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Abstract

Background: The HIV prevalence among men who have sex with men (MSM) in China has increased yearly. This
study aimed to explore the association between the characteristics of social communication and condomless anal
intercourse (CAI) among MSM and the implications for prevention and control of HIV among MSM in China using
an egocentric network framework.

Methods: The data were collected in Guangzhou between November 2016 and May 2017 through standardized
face-to-face interviews. The participants were recruited among MSM who received voluntary counselling and
testing services (VCT) provided by nongovernmental organizations (NGOs) and the local Centers for Disease Control
and Prevention (CDC). We used the framework of the egocentric network analysis, the odd ratios of CAI were
analyzed using generalized estimating equations (GEE).

Results: In total, 1073 MSM who nominated 2667 sexual partners were sampled. MSM who were approximately 30
years old and chose sexual partners of different age category were more likely to engage in CAI. Participants with
high level education who were in partnerships with individuals with lower education levels had a higher risk of CAI.
Participants who reported having a strong relationship with their sexual partners(AOR = 1.31) were associated with a
higher probability of experiencing CAI during sex; while having sexual partners who were unmarried (OR = 0.56),
and participants who reported meeting sexual partners online (AOR = 0.74) or, having sex with an occasional
partner (AOR = 0.44)were less likely to engage in CAI.

Conclusion: Our study indicates that the strength of sexual dyadic relational ties and different social
communication mixing patterns across ages, educational categories, and marital status were associated with CAI.

Keywords: HIV MSM egocentric network CAI

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: fanlv0925@163.com
1The National Center for AIDS/STD Control and Prevention, Chinese Center
for Disease Control and Prevention, 155th Changbai Road, Changping
District, Beijing, China
Full list of author information is available at the end of the article

Yang et al. BMC Public Health          (2019) 19:722 
https://doi.org/10.1186/s12889-019-7082-9

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-019-7082-9&domain=pdf
http://orcid.org/0000-0003-3294-4754
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:fanlv0925@163.com


Background
Men who have sex with men (MSM) are heavily affected
by the HIV/AIDS epidemic in China. Between 2012 and
2017, the annual number of new diagnoses among MSM
increased from 15,768 to 34,358 [1, 2]. According to the
annual sentinel surveillance survey conducted by the
National Center for AIDS/STD Control and Prevention in
China, the HIV prevalence over the years among MSM in-
creased from 0.9% in 2003 to 7.75% in 2014 [3, 4], indicat-
ing an increasing trend of HIV prevalence among MSM
community members.
Recently, the Chinese government implemented aggres-

sive HIV prevention and intervention programs targeting
MSM regarding HIV transmission [5, 6]. Although the
implementation of HIV prevention interventions in China
has achieved substantial results in recent years, and the
proportion of condom use among sexual partners of
MSM has increased, adherence to condom use is difficult
to achieve [7]. Therefore, the target of containing the
spread of the HIV epidemic among MSM has not met ex-
pectation. Several factors are responsible for the slow rate
of large-scale changes in behavior, such as the early decay
rate of newly learnt behaviors which is dependent on the
mode of learning among others. However, the specific so-
cial communication characteristics of sexual networks
among MSM who usually engage in condomless anal
intercourse (CAI) with their sexual partners may play an
important role. According to a meta-analysis conducted
by Hess KL, CAI with an HIV-unknown partner has
become an increasing trend among MSM [8], and the
increasing trend of HIV-related risk behaviours may help
explain the increase in the HIV epidemic.
Numerous studies have explored the characteristics of

CAI and its association with MSM to provide practical
guidance for targeted policy solutions. Most studies have
focused on the demographic characteristics and their
relationship to CAI. For example, a young age, lower
education level, and being divorced have been shown to
be risk factors of CAI [9]. But it is not known why these
factors are more likely to be associated with CAI, it may
be related to the social communication characteristics
among MSM, that is, who, where, and how MSM meet
sexual partners during social communication. Ying
Wang et al. found that psychosocial problems were asso-
ciated with CAI among MSM [10]. According to Yong
Cai, sexual partner type is highly associated with CAI,
and the prevalence of having CAI with regular partners
is high among MSM [11]. The CAI risk factors are
multidimensional; however, these studies did not present
the social communication characteristics and their rela-
tionship to CAI among MSM. Notably, social communi-
cation studies exploring CAI among MSM are needed to
identify the enablers of HIV transmission among MSM.
Fortunately, social and sexual contact networks among

MSM play an important role in understanding HIV
transmission [12]. The social network analysis method
produces a more comprehensive understanding of the
MSM population and provides a good method for inter-
preting behavior. In social networks, each individual is a
node that can connect with one or more nodes directly
or indirectly, and the high-risk behaviors of these nodes
makes them more susceptible to HIV infection, resulting
in extensive transmission of HIV within the network.
The social network concept first appeared in HIV-

related research in 1985 [13]. The rising HIV epidemic
among MSM was used by multiple scholars to under-
stand and construct HIV prevention and intervention
schemes. For example, one study reported that changing
risk behaviors via an intervention program conducted by
a leader of a social network among MSM was effective
[14]. While concerns about the relationship between
risky behaviours and social network characteristics are
increasing, as this relationship is closely associated with
the HIV epidemic in many countries [15, 16], very few
articles have analyzed the factors correlated with CAI
from the perspective of an egocentric network, which
mainly focuses on social relationships and the mixing
patterns associated with social communication in a large
sample in China.
This study adopted an egocentric network framework

to explore the characteristics of mixing patterns of sex-
ual dyads and factors correlated with CAI among MSM
and the implications for the prevention and control of
HIV in China.

