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Abstract

Background: Men who have sex with men (MSM) constitute a significant population of patients infected with HIV. In recent
years, several efforts have been made to promote HIV testing among MSM in China.

Objective: This study aimed to assess HIV testing coverage and factors associated with first-time HIV testing among MSM to
provide a scientific basis for achieving the goal of diagnosing 95% of patients infected with HIV by 2030.

Methods: This cross-sectional study was conducted between July 2023 and December 2023. MSM were recruited from the
“Sunshine Test,” an internet platform that uses location-based services to offer free HIV testing services to MSM by visiting the
WeChat official account in Zhejiang Province, China. Participants were required to complete a questionnaire on their demographic
characteristics, sexual behaviors, substance use, and HIV testing history. A logistic regression model was used to analyze first-time
HIV testing and its associated factors.

Results: A total of 7629 MSM participated in the study, with 87.1% (6647) having undergone HIV testing before and 12.9%
(982) undergoing HIV testing for the first time. Multivariate logistic regression analysis revealed that first-time HIV testing was
associated with younger age (adjusted odds ratio [aOR] 2.55, 95% CI 1.91-3.42), lower education (aOR 1.39, 95% CI 1.03-1.88),
student status (aOR 1.35, 95% CI 1.04-1.75), low income (aOR 1.55, 95% CI 1.16-2.08), insertive anal sex role (aOR 1.28, 95%
CI 1.05-1.56), bisexuality (aOR 1.69, 95% CI 1.40-2.03), fewer sex partners (aOR 1.44, 95% CI 1.13-1.83), use of rush poppers
(aOR 2.06, 95% CI 1.70-2.49), unknown HIV status of sex partners (aOR 1.40, 95% CI 1.17-1.69), lack of awareness of HIV
pre-exposure prophylaxis (aOR 1.39, 95% CI 1.03-1.88), and offline HIV testing uptake (aOR 2.08, 95% CI 1.80-2.41).

Conclusions: A notable 12.9% (982/7629) of MSM had never undergone HIV testing before this large internet survey. We
recommend enhancing HIV intervention and testing through internet-based platforms and gay apps to promote testing among
MSM and achieve the target of diagnosing 95% of patients infected with HIV by 2030.

(JMIR Public Health Surveill 2024;10:e56906) doi: 10.2196/56906
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Introduction

Men who have sex with men (MSM) constitute a significant
demographic of patients infected with HIV in China. Due to
widespread unprotected sexual behaviors, engagement with
multiple sexual partners, and the use of recreational agents, HIV
prevalence among MSM remains notably high [1]. The overall
national prevalence of HIV among MSM in China from 2001
to 2018 was estimated to be 5.7% [2]. In China, the annual
number of newly diagnosed HIV infections through homosexual
transmission has increased from 2.5% in 2006 to 25.6% in 2022
[3]. The Joint United Nations Program on HIV/AIDS (UNAIDS)
proposed a 95-95-95 target by 2030 [4]. The overall aim of the
target was to achieve diagnosis of 95% of patients infected with
HIV, 95% of diagnosed patients treated, and 95% of treated
patients having achieved viral suppression to reduce HIV
transmission, and ultimately end the HIV epidemic worldwide.
In China, with the implementation of the “Four Frees and One
Care” policy and lifelong follow-up care, achieving the second
and third 95% targets is feasible. In 2022, a total of 92.8% of
patients diagnosed with HIV received antiretroviral therapy,
and 97% of treated patients achieved viral suppression (defined
as HIV viral load <1000 copies/mL) in China [3]. The national
estimate is that the proportion of patients infected with HIV
was diagnosed at only 84% in 2022, and achieving a 95%
diagnosis target for patients infected with HIV may be a huge
challenge in China by 2030.

The “HIV testing as prevention” strategy stands as an effective
approach to mitigate HIV transmission by encouraging early
diagnosis of patients infected with the disease and linking them
to antiretroviral therapy, thus reducing disease transmission
[5,6]. There are 3 main HIV testing strategies among MSM in
China. The first strategy is scaling up testing, expanding HIV
testing coverage, and increasing testing frequency to prevent a
substantial number of new HIV infections among MSM [7,8].
The second strategy is regular testing, which is a key prevention
strategy for identifying and treating HIV infections among MSM
[9,10]. The third strategy is HIV self-testing [11], which
recommends self-testing as an innovative strategy and an
additional testing approach to attain the UNAIDS targets to end
HIV by 2030. With the implementation of the HIV testing
strategy, annual HIV testing among MSM has reached nearly
600,000 in China [3], and an increasing number of MSM have
received HIV interventions and are undergoing testing. To
achieve the 95% diagnosis target for patients infected with HIV,
promoting HIV testing among MSM is very important.

Previous studies found that younger individuals and students
had lower HIV testing rates [9,12,13]. A higher HIV testing
rate was observed in the developed country compared with the
developing country. A meta-analysis study from the United
States stated that only 15% of the MSM reported having
first-time HIV testing [9], while the first-time HIV testing rate
was 50.5% in Brazil [14] and 30.6% in Malaysia [15]. The
first-time HIV testing rate in China was similar to other
developing countries. A study showed that 30.1% and 29.4%
of MSM underwent first-time HIV testing in Tianjin and Zhuhai,
China, respectively [16]. A study on a large Chinese gay social
media platform showed that 19.5% of MSM had never been

tested for HIV [17]. An internet-distributed HIV self-testing
study revealed that 16.6% of MSM had never been tested for
HIV [18]. Some factors that have been associated with first-time
HIV testing include Han ethnicity, HIV status, and income [19].
With the increasing popularity of the internet and smartphone
usage in China, the internet penetration rate was expected to
reach 76.4% in 2023 [20]. MSM who sought potential sexual
partners from traditional places such as bars, parks, and baths,
gradually transferred to internet-based dating apps, such as
Blued app (BlueCity Group; a large gay Chinese social media
platform). Consequently, the prevalence of gay app use among
MSM has rapidly increased from 12.5% in 2015 to 52.6% in
2017 [21], suggesting that most MSM rely on gay apps to find
sexual partners [22]. internet-based HIV interventions and
testing [23], as well as gay apps [24], are considered simple
ways of promoting HIV testing among MSM in China and
increasing awareness of HIV status [25].

