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Background: Sociodemographic factors have an impact worldwide on the behavior of
people who use drugs (PWUD). This study attempts to clarify the sociodemographic
factors related to HIV/HCV high-risk behaviors (injection drug use, syringe sharing, and
multiple sex partners) among PWUD on methadone maintenance treatment (MMT) in the
long term.

Methods: The 13,300 PWUD recruited into the MMT program were followed during
2006-2015. Generalized estimating equations were used to examine the relationship
between sociodemographic characteristics and HIV/HCV high-risk behaviors.

Results: We found that male (vs. female), living alone (vs. living with family or relatives),
temporary income, financial support from family/friends, and financial support from social
welfare (vs. regular salary) were positively associated with injection drug use. Age of
initial drug use was negatively associated with injection drug use and syringe sharing.
For both genders, being unmarried (vs. married or in cohabitation), living with friends,
living alone (vs. living with family or relatives), temporary income, financial supports from
family/friends (vs. regular salary), being employed (vs. unemployed/between jobs) was
positively associated. In contrast, age at baseline was negatively associated with having
multiple sexual partners for both genders. Ethnic of non-Han (vs. Han) was positively
associated with having multiple sexual partners simply for males. Being divorced or
widowed (vs. married or cohabitated) was positively associated with having multiple
sexual partners merely for females.

Conclusion: HIV/HCV high-risk behaviors correlated with certain sociodemographic
factors of PWUD receiving MMT. There is a need for improving the well-being,
employment, and housing status of PWUD on MMT to reduce their HIV/HCV
risk behaviors.
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INTRODUCTION

Drug abuse is a critical public health problem worldwide.
According to the World Drug Report 2020, an estimated 269
million people (5.3% of the global population aged 15-64) had
used drugs, with 58 million people in the world had used opioids
in 2018. There were ~11.3 million people who injected drugs
worldwide, of which more than one million were infected with
HIV and 5.5 million suffered from hepatitis C (1). There were
2.14 million drug users in China by the end of 2019, accounting
for 0.16% of the total population, of which 807,000 (around
37.5%) were heroin users (2, 3). A study using a calibrated model
based on Monte Carlo simulations estimated those entire drug
users increased from 0.86 million to more than 3.12 million
from 2000 to 2030 (4). According to Chinese national sentinel
surveillance, the prevalence of HIV among drug users is ranged
from 3.0 to 4.5%, and the HCV prevalence rate is 33.4-41.8%
during 2010-2015 (5). A modeling study estimated that HIV and
HCV prevalence expected to increase, respectively, from 10.9 and
61.7 to 19.0 and 69.1% among people using polydrugs (using
synthetic drugs and heroin concurrently) from 2005 to 2035 (6).

High-risk behaviors for HIV and HCV infection include
injection drug use (IDU), multi-person use of syringes, and
having multiple sexual partners (MSP), which have been
increasing in recent years (7-9). It is worth noting that a
considerable proportion of PWUDs had been exposed to these
high-risk behaviors in China. A literature review showed that the
proportion of drug injection among heroin-only users remained
at 82.2% during 2006-2015, while the ratio increased from
58.6 to 65.2% among people using polydrug during 2012-2015.
The proportion of syringe sharing in people using polydrug
remained stable in a range of 20-30% and decreased from 38.6
to 22.1% during 2005-2015 (6). The mean number of sexual
partners in the heroin-only users and polydrug users was 1.04 and
5.3, respectively (6), 37% of male injecting drug users reported
having MSP (10), and even 75.21% of methamphetamine users
reported having sex with multiple partners after using drugs (11).
Therefore, the high-risk behaviors of PWUD and the resulting
HIV/HCYV infection and transmission have become a paramount
public health concern in China.