Methods
Participants and recruitment
We conducted a cross-sectional survey through standard-
ized face-to-face interviews in Guangzhou, which is a city
in South-eastern China with over 12 million residents. An
estimated 44,593 sexually active MSM live in the city in
2008 [17]. The HIV prevalence among MSM in Guangzhou
significantly increased from 5.0% (19/379) in 2008 to 11.4%
(72/633) in 2013 [17]. The participants were limited to
MSM who received voluntary counselling and testing
services (VCT) provided by nongovernmental organizations
(NGOs) and the local Centesr for Disease Control and
Prevention (CDC) between November 2016 and May 2017.
The inclusion criteria were as follows: (1) men who self-
reported having had anal sex with at least one man in the
prior 12months; (2) age of 18 years or above; (3) ability to
provide written and verbal consent in Mandarin Chinese;
(4) no previous HIV positive diagnosis; and (5) voluntarily
received VCT for an HIV test. The exclusion criteria were
as follows: (1) female; (2) age less than 18 years; (3) could
not understand or reply to questions; (4) diagnosed with
HIV infection; and (5) had not lived in Guangzhou for
more than 3months.
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Interview procedures
Our study used the traditional paper-and-pencil interview
methodology. The participants were asked to complete a
questionnaire in private with assistance from trained inter-
viewers from the district-level CDC and local NGOs. The
participants completed the survey within an average of 25
min. A small gift was given to the respondents for their
participation.

Measures
Ego-network data collection
Regardless of whether they engaged in receptive or inser-
tive anal sex, the respondents were asked to name (by
simply listing a nickname) one or more male sexual part-
ners with whom they have had sex with in the prior 12
months and report their own and their partners’ demo-
graphic backgrounds (i.e., age, education, income, marital
status, occupation, and frequency of HIV testing). The
participants were also asked about the social ties of their
sexual dyads in terms of three constructs (i.e., the duration
and frequency of the interaction and intimacy) and other
features of social communication (i.e., the frequency of
having sex with sexual partners, the frequency of con-
dom usage during sex, method of seeking partners, etc.)
(Additional file 1).

Social tie strength (STS)
The participants were asked to answer 3 specific questions
about their relationships with their sexual partners. The
questions were related to (1) the duration of the social
interaction, (2) the frequency of the social interaction with
the partner, and (3) the affective interaction with the part-
ner (intimacy). For each question, the participants could
choose from the following options: 1 (weak) to 5 (strong).
The items were scored on a Likert scale from 1 through 5.
We classified the social ties into two groups, i.e., strong
and weak, based on Granovetter’s study [18]. In this paper,
the group that scored 9 or above was defined as having
strong ties, while the group that scored less than 9 was
defined as having weak ties (Additional file 1).

Condomless anal intercourse
Participants stated whether they had had condomless
insertive anal intercourse without using HIV-PrEP (Pre-
Exposure Prophylaxis) with sexual partners in the past
12 months. There were four options: (1) never used a
condom; (2) seldom used condoms; (3) intermittent used
condoms; (4) always used condoms. In this study, we
considered the participants who chose option 1,2 and 3
as having had CAI (Additional file 1).

Occasional sexual partners
Occasional sexual partners were defined as individuals
who had had only one sexual intercourse experience

with the nominated partners. The question was related
to how many times they had had sex with this partner in
last 12 months, for this question, the participants could
choose (1) just once; (2) less than once each month; (3)
at least once each month; (4) at least once each week; or
(5) almost every day (Additional file 1).

Place of first date
Place of first date was classified as a dichotomous variable:
private or public place. A private place was defined as the
first date occurring in a private residence or hotel where no
one else was present; a public place was defined as a location
where other people were present. For the question asking
where did MSM meet each other when they were first dat-
ing, the answer options were (1) wine bar or KTV; (2) chess
room or tea room; (3) public bathhouse or clubhouse; (4)
public park; (5) private residence or hotel; and (6) shopping
mall or a public entertainment venue (Additional file 1).

Method of meeting sexual partners
We defined the method of meeting sexual partners as a
dichotomous variable: Internet or non-Internet. Partici-
pants who indicated that they met sexual partners via
dating software or websites were classified in the Inter-
net group; conversely, participants who were introduced
to sexual partner through other non-internet channels
were classified in the non-Internet group. The question
was “Do you meet with your sexual partners via dat-
ing software or websites? with answer options of 1=
yes, 0=no” (Additional file 1).

