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Abstract
Background: Men who have sex with men remain disproportionately affected by HIV globally and in China. Despite
the availability of pre-exposure prophylaxis (PrEP) and postexposure prophylaxis (PEP), their uptake remains suboptimal.
Previous studies have rarely integrated both sexual behavioral factors and prevention-related cognitive factors. A clearer
understanding of heterogeneity in HIV exposure and prevention literacy is needed to inform targeted HIV prevention strat-
egies.
Objective: This study aimed to identify latent subgroups of men who have sex with men based on sexual behaviors and
prevention-related cognition and to examine differences in PrEP and PEP uptake across these subgroups.
Methods: An online community–recruited cross-sectional survey was conducted among men who have sex with men in
Hangzhou, China, from January 2024 to August 2024. A total of 3267 eligible participants (male at birth, aged ≥16 years,
and history of sex with men) completed the structured self-administered questionnaires. Measures included sociodemographic
characteristics, sexual behaviors within the past 3 months, exposure to HIV-related information, HIV testing history, and PrEP
or PEP awareness and use. Latent class analysis was used to identify behavioral-cognitive subgroups. Multinomial logistic
regression examined sociodemographic predictors of class membership, and binary logistic regression assessed associations
between latent classes and PrEP or PEP use. A 2-sided α of .05 was used.
Results: Four latent subgroups were identified: low-risk and well-informed (n=1219, 37.3%), high-risk and well-informed
(n=735, 22.5%), moderate-risk and poorly informed (n=830, 25.4%), and high-risk and poorly informed (n=483, 14.8%).
Overall, PrEP use was 7.81% (n=255; 95% CI 6.93%‐8.78%) and PEP use was 4.74% (n=155; 95% CI 4.07%‐5.53%).
Compared with the low-risk, well-informed group, the high-risk, well-informed group had higher PrEP use (n=99, 13.48%;
odds ratio [OR] 4.89, 95% CI 3.22‐7.42) and PEP use (n=69, 9.40%; OR 3.04, 95% CI 1.93‐4.77). The high-risk, poorly
informed group also showed elevated PrEP use (n=65, 13.55%; OR 5.42, 95% CI 11.52%‐15.87%) and PEP use (n=31, 6.41%;
OR 2.57, 95% CI 1.67‐3.98). The moderate-risk, poorly informed subgroup had the lowest uptake of PrEP (n=19, 2.30%;
OR 0.89, 95% CI 1.35%‐3.90%) and PEP (n=9, 1.06%; OR 0.39, 95% CI 0.49%‐2.30%). Membership in poorly informed
subgroups was associated with lower education, lower income, living in a rural area, and short-term residence.
Conclusions: Distinct behavioral–cognitive typologies exist among men who have sex with men in Hangzhou, with substan-
tial gaps between HIV risk exposure and prevention uptake. A large subgroup characterized by moderate behavioral risk
but very low prevention literacy showed minimal PrEP or PEP use. These findings suggest that knowledge alone does not
determine prevention utilization and highlight the need for integrated education, low-threshold counseling, and improved
service access for underserved men who have sex with men. Linking behavioral–cognitive profiles to prevention outcomes
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provides actionable evidence for designing targeted and equitable HIV prevention strategies in real-world public health
settings.

JMIR Public Health Surveill 2026;12:e81405; doi: 10.2196/81405
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Introduction
The Joint United Nations Program on HIV/AIDS reported
that an estimated 39 million people were living with HIV by
the end of 2023 in the whole world, with approximately 1.3
million new infections occurring in that year [1]. Although
the overall global incidence has dropped by 59% since its
peak in 1995, some key populations, especially men who
have sex with men, continue to bear a disproportionate burden
of new infections. For example, men who have sex with
men accounted for an estimated 23% of new HIV infections
in 2023 [1,2]. Notably, the proportion of new HIV infec-
tions attributed to men who have sex with men increased
from approximately 11% in 2010 to 20% in 2022, reflect-
ing a growing concentration of HIV transmission within
this population [3]. In China, men who have sex with
men accounted for 25.2% of newly reported HIV diagno-
ses nationwide, and in some cities, the proportion of newly
notified HIV cases attributable to men who have sex with
men approaches 50% in 2024 [4,5]. Such as, previous studies
showed that the proportion of men who have sex with men
among new HIV cases was 54.3% in Zhejiang, 74% in Hebei,
and 76.6% in Tianjin [5]. Despite efforts including safer sex
education, voluntary HIV counseling and testing, and peer-led
interventions, the HIV epidemic persists among men who
have sex with men in China [6]. These data highlight the
urgent need to strengthen HIV prevention measures, with
particular focus on the high-risk men who have sex with men
groups.

Pre-exposure prophylaxis (PrEP) and postexposure
prophylaxis (PEP) are proven to be effective ways to reduce
the infection risk of HIV for men who have sex with men and
are recommended by both World Health Organization (WHO)
and the Chinese Center for Disease Control and Prevention
[7,8]. While PEP has been available for occupational and
nonoccupational exposure prevention since the late 1990s,
PrEP represents a newer approach for ongoing protection
before potential exposure. However, the uptake of PrEP and
PEP remains limited in China, with only 20% of men who
have sex with men aware of these options and fewer than
1% initiating PrEP since 2019 [9]. A multicity survey of men
who have sex with men in 2021 reported that the usage rates
remained low at 7.8% for PrEP and 9.5% for PEP, although
with awareness rates of 65.9% and 78.7% respectively [10].
In China, PrEP has not yet been incorporated into the national
health insurance system, and no formal subsidized program
exists. Nevertheless, generic tenofovir disoproxil fumarate or
emtricitabine formulations approved by the National Medical
Products Administration in 2020 have lowered medication
costs [9]. Men who have sex with men can access PrEP
through infectious disease clinics, designated hospitals, and

community-based programs in major cities, or seek informa-
tion from local centers for disease control and prevention
and online platforms, with professional consultation before
initiation [11].