Zhejiang Province is located in eastern China, with an
economically developed and prosperous internet economy.
There are many companies that do e-commerce internet-based
platforms, such as the Alibaba Group which was founded in
Zhejiang Province and has had an HIV prevalence of 8% among
MSM since 2008 [1]. Also, more than 40% of the annually
newly diagnosed patients infected with HIV were MSM. Based
on the developed internet economy, Zhejiang Province relies
on the internet to conduct HIV intervention and testing among
MSM, including internet-based consulting and mailing HIV
testing kits for self-testing and using internet-based technology
could increase the HIV self-testing rate among MSM [26].
Approximately 62,000 HIV testing cases occurred among MSM
in Zhejiang Province in 2022, accounting for 10.6% of the
national proportion [3], with over 70% of HIV testing in the
province relying on the internet. Internet surveys offer broader
coverage of the MSM population, rendering them more
representative [27]. Identifying patients infected with HIV from
the internet is key to diagnosing 95% of the infections by 2030.
Therefore, this study aimed to assess HIV testing coverage based
on a large internet survey and determine the factors associated
with first-time HIV testing uptake among MSM in Zhejiang
Province, China.

Methods

Sampling
A cross-sectional study based on a large internet survey was
conducted between July 2023 and December 2023, targeting
the MSM population.

Study Participants
MSM participants were recruited based on inclusion criteria,
which are (1) a minimum age of 16 years, (2) reported having
sex with men in the past year, and (3) living in Zhejiang
Province.

Participant Recruitment and Data Collection
Sunshine Coast Public Welfare, a social organization, uses the
internet to provide HIV interventions and testing services for
the MSM population. The organization comprises 13 full-time
social workers, 22 part-time social workers, and over 400
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registered volunteers. Sunshine Coastal Public Welfare has
established a digital HIV prevention service using location-based
services. MSM populations in Zhejiang Province can apply for
free HIV testing services by visiting the WeChat (Tencent
Holdings Ltd, a very popular communication software in China)
official account, “Sunshine Test.” Two options are available
for MSM to access HIV testing services. First, they can opt to
have the testing reagent mailed to them through courier and
perform self-testing after receiving the reagent. Alternatively,
they can choose offline services, where volunteers in their
neighborhood provide HIV testing services, or they can visit
nearby voluntary counseling and testing sites for MSM. During
the study period, MSM had repeated HIV testing (more than 2
times); only the first testing record was retained in the study.

Questionnaires
MSM who are applying for HIV testing services through
“Sunshine Test” (a website by visiting WeChat in China) are
required to complete a routine surveillance questionnaire. The
questionnaire consists of 20 questions focusing on demographic
characteristics such as age, marital status, education level, and
sexual behavior characteristics such as sexual roles, number of
sexual partners, whether to use rush poppers, sexual history,
pre-exposure prophylaxis (PrEP), post-exposure prophylaxis
(PEP), and HIV testing history. All questionnaires were
completed on the “Sunshine Test.” MSM can apply for testing
services after completing the questionnaire and being screened
by a social worker or volunteer.

Statistical Analysis
For descriptive analyses, categorical variables are presented as
frequencies and proportions, while continuous variables are
presented as medians and IQRs or means and SDs. The
significance of the difference in the general demographic
characteristics was tested by a chi-square test. Factors from the
univariate analysis with P<.10 or those previously shown to be
associated with the differences in sociodemographic
characteristics among first-time HIV testing were included in
multivariate logistic regression models, and adjusted odd ratios
(aORs) were calculated along with corresponding 95% CIs. The
statistical significance level was P≤.05 and β=.1. Statistical
analyses were performed using SPSS (version 19.0; IBM Corp).

Ethical Considerations
This study was approved by the Zhejiang Provincial Center for
Disease Control and Prevention (2022-011-01). All participants
provided written informed consent before the completion of the
survey. Participants received free HIV testing and health
counseling, and all study procedures were conducted in
accordance with the approved guidelines and regulations.

Results

A total of 7629 MSM participated in the study (Figure 1), with
an average age of 29.0 (SD 8.5) years. Among them, 78.6%
(5997/7629) were single, 50.7% (3869/7629) had a bachelor’s
degree or higher, 16.4% (1254/7629) were students, and 49.1%
(2985/7629) had a monthly income of less than US $700. The
majority of 78.2% (5964/7629) had only male sexual partners,
while 33.3% (2543/7629) had more than 2 sex partners in the
past 3 months. Additionally, 31.2% (2380/7629) reported using
rush poppers during sexual activity and 45.2% (3451/7629)
were aware of their sex partner’s HIV status. The awareness
rates of PrEP and PEP were 76.2% (5816/7629) and 78.1%
(5960/7629), respectively. Furthermore, 54.8% (4183/7629)
had HIV testing through mail reagent self-testing.

