attrition, 
which was not conducive to intervention sustainability [9, 

Introduction

Globally, men who have sex with men (MSM) are dispro-
portionately affected by HIV [1]. The HIV epidemic has 
been increasing dramatically among MSM in China [2]. In 
2019, MSM accounted for approximately 23% of new 
domestic HIV infectors, the HIV infection rate in MSM was 
approximately 8%, which was higher than that of drug users 
(2.4%) and female sex workers (0.2%) [3]. A higher preva-
lence is associated with risky sexual behavior, Bowring 
[4] reported that 30–84% of MSM in Asia have condom-
less anal intercourse. In China, the rate of condomless anal 
intercourse among non-regular sex partners was 42.8% [5]. 
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service (SMS) intervention on HIV-related high-risk behaviors among Men who have sex with men (MSM). In total, 631 
HIV-negative MSM were enrolled at baseline and divided into intervention and control groups randomly. Nine months 
later, the intervention group who received additional customized SMS intervention reported significantly lower rates of 
multiple partners, unclear partner infection status and condomless anal intercourse compared to the control group who 
received the routine intervention only. Six months post stopping the SMS intervention, the rates of unclear partner infec-
tion status and condomless anal intercourse still remained lower report in the intervention group. Our study shown that 
the customized SMS interventions can significantly reduce the HIV-related high-risk behaviors among MSM and with 
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12]. SMS has showed the advantages of being more effi-
cient in the health intervention process [13]. Khosropour’s 
survey of MSM found that they were generally willing to 
accept an SMS-based intervention [14], and a study in Togo 
showed that the majority of MSM who received an SMS 
intervention were satisfied with it [15]. And considering the 
advantages of SMS itself such as low cost, speed, accuracy, 
spreadability, concealment, and interactivity [16], SMS 
intervention may be a promising intervention.

In fact, SMS sent via cell phones has been used to pro-
vide sexual health information to MSM. Gerend conducted 
a nine-month SMS intervention with 150 MSM and found 
that “daily text messages” intervention group received HPV 
vaccination at more than three times the rate of the control 
group [17]. Similarly, a Peruvian study found an increase 
in HIV testing rates among MSM after a three-week SMS 
intervention for 62 MSM who participated in focus groups 
[18]. Furthermore, Reback conducted an RCT of 286 MSM 
who used methamphetamine with a 9-month text message 
intervention at a biweekly frequency and found a signifi-
cant reduction in methamphetamine use among MSM in 
the intervention group [19]. In addition, in China, Song 
sent HIV-related knowledge intervention messages to 162 
MSM at a twice-weekly frequency, and condom use among 
MSM increased significantly after 6 months of the interven-
tion [20]. In summary, SMS interventions for MSM have 
demonstrated their effectiveness and ability to prevent HIV.

However, most studies of SMS interventions are mass 
texting to the intervention group [20–22], we have not 
found any research report on the customized intervention of 
individual behavior. In addition, some studies had smaller 
sample sizes, and shorter observation periods [17, 18], and 
few study observed behavioral changes after intervention 
[18, 20]. Therefore, we designed a randomized controlled 
trial based on individuals to explore the effectiveness and 
significance of the customized SMS intervention approach 
in a larger MSM for 15-month visit.

Methods

Study Design

This was a single-site, parallel-arm, individual based ran-
domized controlled trial. The plan was to recruited 600 
HIV-negative MSM population and then randomly assigned 
to the intervention and control groups according to ran-
dom numbers, with the control group receiving the routine 
intervention only and the intervention group receiving the 
additional customized SMS intervention, after 9 months, 
comparing the changes in high-risk behaviors between the 
two groups. Six months post stopping the SMS intervention, 

the HIV-related high-risk behaviors was observed again in 
both groups.

Sample Size

We set the incidence of condomless anal intercourse in the 
control group to 55% [23, 24]. PS software by Vanderbilt 
University was used to estimate the sample size, the number 
264 was calculated for intervention group, based on a 30% 
incidence reduction in the intervention group compared to 
the control group, with 90% power and a one-sided alpha 
of 0.05. Considering the 10% lost visit of the participants, a 
total sample size of 580 cases at least was needed. Finally, a 
total of 631 HIV-negative MSM were recruited in our study.

