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Abstract
Background—Little research has investigated sexual transmissibility of HIV among young drug
users in China. The objective of this study was to examine the role of sexual transmission on HIV
infection among injection drug users (IDUs) and non-injection drug users (NIDUs).

Methods—Respondent-driven sampling (RDS) was used to recruit 426 young heroin/opium drug
users in Yunnan, China. Logistic regression modeling was performed to examine
interrelationships among risky sexual behaviors, drug-use modes, and drug-use practices.

Results—Substantial proportions of NIDUs and IDUs reported engagement in risky sexual
behaviors including: (1) multiple sexual partners (42% of NIDUs vs. 37% of IDUs); (2)
concurrent sexual partnerships (48% vs. 46%); (3) commercial sex partners (23% vs. 24%) and
sex partners who were NIDUs (14% vs. 17 %). Both NIDUs and IDUs reported low levels of
condom use with non-regular partners (48% vs. 42%) and regular partner (24% vs. 27%), and
having a history of recent methamphetamine use (21% vs. 18%). Compared to IDUs, NIDUs
reported having had fewer sex partners who were IDUs, fewer IDU network peers, more NIDU
network peers, and having lower levels of HIV knowledge and self-perceived HIV risk.

Conclusions—Generalization of the HIV epidemic from high-risk groups to the general
population may be driven by risky sexual behavior among drug users. Reducing sexual
transmission of HIV among both IDUs and NIDUs is the next major challenge for HIV
intervention among drug users in China.
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INTRODUCTION
Early in the epidemic of HIV in China, injection drug use (IDU) was a dominant HIV
transmission mode.1 It was estimated that there were 2.4 million injection drug users (IDUs)
in China and the prevalence of HIV was nearly 20% among IDUs in 2005.2 Investigation of
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the risk factors for HIV infection associated with syringe and paraphernalia sharing has
contributed to the development of interventions targeting IDU in China.3 The success of
these efforts is documented by the decreasing trend in needle-sharing and decline in the
proportion of newly-reported HIV infected cases attributable to IDU over the past several
years.4 According to studies conducted in four areas including Yunnan, 89% of IDUs
reported sharing needles in 2001, 50% in 2004, and 30–40% in 2007.5 As reported in a
recent study of HIV incidence among IDUs in Dehong Prefecture, an area in Yunnan, the
estimated annual HIV incidence among IDUs decreased significantly from 15% in 2004 to
4.3% in 2008.6

Chinese surveillance data has clearly depicted substantial increases in the proportions of
newly-diagnosed HIV infected individuals among heterosexual and homosexual
populations.4,7 Although the majority of the cumulative AIDS cases were previously
attributed to IDU, heterosexual contacts have now become the leading transmission among
newly-diagnosed HIV infections in China. In 2009, an estimated 48,000 people were newly
infected with HIV in China, among whom 42% were through heterosexual contacts and 24%
were through IDU.8

The spread of HIV among non-injection drug users (NIDUs) has received attention because
research has reported that HIV prevalence among NIDUs is at least as high as that among
IDUs in some areas.9,10 For example, in two separate surveys in New York City,11 HIV
prevalence was 13% among IDUs and 12% among NIDUs in a drug treatment program
study, and 15% and 17% in a respondent driven sampling storefront study. Non-injection
drug use (NIDU), or high-risk sexual behaviors associated with NIDU, may be an important
factor contributing to HIV infection. A study in Russia documents that the high prevalence
of HIV among drug users, their sexual contact with non-drug users, and the high-risk sexual
behaviors of this potential bridging population indicate the real potential for an increasingly
generalized epidemic.12 Unlike the established role of unsafe syringe use in HIV
transmission among IDUs, the mechanisms of sexual transmissions of HIV among IDUs and
NIDUs are poorly understood.13,14 Given the growing importance of sexual transmission in
new HIV infections among both IDUs and NIDUs, it is imperative that research efforts, for
the purpose of development of effective HIV interventions, examine and characterize the
patterns of high-risk sexual behavior. Although parenteral risk for HIV infection has been
well documented in China, little is known about sexual transmissibility of HIV among
young drug users, especially among non-injection drug users.

We thus conducted a community-based survey among young drug users in Yunnan, China,
using respondent-driven sampling (RDS). The objective of this study was to investigate the
potential role of sexual transmission of HIV infection among IDUs and NIDUs.