Of the 7629 participants, 12.9% (982/7629) underwent HIV
testing for the first time. Factors associated with a high
proportion of first-time HIV testing included being younger
than 20 years old (30.9%, 133/430), having high school and
below education (16.2%, 299/1851), being a student (21.6%,
271/1254), having a low monthly income (21.4%, 282/1320),
identifying as bisexual (18.2%, 303/1665), having a small
number of sex partners in the past 3 months (17.5%, 224/1277),
frequently using rush poppers (18.5%, 198/1068), being unaware
of their sex partners’ HIV status (18.6%, 275/1477), lacking
awareness of HIV PrEP (18.9%, 342/1813), undergoing offline
HIV testing (17.8%, 614/3446), and being HIV positive (24.4%,
20/82). The chi-square test showed that all factors except marital
status, sex role, and history of sexually transmitted infections
were associated with a high proportion of first-time HIV testing
(Table 1).

Multivariate logistic regression analysis revealed that first-time
HIV testing was associated with being younger than 20 years
old (aOR 2.55, 95% CI 1.91-3.42), having attained high school
education or lower (aOR 1.39, 95% CI 1.03-1.88), being a
student (aOR 1.35, 95% CI 1.04-1.75), having a monthly income
of less than US $350 (aOR 1.55, 95% CI 1.16-2.08), insertive
anal sex role (aOR 1.28, 95% CI 1.05-1.56), identifying as
bisexual (aOR 1.69, 95% CI 1.40-2.03), having a low number
of sex partners in the past 3 months (aOR 1.44, 95% CI
1.13-1.83), frequently using rush poppers in the past 3 months
(aOR 2.06, 95% CI 1.70-2.49), being unaware of their sex
partners’ HIV status (aOR 1.40, 95% CI 1.17-1.69), lacking
awareness of HIV PrEP (aOR 1.39, 95% CI 1.03-1.88), and
undergoing offline HIV testing (aOR 2.08, 95% CI 1.80-2.41;
Table 2).
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Figure 1. A cross-sectional study based on a large internet survey by visiting the official account of WeChat (a very popular communication software
in China), “Sunshine Test.” A total of 7629 MSM participated in the study between July and December 2023 in Zhejiang Province, China. MSM: men
who have sex with men.
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Table 1. Social demographic and behavioral characteristics among men who have sex with men.

P valuechi-square (df)First-time HIV testing (n=982), n (%)Values (N=7692), n (%)Variables

<.001138.7 (2)Age (years)a

133 (30.9)430 (5.6)<20

568 (12.5)4526 (59.3)20-29

281 (10.5)2673 (35)≥30

.163.6 (2)Marital status

792 (13.2)5997 (78.6)Single

166 (12)1388 (18.2)Married

24 (9.8)244 (3.2)Divorced or separated

<.00133.5 (3)Education

299 (16.2)1851 (24.3)High school and below

262 (13.7)1909 (25)College

335 (10.7)3145 (41.2)Bachelor’s degree

86 (11.9)724 (9.5)Master’s degree or above

<.001119.3 (3)Occupation

271 (21.6)1254 (16.4)Student

265 (9.3)2843 (37.3)Company employee

117 (11.4)1022 (13.4)Freelance

329 (13.1)2510 (32.9)Others

<.001142.1 (3)Monthly income (US $)

282 (21.4)1320 (17.3)<350

256 (15.4)1665 (21.8)350-599

328 (10.1)3259 (42.7)700-1399

116 (8.4)1385 (18.2)≥1400

.075.4 (2)Sex roles

197 (11.3)1750 (22.9)Receptive anal sex

349 (13.2)2652 (34.8)Insertive anal sex

436 (13.5)3227 (42.3)Both

<.00153.9 (1)Sex of partner

679 (11.4)5964 (78.2)Male

303 (18.2)1665 (21.8)Male and female

<.00168.6 (2)Number of sexual partners in the past 3 months

224 (17.5)1277 (16.7)0

536 (14.1)3809 (49.9)1

222 (8.7)2543 (33.3)≥2

<.00156.6 (2)Ever used rush poppers during sex behavior

677 (12.9)5249 (68.8)Never use

107 (8.2)1312 (17.2)Occasional use

198 (18.5)1068 (14)Often use

<.00159.4 (2)Awareness of partner’s HIV status

427 (12.4)3451 (45.2)Yes

280 (10.4)2701 (35.4)Part

275 (18.6)1477 (19.4)No
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P valuechi-square (df)First-time HIV testing (n=982), n (%)Values (N=7692), n (%)Variables

.98<0.01 (1)History of STIb

956 (12.9)7428 (97.4)No

26 (12.9)201 (2.6)Yes

<.00176.1 (1)Awareness of HIV PrEPc

342 (18.9)1813 (23.8)No

640 (11)5816 (76.2)Yes

<.00145.1 (1)Knowledge of HIV PEPd

296 (17.7)1669 (21.9)No

686 (11.5)5960 (78.1)Yes

<.001137.1 (1)HIV testing pathway

614 (17.8)3446 (45.2)Offline testing

368 (8.8)4183 (54.8)Mail reagent self-testing

<.0029.8 (1)HIV status

20 (24.4)82 (1.1)Positive

962 (12.7)7547 (98.9)Negative

aMedian 27 (IQR 23-33).
bSTI: sexually transmitted infections.
cPrEP: pre-exposure prophylaxis.
dPEP: post-exposure prophylaxis.
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Table 2. Factors associated with first-time HIV testing among men who have sex with men.