Study Field and Participants

Kunshan Rainbow Service Organization (hereafter referred 
to as Kunshan Rainbow), a non-government organization in 
Kunshan city, Jiangsu province, is dedicated to helping HIV-
high-risk populations cope with health crises and promoting 
the rights of people affected by HIV. Volunteers from Kun-
shan Rainbow recruited participants in various ways, such 
as online publicity, on-site recruitment, peer promotion, and 
outreach services.

Eligible MSM participants were > 18 years who were 
HIV-negative, as determined by a colloidal gold-based pri-
mary screening antibody test of enrollment. Participants 
reported having anal sex with a man in the past 3 months 
and met the following criteria:(1) willingness to provide a 
cell phone number, name, or nickname; (2) ability to partici-
pate in follow-up visits within the next year; (3) willingness 
to answer the questionnaires and test for HIV, syphilis, gon-
orrhea, and other STDs; and (4) had no cognitive impair-
ment and informed consent.

Exclusion criteria included: (1) currently participating 
in other AIDS-related intervention studies; (2) planning to 
move out of Kunshan City the following year; and (3) psy-
chosis or dementia according to medical institution reports.

Randomization

To ensure randomization and reduce selection bias in the 
grouping of study subjects, random groups based on indi-
viduals was used in our study. A total of 631 HIV-negative 
MSM were recruited in our study, each participant was 
assigned three digits according to a random number table 
in order of enrollment. Those with an odd mantissa were 
included in the intervention group and those with an even 
mantissa were included in the control group.
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Survey Contents

All participants entering the survey were required to com-
plete the questionnaires, HIV and syphilis rapid testing, and 
clinical examination of gonorrhea, genital herpes, and con-
dyloma acuminata.

The participants completed an electronic questionnaire 
by scanning the QR code of WeChat. The questionnaire 
was divided into two sections: sociodemographic charac-
teristics and HIV-high-risk behaviors. Sociodemographic 
characteristics included nickname, mobile number, age, 
household registration, ways to find sexual partners, mari-
tal status with females, occupation, education, sexual ori-
entation, age at first sexual intercourse, and whether tested 
for HIV in the past year. HIV-related high-risk behavior 
included eight questions, such as the number of sexual part-
ners, Sex with male infector(refers that men who sex with 
HIV positive men), condomless anal intercourse, new-type 
drug use (refer to the new synthetic drugs, such as Metham-
phetamine, Rush, Capsule 0, Magu, etc.), group intercourse, 
commercial sex, Condomless oral sex, and condom use in 
last intercourse.

Rapid testing for HIV and syphilis HIV antibody primary 
screening and syphilis detection were performed using an 
HIV antibody diagnostic kit and syphilis spirochete anti-
body detection reagent (colloidal gold method; Newscen 
Coast Bio-Pharmaceutical). Those who were HIV positive 
in the rapid test were referred to the Kunshan Center for 
Disease Control and Prevention for confirmatory testing.

The clinical examination of gonorrhea, genital herpes, 
and condyloma acuminata was completed by professional 
doctors of the Department of Dermatology of Kunshan Jin-
ling Hospital.

Intervention

The routine intervention in our study refers to the health 
education we provided to all MSM who came to Kunshan 
Rainbow for HIV testing and MSM who received health 
information from other public media. The customized SMS 
intervention were designed based on the questionnaire com-
pleted by each survey participant. At each follow-up visit, 
we recorded the high-risk behaviors of the study participants 
and then customize the relevant intervention messages to be 
sent, and if the participant’s high-risk behavior changed, the 
content of the intervention would change accordingly. (For 
additional information see online supplemental appendix)

Study Procedures and Measures

If eligible, participants were screened and enrolled within 
30 days. Baseline participants were followed up at 3, 6, 9 

months, and the fourth follow-up was conducted at the ces-
sation of the intervention for 6 months after the end of the 
third follow-up visit, that is, a re-follow-up at 15 months 
after the baseline survey. Participants completed a question-
naire, rapid tests for HIV and syphilis, and clinical examina-
tions for STDs at each follow-up visit.(Figure 1)

Participants who failed to come to the follow-up visit 
within the specified follow-up time were defined as lost 
to follow up, only data with complete follow-up would be 
retained for data analysis and we would call the loss par-
ticipant to ask the HIV infection status and the reason for 
missing.