METHODS
Study site and subjects

Methodology of the study has been previously reported.15 Briefly, this community-based
survey was conducted in two contiguous small counties in Yunnan province in 2009.
Eligibility criteria for participation in the study included individuals who (1) were 18–35
years old and resided in either of the two counties; and (2) had used heroin or/and opium
(smoked, snorted, or injected) at least once a week in the past 30 days prior to the interview.
The study protocol was approved by the Institutional Review Boards of Virginia
Commonwealth University and the Yunnan Institute of Drug Abuse.
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Respondent-driven sampling
Respondent-driven sampling (RDS) was used to recruit participants.16 In order to select
productive RDS seeds, we conducted in-depth interviews among 28 drug users and held
focus-group discussions among those who had experience working with drug users,
including local public health staff and outreach volunteers who were drug users. Based on
the findings of the in-depth interviews and with assistance from the outreach volunteers, we
selected a group of 14 seeds who were diverse in age, drug use mode (IDU or NIDU), and
resided in the two counties. These 14 seeds received an explanation of the study purpose and
three coupons to recruit drug users from their network ties. All new recruits in the
subsequent waves participated in an anonymous interview in a private room and were
offered three coupons similar to the seeds.

Measures
Drug use mode—Participants who snorted or smoked drugs and reported that they had
never injected heroin were defined as non-injecting drug users (NIDUs). Those who had
ever injected drugs were defined as injecting drug users (IDUs).

Regular sex partner and non-regular sex partner—Respondents’ regular sex partner
included spouses or boy/girl friends. Their non-regular sex partner included casual sex
partners, sex workers, or sex clients. The number of sexual partners was measured in the
past 12 months.

Duration of drug use—Participants were asked to provide date (measured in month and
year) of the first injection drug use or non-injection drug use. Duration of IDU or NIDU was
calculated by subtracting the date that they were interviewed by the date of the first drug
use.

Concurrent sexual partnerships—As documented in in-depth interviews, the majority
of young drug users had regular sexual partners (i.e., spouses or boy/girl friends), we
defined the concurrent sexual partnerships as “Having any other sexual partners during an
individual’s sexual relationship with his/her regular sexual partners.”

Condom use—Condom use with regular partners and non-regular partners was separately
measured by asking respondents about condom use during the last 12 months. Consistent
condom use was defined as using condoms in every or most sexual acts.

Drug and sex trade—Participants were asked whether they had ever exchanged sex for
drugs or money. They were also asked if they had ever used drugs to exchange for sex.
Those who reported either of the two practices were defined as having engaged in drug and
sex trade.

Club drug use—Participants were asked whether they had ever used “club drugs”,
including crystal methamphetamine, ecstasy, and ketamine.

HIV/AIDS knowledge—11 questions were used to measure knowledge regarding HIV
transmission and prevention. Each correct answer was given one point, with a total score
ranging from 0 to 11 points. Based on its distribution, it was dichotomized into low (0–9)
and high (10–11) in data analysis.

Self-perceived risk for HIV infection—It was measured by asking participants’
perception of their possibility of acquiring HIV. This variable was categorized into “having
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no risk”, “having some risk” and “definitely having risk”. If subjects reported that they were
HIV positive, they were defined as “definitely having risk”.

Data analysis
The Respondent Driven Sampling Analysis Tool (RDSAT, version 6.0.1) was used to
estimate the RDS-adjusted proportions of NIDU and IDU. RDSAT is designed to estimate
overall sampling weights based on recruitment weights and network degree.17 These
weights were applied to the bivariate and multivariate analyses by using SAS procedures for
analysis of survey data (version 9.1, SAS Institute, Cary, NC).18,19 Relationships among
HIV-related risky sexual behaviors, drug-use modes, and drug-use practices were analyzed
in a logistic regression model (‘proc surveylogistic’), controlling for demographic variables
(gender, age, ethnicity, education, marital status, and job). The Cochran-Armitage trend test
was used to assess whether the relationships between duration of drug use and engagement
in sexual risk and needle sharing followed linear patterns.20 Since RDS regression modeling
techniques are still developing, a sensitivity analysis of regression outcomes was performed
by comparing results from weighted and un-weighted regression models.19 The sensitivity
analysis indicated that the results generated from the RDS-weighted univariate and
multivariate analyses did not substantially differ from those estimated in un-weighted
analyses. Only the results of weighted analyses are reported here.

RESULTS
RDS sample

A total of 426 subjects, including 14 seeds, were recruited over a period of approximately 2
months. Twelve seeds successfully recruited other drug users. The average number of
recruitment waves from the seeds were 6. Two seeds, one male and one female, produced a
recruitment chain larger than 10 waves and recruited 54% of the RDS sample.