Statistical analyses
Social network analysis
Social network analyses can include whole and ego-network
analyses based on different objectives. In this study, we used
the framework of the egocentric network analysis, which
mainly focuses on STS and mixing patterns among the
study respondents and their sexual partners, to explore the
characteristics and correlation factors of CAI.

Mixing matrices
A mixing matrix was compiled by creating a table of the
types of partnerships within two groups: respondents who
engaged in CAI and non-CAI with partners. Each sexual
dyad was assigned into mixing matrices [19] by cross-
classification according to demographic characteristics, in-
cluding age, education level, income and marital status, of
the respondents (row) and their indicated partners (col-
umns). A Q value computed from eigenvalues was used to
test the concordance patterns. Although this measure is a
continuous value, it is often applied as a categorical assess-
ment, for which any positive value indicates concordance
mixing and all negative values indicate disconcordance
patterns [20].
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Chi square test
The variables obtained from the univariate analysis were
identified as candidates by a Chi square test (entry
P < 0.1; removal P ≥ 0.1).

Regression analysis
The GENMOD procedure fits generalized linear models;
the class of generalized linear models is an extension of
traditional linear models that allows the mean of a popula-
tion to depend on a linear predictor through a nonlinear
link function and allows the response probability distri-
bution to be any member of an exponential family of
distributions. The GENMOD procedure can fit models
to correlated responses by the GEE method. The sexual
dyad was the analysis unit in this study. Because 72.5%
of the 1073 respondents nominated at least two sexual
partners, each participant may be a part of multiple
dyads; thus, there may be correlations between mem-
bers from different dyads. We used robust generalized
estimating equations (GEE) [21] to analyze the relative
CAI risk factors in this paper using correlated dyadic
data clustered among the respondents. The REPEATED
statement invokes the GEE method. In this model, CAI
is the dependent variable, and we used the ID number
of participants as the repeated subject. All analyses
were conducted using SAS V.9.4.

Results
In total, 1073 respondents who nominated 2667 sexual
partners were interviewed face-to-face. In total, 41.58% of
the 2667 sexual dyads reported that they have engaged in
CAI in the previous twelve months (Additional file 2).

Demographic characteristics of the study respondents
and their sexual partners
Most participants and their partners, i.e., 68.50 and
74.58%, respectively, were under the age of 30 years. In
total, 62.35% of the participants and 57.74% of the sexual
partners had attended a college or university, and 84.16%
of the participants and 78.52% of the sexual partners
had not been married, while 57.41% of the partici-
pants and 55.0% of the sexual partners earned middle
level incomes (Table 1).

Characteristics of the social network of the study
respondents and their sexual partners
Social tie strength
The highest score, i.e., 15, accounted for 0.26% of the
2667 sexual dyads, while 289 (10.84%) dyads obtained
the lowest score, i.e., 3. In general, the group with strong
ties scored 9 and above and included 1117 (41.88%) sex-
ual dyads, while the group with weak ties scored under 9
and included 1550 (58.12%) sexual dyads.

Mixing patterns among the study respondents and their
sexual partners
Table 2 (located at the end of this text) shows the per-
centage distribution by age, education, income, and
marital status among respondents who engaged in CAI
and non-CAI with partners based on the demographic
groupings of the respondents. In most categories of most
variables, the study participants reported having the lar-
gest number of sexual partners in the same category as
themselves (for example, the proportion of 18–25 years
old CAI partners of the all CAI partners of 18–25 years
old participants was 55.49%). The exact proportion of
sexual partners who were concordant with the partici-
pants varied across the categories of age, educational
level, income and marital status. There were statistically
significant differences in the distribution of age, educa-
tional level, income and marital status according to
whether CAI occurred (P < 0.01). In general, the distribu-
tion of partnership concordance in education (Q = 0.2)
was greater than that in the other variables, while the pro-
portion of age (Q = 0.11) showed a lower concordance.
The greatest proportion of concordant sexual partner-

ships (include CAI and non-CAI) with respect to age
was reported by 18–25 years old (56.49%), followed by
26–30 years old (42.33%). The lowest concordance in the
age category was reported by those who were 51 years or
older (4.88%). MSM who had an undergraduate educa-
tion reported the greatest percentage of sexual partner-
ship concordance (68.53%), followed by those with high
school education (39.28%). The greatest proportion of
concordance across income and marital status were
42.19 and 83.75% among MSM with income of 60,001–
120,000 and unmarried respectively.
The proportion of CAI varied according to respondent

characteristics, participants of 51 years or older (51.22%),
with middle school education(50.75%), lower income
(≤20,000) (46.37%) and, who were married(43.49%) were
more likely to engage in CAI.