Methadone Maintenance Treatment (MMT) programs were
introduced in China in 2004. The primary goal of these
programs is reducing opioid dependence, thereby contributing
to HIV/HCV prevention and harm reduction. Several studies
have shown that MMT programs successfully prevent HIV/HCV
transmission and reduce high-risk behaviors among PWUD in
China (12-14). A retrospective study showed that MMT clients’
HIV and HCV seroconversion rates decreased significantly over
a 7-year follow-up (12). Drug injections, syringe sharing, and
commercial sex behavior significantly reduced at 12 months
following MMT initiation (13, 14). However, we found that
in our study population, that is, among PWUD treated with
methadone, there were still a considerable number of high-risk
behaviors for HIV and HCV infection. Such as injection drug
use, sharing syringes, having MSP, and unprotected commercial
sex. In addition, we should not ignore is that many studies
on PWUD have shown sociodemography was closely related to

high-risk behaviors for HIV and HCV infection. Several studies
demonstrated that the younger the individual, the higher the
risk of IDU (14-16), needle sharing (14, 17, 18), and having
MSP (14, 19). Still, other studies showed that age was positively
correlated with IDU (20, 21). Controversial opinions on gender
(14, 19, 22), education (14, 16, 23), and marital status (14,
16, 24) had been raised. Earlier studies also showed that lower
socioeconomic status (25) was positively correlated with IDU,
unstable incomes (26) were positively correlated with syringe
sharing. Homelessness (15, 24) and unemployment (16, 27) were
positively correlated with injecting drug use, syringe sharing,
unprotected sex (24), and having MSP (28). Besides, people who
injected drugs were more likely to live with their parents (29).

Given that sociodemographic characteristics significantly
impact HIV/HCV high-risk behaviors, it is necessary to explore
whether high-risk behaviors among PWUD on MMT are
related to specific demographic factors. Moreover, this will
help us understand the factors influencing high-risk behaviors
of people receiving MMT and enable health providers to
implement targeted behavioral interventions. Previous studies
on the associations between sociodemography and high-
risk behavior rarely involved patients receiving MMT, and
most of them were small sample and cross-sectional studies.
Therefore, it is crucial to clarify the evidence of large-scale and
longitudinal studies to study the associations among PWUD
on MMT.

Wuhan is the largest city in China with an MMT program. The
program has been active since early 2006, with 16 MMT clinics
currently providing services for PWUD. Although more than 10
years of experience providing opioid dependence therapy, few
studies have shown the relationship between sociodemographic
factors and HIV/HCV high-risk behavior in PWUD on MMT.
Based on a better understanding of the impact of social
demographics on high-risk behaviors in this population, health
providers can provide more tailored and effective treatment
in Wuhan.

In this study, we first described the sociodemographic
characteristics of PWUD on MMT and three high-risk
behaviors associated with HIV/HCV infection from 2006
to 2015. Then, we constructed the generalized estimation
equations based on these data to explore the factors affecting
high-risk behaviors.

METHODS

Design

A retrospective observational study was implemented among
the PWUD on MMT by 10 years (2006-2015). The baseline
investigation was conducted at the time of MMT enrollment,
and the first follow-up visit was carried out within 6 months
of enrollment. Then, yearly follow-up visits were conducted.
Participants were followed longitudinally and completed between
1 and 10 follow-ups. All baseline and follow-up surveys were
conducted under The Guidelines of AIDS Prevention in PWUD
at MMT Clinics by the Chinese Center for Disease Control and
Prevention (30).
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Setting and Participants

All participants are PWUD who applied voluntarily and gave
informed consent for treatment, baseline, and follow-up between
2006 and 2015 at any of the MMT clinics in Wuhan, China.
The eligibility criteria for MMT are as follows: (1) 18 years or
more; (2) full capacity for civil conduct; (3) history of opioid
use by any route of intake; (4) urine sample positive for opioid
use before enrollment. The informed consent was formulated
according to The Guidelines of AIDS Prevention in PWUD at
MMT Clinics (30).

Data Collection

Data for this observational study came from the National MMT
Data Management System (NMDMS), established in 2005 and
officially operated at Wuhan MMT Clinics in January 2006.
The NMDMS contains information on outpatient management,
staff status, patient treatment, and drug inventory. Among
them, patient treatment information includes informed consent,
enrollment application, medical examination, urine test records,
treatment status, and baseline and follow-up survey data that we
were authorized to obtain. Our research captured data records
between January 1, 2006, and December 31, 2015, from the
NMDMS, following the inclusion criteria: PWUD enrolled in the
MMT during 2006-2015 and completed the baseline survey at
the enrollment.