The RDS sample reached the status of equilibrium at the recruitment of 412 drug users (14
seeds were excluded). The RDSAT estimated that the largest number of recruitment waves
at which equilibrium would be reached would be 6 (the trait of the age group). The largest
actual recruitment wave in the RDS sample was 14, which was larger than the largest
simulated one, thus satisfying the equilibrium requirement. Out of the 16 tolerance indexes,
14 had a value of 0.01 or less, and 2 had a value of 0.03, indicating that the bias introduced
by the nonrandom selection was gradually reduced, and the final RDS sample compositions
converged to equilibrium.21

Characteristics of study subjects
Among 426, 168 (39%) were classified as NIDUs since they smoked heroin or opium and
reported that they had never injected heroin, and 258 (61%) were categorized as IDUs,
including 19 (7%) subjects who initially injected heroin without prior non-injecting use of
heroin or opium, 194 (75%) who switched to IDU from NIDU, and 45 (17%) who reported
that they had injected but then switched to non-injecting drug use.

Fifty-three percent of participants were of Han ethnicity (according to the 2010 census,
depending on different areas in Yunnan, 43%–67% of the population is Han), had a middle
school education or higher (66%), and were unemployed (52%). The RDS-adjusted
proportion of NIDUs was 51%. Compared to IDUs, NIDUs were more likely to be young, of
minority ethnicity, have a lower education level, and be employed (Table 1).

The proportion of self-reported needle-sharing was low among IDUs. Measured over life
time of drug use, 3% of IDUs shared needles for half or more episodes of injections and
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61% occasionally shared them. Measured in the last 30 days, only 10% of IDUs had ever
shared needles.

Comparison of risky sexual behavior between injection and non-injection drug users
Crude and multivariate analyses document that a similar proportion of NIDUs engaged in
risky sexual behaviors compared to IDUs (Table 2). Forty-two percent of NIDUs and 37%
of IDUs had multiple sexual partners in the past 12 months. About half of NIDUs (48%) and
IDUs (46%) engaged in concurrent sex partnerships. Compared to IDUs, NIDUs reported
having had fewer sex partners who were IDUs, fewer IDU network peers, more NIDU
network peers, and having lower levels of HIV knowledge and self-perceived HIV risk.

Condom use was low in both groups. Only 48% of NIDUs and 42% of IDUs consistently
used condoms with non-regular partners, and 24% of NIDUs and 27% of IDUs consistently
used condoms with their regular partners. A considerable proportion of NIDUs and IDUs
reported having commercial sex partners (23% vs. 24%) and sex partners who were NIDUs
(14% vs. 17 %), and having used club drugs (21% vs. 18%), mainly, methamphetamine.

For those engaged in commercial sex, a considerable proportion of NIDUs and IDUs
reported having multiple sexual partners in the past 12 months (95% vs. 84%), sex partners
who were NIDUs (18% vs. 23 %), sex partners who were IDUs (8% vs. 43 %), and non-
regular sex partners (53% vs. 64 %). For those who used methamphetamine, a large
proportion of NIDUs and IDUs reported having multiple sexual partners in the past 12
months (61% vs. 51%), sex partners who were NIDUs (24% vs. 30 %), sex partners who
were IDUs (6% vs. 23 %), and non-regular sex partners (25% vs. 36 %).

Engagement in sexual risk according to the duration of injection and non-injection drug
use

IDUs who used drugs for one year or less were less likely to have sex partners who were
IDUs and to share needles, compared to those who had a longer duration of drug use (Table
3). NIDUs with longer duration of drug use exhibited a higher proportion of having
commercial sex partners. Engagement in other sexual behavior did not significantly differ in
the different phases of drug use.

DISCUSSION
This study documents that sexual risk may play an important role in HIV acquisition and
transmission and both injection and non-injection drug users may serve as a bridge linking
the HIV epidemic between high- and low-risk populations. Effective HIV intervention
programs should be developed and implemented to target both sexual and parenteral risks.

It has been well established that injection-equipment sharing was the primary factor in the
parenteral transmission of HIV among drug users during the early phases of the HIV
epidemic. The sexual transmission of HIV was consequently considered negligible in China
and other countries.14,22 This study indicates that the role of sexual transmission of HIV
among young drug users is also substantial since young drug users reported having had
mixed types of sex partners (including commercial sex partners, sex partners who were
either IDUs or NIDUs, regular partners, and non-regular partners), a higher level of unsafe
sex, and a low level of needle sharing. Engagement in mixed sexual partnerships, coupled
with inconsistent condom use, could link and speed HIV transmission among drug users,
sexual partners, and the general population.23

In this study, nearly half of young drug users had concurrent sexual partnerships. As
illustrated by Morris,24 an individual’s concurrency can put his/her monogamous partner at
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risk of acquiring HIV, especially when his/her concurrent partners include drug users who
also have multiple sexual partners. Condom use with different types of partners was very
low among young drug users, which is consistent with previous studies among drug users in
China.4,25 The high prevalence of sexual mixing and concurrent sexual partnerships, along
with inconsistent condom use, may speed the sexual transmission of HIV within and across
drug-use networks and sex networks and may generalize the HIV epidemic into low-risk
populations in China.