Empirical evidence indicates that sexual orientation and
receptive versus insertive roles during anal intercourse
contribute to differential biological vulnerability and network-
mediated exposure to HIV [12,13]. Risk is further elevated
by behaviors such as multiple sexual partnerships [14,15],
group sex [16,17], and lack of awareness of partners’ HIV
status [18,19]. Additionally, engagement in commercial sex,
condomless anal intercourse, and substance use during sex are
consistently associated with both increased HIV acquisition
risk and higher likelihood of PrEP or PEP use [18,20-22]. A
history of sexually transmitted infections (STIs) also serves
as a clinical marker of biological susceptibility and behavioral
risk clustering [23,24]. Cognitive and informational factors
are equally critical in shaping prevention behavior. Exposure
to HIV-related public health messaging enhances prevention
literacy, while awareness of biomedical interventions (such
as PrEP and PEP) and recent HIV testing experience are
among the strongest predictors of uptake [23,25]. However,
existing research has only examined sexual behavioral factors
separately without accounting for the synergistic interac-
tions or cumulative impacts of sexual behaviors as well as
cognition of HIV preventive measures [12]. A more holistic
evaluation of risk behaviors and prevention engagement is
crucial for developing multidimensional vulnerability profiles
among men who have sex with men.

In this context, we conducted a population-based cross-
sectional study among men who have sex with men in
China to examine associations between different HIV risk
profiles (by considering both HIV-related risk behaviors and
cognition of HIV preventive measures) and PrEP or PEP
use. We aim to provide critical evidence for developing
targeted HIV prevention interventions that address the diverse
behavioral and cognitive profiles of men who have sex with
men populations in China and comparable epidemiological
settings.

Methods
Study Design and Participants
This study was designed, conducted, and reported in
accordance with the STROBE (Strengthening the Report-
ing of Observational Studies in Epidemiology) guide-
lines for cross-sectional studies (Checklist 1) [26]. The
survey was implemented in Hangzhou, Zhejiang Prov-
ince, China. Participants were recruited via digital out-
reach of the Sunshine Coast Public Welfare Center (a
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community-based local nongovernmental organization [NGO]
providing HIV-related education and services to men who
have sex with men) between January 2024 and August 2024.
The inclusion criteria for men who have sex with men
were male at birth, aged 16 years or older, and reporting a
history of anal or oral sex with a man. The link was dis-
seminated on the NGO’s official WeChat account, commun-
ity WeChat groups, and WeChat Mini Program, and the
participants completed a structured, anonymous, self-adminis-
tered questionnaire online. No a priori sample size calcula-
tion was performed because the study used community-based
recruitment and aimed to characterize latent subgroups rather
than estimate a single parameter.
Data Measurement

Sample and Data Collection
The sociodemographic characteristics (eg, age, registered
residence location and type, duration of residence in
Hangzhou, marital status, employment status, educational
attainment, and monthly income), sexual behavioral factors,
cognition of HIV preventive measures, and experiences
related to PrEP and PEP use were collected.

In our study, sexual behaviors over the preceding 3 months
included sexual orientation (homosexual or bisexual), anal
sex role (insertive, receptive, or versatile), number of male
sex partners (0, 1, 2‐4, or ≥5), condom use, knowledge of
partner’s HIV status, engagement in commercial sex (yes
or no), unprotected sex (yes or no), drug use during inter-
course (never or sometimes or every time), and any self-
reported diagnosis of a STI within the past 3 months (yes
or no). Knowledge of a partner’s HIV status was classified
as “unknown” (participant did not know partner’s status),
“partially known” (participant knew status of some but not
all partners in the past 3 months, or partner reported but not
documented), and “fully known” (participant reported that
all recent partners’ HIV status was known, based on partner
disclosure or test results). Self-reported STI diagnosis referred
to any clinician-diagnosed STI within the past 3 months,
including syphilis, gonorrhea, genital herpes, genital warts,
chlamydia trachomatis, and other self-reported infections.

Cognition of HIV preventive measures included whether
they had been exposed to HIV-related information, undergone
HIV testing, and their awareness and uptake of biomedical
HIV prevention strategies (ie, PrEP and PEP). Awareness
of medication-based HIV prevention was measured using
a single yes or no composite item: “Have you ever heard
of HIV prevention medications such as PrEP or PEP?”
This composite question was used to minimize respondent
burden and to improve comprehension among participants
with varying biomedical literacy. While some studies assess
PrEP and PEP awareness separately, the combined phrasing
has also been used in prior research and surveys assessing
baseline chemoprophylaxis awareness [27]. PrEP and PEP
uptake were assessed using 2 separate yes or no items: “Have
you used PrEP in the past 3 months?” and “Have you used
PEP in the past 3 months?” These outcomes were modeled
using binary logistic regression, with latent sexual behavior

class membership as the primary independent variable and
sociodemographic characteristics as covariates.

Most sexual-behavior items were single-item behavioral
self-reports (number of partners, condom use, and drug use
during sex) rather than multi-item psychometric scales. For
cognition or awareness items, we used direct single-item
indicators (exposure to HIV publicity, awareness of PrEP, and
awareness of PEP); these were face-valid and widely used in
similar men who have sex with men surveys [28,29].

There were no missing data for variables included in
the analysis because the online survey platform required all
items to be answered before submission (forced-response
design). Therefore, no imputation procedures were necessary.
Variables of both sexual behavioral factors and cognition of
HIV preventive measures were considered to identify latent
risk profiles of men who have sex with men.