Statistical Analysis

The quantitative data were described as x ± σ , the compari-
son of two groups was performed using t test, and variance 
analysis was performed among multiple groups. Categorical 
data were described as N (%), Chi-square tests were used to 
compare the differences in the incidence of high-risk behav-
iors between the two groups during the 9-month intervention 
period and 6 months post stopping the intervention. Also, 
Z tests were used for two-by-two comparisons between 
multiple follow-up phases to describe differences in high-
risk behaviors at each follow-up visit during the 9-month 
intervention period. Furthermore, Difference-in-differences 
(DID) models were used to measure the net effect of the cus-
tomized SMS intervention on changes in high-risk behav-
iors in the intervention group.

HIV and STD cumulative incidences were calculated 
as the number of HIV seroconversions divided by the total 
number of person-years (PYs) of follow-up among those 
who tested HIV-negative at baseline.

The analysis was performed with SPSS 26.0 and Stata 
17.0 statistical software.

Difference-in-differences

The DID model was used to measure the effect of the cus-
tomized SMS intervention on HIV-related high-risk behav-
iors, which uses longitudinal data from two population 
groups (intervention and control) to obtain an appropriate 
counterfactual that allows the estimation of a causal effect.

As the dependent variable of the regression, we used 
high-risk behavior, a dichotomous variable that collects the 
results of the occurrence of HIV-related high-risk behaviors 
(1 for occurrence and 0 for non-occurrence). The effect of 
the customized SMS intervention was estimated according 
to the effects on the dependent variable from the interaction 
with the temporal variable time and the variable group.
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Results

Sociodemographic Characteristics

A total of 631 HIV-negative MSM were recruited at the end 
of April 2020, and a baseline survey was conducted in May 
2020. The mean age of participants was 32.36 ± 8.46 years 
(range 16–70), 35.97% of them were married or cohabit-
ing with a female, and 56.74% were service workers or 
freelancers. Of these, 44.22% had a college education or 
higher. The mean age for first anal intercourse with a man 
was 20.96 ± 4.61 years, 80.67% of the participants had been 
tested for HIV in the past year, and 583 (92.39%) were 

The specification of the DID model is specified in:

	 Y it = β0 + β1groupi + β2timet + β3groupi × timet + β4Xit + uit

where i = 0 is the control group, and i = 1 is the SMS group; 
t = 0 is the baseline, and t = 1 is the third visit (the 9-month 
follow-up visit); uit is the random disturbance term and Xit 
denotes the correction variable affecting the dependent vari-
able; the coefficient β of the groupi×timet term in the DID 
model determines whether the DID value is statistically 
significant.

Fig. 1  Flow chart for follow-up visits of participants
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characteristics between the two groups of lost to follow-
up(see supplemental appendix for details). The results 
showed that the proportion of condomless anal intercourse 
was significantly lower in the SMS group than in the con-
trol group at all three visits and decreased by 26.51%3rd visit 
compared to baseline. Likewise, the proportion of multiple 
partners (number of male sexual partners ≥ 2) was signifi-
cantly lower in the SMS group than in the control group 
(69.26% vs. 84.64%2nd visitχ2 = 19.626, P < 0.05 and 72.80% 
vs. 84.56%3rd visitχ2 = 11.341, P < 0.05), but was higher than 
the baseline by 11.22%2nd visit (χ2 = 8.299, P < 0.05) and 
14.76%3rd visit (χ2 = 13.642, P < 0.05). Similarly, the percent-
age of unclear partner infection status was significantly 
lower in the SMS group than in the control group at all three 
visits and decreased by 26.11%3rd visit compared to baseline. 

willing to initiate HIV testing in the future. After random-
ization of participants, the number of intervention and con-
trol groups were 317 and 314, respectively, and there were 
no statistical differences in the sociodemographic character-
istics of the two groups (Table 1).