Traditionally, research and intervention efforts have been primarily focused on injection
drug use. However, the findings of this study document that the risk of non-injection drug
use in HIV infection may be similar to the risk level of injection drug use. NIDUs’ sexual
networks overlap with IDUs’ networks; we found that 17% of IDUs’ sexual partners were
NIDUs and 4% of NIDUs’ sexual partners were actually IDUs. In addition, NIDUs have
overlapping drug-use networks with IDUs; 34% of NIDUs had one or more injection
network peers and a similar proportion of IDUs had one or more peers of NIDU in their
social networks. The close linkages between the two groups also occurred in the RDS
recruitment process, with NIDUs recruiting 36% IDUs and IDUs recruiting 27% NIDUs. In
addition, 21% of NIDUs also orally used meth. Use of meth increases sexual desire and
reduces condom use.26,27 Although the level of sexual risk is similar in injection and non-
injection drug users, non-injection drug users may be even more risky in the transmission of
HIV since they had lower levels of HIV knowledge and self-perceived risk for HIV
infection.

The high sexual risk and relative low parenteral risk of HIV transmission may be explained
by harm-reduction programs that have been widely and rigorously implemented in areas
where injection drug use prevails in China.22 These programs include needle exchange
programs and methadone maintenance therapy (MMT) and primarily target injection drug
use for parenteral risk, i.e., needle sharing. As suggested in this study, Chinese policies on
harm reduction might reduce parenteral risk (needle-sharing). However, because these harm
reduction programs do not include components of behavioral intervention,22 drug users may
continue to engage in risky sexual behavior. Our previous study found that drug users who
frequently received detoxification treatments did not change their risky sexual behavior.28

Research among drug users in China has found that risky injection practices have been
proven to be less common among new IDUs than long-term IDUs.29 Our study indicates
that fewer IDUs with a shorter duration of injection shared needles and had sex partners who
were also IDUs. Fewer NIDUs with a shorter duration of drug use reported having
commercial sex partners. No distinguishable trend exists for other risky sexual behavior with
respect to duration of drug use for NIDU and duration of injection-use for IDU. According
to the findings of HIV surveillance in Yunnan, HIV prevalence in Yunnan was increasing
among older IDUs but decreasing among younger IDUs.4 Thus, interventions for reducing
sexual transmission of HIV among IDUs and NIDUs should target both new and long-term
drug users.

Several limitations in this study should be acknowledged. First, we could not use bio-data to
confirm findings since HIV tests were not performed among subjects. Second,
misclassification of NIDUs and IDUs might take place since the 45 drug users who switched
to NIDU from IDUs were classified as IDUs. To examine if the misclassification caused
bias, we performed data analysis in the whole sample (426 subjects) and a subsample of 381
(without the 45 subjects). The results generated from univariate and multivariate analyses in
the two samples did not substantially differ (measured in the direction of associations and
significance levels). Third, self-reported data on sexual behavior is a sensitive topic in
Chinese culture, which may lead to social desirability bias. Forth, although it helped subjects
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to easily and correctly recall sex-partner concurrency by taking their regular sexual partners
as a reference, it is possible that some subjects might have concurrent sexual partners but did
not have a regular sexual partner. Fifth, as this study was done in Yunnan and no other
similar studies have been done in other areas in China, we do not know to what extent the
findings can be generalized beyond Yunnan or China. Large-scale studies at multiple sites
need to be conducted to verify our findings.

In conclusion, the findings of this study indicate that the generalization of the HIV epidemic
from high-risk groups to the general population may be driven by risky sexual behaviors
among drug users. Reducing sexual transmission of HIV among both IDUs and NIDUs is
the next major challenge for HIV intervention in China. Effective intervention programs
need to target both new and long-term drug users.
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Table 1

Demographic characteristics of non-injection (NIDUs) and injection drug users (IDUs)

Weighted %
ORa 95% CIb

NIDUs IDUs

Gender

 Male 51.4 48.6 1.00

 Female 42.0 58.0 0.68 0.33–1.44

Age (years)

 18–25 79.2 20.8 1.00

 26–35 37.7 62.3 0.16c 0.10–0.26

Ethnicity

 Minority group 60.7 39.3 1.00

 Han 43.1 56.9 0.49 0.33–0.73

Education

 No school or primary school 52.9 47.1 1.00

 Middle school 53.5 46.5 1.02 0.67–1.57

 High school or college 29.8 70.2 0.38 0.18–0.80

Marital status

 Married 52.0 48.0 1.00

 Single 50.2 49.8 0.93 0.60–1.44

Occupation

 Employed 57.9 42.1 1.00

 Farmer 62.6 37.4 1.22 0.67–2.21

 No job 42.9 57.1 0.55 0.32–0.93

a
Odds ratio

b
95% confidence interval

c
P ≤ 0.05 in bold
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