P valueaORb (95% CI)P valueORa (95% CI)
First-time HIV testing
(n=982), n (%)Variables

Age (years;reference:≥30)

<.0012.55 (1.91-3.42)<.0013.81 (3.00-4.84)133 (30.9)<20

<.0011.38 (1.16-1.64).011.22 (1.05-1.42)568 (12.5)20-29

Education (reference: master’s degree or above)

.031.39 (1.03-1.88)<.0061.43 (1.11-1.85)299 (16.2)High school and below

.331.15 (0.86-1.54).211.18 (0.91-1.53)262 (13.7)College

.930.99 (0.75-1.29).340.88 (0.69-1.14)335 (10.7)Bachelor’s degree

Occupation (reference: o thers)

.021.35 (1.04-1.75)<.0011.83 (1.53-2.18)271 (21.6)Student

.360.91 (0.76-1.11)<.0010.68 (0.57-0.81)265 (9.3)Company employee

.190.85 (0.68-1.08).180.86 (0.69-1.07)117 (11.4)Freelance

Monthly income (US $; reference: ≥US $1400)

<.0031.55 (1.16-2.08)<.0012.97 (2.36-3.74)282 (21.4)<$350

.0011.54 (1.20-1.99)<.0011.99 (1.58-2.51)256 (15.4)$350-$599

.681.05 (0.83-1.33).071.22 (0.98-1.53)328 (10.1)$700-$1399

Sex roles (reference: receptive anal sex )

.011.28 (1.05-1.56).061.20 (1.00-1.44)349 (13.2)Insertive anal sex

.820.98 (0.80-1.19).021.23 (1.03-1.47)436 (13.5)Both

Sex of partner (reference: m ale and female)

<.0011.69 (1.40-2.03)<.0011.73 (1.49-2.00)303 (18.2)Male and female

Number of sex partners in the past 3 months (reference: ≥2)

<.0031.44 (1.13-1.83)<.0012.22 (1.82-2.71)224 (17.5)0

<.0011.68 (1.41-2.01)<.0011.71 (1.45-2.02)536 (14.1)1

Ever used rush poppers (reference: never use )

.170.85 (0.68-1.07)<.0010.60 (0.48-0.74)107 (8.2)Occasional use

<.0012.06 (1.70-2.49)<.0011.54 (1.29-1.83)198 (18.5)Often use

Awareness of partner’s HIV status (reference: yes )

.220.90 (0.76-1.06).010.82 (0.70-0.96)280 (10.4)Part

<.0011.40 (1.17-1.69)<.0011.62 (1.37-1.91)275 (18.6)No

Awareness of HIV PrEPc (reference: no)

<.0011.56 (1.34-1.83)<.0011.88 (1.63-2.17)342 (18.9)No

HIV testing pathway (reference: offline testing )

<.0012.08 (1.80-2.41)<.0012.25 (1.96-2.58)614 (17.8)Offline testing

aOR: odds ratio.
baOR: adjusted odds ratio.
cPrEP: pre-exposure prophylaxis.

Discussion

Principal Findings
This study described HIV testing coverage based on a large
internet survey and the factors associated with first-time HIV
testing uptake among MSM in Zhejiang Province, China. Based

on data from 7629 participants, we found that 87.1%
(6647/7629) of MSM had undergone HIV testing, and 12.9%
(982/7629) had never been tested before the survey. This 87.1%
HIV testing coverage marks a significant increase from the
55.9% reported a decade ago (2013-2014) in Zhejiang Province
[28]. Comparative analysis revealed that the HIV testing rate
of 87.1% aligned with the 85% reported in a US meta-analysis
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study [9], surpassing rates found in Tianjin [16] and Zhuhai
(70.6%) [19], as well as an internet-based study based on gay
apps (80.5%) [17]. These findings underscore the need for
continued efforts to expand HIV testing and increase testing
coverage among MSM to achieve the target of diagnosing 95%
of patients infected with HIV by 2030.

Consistent with previous studies, we found that younger
individuals and students had lower HIV testing rates [9,12,13].
In China, nearly 3000 patients infected with HIV are diagnosed
annually, more than 80% of whom are MSM [3]. An
internet-based study found that younger MSM were probably
deterred from seeking testing due to apprehension about health
care or local office settings [13]. HIV molecular transmission
clusters found students and nonstudents with HIV infections in
the same transmission clusters [29]. However, the nonstudent
MSM had an HIV prevalence of nearly 8%. Accordingly, a lack
of awareness of the HIV epidemic in students among MSM
may result in a low HIV testing rate. The internet and
smartphones are essential tools for the student population, and
a previous study showed that HIV intervention and testing
through internet-based platforms or gay apps could increase
HIV testing among younger MSM [24,30,31]. We suggest that
strengthening awareness of the HIV epidemic among students
and enhancing HIV testing education through internet-based
platforms or gay apps will increase the HIV testing proportion
of MSM students.

We found that participants with fewer sexual partners had low
HIV testing rates. A study in China showed that individuals
with 2 or more sexual partners were more likely to undergo HIV
testing [32]. MSM with multiple sexual partners usually exhibit
high-risk behaviors that prompt them to undergo HIV testing.
Similarly, MSM who often used rush poppers had a higher HIV
testing rate. Rush poppers are widely popular among MSM and
have become the main substance type used during sexual
activities [33]. Rush poppers prolong sexual activity and increase
the rate of unprotected sex, thereby increasing their risk of HIV
infection. Studies have shown that people who use rush poppers
have more unprotected, casual sex, and increased HIV testing
rates [9,34].

Moreover, we found that being unaware of a partner’s HIV
status was associated with lower HIV testing rates. Serostatus
disclosure strategies can reduce the risk of HIV infection and
promote regular HIV testing which has been gradually promoted
among MSM in China in recent years [35]. The serostatus
disclosure strategy refers to knowing each other’s HIV status
before any sexual activity. The strategy encourages using HIV
status to decide whether to have sex or not. If both partners have

the same HIV infection status, do not use condoms; and if the
HIV infection status is inconsistent, use condoms [36]. Our
study also showed that those who knew their sexual partners’
HIV status had a higher HIV testing rate. Therefore, it is
recommended to continue implementing this strategy among
MSM to increase HIV testing rates.