The generation of NMDMS data was required to comply with
The Guidelines of AIDS Prevention in PWUD at MMT Clinics
(30). The baseline and follow-up questionnaires were conducted
in a private space by clinic staff through face-to-face interviews.
Before the formal interview, the Chinese Center for Disease
Control and Prevention trained these staft and conducted mock
interviews to improve their investigation skills.

Variables and Measurements

There were mainly two types of variables: sociodemography and
HIV/HCV high-risk behaviors measured in our study. Social
demographic variables include age, gender, ethnicity, education,
marital status, living situation, income source, employments, age
of initial drug use, and sexual activity in the last 3 months. High-
risk behavioral variables include intravenous drug use in the last
month, syringe sharing in the last month, and multiple sexual
partners in the last 3 months.

Age, gender, ethnicity, and age of first drug use were only
measured at baseline, and other variables were measured at
baseline and all follow-up visits.

The Guidelines of AIDS Prevention in PWUD at MMT Clinics
(30) defined the variables of the age of initial drug use, injection in
the last month, syringe sharing in the last month, having multiple
sex partners in the last 3 months.

Age of initial drug use was defined as the age of first use of
opioids by injection, oral, and all other routes of opioid intake.

Injection in the last month was defined as used drugs
intravenously at least once within the last month.

Syringe sharing in the last month was defined as sharing
needles with others at least once among people who injection
within the last month.

Having multiple sex partners in the last 3 months was defined
as having more than one sex partner within the last 3 months
among all participants on MMT who had sex in the last 3 months.

Statistical Analysis

We summarized the baseline sociodemographic variables and
HIV/HCV high-risk behaviors using mean and standard
deviation for continuous variables and percentages for
categorical variables.

Since we recorded repeated measurements for each
participant, we used a generalized estimating equation (GEE)
for binary outcomes and a logit link function to evaluate the
independent association of social demographics with HIV/HCV
high-risk behaviors throughout the 10-year follow-up period
(31). Next, the autocorrelation structure was selected as the
working correlation matrix, and all social-demographic variables
were entered into a fixed multivariable logistic model.

All analyses were performed using IBM SPSS19.0. For all
statistical tests, 2-sided, p < 0.05 were considered statistically
significant. Missing observations (<5%) were excluded when
SPSS executes statistical procedures.

Ethics Approval

The study was approved by the Institutional Review Board of
Wuhan Centers for Disease Control & Prevention in 2016 and
has been performed under the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments.

Data Statement

The data that support the findings of this study are available from
the national MMT data management system. Still, restrictions
apply to the availability of these data, which were used under
license for the current research, and so are not publicly available.
However, data are available from the authors upon reasonable
request and with the permission of the Chinese Center for
Disease Control and Prevention.

RESULTS

The social demography and HIV/HCV high-risk behaviors of
participants were shown in Table 1. Between 2006 and 2015, a
total of 13,300 PWUD participated in the Wuhan MMT program.
The number of participants gradually declined after the baseline
survey. We finally followed these patients through combined
54,300 visits for a median number of 3 follow-up visits, with
the drop-out rate being 9.89% per year. A few participants were
no-reply for behaviors, such as 222 (1.7%), 354 (2.7%), and
384 (5.6%) participants declined, respectively, to respond for
injection drug use, sexual activity, and multiple sexual partners
(MSP) at the survey of baseline.

The majority of participants are male (73.0%), of Han
ethnicity (99.3%), educated through junior year of high school
(66.2%), married or living with others (44.1%), unemployed or
between jobs (74.7%), supported by family or friends (58.8%),
and living with family or relatives (77.0%). The baseline means
age is 39.30 years (SD: 7.419), and the mean age of initial drug
use is 28.16 years (SD: 7.518). At baseline, 8,703 (66.5%) and
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TABLE 1 | Social-demography and HIV/HCV high-risk behaviors of 13,300 PWUD on MMT during 2006-2015, Wuhan, China (mean/n, sd/percentage).