Mixing patterns and CAI risk (risk factor analysis using a
regression model)
The mixing patterns across MSM from different age
groups, educational levels and marital statuses were sig-
nificantly associated with the practise of CAI. We analyzed
the age, education and marital status of participants and
respondents separately in the regression models.
18 to 25 years old MSM were more likely to engage CAI

with younger than 18 years old sexual partners (OR = 5.71,
P < 0.01), respondents who were 26 to 30 years old and
partnered with 18- to 25-year-olds and 41- to 50-year-olds
had elevated risks of CAI (OR = 1.45, P < 0.05, and OR =
2.72, P < 0.05). MSM aged 31 to 40 years who reported
partnerships with 51-year-olds and above were at an
increased risk of CAI (OR = 9.07, P < 0.05).
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Mixing across educational categories among the highly
educated groups was associated with an increased CAI
risk. Participants who reported partnerships with people
who were less educated than themselves had an in-
creased CAI risk (OR = 1.86, P < 0.05, OR = 4.0, P < 0.01,
OR = 2.23, P < 0.05).
Among the MSM who were married to women, having

homosexual partners who were not married to women
was a protective factor against CAI (OR = 0.56, P < 0.01)
(Table 3).

Characteristics of social relationships and CAI risk
We used multiple variable analyses, except for the vari-
able lists in Table 4, We adjusted for age, educational
background and marital status of the participants and
their partners. The regression analysis showed that the
dyadic relationship characteristics (STS, partner type,
and method of meeting sexual partners) were independ-
ently associated with CAI. Partners who had a strong

relationship with the study participants (AOR = 1.31) were
associated with a higher chance of having CAI, while
meeting sexual partners via the Internet (AOR = 0.74) and
having had sex with an occasional partner (AOR = 0.44)
were considered protective factors (Table 4).

Discussion
We examined the relationship and social communication
characteristics for similarities and differences among the
participants and their sexual partners in detail in this study.
We observed that different partner typologies were dif-

ferentially related to the occurrence of CAI. Previous
studies have corroborated the conclusion that young
MSM have a higher risk of having CAI with sexual part-
ners during anal intercourse [9] [22]. However, our study
identified other influencing factors. Based on our risk
factor analysis, frequently, MSM who were approxi-
mately 30 years old and chose younger or older (41 years
or older) partners were more likely to engage in CAI

Table 1 Background characteristics of the respondents and their sexual partners

Characteristics Socio-demographics of the respondents (N = 1073) Socio-demographics of the sexual partners (N = 2667)

n % n %

Age group

≤ 17 0 0 25 0.94

18–25 430 40.07 1053 39.48

26–30 305 28.43 911 34.16

31–40 243 22.65 487 18.26

41–50 79 7.36 146 5.47

> 51 16 1.49 45 1.69

Education background

Primary school 1 0.09 13 0.49

Middle school 100 9.32 206 7.72

High school 202 18.83 539 20.21

Undergraduate school 669 62.35 1540 57.74

Master’s or above 101 9.41 198 7.42

Unknown 0 0 171 6.41

Marital status

Married 142 13.23 467 17.51

Unmarried 903 84.16 2094 78.52

Divorced 26 2.42 71 2.66

Other 2 0.19 35 1.31

Income (12 months)

< 20,000 287 26.75 400 15.00

20,000- 322 30.01 689 25.83

60,001- 294 27.40 778 29.17

120,001- 136 12.67 346 12.97

> 240,000 34 3.17 119 4.46

Unknown 0 0 335 12.56
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than those who chose sexual partners of their same age
category. We also found no significant differences in the
prevalence of CAI among MSM who were 41 years of
age or older with sexual partners from any age category.
This condom using imbalance need further exploring
whether it is related to more bargaining power during
sex for seniority in age. Younger MSM who have sex
with older partners may have an increased risk of HIV
infection due to the increased HIV prevalence among
older sexual partners [23]. Thus, we should not only
strengthen preventative interventions and education
campaigns targeting young MSM but also implement
targeted interventions and campaigns to instil a sense of
responsibility in older MSM and to encourage these
MSM to use protective measures during sex.
Measurable differences were also reported in the risk

of CAI across the education level and marital status

categories. A high rate of CAI was associated with particu-
lar mixing patterns. Participants with college-level or
above education who were in partnerships with individ-
uals with lower education levels had a higher risk of CAI.
To further investigate this association, we found that hav-
ing sexual partners with higher education levels (com-
pared to the respondents) presented a protective factor
against practicing CAI. Zhongrong Y et al. reported a high
CAI prevalence among MSM who were college students
in China [22], However, MSM with higher education
levels are well-known to have a higher HIV-related know-
ledge score [24]. This imbalance may stem from that
MSM may avoid using condom in order to cope with psy-
chosocial vulnerabilities and create intimacy with their
partners [25], when they have sex with assertive partners
who may lack of knowledge about HIV and resistant to
use condom. To address this imbalance in awareness

Table 3 ORs of CAI among participants with concordant/discordant partners within age, education and marital status

Respondents’ characteristics Odds Ratio of CAI# 95% CI

Age, yn ≤17 18- 26- 31- 41- ≥ 51

18- 5.71**(1.62–20.08) 1.00‡ 0.96(0.72–1.27) 1.20(0.80–1.80) 0.80(0.41–1.56) 1.84(0.65–5.22)

26- 2.92 (0.48–17.71) 1.45*(1.03–2.05) 1.00‡ 1.21 (0.81–1.83) 2.72*(1.17–6.33) 0.97(0.29–3.30)