Changes in HIV-related High-risk Behaviors During 
Intervention Period

During the 9 months from May 2020, when the baseline 
survey was completed, to March 2021, follow-up visits 
were conducted at three-month intervals. The overall fol-
low-up rate at 9 months was 86.53% (82.33% (261/317) 
for SMS group; 90.76% (285/314) for control group). And 
there was no statistical difference in sociodemographic 

Table 1  Sociodemographic Characteristics of 631 participants at baseline
Variable Total SMS Control t/χ2 P

N % N % N %
Age 32.36 ± 8.46 32.93 ± 8.53 31.78 ± 8.35 1.716 0.087
  18–24 96 15.21 44 13.88 52 16.56 1.129 0.569
  25–49 507 80.35 260 82.02 247 78.66
  ≥ 50 28 4.44 13 4.10 15 4.78
Native place (province)
  Jiangsu 225 36.66 111 35.02 114 36.31 5.166 0.160
  Others 406 64.34 206 64.98 200 63.69
Marital status with female
  In marriage 227 35.97 114 35.96 113 35.99 3.315 0.191
  Unmarried 365 57.85 178 56.15 187 59.55
  Other 39 6.18 25 7.89 14 4.46
Occupation
  Students 26 4.12 10 3.15 16 5.10 1.553 0.460
  Service personnel/Freelancer 358 56.74 183 57.73 175 55.73
  Personnel of enterprises and institutions/Others 247 39.14 124 39.12 123 39.17
Education
  College or above 279 44.22 138 43.53 141 44.90 0.584 0.747
  High school 230 36.45 120 37.85 110 35.03
  Junior high or below 122 19.33 59 18.61 63 20.06
Self-reported sexual orientation
  Homosexual 425 67.35 217 68.46 208 66.24 2.105 0.349
  Heterosexual 13 2.06 4 1.26 9 2.87
  Bisexual/Uncertain 193 30.59 96 30.28 97 30.89
Age of first homosexual intercourse

20.96 ± 4.61 20.70 ± 4.31 21.21 ± 4.89 -1.399 0.162
Anal sex role
  Only 0 213 33.76 106 33.44 107 34.08 3.465 0.177
  Only 1 215 34.07 118 37.22 97 30.89
  0 and/or 1 203 32.17 93 29.34 110 35.03
HIV tested in last year
  Yes 509 80.67 258 81.39 251 79.94 0.213 0.644
  No 122 19.33 59 18.61 63 20.06
Willing to take the HIV test voluntarily
  Yes 583 92.39 290 91.48 293 93.31 0.822 0.663
  No 10 1.58 6 1.89 4 1.27
  Unclear 38 6.02 21 6.62 17 5.41
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Changes in HIV-related High-risk Behaviors Post 
Stopping the Intervention

The follow-up rate at 15 months (the fourth visit) was 
97.99%, SMS group was 97.70% (255/261) while control 
group was 98.25% (280/285), there was no statistical differ-
ence between the two groups. Table 5 showed that the pro-
portion of unclear partner infection status was lower in the 
SMS group than in the control group (11.37% vs. 21.43% 
χ2 = 10.188, P = 0.002), a decrease of 25.79% compared to 
baseline (χ2 = 49.460, P < 0.05), but with no statistical dif-
ference from the third visit. Similarly, the proportion of 
condomless anal intercourse was lower in the SMS group 
than in the control group (21.96% vs. 37.86 χ2 = 15.974, 
P < 0.001), with a decrease of 18.73 compared to baseline 
(χ2 = 22.664, P < 0.05) and an increase of 7.78% from the 
third visit (χ2 = 5.290, P < 0.05). In addition, the proportion 
of new-type drug use was lower in the SMS group than in the 
control group (27.06% vs. 40.71% χ2 = 11.524, P < 0.001), 
with no statistical difference compared to both the base-
line and the third visit (27.06%4th visit vs. 31.55%baseline vs. 
24.523rd visit). There were no significant differences in other 
behaviors between the SMS and control groups.