Participants who were aware of PrEP had higher rates of HIV
testing. HIV PrEP and PEP are biological interventions that
prevent HIV transmission, providing effective prevention
opportunities for MSM at a high risk of HIV exposure, and can
effectively reduce HIV infection and transmission [37]. In
China, PEP guidelines were released by the National Center for
Communicable Diseases Control in 2020. PEP has been widely
promoted among MSM after 3 years of promotion. However,
PrEP has only been piloted in some cities, and there was no
national guideline for PrEP [3]. Therefore, in the results of this
study, only those who had an awareness of PEP had a higher
rate of HIV testing. Several studies have shown that unprotected
sex and sexually transmitted infections continue to increase
among MSM who have used PrEP drugs [38]. Previous studies
have also shown that the PrEP project effectively promoted
HIV testing among MSM [39], and greater odds of PrEP
awareness were associated with HIV testing [40].

This study had some limitations. First, the study recruited MSM
who used web-based apps for HIV testing, 88.5% (6753/7629)
of whom were younger than 40 years. It did not capture a few
MSM who came from traditional places such as bars and baths,
especially those who were older than 50 years. Previous studies
have shown that this population has a higher HIV infection rate
and a lower HIV testing rate [32]. Therefore, the results of this
study apply only to MSM who rely on the internet for HIV
testing. Second, participants who opted for HIV self-testing
through mailed reagents may introduce bias, as the feedback
on true HIV-positive results could be limited. Finally, the use
of routine surveillance questionnaires may not capture all factors
associated with HIV testing as identified in previous studies.

Conclusions
A significant finding from the large internet survey was that
12.9% (982/7629) of MSM had never undergone HIV testing
before the study. We suggest enhancing HIV intervention and
testing through internet-based platforms and gay apps to promote
HIV testing among MSM. Future studies could explore strategies
to increase HIV testing rates among underrepresented
demographics, such as older MSM and those who do not rely
on web-based testing services, ultimately helping to meet the
target of diagnosing 95% of patients infected with HIV by 2030.

Acknowledgments
We express our gratitude to the participants and Sunshine Coast Public Welfare for their contributions to the study. The study
was funded by a grant from the Health Science and Technology Project in Zhejiang Province Social (2023KY632 and 2021RC048).

Data Availability
The data sets generated and analyzed during this study are available from the corresponding author on reasonable request.

JMIR Public Health Surveill 2024 | vol. 10 | e56906 | p. 8https://publichealth.jmir.org/2024/1/e56906
(page number not for citation purposes)

He et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

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


Authors' Contributions
LH conceived the study design and coordinated the conduct of this research in the field. LH performed the statistical analysis
and drafted the paper. CC reviewed and revised the paper. TJ, WC, SJ, JZ, WC, HW, and QM designed the research and played
a major role in the survey. All the authors read and approved the final paper.

Conflicts of Interest
None declared.

References

1. He L, Pan X, Yang J, Ma Q, Jiang J, Wang W, et al. HIV risk behavior and HIV testing among rural and urban men who
have sex with men in Zhejiang Province, China: a respondent-driven sampling study. PLoS One. 2020;15(4):e0231026.
[FREE Full text] [doi: 10.1371/journal.pone.0231026] [Medline: 32240244]

2. Dong MJ, Peng B, Liu ZF, Ye QN, Liu H, Lu XL, et al. The prevalence of HIV among MSM in China: a large-scale
systematic analysis. BMC Infect Dis. 2019;19(1):1000. [FREE Full text] [doi: 10.1186/s12879-019-4559-1] [Medline:
31775654]

3. HIV prevention and control progress report. National Center For AIDS STD Control And Prevention CCFD. 2023. URL:
https://www.chinaaids.cn [accessed 2023-04-20] [WebCite Cache ID 30521273]

4. UNAIDS. Understanding fast-track: accelerating action to end the AIDS epidemic by 2030. URL: https://www.unaids.org/
[accessed 2015-07-07]

5. Shi Y, Qiu J, Yang Q, Chen T, Lu Y, Chen S, et al. Increasing the HIV testing among MSM through HIV test result exchange
mechanism: study protocol for a cluster randomized controlled trial. BMC Infect Dis. 2021;21(1):764. [FREE Full text]
[doi: 10.1186/s12879-021-06484-y] [Medline: 34362323]

6. Granich RM, Gilks CF, Dye C, De Cock KM, Williams BG. Universal voluntary HIV testing with immediate antiretroviral
therapy as a strategy for elimination of HIV transmission: a mathematical model. Lancet. 2009;373(9657):48-57. [doi:
10.1016/S0140-6736(08)61697-9] [Medline: 19038438]

7. Reitsema M, Steffers L, Visser M, Heijne J, van Hoek AJ, Schim van der Loeff M, et al. Cost-effectiveness of increased
HIV testing among MSM in The Netherlands. AIDS. Oct 01, 2019;33(12):1807-1817. [doi:
10.1097/QAD.0000000000002199] [Medline: 30889012]

8. Fan EL. HIV testing as prevention among MSM in China: the business of scaling-up. Glob Public Health. 2014;9(1-2):85-97.
[doi: 10.1080/17441692.2014.881520] [Medline: 24498955]

9. Noble M, Jones AM, Bowles K, DiNenno EA, Tregear SJ. HIV testing among internet-using MSM in the United States:
systematic review. AIDS Behav. 2017;21(2):561-575. [FREE Full text] [doi: 10.1007/s10461-016-1506-7] [Medline:
27498198]

10. Zhao Y, Bromberg DJ, Khoshnood K, Sheng Y. Factors associated with regular HIV testing behavior of MSM in China:
a cross-sectional survey informed by theory of triadic influence. Int J STD AIDS. Dec 2020;31(14):1340-1351. [doi:
10.1177/0956462420953012] [Medline: 33081648]

11. World Health Organization. Guidelines on HIV Self-Testing and Partner Notification: Supplement to Consolidated Guidelines
on HIV Testing Services. Geneva. World Health Organization; 2016.