31- 1.81 (0.11–29.59) 0.77 (0.48–1.24) 1.31 (0.87–1.99) 1.00‡ 1.73 (0.86–3.47) 9.07*(1.07–79.67)

41- – 1.03 (0.43–2.50) 0.93(0.40–2.16) 0.75(0.32–1.76) 1.00‡ 0.95(0.23–4.01)

≥51 – 2.50 (1.0–62.60) 0.40 (0.02–10.02) 2.20 (0.11–42.73) 0.29 (0.01–6.91) 1.00‡

Education background Primary school Middle school High school Undergraduate Master’s and above Unknown

Middle school 3.51(0.38–32.62) 1.00‡ 0.80(0.43–1.50) 0.72(0.37–1.38) 1.76(0.31–10.06) 0.93(0.43–2.03)

High school 2.36(0.22–51.14) 1.00(0.53–1.87) 1.00‡ 0.74(0.49–1.11) 0.74(0.31–1.68) 1.04(0.49–2.20)

Undergraduate 1.04(0.14–6.31) 1.86*(1.09–3.20) 1.20(0.91–1.58) 1.00‡ 0.72(0.47–1.08) 0.96(0.62–1.47)

Master’s and above – 1.07(0.14–5.56) 4.00**(1.50–11.16) 2.23*(1.16–4.47) 1.00‡ 1.07(0.14–5.56)

Marital status Married Unmarried Divorced

Married 1.00‡ 0.56**(0.13–0.98) 2.28(1.06–3.49)

Unmarried 0.95(0.74–1.23) 1.00‡ 1.32(0.77–2.26)

Divorced 0.31(0.01–8.87) 0.73(0.03–18.99) 1.00‡

Note. *P < 0.05 and **P < 0.01. # odds ratio of CAI refers to compare the odds of the discordant mixing groups to the odds of the concordant mixing groups
‡ reference of each analysis model. —— have no enough data in this group

Table 4 Association between the characteristics of the sexual dyads and CAI (dyads = 2667)

Relationship characteristics Estimate Z AORa 95% CI P-value

STS

Weak 1.00

Strong 0.2706 2.65 1.31 1.07 1.60 0.008

Partner type

Regular partner 1.00

Occasional partner −0.8159 −7.73 0.44 0.36 0.54 < 0.0001

Method of meeting sexual partners

Non-Internet 1.00

Internet −0.2981 −2.66 0.74 0.60 0.92 0.008
aWe have adjusted for age, educational background and marital status of the participants and their partners
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between partners of different education levels, the cover-
age of HIV-related knowledge awareness campaigns needs
to be expanded to primary and middle schools.
We also found that within the category of married re-

spondents, significant differences existed in condom
usage among sexual partners with different marital sta-
tuses. Married MSM were more likely to choose other
married MSM as their sexual partners, and this combin-
ation was associated with CAI. Few relevant results have
been reported in previous studies, as other researchers
have focused more on individual behaviours than on re-
lational dyads. Because married MSM may have a high
risk of HIV infection, formulators of effective preven-
tions should target this population, who may play a role
in bridging HIV transmission.
Men who perceive their local HIV prevalence to be

higher than the actual prevalence are less likely to en-
gage in CAI [26], but this likelihood could increase if the
partners have significant trust and are intimate with one
another [27]. We further identified that stronger social
ties between the sexual dyads were correlated with a
higher risk of engaging in CAI. Interestingly, male sex
workers’ perceptions of their sexual partners’ HIV status
are more likely to be accurate than other people’s percep-
tions [28]. Thus, existing interventions targeting special
populations, especially male sex workers, are effective. We
found that non-occasional sexual activities were associated
with CAI; a suitable explanation may be that the perceived
HIV risk was not associated with condom use among
regular partners who do not know their HIV statuses, even
though these behaviours could be considered risky
[29]. This result is consistent with previous studies
that found that regular MSM partners were at a high
risk of HIV transmission [26] [30]. Therefore, it may
be beneficial to inform the public about the HIV epi-
demic, including the HIV infection rate each year
among different subpopulations.
Although several previous studies have been of high

quality, the findings have been inconsistent and did not
show clear evidence of a relationship between Internet
sex-seeking and sexual risk [31]. We found that MSM
who sought sex on the Internet were less likely to prac-
tice CAI than MSM who did not. As Internet sites and
smartphone apps continue to become popular among
MSM, Internet-based intervention activities could be a
good way to target more MSM who are rarely reached
by venue-based outreach [32]. That is, HIV health edu-
cation via the Internet could be effective. More accept-
able and innovative prevention programs should be
developed using online technologies.
Our research has several important limitations. First, al-

though we used a sampling methodology designed to iden-
tify a minimally biased sample of VCT-attending MSM in
our survey, our respondents are not representative of all

MSM in Guangzhou City or elsewhere. Second, we did not
measure other sexual network characteristics, such as sex-
ual network density, as independent variables incorporated
into the regression model. The original research design in-
cluded the sexual network density as an index in our ques-
tionnaire. Most participants did not answer the relevant
questions. We should strengthen the surveyor’s skills in fu-
ture studies. Thirdly, the sample size of older men (≥41)
was smaller, therefore, the lack of statistical significance for
comparisons could just be due to the lack of power. In
addition, PrEP use was not legally available in Guangzhou
during our investigation, therefore, we did not collect any
information on PrEP use.