Discussion

In this randomized, controlled trial evaluating an interac-
tive, customized SMS-based intervention among HIV-neg-
ative MSM, participants who received customized SMS 
were less likely to have HIV-related high-risk behaviors. 
Specifically, the proportion of participants in the interven-
tion group who had condomless anal intercourse, unclear 
partner infection status, and multiple partners was signifi-
cantly lower than that in the control group after 9 months of 
intervention. Although the proportion of condomless anal 
intercourse increased in both groups six months after stop-
ping the intervention, it remained lower in the intervention 
group than in the control group and at baseline.

Condomless anal intercourse is an important cause of 
HIV infection in MSM [1], our results showed that custom-
ized SMS could significantly improve condom use among 
MSM. Condomless anal intercourse was a high-risk behav-
ior with the greatest reduction in this study, and the inter-
vention effect was better than the QQ-based intervention 
service of Yan [25] and the web-based intervention study 
of Anand [26]. This may be due to two reasons: first, MSM 
were highly receptive to receiving HIV-related information 
by SMS, over 80% of respondents were in favor of using 
SMS interventions for HIV health education [27]; second, 
researchers sent text messages with health information 
about the risk of anal intercourse to participants who had 

Additionally, the incidence of condomless oral sex was sig-
nificantly higher in the SMS group than in the control group 
at the third visit (χ2 = 5.523, P < 0.05). However, the differ-
ence was not significant compared to the baseline, and there 
was no statistical difference between all three visits. There 
were no significant differences between the SMS and con-
trol groups for other behaviors. There was no statistically 
significant difference between the second and third visits 
for all high-risk sexual behaviors in the SMS group. (See 
Table 2)

Effects of the Customized SMS Intervention with DID 
Models

Capturing the net effects of SMS interventions through DID 
models can exclude the effects of routine interventions. 
Table 3 shows the results of the DID models for the inci-
dence of high-risk behaviors. In models where the dependent 
variables were multiple partners, unclear partner infection 
status, last intercourse without condom, and condomless 
anal intercourse, the time*intervention interaction term (net 
effect term) β values were − 0.146 (t= -2.771, P = 0.006), 
-0.105 (t= -2.062, P = 0.040), -0.081 (t= -1.973, P = 0.049), 
and − 0.168 (t= -3.217, P = 0.001), respectively. After elimi-
nating the effect of the routine intervention received by 
both groups, receiving the customized SMS intervention 
could reduce 16.77% in the proportion of condomless anal 
intercourse, 14.57% in the proportion of multiple partners, 
10.53% in the proportion of unclear partner infection sta-
tus and 8.11% in the proportion of last intercourse without 
condoms.

HIV and STD New Infections

During the 9 months intervention period, there were five new 
HIV infections, of which, one in the SMS group occurred at 
the first follow-up (0.49 per 100 PYs, 95% CI: 0.03–3.12), 
four in the control group (1.85 per 100 PYs, 95% CI: 0.59–
4.99): two cases occurred at the first and second follow-up 
visits, respectively, and two cases at the third follow-up visit. 
Other STD infections: (1) the SMS group: 3 syphilis infec-
tions (1.45 per 100 PYs, 95% CI: 0.37–4.53), 5 gonorrhea 
infections (2.41 per 100 PYs, 95% CI: 0.89–5.84), 1 geni-
tal herpes infection (0.48 per 100 PYs, 95% CI: 0.03–3.05) 
and 5 condyloma acuminata infections (2.31 per 100 PYs, 
95% CI 0.90–5.89); (2) the control group: 7 syphilis infec-
tions (3.38 per 100 PYs, 95% CI: 1.49–7.15.), 6 gonorrhea 
infections (2.86 per 100 PYs, 95% CI: 1.17–6.42); 1 genital 
herpes infection (0.47 per 100 PYs, 95% CI: 0.02–2.99) and 
11 condyloma acuminata infections( 5.23 per 100 PYs, 95% 
CI: 2.77–9.42). (See Table 4)
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condomless anal intercourse at the time of the follow-up 
visit, and this portion of the health message content was dis-
continued when these participants reported using condoms 
at the next follow-up visit three months later. This interac-
tive feature positively improved the condomless anal sex 
behavior of MSM and facilitated the researcher’s under-
standing of the effects of the intervention [28].