12. Wong NS, Tang W, Han L, Best J, Zhang Y, Huang S, et al. MSM HIV testing following an online testing intervention in
China. BMC Infect Dis. 2017;17(1):437. [FREE Full text] [doi: 10.1186/s12879-017-2546-y] [Medline: 28629439]

13. Marcus U, Gassowski M, Kruspe M, Drewes J. Recency and frequency of HIV testing among men who have sex with men
in Germany and socio-demographic factors associated with testing behaviour. BMC Public Health. 2015;15:727. [FREE
Full text] [doi: 10.1186/s12889-015-1945-5] [Medline: 26223447]

14. Szwarcwald CL, Damacena GN, Miranda RL, Pascom ARP, Júnior AB. HIV testing among men in Curitiba, Brazil. AIDS
Care. 2018;30(1):56-58. [FREE Full text] [doi: 10.1080/09540121.2017.1363370] [Medline: 28934867]

15. Shrestha R, Alias H, Wong LP, Altice FL, Lim SH. Using individual stated-preferences to optimize HIV self-testing service
delivery among men who have sex with men (MSM) in Malaysia: results from a conjoint-based analysis. BMC Public
Health. 2020;20(1):1777. [FREE Full text] [doi: 10.1186/s12889-020-09832-w] [Medline: 33238941]

16. Liu Z, Chen Y, Yao T, Zhang T, Song D, Liu Y, et al. Factors related to HIV testing frequency in MSM based on the
2011-2018 survey in Tianjin, China: a hint for risk reduction strategy. BMC Public Health. 2021;21(1):1900. [FREE Full
text] [doi: 10.1186/s12889-021-11948-6] [Medline: 34670542]

17. Fu J, Dai Z, Wang H, Si M, Chen X, Wu Y, et al. Willingness to use long-acting injectable PrEP among
HIV-negative/unknown men who have sex with men in mainland China: a cross-sectional online survey. PLoS One.
2023;18(10):e0293297. [FREE Full text] [doi: 10.1371/journal.pone.0293297] [Medline: 37856527]

18. MacGowan RJ, Chavez PR, Borkowf CB, Owen SM, Purcell DW, Mermin JH, et al. eSTAMP Study Group. Effect of
internet-distributed HIV self-tests on HIV diagnosis and behavioral outcomes in men who have sex with men: a randomized
clinical trial. JAMA Intern Med. 2020;180(1):117-125. [FREE Full text] [doi: 10.1001/jamainternmed.2019.5222] [Medline:
31738378]

JMIR Public Health Surveill 2024 | vol. 10 | e56906 | p. 9https://publichealth.jmir.org/2024/1/e56906
(page number not for citation purposes)

He et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://dx.plos.org/10.1371/journal.pone.0231026
http://dx.doi.org/10.1371/journal.pone.0231026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32240244&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-019-4559-1
http://dx.doi.org/10.1186/s12879-019-4559-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31775654&dopt=Abstract
https://www.chinaaids.cn
http://www.webcitation.org/

                                            30521273
https://www.unaids.org/
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-021-06484-y
http://dx.doi.org/10.1186/s12879-021-06484-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34362323&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(08)61697-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19038438&dopt=Abstract
http://dx.doi.org/10.1097/QAD.0000000000002199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30889012&dopt=Abstract
http://dx.doi.org/10.1080/17441692.2014.881520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24498955&dopt=Abstract
https://europepmc.org/abstract/MED/27498198
http://dx.doi.org/10.1007/s10461-016-1506-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27498198&dopt=Abstract
http://dx.doi.org/10.1177/0956462420953012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33081648&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-017-2546-y
http://dx.doi.org/10.1186/s12879-017-2546-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28629439&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-1945-5
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-1945-5
http://dx.doi.org/10.1186/s12889-015-1945-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26223447&dopt=Abstract
https://europepmc.org/abstract/MED/28934867
http://dx.doi.org/10.1080/09540121.2017.1363370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28934867&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09832-w
http://dx.doi.org/10.1186/s12889-020-09832-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33238941&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11948-6
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11948-6
http://dx.doi.org/10.1186/s12889-021-11948-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34670542&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0293297
http://dx.doi.org/10.1371/journal.pone.0293297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37856527&dopt=Abstract
https://europepmc.org/abstract/MED/31738378
http://dx.doi.org/10.1001/jamainternmed.2019.5222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31738378&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


19. Lyu H, Feng Y, Zhou Y, Guo Z, Wang Y, Cui M, et al. Factors associated with first-time HIV testing among MSM via
secondary distribution of HIV self-test kits in Zhuhai, China. AIDS Behav. 2023;27(6):1942-1949. [doi:
10.1007/s10461-022-03927-8] [Medline: 36418658]

20. Center C. The 52nd Statistical Report on Internet Development in China, 2023. 2023. URL: https://www.cnnic.com.cn/
IDR/ReportDownloads/202311/P020231121355042476714.pdf [accessed 2023-08-28]

21. Wei L, Chen L, Zhang H, Yang Z, Zou H, Yuan T, et al. Use of gay app and the associated HIV/syphilis risk among
non-commercial men who have sex with men in Shenzhen, China: a serial cross-sectional study. Sex Transm Infect.
2019;95(7):496-504. [doi: 10.1136/sextrans-2018-053902] [Medline: 30918120]