Conclusion
Our study indicates that HIV-related risky behaviours,
especially CAI, are associated with the strong ties of sex
dyads and different mixing patterns across age, educa-
tional categories and marital statuses. These key determi-
nants should be considered in developing intervention
strategies and programs for AIDS prevention and control.

Additional files

Additional file 1: Questionnaire for MSM in Guangzhou. Questionnaire
for MSM in Guangzhou. (PDF 131 kb)

Additional file 2: The characteristics of communication between
respondents and their sexual partners. The count and proportion of each
communication activity. (PDF 45 kb)

Abbreviations
AIDS: Acquired Immune Deficiency Syndrome; AOR: Adjusted Odds Ratio;
CAI: Condomless Anal Intercourse; CDC: Center for Disease Control and
Prevention; CI: Confidence Interval; GEE: Generalized Estimating Eqs.;
HIV: Human Immunodeficiency Virus; MSM: Men who have Sex with Men;
NGOs: non-governmental organizations; SNA: Social Network Analysis;
STS: Social tie strength; UNAIDS: The Joint United Nations Programme on
HIV/AIDS; VCT: HIV Voluntary Counseling & Testing; WT: Weak Tie

Acknowledgements
We would like to thank the district-level Centers for Disease Control and Pre-
vention in Guangzhou for assisting with the data collection. We also appreci-
ate the local community-based organizations, the Lingnan partner
community health support center and Guangzhou ZhiTong for recruiting
participants and conducting the field surveys

Authors’ contributions
FL and JY collaborated in writing the manuscript. FL, JY, HFX, WBC, YZG, PX
and QYY participated in the study design and helped conduct the surveys.
JY performed the statistical analyses. JY, FL and SL revised the manuscript
before submission and complemented the manuscript with contextual data.
All authors reviewed, read and approved the final version before submission.

Funding
This work was supported by the National Natural Science Foundation of
China (NSFC) (No. 71473234). The views expressed are those of the authors
and not necessarily those of the NSFC. The funders did not have any role in
the study other than to provide funding.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article and its supplementary information files.

Yang et al. BMC Public Health          (2019) 19:722 Page 8 of 10

https://doi.org/10.1186/s12889-019-7082-9
https://doi.org/10.1186/s12889-019-7082-9


Ethics approval and consent to participate
Informed written consent was provided by all participants prior to the
interview. Withdrawal from the research was allowed at any given time
before, during or after the interview. The participants were assured that
withdrawals would not affect their right to access health services. To protect
the anonymity of the participants and their partners, the participants were
asked to provide only pseudonyms or nicknames. The research protocol and
informed consent form received ethical approval from the Institutional
Review Board of the National Center for AIDS/STD Control and Prevention,
China CDC.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1The National Center for AIDS/STD Control and Prevention, Chinese Center
for Disease Control and Prevention, 155th Changbai Road, Changping
District, Beijing, China. 2Department of HIV/AIDS Control and Prevention,
Center for Disease Control and Prevention, Guangzhou, China. 3United
Nations Entity for Gender Equality and the Empowerment of Woman, China
Office, Beijing, China.

Received: 27 October 2018 Accepted: 31 May 2019

References
1. NCAIDS NCSTD, China CDC. Update on the AIDS/STD epidemic in China

and main response in control and prevention in December, 2012. Chin J
AIDS STD. 2013;19(2). https://doi.org/10.13419/j.cnki.aids.2013.02.025.

2. NCAIDS NCSTD, China CDC. Update on the AIDS/STD epidemic in China in
December 2017. Chin J AIDS STD. 2018;24(2). https://doi.org/10.13419/j.cnki.
aids.2018.02.01.

3. Wang L, Wang L, Norris JL, Li DM, Guo W, Ding ZW, et al. HIV
prevalence and influencing factors analysis of sentinel surveillance
among men who have sex with men in China, 2003-2011. Chin Med J.
2012;125(11):1857–61.

4. Cui Y, Guo W, Li D, Wang L, Shi CX, Brookmeyer R, et al. Estimating HIV
incidence among key affected populations in China from serial cross-
sectional surveys in 2010-2014. J Int AIDS Soc. 2016;19(1):20609. https://doi.
org/10.7448/IAS.19.1.20609.

5. Ye S, Xiao Y, Jin C, Cassell H, Blevins M, Sun J, et al. Effectiveness of
integrated HIV prevention interventions among Chinese men who have sex
with men: evaluation of a 16-city public health program. PLoS One. 2012;
7(12):e50873. https://doi.org/10.1371/journal.pone.0050873.

6. Zhao Y, Zhang L, Zhang H, Xia D, Pan SW, Yue H, et al. HIV testing and
preventive services accessibility among men who have sex with men at
high risk of HIV infection in Beijing, China. Medicine. 2015;94(6):e534.
https://doi.org/10.1097/MD.0000000000000534.