In a survey of 342 MSM in Dalian, Yaxin [29] found that 
33.6% of MSM were unaware of the HIV infection status of 
their sexual partners before having sex, which was similar 
to the 37.22% in our study. Disclosure of each other’s infec-
tion status among sexual partners would help take further 
protective measures to reduce the risk of HIV infection [30]. 
A study in Peru showed that communication between sexual 
partners could be effectively improved by increasing HIV 
risk awareness among MSM [31]. Therefore, in this study, 
we sent messages related to HIV infection risk knowledge to 
MSM in the intervention group, who were unaware of their 
partner’s infection status, and the results showed that the 
proportion of unclear partner infection status in this group 
continued to decline. MSM who received customized SMS 
had a significantly higher risk awareness and were more 
willing to actively ask about their sexual partner’s infection 
status, considering their health status.

Bairan [32] reported that knowing the infection status of 
sexual partners can stabilize sexual partner relationships and 
reduce the number of sexual partners. In our study, although 
the percentage of unclear partner infection status decreased 
significantly in both groups after 9-months intervention, the 
proportion of multiple partners in both groups was signifi-
cantly higher than the baseline level. The reason for this was 
that the baseline survey was during the Covid-19 epidemic 
period when traffic was closed, and the reduced mobility of 
the population made sexual partners relatively fixed [33]. 

Table 3  DID models estimates of the effect of the SMS on the prob-
ability of risk behaviors
Dependent 
variable

Variable Coeffifi-
cient
(β)

Std. 
Error

t P

Multiple partners (number of male sexual partners ≥ 2)
Time 0.29321 0.035 8.323 0.000
Treated 0.02312 0.039 0.592 0.558
Time*treated -0.14568 0.053 -2.771 0.006

Unclear partner infection status
Time -0.14411 0.037 -3.858 0.000
Treated 0.01219 0.039 0.310 0.754
Time*treated -0.10530 0.051 -2.062 0.040

Last intercourse without condom
Time -0.09669 0.029 -3.274 0.001
Treated 0.03590 0.033 1.083 0.281
Time*treated -0.08108 0.041 -1.973 0.049

Condomless anal intercourse
Time -0.09747 0.038 -2.526 0.011
Treated 0.02478 0.039 0.649 0.525
Time*treated -0.16771 0.052 -3.217 0.001

Condomless oral sex
Time -0.04243 0.041 -1.032 0.301
Treated 0.00113 0.040 0.033 0.977
Time*treated 0.09890 0.058 1.701 0.089

New-type drug use
Time 0.00444 0.037 0.119 0.905
Treated 0.03520 0.036 0.974 0.334
Time*treated -0.07469 0.053 -1.422 0.156

Group intercourse
Time -0.03243 0.025 -1.313 0.190
Treated 0.002039 0.026 0.078 0.937
Time*treated -0.02997 0.034 -0.878 0.378

Commercial Sexual
Time -0.04383 0.013 -3.274 0.001
Treated -0.01626 0.016 -1.010 0.314
Time*treated 0.03213 0.019 1.667 0.096

Table 4  New HIV and STDs infections in participants
SMS Control

N PYs
(person-years)

HIV/STDs Incidence N PYs
(person-years)