22. Luo R, Xie Z, Silenzio VMB, Kuang Y, Luo D. Gay app sse, sexuality traits, and high-risk sexual behaviors among men
who have sex with men in China: mediation analysis. J Med Internet Res. 2023;25:e49137. [FREE Full text] [doi:
10.2196/49137] [Medline: 37910154]

23. Li M, Wu H, Yan H, Zunong J, Hui H, Li H, et al. HIV-positive men are more likely to be hyper linked within college
student social network - Northeast China, 2017-2018. China CDC Wkly. 2022;4(43):951-955. [FREE Full text] [doi:
10.46234/ccdcw2022.195] [Medline: 36483793]

24. Wang L, Podson D, Chen Z, Lu H, Wang V, Shepard C, et al. Using social media to increase HIV testing among men who
have sex with men - Beijing, China, 2013-2017. MMWR Morb Mortal Wkly Rep. 2019;68(21):478-482. [FREE Full text]
[doi: 10.15585/mmwr.mm6821a3] [Medline: 31145721]

25. Luo Q, Wu Z, Mi G, Xu J, Scott SR. Using HIV risk self-assessment tools to increase HIV testing in men who have sex
with men in Beijing, China: app-based randomized controlled trial. J Med Internet Res. 2023;25:e45262. [FREE Full text]
[doi: 10.2196/45262] [Medline: 37656500]

26. Chen S, Fang Y, Chan PSF, Kawuki J, Mo P, Wang Z. Counseling supporting HIV self-testing and linkage to care among
men who have sex with men: systematic review and meta-analysis. JMIR Public Health Surveill. 2024;10:e45647. [FREE
Full text] [doi: 10.2196/45647] [Medline: 38265866]

27. Zhang J, Xu JJ, Song W, Pan S, Chu ZX, Hu QH, et al. HIV incidence and care linkage among MSM first-time-testers in
Shenyang, China 2012-2014. AIDS Behav. 2018;22(3):711-721. [doi: 10.1007/s10461-017-1840-4] [Medline: 28660379]

28. Li R, Pan X, Ma Q, Wang H, He L, Jiang T, et al. Prevalence of prior HIV testing and associated factors among MSM in
Zhejiang Province, China: a cross-sectional study. BMC Public Health. 2016;16(1):1152. [FREE Full text] [doi:
10.1186/s12889-016-3806-2] [Medline: 27832761]

29. Ding XB, Pan XH, Zhang JF, He L, Jiang J, Fan Q, et al. [Characteristics of subtypes and transmission of HIV-1 infected
persons among student MSM in Zhejiang province, 2013-2015]. Zhonghua Liu Xing Bing Xue Za Zhi. 2020;41(6):940-945.
[doi: 10.3760/cma.j.cn112338-20190809-00586] [Medline: 32564564]

30. Chen S, Zhang Q, Chan CK, Yu FY, Chidgey A, Fang Y, et al. Evaluating an innovative HIV self-testing service with
web-based, real-time counseling provided by an artificial intelligence chatbot (HIVST-Chatbot) in increasing HIV self-testing
use among Chinese men who have sex with men: protocol for a noninferiority randomized controlled trial. JMIR Res Protoc.
2023;12:e48447. [FREE Full text] [doi: 10.2196/48447] [Medline: 37389935]

31. Wang Z, Chan PSF, Xin M, Fang Y, Chidgey A, Yu FY, et al. An online intervention promoting HIV testing service
utilization among Chinese men who have sex with men during the COVID-19 pandemic: a quasi-experimental study. AIDS
Behav. 2023:1-13. [FREE Full text] [doi: 10.1007/s10461-023-04100-5] [Medline: 37284925]

32. Lian J, Chen X, Su X, Si M, Dai Z, Fu J, et al. HIV testing and related factors among 50 years and older MSM in China:
results from a cross-sectional study. AIDS Care. 2023;35(4):608-613. [doi: 10.1080/09540121.2022.2060493] [Medline:
35392734]

33. He L, Pan X, Wang N, Yang J, Jiang J, Luo Y, et al. New types of drug use and risks of drug use among men who have
sex with men: a cross-sectional study in Hangzhou, China. BMC Infect Dis. 2018;18(1):182. [FREE Full text] [doi:
10.1186/s12879-018-3091-z] [Medline: 29665785]

34. Chen MQ, Cheng WB, Xu HF, Cai YS, Fan LR, Zhong F, et al. [Predictors of rush popper use among 825 men who have
sex with men in education in Guangdong Province]. Zhonghua Yu Fang Yi Xue Za Zhi. 2016;50(11):949-953. [doi:
10.3760/cma.j.issn.0253-9624.2016.11.006] [Medline: 27903356]

35. Tang W, Liu C, Cao B, Pan SW, Zhang Y, Ong J, et al. SESH Study Group. Receiving HIV serostatus disclosure from
partners before sex: results from an online survey of Chinese men who have sex with men. AIDS Behav.
2018;22(12):3826-3835. [FREE Full text] [doi: 10.1007/s10461-018-2062-0] [Medline: 29470809]

36. Purcell DW, Higa D, Mizuno Y, Lyles C. Quantifying the harms and benefits from serosorting among HIV-negative gay
and bisexual men: a systematic review and meta-analysis. AIDS Behav. 2017;21(10):2835-2843. [doi:
10.1007/s10461-017-1800-z] [Medline: 28573378]