7. Chow EP, Wilson DP, Zhang L. Patterns of condom use among men who
have sex with men in China: a systematic review and meta-analysis. AIDS
Behav. 2012;16(3):653–63. https://doi.org/10.1007/s10461-011-9935-9.

8. Hess KL, Crepaz N, Rose C, Purcell D, Paz-Bailey G. Trends in sexual behavior
among men who have sex with men (MSM) in high-income countries,
1990–2013: a systematic review. AIDS Behav. 2017;21(10):2811–34. https://
doi.org/10.1007/s10461-017-1799-1.

9. Cheng W, Tang W, F Z, Babu GR, Han Z, Qin F, et al. Consistently high
unprotected anal intercourse (CAI) and factors correlated with CAI among
men who have sex with men: implication of a serial cross-sectional study in
Guangzhou, China. BMC Infect Dis. 2014;14:696. https://doi.org/10.1186/
s12879-014-0696-8.

10. Wang Y, Wang Z, Jia M, Liang A, Yuan D, Sun Z, et al. Association between
a syndemic of psychosocial problems and unprotected anal intercourse
among men who have sex with men in Shanghai, China. BMC Infect Dis.
2017;17(1):46. https://doi.org/10.1186/s12879-016-2132-8.

11. Cai Y, Lau JT. Multi-dimensional factors associated with unprotected anal
intercourse with regular partners among Chinese men who have sex with
men in Hong Kong: a respondent-driven sampling survey. BMC Infect Dis.
2014;14(1):205. https://doi.org/10.1186/1471-2334-14-205.

12. Brignol SM, Dourado I, Amorim LD, Miranda JG, Kerr LR. Social networks of
men who have sex with men: a study of recruitment chains using
respondent driven sampling in Salvador, Bahia state, Brazil. Cad Saude
Publica. 2015;1:170–81. https://doi.org/10.1590/0102-311X00085614.

13. Klovdahl AS. Social networks and the spread of infectious diseases: the AIDS
example. Soc Sci Med. 1985;21(11):1203–16.

14. Kelly JA, Amirkhanian YA, Kabakchieva E, Vassileva S, Vassilev B, McAuliffe TL,
et al. Prevention of HIV and sexually transmitted diseases in high risk social
networks of young Roma (gypsy) men in Bulgaria: randomised controlled
trial. BMJ. 2006;333(7578):1098.

15. Scott HM, Irvin R, Wilton L, Van Tieu H, Watson C, Magnus M, et al. Sexual
behavior and network characteristics and their association with bacterial
sexually transmitted infections among black men who have sex with men
in the United States. PLoS One. 2015;10(12):e146025. https://doi.org/10.
1371/journal.pone.0146025.

16. Wagner GJ, Hoover M, Green H, Tohme J, Mokhbat J. Social, relational
and network determinants of unprotected anal sex and HIV testing
among men who have sex with men in Beirut, Lebanon. Int J Sex
Health. 2015;27(3):264–75.

17. Cheng W, Cai Y, Tang W, Zhong F, Meng G, Gu J, et al. Providing HIV-
related services in China for men who have sex with men. Bull World
Health Organ. 2016;94(3):222–7. https://doi.org/10.2471/BLT.15.156406.

18. Granovetter MS. The strength of weak ties. Am Sociol. 1973;78(6):1360–80.
19. Aral SO, Hughes JP, Stoner B, Whittington W, Handsfield HH, Anderson RM,

et al. Sexual mixing patterns in the spread of gonococcal and chlamydial
infections. Am J Public Health. 1999;89(6):825–33.

20. Doherty IA, Padian NS, Marlow C, Aral SO. Determinants and consequences
of sexual networks as they affect the spread of sexually transmitted
infections. J Infect Dis. 2005;191(Suppl 1):S42–54.

21. Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous
outcomes. Biometrics. 1986;42(1):121–30.

22. Yang Z, Huang Z, Dong Z, Zhang S, Han J, Jin M. Prevalence of high-risky
behaviors in transmission of HIV among high school and college student
MSM in China: a meta-analysis. BMC Public Health. 2015;15:1272. https://doi.
org/10.1186/s12889-015-2614-4.

23. Chamberlain N, Mena LA, Geter A, Crosby RA. Is sex with older male
partners associated with higher sexual risk behavior among young
black MSM? AIDS Behav. 2017;21(8):2526–32. https://doi.org/10.1007/
s10461-017-1699-4.

24. Ma W, Wu G, Zheng H, Zhang W, Peng Z, Yu R, et al. Prevalence and
risk factors of HIV and syphilis, and knowledge and risk behaviors
related to HIV/AIDS among men who have sex with men in
Chongqing. China J Biomed Res. 2016;30(2):101–11. https://doi.org/10.
7555/JBR.30.20150057.

25. Bauermeister JA, Carballo-Diéguez A, Ventuneac A, Dolezal C. Assessing
motivations to engage in intentional Condomless anal intercourse in HIV
risk contexts (“bareback sex”) among men who have sex with men. AIDS
Educ Prev. 2009;21(2):156–68. https://doi.org/10.1521/aeap.