Baseline Follow-up
1 2 3 4 5 6 7 8 9 10
Age of initial drug use Mean 2816 2817 2816 2814 2810 28.02 2788 27.70 27.36 2657 25.92
Sd 7518 7526 7503 7.545 7597 7.560 7.347 7.160 6.979  6.561 5.903
(n) 13,083 12,871 8715 6,192 4,460 3,191 2,207 1,467 881 382 144
Gender Male 9,705 9,555 6,457 4579 3323 2384 1669 1,127 665 291 109
73.0% 73.0% 731% 731% 73.9% 741% 751% 764% 751% 758% 752%
Female 3595 3,533 2,372 1,681 1,173 833 552 348 220 93 36
27.0% 27.0% 26.9% 26.9% 26.1% 25.9% 24.9% 23.6% 249% 242% 24.8%
(sum.) 13,300 13,088 8,829 6,260 4,496 3217 2,221 1,475 885 384 145
Ethnic Han 13,204 12,994 8,768 6,217 4,466 3,199 2,208 1,465 881 381 144
99.3% 99.3% 99.3% 99.3% 99.3% 99.4% 99.4% 99.3% 99.5% 99.2%  99.3%
Non-Han 96 94 61 43 30 18 13 10 4 3 1
0.7% 0.7% 0.7% 0.7% 0.7% 0.6% 0.6% 0.7% 0.5% 0.8% 0.7%
(sum.) 13,300 13,088 8829 6,260 4,496 3,217 2,221 1,475 885 384 145
Education Under junior middle school 901 886 579 394 280 191 140 96 51 19 8
6.8% 6.8% 6.6% 6.3% 6.2% 5.9% 6.3% 6.5% 5.8% 4.9% 5.5%
Junior middle school 8,805 8650 5740 4,073 2,882 2,067 1,429 947 562 244 94
66.2% 66.1% 65.0% 65.1% 64.1% 643% 643% 642% 635% 63.5% 64.8%
Senior High School or above 3,594 3,652 2,510 1,793 1,334 959 652 432 272 121 43
27.0% 27.1% 28.4% 28.6% 29.7% 29.8% 29.4% 293% 30.7% 315% 29.7%
(sum.) 13,300 13,088 8829 6,260 4,496 3,217 2,221 1,475 885 384 145
Married status Unmarried 5078 4,986 3,297 2,288 1,626 1,162 800 553 352 158 55
382% 381% 37.3% 365% 36.2% 36.1% 36.0% 37.5% 39.8% 41.1% 37.9%
Divorced or widowed 2,361 2,331 1,605 1,164 862 595 384 262 148 70 24
17.8% 17.8% 182% 18.6% 192% 185% 17.3% 17.8% 16.7% 182% 16.6%
Married or in cohabitation 5,861 5,771 3,927 2,808 2,008 1,460 1,037 660 385 156 66
441% 441% 445% 449% 447% 454% 46.7% 44.7% 43.5% 40.6% 45.5%
(sum.) 13,300 13,088 8,829 6,260 4,496 3217 2,221 1,475 885 384 145
Inhabitation Solo living 1,639 1,252 600 343 204 142 123 59 33 8 6
11.6% 103% 6.9% 5.5% 4.6% 4.4% 5.5% 4.0% 3.7% 2.1% 4.2%
Live with friends 1,514 1,591 875 501 296 164 97 74 47 25 14

11.4% 13.0% 10.1% 8.1% 6.6% 5.1% 4.4% 5.0% 5.3% 6.6% 9.7%
Live with family or relatives 10,247 9,364 7,159 5370 3,982 2,899 1,997 1,340 804 347 124
77.0% 76.7% 82.9% 86.4% 888% 90.5% 90.1% 91.0% 91.0% 91.3% 86.1%