Bias
To enhance data quality and reduce potential sources of bias,
several procedural safeguards were implemented during data
collection. The survey was administered anonymously online
without collecting any personal identifiers, which minimized
interviewer influence and encouraged candid reporting. All
items were mandatory within the survey system to ensure
completeness of responses. A 6-month reference frame was
used for behavioral questions to improve accuracy and
consistency of recall. Recruitment was conducted broadly
through a major men who have sex with men commun-
ity-based organization to maximize reach within the target
population. These methodological steps were designed to
strengthen internal validity and reduce measurement error.
Ethical Considerations
The study protocol and consent procedure were approved
by the Medical Ethics Committee of the School of Pub-
lic Health, Zhejiang University (project ZGL202306-9).
Electronic informed consent was obtained at the beginning of
the online survey; participants proceeded only after checking
an “I agree” box. Survey responses were anonymous; no
personal identifiers were collected. Data were stored on a
password-protected server accessible only to study staff. No
compensation was provided. No images containing identifia-
ble participant information were included.
Statistical Analyses
Descriptive statistics were used to describe the sociodemo-
graphic characteristics and sexual behavior profiles of the
incorporated men who have sex with men participants.
Latent class analysis (LCA) was conducted using the poLCA
package (1.6.0.1) in R (version 4.3.3; R Foundation for
Statistical Computing) to identify distinct behavioral and
cognitive subgroups based on the main factors influencing
the use of PrEP and PEP (ie, sexual behaviors and cognition
of HIV preventive measures). LCA models with 2 to 5 latent
classes were estimated, and model fit was assessed using
multiple indices, including the Akaike information criterion
(AIC), Bayesian information criterion (BIC), adjusted BIC
(aBIC), entropy, Vuong-Lo-Mendell-Rubin likelihood ratio
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test (VLMR-LRT), bootstrapped likelihood ratio test (BLRT)
[30], and average latent class posterior probability (ALCPP)
[31]. Lower AIC, BIC, and aBIC values, and higher entropy
values, indicate better model fit. Entropy values of more than
0.60 were considered indicative of acceptable model fit [32],
while ALCPP values of more than 0.70 indicated reliable
classification [31]. The VLMR-LRT and BLRT were used to
compare the relative fit of K-class versus (K–1)-class models.
Prior research suggests that among fit indices, BLRT exhibits
the highest performance, followed by BIC and aBIC [33].
Additionally, selection of the optimal model also considered
the interpretability, meaningfulness, and proportional size of
latent classes [34]. In case of conflicting fit indices, we
prioritized BLRT and BIC or aBIC for statistical fit, and
then considered entropy, ALCPP, minimum class size (>5% a
priori), and interpretability.

Following the identification of latent sexual behavior
subgroups via LCA, further analyses were conducted to
examine differences across classes. Multinomial logistic
regression models were used to assess associations between
sociodemographic variables and latent sexual behavior class
membership. In addition, latent classes were used as the main
independent variable in binary logistic regression models to
explore their association with the PrEP and PEP uptake, while
adjusting for the same set of sociodemographic covariates.

All statistical analyses were conducted using SPSS (Statistical
Package for Social Sciences; version 29.0; IBM Corp). A
2-sided P value <.05 was considered statistically significant.
Results were reported as odds ratios (ORs) with correspond-
ing 95% CIs.

Results
Characteristics of Men Who Have Sex
with Men
The Sunshine Coast Public Welfare Center’s online platform
serves approximately 10,700 men who have sex with men
residing in Hangzhou. A total of 3267 participants were
recruited (from January 2024 to August 2024), yielding an
estimated response rate of 30.52%. The majority of partici-
pants were young, with 58.4% aged 16 to 29 years (Table 1).
Most participants (n=2179, 66.7%) had resided in the city for
more than 2 years. Educational attainment was generally high,
with 46.8% (n=1529) holding a bachelor’s degree and 12.5%
(n=407) attaining a master’s degree or higher. The income
distribution suggested a moderate socioeconomic profile, with
45.1% (n=1473) earning between 5000 and 10,000 RMB (1
RMB=US $0.14) per month, and 29.2% (n=1043) reporting
monthly earnings above 10,000 RMB.

Table 1. Sociodemographic and behavioral characteristics of men who have sex with men participants, Hangzhou, China, January 2024 to August
2024 (N=3267).
Items Frequency, n (%)
Age (y)
  Approximately 16-29 1908 (58.4)
  30‐49 1236 (37.8)
  ≥50 123 (3.8)
Duration of residence in Hangzhou
  <6 months 323 (9.9)
  Approximately 6-12 months 257 (7.9)
  1-2 years 477 (14.6)
  >2 years 2179 (66.7)
  Not in Hangzhou 31 (0.9)
Registered residence
  Zhejiang province 1496 (45.8)
  Other provinces 1771 (54.2)
Type of registered residence
  Urban 1487 (45.5)
  Rural 1780 (54.5)
Occupation
  Student 432 (13.2)
  Full-time (public sector) 228 (7)
  Full-time (nonpublic sector) 1865 (57.1)
  Part-time 70(2.1)
  Unemployed 177 (5.4)
  Retired 21 (0.6)
  Other 474 (14.5)
Marital status
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Items Frequency, n (%)
  Single/never married 2696 (82.5)
  Cohabiting 99 (3)
  Divorced or widowed 96 (2.9)
  Married 376 (11.5)
Education level
  Primary school or below 29 (0.9)
  Junior high school 171 (5.2)
  Senior high school 258 (7.9)
  Vocational or technical school 119 (3.6)
  Associate degree 754 (23.1)
  Bachelor’s degree 1529 (46.8)
Master’s degree or higher 407 (12.5)

Monthly income (RMBa)
  <3000 415 (12.7)
  3000-4999 424 (13)
  5000-10,000 1473 (45.1)
  >10,000 955 (29.2)
Sexual orientation
  Homosexual 2224 (68.1)
  Bisexual 1043 (31.9)
Sexual role during sexual behaviors
  Receptive (0) 680 (20.8)
  Versatile (0.5) 1529 (46.8)
  Insertive (1) 1058 (32.4)
Sexual partnersb