26. Sullivan S, Stephenson R. Perceived HIV prevalence accuracy and sexual risk
behavior among gay, bisexual, and other men who have sex with men in
the United States. AIDS Behav. 2018;22(6):1849–57. https://doi.org/10.1007/
s10461-017-1789-3.

27. Li D, Li C, Wang Z, Lau JT. Prevalence and associated factors of
unprotected anal intercourse with regular male sex partners among HIV
negative men who have sex with men in China: a cross-sectional
survey. PLoS One. 2015;10(3):e119977. https://doi.org/10.1371/journal.
pone.0119977.

28. Fujimoto K, Williams ML, Ross MW. A network analysis of relationship
dynamics in sexual dyads as correlates of HIV risk misperceptions among
high-risk MSM. Sex Transm Infect. 2015;91(2):130–4. https://doi.org/10.1136/
sextrans-2014-051742.

29. Kesler MA, Kaul R, Liu J, Loutfy M, Gesink D, Myers T, et al. Actual sexual risk
and perceived risk of HIV acquisition among HIV-negative men who have
sex with men in Toronto, Canada. BMC Public Health. 2016;16:254. https://
doi.org/10.1186/s12889-016-2859-6.

30. Zhang H, Lu H, Pan SW, Xia D, Zhao Y, Xiao Y, et al. Correlates of
unprotected anal intercourse: the influence of anal sex position among
men who have sex with men in Beijing, China. Arch Sex Behav. 2015;44(2):
375–87. https://doi.org/10.1007/s10508-014-0396-x.

31. Holloway IW, Pulsipher CA, Gibbs J, Barman-Adhikari A, Rice E. Network
influences on the sexual risk behaviors of gay, bisexual and other men who

Yang et al. BMC Public Health          (2019) 19:722 Page 9 of 10

https://doi.org/10.13419/j.cnki.aids.2013.02.025
https://doi.org/10.13419/j.cnki.aids.2018.02.01
https://doi.org/10.13419/j.cnki.aids.2018.02.01
https://doi.org/10.7448/IAS.19.1.20609
https://doi.org/10.7448/IAS.19.1.20609
https://doi.org/10.1371/journal.pone.0050873
https://doi.org/10.1097/MD.0000000000000534
https://doi.org/10.1007/s10461-011-9935-9
https://doi.org/10.1007/s10461-017-1799-1
https://doi.org/10.1007/s10461-017-1799-1
https://doi.org/10.1186/s12879-014-0696-8
https://doi.org/10.1186/s12879-014-0696-8
https://doi.org/10.1186/s12879-016-2132-8
https://doi.org/10.1186/1471-2334-14-205
https://doi.org/10.1590/0102-311X00085614
https://doi.org/10.1371/journal.pone.0146025
https://doi.org/10.1371/journal.pone.0146025
https://doi.org/10.2471/BLT.15.156406
https://doi.org/10.1186/s12889-015-2614-4
https://doi.org/10.1186/s12889-015-2614-4
https://doi.org/10.1007/s10461-017-1699-4
https://doi.org/10.1007/s10461-017-1699-4
https://doi.org/10.7555/JBR.30.20150057
https://doi.org/10.7555/JBR.30.20150057
https://doi.org/10.1521/aeap
https://doi.org/10.1007/s10461-017-1789-3
https://doi.org/10.1007/s10461-017-1789-3
https://doi.org/10.1371/journal.pone.0119977
https://doi.org/10.1371/journal.pone.0119977
https://doi.org/10.1136/sextrans-2014-051742
https://doi.org/10.1136/sextrans-2014-051742
https://doi.org/10.1186/s12889-016-2859-6
https://doi.org/10.1186/s12889-016-2859-6
https://doi.org/10.1007/s10508-014-0396-x


have sex with men using geosocial networking applications. AIDS Behav.
2015;19(S2):112–22. https://doi.org/10.1007/s10461-014-0989-3.

32. Zou H, Wu Z, Yu J, Li M, Ablimit M, Li F, et al. Internet-facilitated,
voluntary counseling and testing (VCT) clinic-based HIV testing among
men who have sex with men in China. PLoS One. 2013;8(2):e51919.
https://doi.org/10.1371/journal.pone.0051919.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Yang et al. BMC Public Health          (2019) 19:722 Page 10 of 10

https://doi.org/10.1007/s10461-014-0989-3
https://doi.org/10.1371/journal.pone.0051919

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Participants and recruitment
	Interview procedures
	Measures
	Ego-network data collection
	Social tie strength (STS)
	Condomless anal intercourse
	Occasional sexual partners
	Place of first date
	Method of meeting sexual partners

	Statistical analyses
	Social network analysis
	Mixing matrices
	Chi square test
	Regression analysis


	Results
	Demographic characteristics of the study respondents and their sexual partners
	Characteristics of the social network of the study respondents and their sexual partners
	Social tie strength
	Mixing patterns among the study respondents and their sexual partners
	Mixing patterns and CAI risk (risk factor analysis using a regression model)
	Characteristics of social relationships and CAI risk


	Discussion
	Conclusion
	Additional files
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