(sum.) 13,300 12,207 8,634 6,214 4,482 3205 2,217 1,473 884 380 144
Income Social welfare 272 169 106 72 45 52 29 18 7 1 0
2.0% 1.4% 1.2% 1.2% 1.0% 1.6% 1.3% 1.2% 0.8% 0.3% 0.0%
Support by family or friends 7,827 5,556 3,769 2,380 1,626 1,139 733 400 197 47 1
58.8% 454% 43.7% 382% 34.0% 355% 33.0% 27.2% 224% 123% 7.8%
Temporary wage 3,715 4,471 3,057 2,168 1,635 1,016 875 631 423 216 81
27.9% 36.6% 354% 348% 36.5% 31.7% 39.4% 428% 481% 56.5% 57.4%
Regular salary 1,486 2,030 1,697 1,605 1,279 1,001 582 424 253 118 49
11.2% 16.6% 19.7% 258% 285% 31.2% 26.2% 28.8% 28.8% 309% 34.8%
(sum.) 13,300 12,226 8,629 6,225 4,485 3208 2,219 1,473 880 382 141
Employment Unemployed/between jobs 9,933 7,654 5030 3,477 2,322 1,725 1,116 705 449 170 63
747% 625% 585% 56.3% 521% 54.0% 505% 47.9% 50.8% 44.4% 43.4%
Employed 3,367 4,587 3563 2,704 2,135 1,468 1,093 767 435 213 82
253% 37.5% 415% 43.7% 47.9% 46.0% 495% 521% 49.2% 55.6% 56.6%
(sum.) 13,300 12,241 8,593 6,181 4,457 3,193 2209 1,472 884 383 145
(Continued)
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TABLE 1 | Continued

Baseline Follow-up
1 2 3 4 5 6 7 8 9 10
Injection in last month* No 4375 9,733 7,258 5442 3956 2,758 1,982 1,386 838 356 134
33.5% 79.5% 843% 88.0% 888% 86.3% 89.7% 942% 952% 932% 93.1%
Yes 8,703 2,515 1,351 739 501 436 227 85 42 26 10
66.5% 205% 15.7% 12.0% 11.2% 13.7% 10.3% 5.8% 4.8% 6.8% 6.9%
(sum.) 13,078 12,248 8,609 6,181 4,457 3,194 2,209 1,471 880 382 144
Syringe sharing in last No 8,154 2,339 1,260 682 443 396 176 77 37 25 10
month'
93.7% 93.0% 93.3% 923% 884% 90.8% 77.5% 90.6% 88.1% 96.2% 100.0%
Yes 549 177 91 57 58 40 51 8 5 1 0
6.3% 7.0% 6.7% 77% 116% 92% 225% 94% 11.9% 3.8% 0.0%
(sum.) 8,703 2,516 1,351 739 501 436 227 85 42 26 10
Had sex in last 3 months*  No 6,069 4,808 3,169 1,422 722 323 229 192 115 73 45
46.9% 39.3% 36.6% 228% 16.1% 10.0% 10.3% 13.0% 13.0% 19.1% 31.0%
Yes 6,877 7,418 5485 4818 3,770 2,892 1,991 1,282 767 309 100
53.1% 60.7% 63.4% 772% 83.9% 90.0% 89.7% 87.0% 87.0% 80.9% 69.0%
(sum.) 12,946 1,2226 8,654 6,240 4,492 3,215 2,220 1,474 882 382 145
Multiple sexual partners in -~ No 5817 6,963 5338 4,714 3,702 2,858 1,975 1,271 766 308 99
last 3 months*
89.6% 95.3% 97.9% 98.4% 99.0% 99.4% 99.6% 99.7% 100.0% 100.0% 99.0%
Yes 676 345 115 75 36 17 8 4 0 0 1
10.4%  4.7% 21% 1.6% 1.0% 0.6% 0.4% 0.3% 0.0% 0.0% 1.0%
(sum.) 6,493 7,308 5453 4,789 3,738 2875 1,983 1,275 766 308 100

*The denominator of the percentage is all participants of PWUD on MMT.

The denominator of the percentage is participants who had been injecting drugs in the last month.

+The denominator of the percentage is participants who had sex in the last 3 months.