  0 745 (22.8)
  1 1455 (44.5)
  Approximately 2-4 939 (28.7)
  ≥5 128 (3.9)
Awareness of partners’ HIV status
  Not at all aware 494 (15.1)
  Partially aware 1187 (36.3)
  Fully aware 1586 (48.5)

Engaged in commercial sexb

  Yes 89 (2.7)
  No 3178 (97.3)
Had unprotected sexb

  Yes 1044 (32)
  No 2223 (68)
Used drugs during sexb

  Never 2462 (75.4)
  Sometimes 649 (19.9)
  Every time 156 (4.8)
Diagnosed with STIb,c

  Syphilis 34 (1)
  Gonorrhea 2 (0.1)
  Genital herpes 1 (0)
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Items Frequency, n (%)
  Genital warts (HPVd) 10 (0.3)
  Chlamydia trachomatis 0 (0)
  Other 19 (0.6)
  None 3201 (98)
Saw HIV-related publicityb

  Yes 2496 (76.4)
  No 771 (23.6)
Awareness of PrEPe and PEPf

  Not at all aware 311 (9.5)
  Partially aware 1791 (54.8)
  Fully aware 1165 (35.7)
Used PrEPb

  Yes 255 (7.8)
  No 3012 (92.2)
Used PEPb

  Yes 155 (4.7)
  No 3112 (95.3)
Tested for HIV in the past 6 months
  Yes 2470 (75.6)
  No 797 (24.4)

a1 RMB=US $0.14.
bWithin 3 months before this survey.
cSTI: sexually transmitted infection.
dHPV: human papillomavirus.
ePrEP: pre-exposure prophylaxis.
fPEP: postexposure prophylaxis.

A considerable proportion (68.1%) self-identified as
homosexual, whereas 31.9% reported being bisexual. Nearly
half of the respondents (44.5%) reported having one male
sexual partner in the past 3 months, while 28.7% had 2 to
4 partners, and 3.9% reported 5 or more. Risk-related sexual
behaviors were prominent, with 32% engaging in unprotected
intercourse and 2.7% reporting engagement in commercial
sex. Drug use during sexual activity was reported by 4.8% of
participants. Only 48.5% of respondents reported being fully
informed of their partners’ status. Only 2% of men who have
sex with men reported being diagnosed with STIs, with 1%
with syphilis. Most participants (75.6%) had received HIV
testing within the previous six months.

Despite high exposure to HIV-related education campaigns
(76.4%), only 35.7% demonstrated awareness of PrEP and
PEP, with only 7.8% having used PrEP and 4.7% having used
PEP.
Model Fitting and Selection
LCA was conducted to compare models comprising 2 to
5 latent classes (Table 2). The ALCPP declined from

0.892 in the 2-class model to 0.757 in the 5-class model,
and entropy values were consistently low—particularly for
the 3-class (0.591) and 5-class (0.619) models—indicating
reduced classification precision with increasing numbers
of classes. Both the VLMR-LRT and the BLRT yielded
statistically significant results (P<.001), indicating improved
model fit with the inclusion of additional classes. Specifically,
the 2-class model exhibited the most distinct classification
structure but demonstrated poor overall model fit, whereas
the 3-class model showed improved fit but suffered from
the lowest entropy value. The 4-class model provided the
optimal tradeoff among model fit (as reflected by lower AIC
and BIC values), entropy (0.630), and classification reliabil-
ity (ALCPP=0.787), and was therefore selected as the final
solution. The 5-class model demonstrated signs of overfitting
and diminished clarity in latent class differentiation.
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Table 2. Fit statistics for latent class solutions by number of classes.

Classes AICa BICb aBICc Log-likelihood ALCPPd Entropy

Minimum sample
size for the class
(n)

VLMR-
LRTe BLRTf

2 49363.0 49637.1 49858.2 −24636.5 0.892 0.633 45 —g —
3 48726.5 49140.7 49474.8 −24295.2 0.804 0.591 68 <.001 <.001
4 48496.4 49050.7 49497.9 −24157.2 0.787 0.630 91 <.001 <.001
5 48324.6 49019.1 49579.2 −24048.3 0.757 0.619 114 <.001 <.001

aAIC: Akaike information criteria.
bBIC: Bayesian information criteria.
caBIC: adjusted Bayesian information criteria.
dALCPP: average latent class posterior probability.
eVLMR-LRT: Vuong-Lo-Mendell-Rubin likelihood ratio test.
fBLRT: bootstrapped likelihood ratio test.
gNot applicable.

Accordingly, 4 distinct latent classes (ie, low-risk and
well-informed class, high-risk and well-informed class,
moderate-risk and poorly informed class, and high-risk
and poorly informed class) were identified, characterized
by varying sexual behaviors and cognition of HIV preven-
tive measures (Table 3). The low-risk, well-informed group
exhibited the most protective behavioral profile: only 2.4%
reported having 2 or more partners in the past 3 months,
no participants engaged in condomless sex, and 74.9% had
undergone HIV testing within that period. Awareness of
PrEP and PEP was moderate (42.3%), and a substantial
proportion (87.4%) reported recent exposure to HIV-related
public health messaging. The high-risk, well-informed group
reported elevated sexual risk behaviors—38.1% had two or
more partners and 67.2% engaged in condomless sex—yet

demonstrated strong prevention engagement: 77.3% were
fully aware of PrEP and PEP, 88.5% had undergone recent
HIV testing, and 97% knew their partners’ HIV status. The
moderate-risk, poorly informed group displayed intermediate
levels of behavioral risk—24.1% reported multiple part-
ners and 23.5% reported condomless sex—but exhibited
the lowest levels of prevention knowledge: 99.8% lacked
full awareness of PrEP or PEP, 80.4% had not encoun-
tered HIV-related messaging, and only 48.5% had recently
undergone testing. The high-risk, poorly informed group
represented the most vulnerable subgroup: 72% reported
multiple partners, 55.9% engaged in condomless sex, and
76.3% lacked comprehensive awareness of PrEP and PEP.
Despite a relatively high rate of HIV testing (85%), preven-
tion literacy remained consistently low across this group.