HIV/STDs Incidence

HIV Positive
  9-month intervention period 1 204.25 0.49 4 215.75 1.85
  6-month post intervention 0 127.50 0 1 140.00 0.71
Syphilis
  9-month intervention period 3 206.50 1.45 7 206.75 3.38
  6-month post intervention 6 124.00 4.84 4 132.00 3.03
Gonorrhea
  9-month intervention period 5 207.50 2.41 6 209.50 2.86
  6-month post intervention 2 124.00 1.61 2 136.00 1.47
Herpes genitalis
  9-month intervention period 1 209.50 0.48 1 213.00 0.47
  6-month post intervention 0 126.00 0 1 138.00 0.72
Pointed condyloma
  9-month intervention period 5 205.75 2.43 11 210.25 5.23
  6-month post intervention 4 123.00 3.25 7 134.00 5.22
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groups during the intervention period but remained at base-
line levels in the SMS group after stopping the intervention, 
in contrast to a significant increase in new-type drug use in 
the control group. It is evident that the effect of the text mes-
sage intervention on these two high-risk behaviors of new-
type drug use and sexual partner infection status among 
MSM was sustained. In contrast, although the intervention 
group did not return to the baseline level of condomless 
anal intercourse after stopping the intervention as did the 
control group, the change in condomless anal intercourse 
also rebounded with a longer cessation of the intervention. 
This may be closely related to psychosocial factors in the 
MSM population; MSM’s sexual orientation is in serious 
conflict with traditional attitudes; they often choose not to 
use condoms to promote trust between partners [36]. As a 
result, MSM had a high rate of knowledge about HIV pre-
vention and treatment but a low rate of reporting safe sex, 
so this situation of separation of knowledge and behavior of 
HIV in this population was the focus of intervention [37]. 
Given the sustained effect of the customized SMS interven-
tion on the change in condomless anal sex behavior in this 
study, we speculate that long-term, sustained follow-up with 

The lifting of the epidemic closure management in the sub-
sequent follow-up visits led to an increase in the number of 
sexual partners. After excluding the effects of time and rou-
tine interventions, the DID model results showed that cus-
tomized SMS could reduce the number of sexual partners 
in MSM. Notably, the proportion of all high-risk behaviors 
in the intervention group in our study was not statistically 
different between the second and third follow-up visits. This 
indicates that the intervention effect was significant in the 
short term, but the effect diminished over time, which is in 
line with the Berg’s finding [34]. Combined with the field-
work of the follow-up intervention, it is speculated that this 
phenomenon may be due to the diminishing marginal utility 
of health education [35].

This study evaluated the 15-month effects of the custom-
ized SMS intervention on high-risk sexual behavior among 
MSM. We followed up with the study participants again 
six months after stopping the intervention and showed that 
there were no significant differences in the proportions of 
unclear partner infection status and new-type drug use in the 
intervention group compared to the third visit. In particular, 
new-type drug use did not show differences between the two 

Table 5  High-risk Sexual Behaviors Changes among Participants in Different Groups after Stopping the Intervention
Variable The fourth visit (15 Months) Compare to baseline Compare to 3rd visit

SMS
N (%)

Control
N (%)

χ2 P SMS
(extent %)

Control
(extent %)

SMS
(extent %)

SMS
(extent %)

Sex with male infector
  Yes 5 (1.96) 3 (1.07) 10.188 0.002 -25.79# -15.83 0.26 -1.03
  No 221 (86.67) 217 (77.50)
  Unclear 29 (11.37) 60 (21.43)
Condomless anal intercourse
  Yes 56 (21.96) 106 (37.86) 15.974 < 0.001 -18.73# -0.36 7.78* 9.39*

  No 199 (78.04) 174 (62.14)
New-type drug used
  Yes 69 (27.06) 114 (40.71) 11.524 < 0.001 -4.49 12.68# 2.54 11.94*

  No 186 (72.94) 166 (59.29)
Number of male sexual partners
  0–1 33 (12.95) 25 (8.93) 2.223 0.136 29.01# 35.34# 14.25* 6.02*

  ≥ 2 222 (87.05) 255 (91.07)
Last intercourse without condom
  Yes 15 (5.88) 27 (9.64) 2.609 0.106 -18.41# -11.06# -0.63 -1.24
  No 240 (94.12) 253 (90.36)
Condomless oral sex
  Yes 136 (53.33) 156 (56.71) 0.305 0.581 -1.56 1.93 -7.21 6.18
  No 119 

(46.67)5
124 (44.29)

Group intercourse
  Yes 23 (9.02) 34 (12.14) 1.368 0.242 -2.97 0.36 3.25 3.70
  No 232 (90.98) 246 (87.86)
Commercial sex
  Yes 7 (2.75) 12 (4.29) 0.925 0.336 -0.72 -0.81 0.45 3.59*

  No 248 (97.25) 268 (95.71)
Ps: #: the fourth visit vs. baseline, P < 0.05; *: the fourth visit vs. the third visit, P < 0.05
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questionnaires, blood sample for syphilis and HIV testing, data collec-
tion and administrative work.
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