549 (6.3%) participants, respectively, reported IDU and needle
sharing within the past month. 6,877 (53.1%) participants said
they had sexual activity in the last 3 months, and 676 (10.4%) of
them (6,493 responded) reported having multiple sexual partners
during the periods.

The results of multivariable GEE analyses with a summary
of associations with IDU and syringe sharing were given,
respectively, in Tables 2, 3. In multivariable GEE analyses, age
of initial drug use [Adjusted Odds Ratio (AOR): 0.984, 95%
Confidence Interval (CI): 0.979-0.988], gender (AOR: 0.936, 95%
CI: 0.889-0.985), living alone (AOR: 1.545, 95% CI: 1.425-1.674),
temporary income source (AOR: 1.137, 95% CI: 1.062-1.218),
financial support from friends or family (AOR: 2.840, 95% CI:
2.651-3.043), and financial support from social welfare (AOR:
2.154, 95% CI: 1.808-2.567) remained independently associated
with IDU within the past month. Age of initial drug use (AOR:
0.982, 95% CI: 0.968-0.996) remained independently associated
with syringe sharing within the past month.

The results obtained from the GEE analyses of association
with multiple sexual partners (MSP) according to gender were
presented in Tables4, 5. For males, age at baseline (AOR:
0.968, 95% CI: 0.953-0.983), ethnic (AOR: 0.412, 95% CIL:
0.249-0.683), being unmarried (AOR: 1.386, 95% CI: 1.152—
1.667), living with friends (AOR: 2.885, 95% CI: 2.331-3.572),
living alone (AOR: 4.205, 95% CI: 3.460-5.110), temporary

income source (AOR: 1.734, 95% CI: 1.392-2.159), financial
support from friends or family (AOR: 2.875, 95% CI: 2.305-
3.586), and employment (AOR: 0.527, 95% CI: 0.451-0.616) were
independently correlated with having MSP within the past 3
months. While for females, age at baseline (AOR: 0.956, 95%
CI: 0.926-0.986), being divorced or widowed (AOR: 1.896, 95%
CL: 1.295-2.776), being unmarried (AOR: 1.860, 95% CI: 1.335—
2.593), living with friends (AOR: 3.159, 95% CI: 2.287-4.364),
living alone (AOR: 3.962, 95% CI: 2.740-5.731), temporary
income source (AOR: 1.566, 95% CI: 1.065-2.303), financial
support from friends or family (AOR: 2.302, 95% CI: 1.573-
3.369), and employment (AOR: 0.659, 95% CI: 0.511-0.850)
remained independently associated with having MSP within the
past 3 months.

DISCUSSION

Our data revealed several sociodemographic factors related to
HIV/HCV high-risk behaviors in PWUD on MMT. Temporary
income source, financial support from family or friends, or social
welfare (vs. regular salary), male (vs. female), living alone (vs.
with family or relatives) had a positive association with IDU. And,
older age at initial drug use negatively associated with IDU and
syringe sharing within the past month. Besides, younger baseline
age, unmarried (vs. married or in cohabitation), living with friend
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TABLE 2 | Univariable GEE analyses of factors associated with injection and
syringe sharing among PWUD on MMT in Wuhan, China, 2006-2015.

TABLE 3 | Multivariable GEE analyses of factors associated with injection and
syringe sharing among drug users on MMT in Wuhan, China, 2006-2015.

Injection

Syringe sharing’

Injection’

Syringe sharing’

Age at baseline
Per year older
Age of initial drug use
Per year older
Gender
Male
Female
Ethnic
Non-Han
Han
Education
Senior high school or above
Junior middle school
Under junior middle school
Married status
Married or in cohabitation
Divorced or widowed
Unmarried
Living situation
Live with family or relatives
Live with friends
Living alone
Income source
Regular salary
Temporary wage
Support by family or friends
Social welfare
Employment
Employed
Unemployed/between jobs

0.995 (0.992-0.998)"

0.987 (0.984-0.990)*

Reference
1.004 (0.956-1.053)

Reference
1.101 (0.851-1.425)

Reference
1.094 (1.041-1.149)*
1.021 (0.929-1.122)