Table 3. HIV risk-clustering characteristics of men who have sex with men participants, Hangzhou, China, January 2024 to August 2024 (N=3267).
Characteristic Class 1 Class 2 Class 3 Class 4
Participants, n (%) 1186 (36.3) 564 (17.3) 565 (17.3) 952 (29.1)
95% CI 34.7-38.0 16.0-18.6 16.0-18.6 27.6-30.7
Sexual orientation, n (%)
  Homosexual 783 (66) 439 (77.8) 290 (51.3) 712 (74.8)
  Bisexual 403 (34) 125 (22.2) 275 (48.7) 240 (25.2)
Sexual role during anal sex with a man, n (%)
  Receptive (0) 215 (18.1) 129 (22.9) 108 (19.1) 228 (23.9)
  Versatile (0.5) 571 (48.1) 213 (37.8) 297 (52.6) 44 8(47.1)
  Insertive (1) 400 (33.7) 222 (39.4) 160 (38.3) 276 (29)
Number of sexual partners, n (%)a
  0 527 (44.4) 42 (7.4) 162 (28.7) 14 (1.5)
  1 631 (53.2) 307 (54.4) 267 (47.3) 250 (26.3)
  Approximately 2-4 28 (2.4) 202 (35.8) 128 (22.7) 581 (61)
  ≥5 0 (0) 13 (2.3) 8 (1.4) 107 (11.2)
Awareness of partners’ HIV status, n (%)
  Not at all aware 124 (10.5) 17 (3) 216 (38.2) 137 (14.4)
  Partially aware 298 (25.1) 0 (0) 203 (35.9) 686 (72.1)
  Fully aware 764 (64.4) 547(97) 146 (25.8) 129 (13.6)
Engaged in commercial sex, n (%)a
  No 1178 (99.3) 519 (92) 558 (98.8) 923 (97)
  Yes 8 (0.7) 45 (8) 7 (1.2) 29 (3)
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Characteristic Class 1 Class 2 Class 3 Class 4
Had unprotected sex, n (%)a
  No 1186 (100) 185 (32.8) 432 (76.5) 420 (44.1)
  Yes 0 (0) 379 (67.2) 133 (23.5) 532 (55.9)
Used drugs during sex, n (%)a
  Never 1146 (96.6) 348 (61.7) 474 (83.9) 494 (51.9)
  Sometimes 25 (2.1) 157 (27.8) 63 (11.2) 404 (42.4)
  Every time 15 (1.3) 59 (10.5) 28 (5) 54 (5.7)
Diagnosed with STIsb, n (%)a
  None 1159 (97.7) 552 (97.9) 560 (99.1) 930 (97.7)
  Syphilis 14 (1.2) 4 (0.7) 5 (0.9) 11 (1.2)
  Gonorrhea 1 (0.1) 0 (0) 0 (0) 1 (0.1)
  Genital warts (HPVc) 0 (0) 0 (0) 0 (0) 1 (0.1)
  Chlamydia trachomatis 0 (0) 6 (1.1) 0 (0) 4 (0.4)
  Other 12 (1) 2 (0.4) 0 (0) 5 (0.5)
Saw HIV-related publicity, n (%)a
  No 149 (12.6) 29 (5.1) 454 (80.4) 139 (14.6)
  Yes 1037 (87.4) 535 (94.9) 111 (19.6) 813 (85.4)
Awareness of PrEPd and PEP, n (%)e
  Not at all aware 0 (0) 9 (1.6) 297 (52.6) 5 (0.5)
  Partially aware 684 (57.7) 119 (21.1) 267 (47.3) 721 (75.7)
  Fully aware 502 (42.3) 436 (77.3) 1 (0.2) 226 (23.7)
Tested for HIV in the past 6 months, n (%)
  No 298 (25.1) 65 (11.5) 291 (51.5) 143 (15)
  Yes 888 (74.9) 499 (88.5) 274 (48.5) 809 (85)

aWithin 3 months before this survey.bSTI: sexually transmitted infection.cHPV: human papillomavirus.
dPrEP: pre-exposure prophylaxis.
ePEP: postexposure prophylaxis.

Composition of 4 HIV Risk-Related
Behavior Patterns
As shown in Table 4, men who have sex with men aged
16 to 29 years had significantly lower odds of belong-
ing to the moderate-risk, poorly informed class compared
with those aged 50 years or older (OR 0.452, 95%
CI 0.255-0.798; P=.006). Household registration character-
istics were significantly associated with latent class mem-
bership. Participants with registered residence in Zhejiang
province had lower odds of being in the moderate-risk,
poorly informed class (OR 0.745, 95% CI 0.596-0.931;
P=.01) and the high-risk, poorly informed class (OR 0.759,
95% CI 0.631-0.912; P=.003) compared with those from
other provinces. Similarly, individuals from urban areas
had reduced odds of being classified into the high-risk,
poorly informed class compared with those from rural
areas (OR 0.808, 95% CI 0.671-0.972; P=.02). Full-time
employment in the public sector was associated with lower
odds of membership in the moderate-risk, poorly informed