37. Territo H, Vaqar S, Justiz VA. HIV Prophylaxis. West Indies. StatPearls Publishing; 2023.
38. Traeger MW, Cornelisse VJ, Asselin J, Price B, Roth NJ, Willcox J, et al. PrEPX Study Team. Association of HIV

preexposure prophylaxis with incidence of sexually transmitted infections among individuals at high risk of HIV infection.
JAMA. 2019;321(14):1380-1390. [FREE Full text] [doi: 10.1001/jama.2019.2947] [Medline: 30964528]

39. Zhou H, Zhu YY, Gao YY, Chu ZX, Chen S, Liu M, et al. Online distribution of HIV self-testing kits to promote HIV
testing among men who have sex with men discontinuing pre-exposure prophylaxis after demonstration project completion

JMIR Public Health Surveill 2024 | vol. 10 | e56906 | p. 10https://publichealth.jmir.org/2024/1/e56906
(page number not for citation purposes)

He et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://dx.doi.org/10.1007/s10461-022-03927-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36418658&dopt=Abstract
https://www.cnnic.com.cn/IDR/ReportDownloads/202311/P020231121355042476714.pdf
https://www.cnnic.com.cn/IDR/ReportDownloads/202311/P020231121355042476714.pdf
http://dx.doi.org/10.1136/sextrans-2018-053902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30918120&dopt=Abstract
https://www.jmir.org/2023//e49137/
http://dx.doi.org/10.2196/49137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37910154&dopt=Abstract
https://europepmc.org/abstract/MED/36483793
http://dx.doi.org/10.46234/ccdcw2022.195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36483793&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6821a3
http://dx.doi.org/10.15585/mmwr.mm6821a3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31145721&dopt=Abstract
https://www.jmir.org/2023//e45262/
http://dx.doi.org/10.2196/45262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37656500&dopt=Abstract
https://publichealth.jmir.org/2024//e45647/
https://publichealth.jmir.org/2024//e45647/
http://dx.doi.org/10.2196/45647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38265866&dopt=Abstract
http://dx.doi.org/10.1007/s10461-017-1840-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28660379&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3806-2
http://dx.doi.org/10.1186/s12889-016-3806-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27832761&dopt=Abstract
http://dx.doi.org/10.3760/cma.j.cn112338-20190809-00586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32564564&dopt=Abstract
https://www.researchprotocols.org/2023//e48447/
http://dx.doi.org/10.2196/48447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37389935&dopt=Abstract
https://europepmc.org/abstract/MED/37284925
http://dx.doi.org/10.1007/s10461-023-04100-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37284925&dopt=Abstract
http://dx.doi.org/10.1080/09540121.2022.2060493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35392734&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3091-z
http://dx.doi.org/10.1186/s12879-018-3091-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29665785&dopt=Abstract
http://dx.doi.org/10.3760/cma.j.issn.0253-9624.2016.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27903356&dopt=Abstract
https://europepmc.org/abstract/MED/29470809
http://dx.doi.org/10.1007/s10461-018-2062-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29470809&dopt=Abstract
http://dx.doi.org/10.1007/s10461-017-1800-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28573378&dopt=Abstract
https://europepmc.org/abstract/MED/30964528
http://dx.doi.org/10.1001/jama.2019.2947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30964528&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


in China: a multicentre open-label randomized controlled trial. Lancet Reg Health West Pac. 2023;41:100922. [FREE Full
text] [doi: 10.1016/j.lanwpc.2023.100922] [Medline: 37867621]

40. Sun Y, Lu H, Ye J, Li D, Li G. Awareness and use of HIV pre-exposure prophylaxis and factors associated with awareness
among MSM in Beijing, China. Sci Rep. 2023;13(1):554. [FREE Full text] [doi: 10.1038/s41598-023-27485-8] [Medline:
36631515]

Abbreviations
aOR: adjusted odds ratio
MSM: men who have sex with men
PEP: post-exposure prophylaxis
PrEP: pre-exposure prophylaxis
UNAIDS: Joint United Nations Program on HIV/AIDS

Edited by A Mavragani; submitted 30.01.24; peer-reviewed by S Chen, E Op de Coul; comments to author 08.02.24; revised version
received 20.02.24; accepted 05.05.24; published 14.06.24

Please cite as:
He L, Jiang T, Chen W, Jiang S, Zheng J, Chen W, Wang H, Ma Q, Chai C
Examining HIV Testing Coverage and Factors Influencing First-Time Testing Among Men Who Have Sex With Men in Zhejiang
Province, China: Cross-Sectional Study Based on a Large Internet Survey
JMIR Public Health Surveill 2024;10:e56906
URL: https://publichealth.jmir.org/2024/1/e56906
doi: 10.2196/56906
PMID: 38875001

©Lin He, Tingting Jiang, Wanjun Chen, Shaoqiang Jiang, Jinlei Zheng, Weiyong Chen, Hui Wang, Qiaoqin Ma, Chengliang
Chai. Originally published in JMIR Public Health and Surveillance (https://publichealth.jmir.org), 14.06.2024. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Public Health and Surveillance, is properly cited. The complete bibliographic
information, a link to the original publication on https://publichealth.jmir.org, as well as this copyright and license information
must be included.

JMIR Public Health Surveill 2024 | vol. 10 | e56906 | p. 11https://publichealth.jmir.org/2024/1/e56906
(page number not for citation purposes)

He et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S2666-6065(23)00240-7
https://linkinghub.elsevier.com/retrieve/pii/S2666-6065(23)00240-7
http://dx.doi.org/10.1016/j.lanwpc.2023.100922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37867621&dopt=Abstract
https://doi.org/10.1038/s41598-023-27485-8
http://dx.doi.org/10.1038/s41598-023-27485-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36631515&dopt=Abstract
https://publichealth.jmir.org/2024/1/e56906
http://dx.doi.org/10.2196/56906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38875001&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