class compared with other occupational categories (OR
0.559, 95% CI 0.317-0.987; P=.045). Educational attainment
was strongly associated with class membership. Compared
with those holding a master’s degree or above, partici-
pants with primary school or below (OR 3.496, 95% CI
1.268-9.639; P=0.02), junior high school (OR 2.482, 95%
CI 1.380-4.463; P=0.002), senior high school (OR 2.279,
95% CI 1.379-3.766; P=0.001), vocational or technical
education (OR 2.922, 95% CI 1.551-5.504; P<0.001), and
associate degree (OR 1.880, 95% CI 1.253-2.822; P=0.002)
had higher odds of belonging to the moderate-risk, poorly
informed class. Monthly income was inversely associated
with membership in the high-risk, poorly informed class.
Compared with those earning more than 10,000 RMB per
month, participants earning less than 3000 RMB (OR 0.620,
95% CI 0.416-0.923; P=.02), 3000 to 4999 RMB (OR 0.726,
95% CI 0.529-0.996; P=.047), and 5000 to 10,000 RMB
(OR 0.682, 95% CI 0.550-0.847; P<.001) had lower odds of
belonging to the high-risk, poorly informed class.
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Table 4. Association between sociodemographic characteristics and HIV risk patterns of men who have sex with men participants, Hangzhou, China,
January 2024 to August 2024 (N=3267)a.

Characteristics High-risk, well-informed class
Moderate-risk, poorly informed
class High-risk, poorly informed class

ORb (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Age (y)
  Approximately 16-29 1.686 (0.717-3.967) .23 0.452 (0.255-0.798) .006 1.854 (0.949-3.623) .07
  30‐49 1.261 (0.548-2.901) .59 0.510 (0.302-0.862) .01 1.756 (0.919-3.354) .09
  ≥50 1.000 1.000 1.000
Duration of residence in Hangzhou
  <6 months 2.002 (0.399-10.047) .40 0.412 (0.148-1.149) .09 0.577 (0.208-1.601) .29
  Approximately 6-12 months 1.686 (0.333-8.522) .53 0.392 (0.139-1.105) .08 0.469 (0.168-1.315) .15
  Approximately 1-2 years 1.672 (0.336-8.312) .53 0.342 (0.124-0.939) .04 0.488 (0.178-1.335) .16
  >2 years 1.648 (0.336-8.078) .54 0.364 (0.137-0.973) .04 0.545 (0.203-1.464) .23
  Not in Hangzhou 1.000 1.000 1.000
Registered residence
  Zhejiang province 1.057 (0.853-1.309) .61 0.745 (0.596-0.931) .01 0.759 (0.631-0.912) .003
  Other provinces 1.000 1.000 1.000
Type of registered residence
  Urban 1.119 (0.902-1.388) .31 0.932 (0.746-1.164) .54 0.808 (0.671-0.972) .02
  Rural 1.000 1.000 1.000
Occupation
  Student 1.358 (0.853-2.162) .20 0.986 (0.604-1.611) .96 0.799 (0.525-1.215) .29
  Full-time (public sector) 1.449 (0.912-2.303) .12 0.559 (0.317-0.987) .045 1.069 (0.718-1.592) .74
  Full-time (non–public sector) 1.073 (0.775-1.486) .67 1.169 (0.865-1.580) .31 1.039 (0.801-1.348) .77
  Part-time 1.678 (0.785-3.587) .18 1.282 (0.591-2.779) .53 1.406 (0.731-2.704) .31
  Unemployed 1.003 (0.579-1.740) .99 1.179 (0.700-1.984) .54 1.118 (0.716-1.746) .62
  Retired 3.183 (0.611-16.567) .17 1.385 (0.367-5.226) .63 3.567 (0.928-13.707) .06
  Other 1.000 1.000 1.000
Marital status
  Single or never married 1.362 (0.876-2.118) .17 0.617 (0.431-0.882) .008 1.029 (0.734-1.443) .87
  Cohabiting 1.942 (0.947-3.979) .07 0.980 (0.491-1.956) .95 1.513 (0.825-2.773) .18
  Divorced or widowed 0.652 (0.264-1.608) .35 0.973 (0.542-1.749) .93 1.087 (0.605-1.953) .78
  Married 1.000 1.000 1.000
Education level
  Primary school or lower 2.969 (1.053-8.375) .04 3.496 (1.268-9.639) .02 0.204 (0.025-1.678) .14
  Junior high school 1.351 (0.655-2.786) .42 2.482 (1.380-4.463) .002 1.851 (1.093-3.133) .02
  Senior high school 1.651 (0.994-2.742) .05 2.279 (1.379-3.766) .001 1.246 (0.801-1.939) .33
  Vocational or technical school 2.186 (1.140-4.189) .09 2.922 (1.551-5.504) <.001 1.942 (1.109-3.401) .02
  Associate degree 1.501 (1.036-2.174) .03 1.880 (1.253-2.822) .002 1.344 (0.973-1.857) .07
  Bachelor’s degree 1.062 (0.773-1.460) .71 1.050 (0.726-1.519) .80 1.027 (0.777-1.357) .85
  Master’s degree or higher 1.000 1.000 1.000
Monthly income (RMBc)
  <3000 0.720 (0.465-1.114) .14 1.172 (0.741-1.855) .50 0.620 (0.416-0.923) .02
  Approximately 3000-4999 0.562 (0.381-0.830) .004 0.823 (0.560-1.210) .32 0.726 (0.529-0.996) .047
  Approximately 5000-10,000 0.718 (0.556-0.927) .01 0.902 (0.687-1.185) .46 0.682 (0.550-0.847) <.001
  >10,000 1.000 1.000 1.000

aThe "low-risk, well-informed class" was included in the model as the reference group.
bOR: odds ratio.
c1 RMB=US $0.14.
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Uptake of PEP and PrEP Across HIV Risk
Patterns
Table 5 revealed substantial disparities in the uptake of
PrEP and PEP across distinct HIV risk profiles. Overall,
PrEP use was 7.81% (255/3267; 95% CI 6.93%-8.78%)
and PEP use was 4.74% (155/3267; 95% CI 4.07%-5.53%).
Compared with the low-risk, well-informed reference group
(PrEP: 37/1186, 3.12%; PEP: 35/1186, 2.95%), individuals
in the high-risk, well-informed class reported significantly
higher use of PrEP (76/564, 13.48%; OR 4.890, 95% CI

3.224-7.418, P<.001) and PEP (53/564, 9.40%; OR 3.035,
95% CI 1.930-4.771, P<.001). Similarly, participants in the
high-risk, poorly informed class also showed higher PrEP
uptake (129/952, 13.55%; OR 5.419, 95% CI 3.690-7.959,
P<.001) and higher PEP use (61/952, 6.41%; OR 2.574,
95% CI 1.666-3.978, P<.001) compared with the reference
group. In contrast, the moderate-risk, poorly informed group
showed no significant difference in PrEP use (13/565, 2.30%;
OR 0.891, 95% CI 0.463-1.713, P=.73) and had signifi-
cantly lower PEP uptake (6/565, 1.06%; OR 0.385, 95% CI
0.158-0.939, P=.04) relative to the reference group.

Table 5. Association between HIV risk patterns and the use of pre-exposure prophylaxis (PrEP) and postexposure prophylaxis (PEP) by men who
have sex with men participants, Hangzhou, China, January 2024 to August 2024 (N=3267).
Class PrEP PEP

Used, n (%; 95% CI) Odds ratio (95%
CI)

P value Used, n (%; 95%
CI)

Odds ratio (95%
CI)

P
value

Overall 255 (7.81; 6.93-8.78) —c — 155 (4.74;
4.07-5.53)

— —

Low-risk, well-informed class (n=1186) 37 (3.12; 2.27-4.27) 1.000 <.001 35 (2.95; 2.13-4.08) 1.000 <.001
High-risk, well-informed class (n=564) 76 (13.48; 10.90-16.54) 4.890 (3.224-7.418) <.001 53 (9.40;

7.26-12.09)
3.035 (1.930-4.771) <.001

Moderate-risk, poorly informed class
(n=565)

13 (2.30; 1.35-3.90) 0.891 (0.463-1.713) .73 6 (1.06; 0.49-2.30) 0.385 (0.158-0.939) .04

High-risk, poorly informed class
(n=952)

129 (13.55; 11.52-15.87) 5.419 (3.690-7.959) <.001 61 (6.41; 5.02-8.15) 2.574 (1.666-3.978) <.001

aNot applicable.
bThe “high-risk, well-informed” class was the reference group.

In contrast, the moderate-risk, poorly informed group showed
no significant difference in PrEP use (2.30%; OR 0.891,
95% CI 0.463‐1.713; P=.729) and had significantly lower
PEP uptake (1.06%; OR 0.385, 95% CI 0.158‐0.939; P=.036)
compared to the reference group.

Discussion
Principal Findings
This study identified 4 latent subgroups among men who
have sex with men in Hangzhou based on sexual behaviors
and prevention-related awareness (low-risk, well-informed;
high-risk, well-informed; moderate-risk, poorly informed;
and high-risk, poorly informed groups). PrEP and PEP
use were primarily concentrated among the 2 high-risk
groups, whereas the moderate-risk but poorly informed
group exhibited particularly low uptake (PrEP: 2.30%; PEP:
1.06%), indicating a substantial mismatch between behavioral
exposure and coverage of HIV prevention services.
Determinants of Behavioral-Cognitive
Profiles
Sociodemographic factors play a pivotal structural role
in differentiating men who have sex with men subpopu-
lations according to their HIV risk profiles. Education
and income emerged as the most consistent predictors
among the high-risk and moderate-risk but poorly informed
groups. Lower educational attainment—particularly junior

high school and vocational training—was significantly
associated with membership in the high-risk, poorly informed
group, while individuals with unstable residence and nonlocal
household registration were more likely to fall into the
moderate-risk, poorly informed group. These findings align
with existing literature indicating that lower socioeconomic
status is strongly associated with reduced access to HIV-
related knowledge, rather than knowledge-use behaviors.
For example, research from Brazil and China suggests
that men who have sex with men with lower income and
education levels tend to have lower HIV knowledge scores
and weaker risk perception [35,36]. This phenomenon may
be explained by structural factors such as informational
exclusion, institutional discrimination, and unequal access
to community-based education programs. Studies from both
high- and middle-income countries also indicate that health
communication tends to favor those with higher educational
attainment, reinforcing knowledge gaps within socioeconom-
ically marginalized men who have sex with men subgroups
[37,38]. These findings highlight the need to design differen-
tiated health promotion strategies that address the cognitive
disadvantage created by broader structural inequities.
Structural Inequalities and Implications
for HIV Prevention
Both high-risk subgroups—irrespective of their cognition of
HIV preventive measures—exhibited significantly elevated
rates of PrEP and PEP use. This aligns with well-docu-
mented associations between high-risk sexual behaviors
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and the uptake of biomedical prevention tools observed
among men who have sex with men globally, including in
China [39,40]. Notably, PrEP usage among the high-risk,
poorly informed group was comparable to that of their
well-informed counterparts, despite markedly lower levels
of HIV-related knowledge. This pattern suggests that PrEP
uptake in this subgroup may be less influenced by compre-
hensive prevention literacy and more reflective of reactive,
event-driven decision-making—for example, seeking PEP
following perceived exposure, or initiating PrEP due to a
partner’s HIV status or prior testing experiences. Similar
behavioral dynamics have been reported in other men who
have sex with men populations, where PrEP use is often
shaped more by perceived vulnerability and episodic risk
than by an in-depth understanding of biomedical interven-
tions. For instance, a study in Belgium found that men who
have sex with men modulated PrEP adherence based on
fluctuating risk exposure, indicating a largely reactive usage
model [41]. Likewise, research in India reported that men
who have sex with men with higher perceived HIV risk
were more willing to use PrEP, regardless of their actual
knowledge of the intervention [42]. However, the rate of
PEP use in the high-risk, poorly informed group (6.41%)
was substantially lower than in the high-risk, well-informed
group (9.40%). This discrepancy likely reflects the time-sen-
sitive nature of PEP initiation—typically within 72 hours
of exposure—which demands a higher degree of health
awareness. The comparatively lower uptake in the low-liter-
acy group underscores the urgent need for targeted health
education to bridge this critical knowledge-to-action gap.

Interestingly, no significant difference in PrEP or PEP
uptake was observed between the high-risk, well-informed
and high-risk, poorly informed groups, challenging the
assumption that cognition of HIV prevention measures
alone directly translates into preventive behavior. Several
factors may account for this disconnect. First, both groups
may encounter similar structural barriers, such as limited
access, financial constraints, and stigma [43-45], that hinder
service use regardless of knowledge levels. Second, general
awareness of HIV prevention may not equate to a heightened
perception of personal risk, thereby weakening the motiva-
tion to initiate PrEP or PEP [46,47]. Third, the knowledge
indicators used in the LCA may capture general informa-
tional exposure rather than specific, service-oriented literacy
or navigational capacity. Fourth, men who have sex with
men populations often demonstrate event-driven, reactive
patterns of biomedical prevention use, such as initiating PEP
following perceived exposure, rather than sustained, proactive
engagement [48]. Finally, social norms and peer influences
may exert a stronger effect than individual knowledge [43,45,
49], especially in the first context.

The moderate-risk, poorly informed group emerged as
a notably underserved population in this study. Despite
reporting non-negligible behavioral risks—such as a 24.1%
prevalence of multiple concurrent sexual partnerships—this
group exhibited the lowest uptake of PrEP (2.30%) and PEP
(1.06%). Strikingly, 99.8% of individuals in this class lacked
adequate knowledge of PrEP or PEP (Table 3), revealing a

profound gap in biomedical prevention coverage for what
may be termed an “invisible risk group.” This misalignment
between behavioral vulnerability and prevention engagement
echoes findings from prior research in China. For instance,
Wang et al [9] reported rising PEP usage in Shenzhen—from
3.92% in 2018 to 10.29% in 2020—yet noted that such
uptake remained concentrated among high-risk populations,
with limited reach among moderately at-risk individuals with
low prevention literacy [50]. Importantly, the disconnect
between moderate-risk individuals and biomedical prevention
tools reflects not only gaps in personal awareness but also
deeper structural and informational asymmetries. As Lei
[51] highlights in a qualitative study, knowledge dissemi-
nation about PrEP and PEP within men who have sex
with men communities in China is highly networked and
stratified. Information circulates primarily through specific
digital platforms and community-based networks, often
excluding individuals from rural backgrounds, those with
limited education, or recent migrants [51]. These mechanisms
reinforce their “invisibility” in existing prevention infrastruc-
tures, rendering them unable to access timely information
or interventions despite engaging in risk behaviors. This
phenomenon is supported by quantitative evidence: studies in
China have shown that low health literacy, rural or non-
local household registration, recent migration, and limited
access to public sector resources are independently associ-
ated with restricted access to HIV prevention services [52-
54]. Traditional intervention strategies, which often prioritize
those at the highest observable risk, may inadvertently neglect
populations with moderate but sustained behavioral risk. For
this structurally disconnected group, a multilevel interven-
tion framework is urgently needed. This includes peer-led
community education, embedding PrEP or PEP counsel-
ing into routine HIV testing, and implementing culturally
responsive outreach for rural and migrant populations [52,55].
Enhancing both institutional design and the communication
ecology will be essential for achieving equitable, targeted
service delivery across diverse men who have sex with men
subpopulations.
Limitations
This study has several limitations. First, its cross-sectional
design limits the ability to infer causal relationships between
HIV risk patterns and PrEP or PEP uptake. Second, self-
reported data may be subject to recall bias or social desira-
bility bias, potentially affecting the accuracy of behavioral
and prevention-related indicators. Third, participant recruit-
ment was conducted exclusively online through a NGO’s
digital platforms, which may have excluded men who have
sex with men who are less digitally connected or more
structurally marginalized. Fourth, PrEP and PEP usage were
measured as binary variables, without capturing duration,
adherence, or regimen type, thereby restricting the interpret-
ability of biomedical prevention engagement. Finally, this
study did not collect or report participants’ HIV serologi-
cal results, and thus the HIV status of respondents could
not be objectively verified, which may introduce uncertainty
regarding the actual infection status. Despite these limitations,
the identification of distinct behavioral-knowledge typologies
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offers meaningful insights for refining HIV prevention
strategies.
Conclusions
This study identified that the 4 distinct subgroups of HIV-
related risk profiles among men who have sex with men
and PrEP or PEP use were concentrated among high-risk
individuals. By integrating behavioral and prevention-cogni-
tion indicators through LCA, the study revealed an under-
served subgroup, men who have sex with men with moderate
behavioral risk but very low prevention literacy, which
traditional behavior–only frameworks fail to detect. These

findings demonstrate that knowledge alone is insufficient
to drive PrEP or PEP uptake and highlight the need for
differentiated, equity-focused strategies that pair education
with improved access and supportive service environments.
Targeted community-based education, embedding PrEP or
PEP counseling into low-threshold HIV testing, and outreach
to men who have sex with men with lower socioeconomic
status emerge as practical priorities to close prevention gaps.
By offering a multidimensional, person-centered perspective,
this study contributes novel evidence to inform real-world
HIV prevention planning in China and other middle-income
settings facing similar structural challenges.
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