Reference
1.138 (1.072-1.209)*
1.121 (1.069-1.175)*

Reference
0.906 (0.847-0.970)
1.458 (1.359-1.564)*

Reference
1.180 (1.104-1.262)
2.930 (2.752-3.120)*
2.475 (2.088-2.933)*

Reference
1.775 (1.699-1.854)

0.981 (0.972-0.990)*

0.978 (0.968-0.987)*

Reference
1.054 (0.907-1.225)

Reference
0.801 (0.391-1.639)

Reference
1.089 (0.932-1.273)
0.948 (0.700-1.284)

Reference
1.134 (0.940-1.367)
1.224 (1.056-1.419)

Reference
0.880 (0.698-1.110)
1.008 (0.816-1.244)

Reference
0.977 (0.773-1.235)
0.951 (0.772-1.171)
0.967 (0.575-1.629)

Reference
0.900 (0.781-1.038)

Age at baseline
Per year older
Age of initial drug use
Per year older
Gender
Male
Female
Ethnic
Non-Han
Han
Education
Senior high school or above
Junior middle school
Under junior middle school
Married status
Married or in cohabitation
Divorced or widowed
Unmarried
Living situation
Live with family or relatives
Live with friends
Living alone
Income source
Regular salary
Temporary wage
Support by family or friends
Social welfare
Employment
Employed
Unemployed/between jobs

1.004 (0.999-1.009)

0.984 (0.979-0.988)

Reference
0.936 (0.889-0.985)*

Reference
0.948 (0.743-1.209)

Reference
1.036 (0.985-1.091)
0.937 (0.850-1.032)

Reference
1.043 (0.979-1.111)
0.995 (0.943-1.051)

Reference
1.074 (1.000-1.154)
1.545 (1.425-1.674)

Reference
1.137 (1.062-1.218)*
2.840 (2.651-3.043)"
2.154 (1.808-2.567)"

Reference
1.039 (0.986-1.094)

0.994 (0.980-1.008)

0.982 (0.968-0.996)*

Reference
1.017 (0.870-1.190)

Reference
0.799 (0.386-1.655)

Reference
1.099 (0.940-1.285)
0.944 (0.695-1.282)

Reference
1.089 (0.920-1.289)
1.192 (0.987-1.440)

Reference
0.868 (0.686-1.099)
0.989 (0.792-1.235)

Reference
0.981 (0.772-1.247)
1.022 (0.807-1.293)
1.117 (0.654-1.910)

Reference
0.859 (0.725-1.017)

Tin the last month.
0 < 0.05,

Tin the last month.
*p < 0.05.

or living alone (vs. with family or relatives), temporary income
source, financial support from family or friends (vs. regular
salary), and being employed (vs. unemployed/between jobs) had
a positive association with MSP for both genders. However,
ethnic Han (vs. non-Han) had a negative association only for
males, divorced or widowed (vs. married or in cohabitation) had
a positive association with having MSP within the 3 months only
for females.

The results of our study indicated that temporary income,
financial assistance from family or friends, and social welfare
assistance were positively associated with IDU within the past
month. Two cross-sectional studies showed that most people
who injected drugs relied on financial help from relatives or
friends (29) and even obtained money illegally (32). Therefore,
considering our study has a long-duration retrospective design,
we can confidently say that income source is an influencing factor
of injecting drugs. Consistent with the previous study (14), we

also found that male PWUD were more likely to inject drugs
than female PWUD. Moreover, our research further supported
evidence from the earlier study, which showed that the older the
age of initial drug use, the lower the risk of IDU (33). These
findings suggested that local authorities could increase social
welfare budgets and vocational training resources for PWUD
to obtain reliable employment opportunities and income and
strengthen early intervention on harm reduction of drug use for
young people. We found that PWUD who lived alone was more
likely to inject drugs. However, this finding was inconsistent
with a prior study from Russia, which showed that people who
injected drugs were more likely to live with their parents (29).
Considering that the study samples came from two different
countries, further research is needed to clarify the relationship
between living situations and IDU.

Our study also showed that the age of initial drug use was
negatively correlated with syringe sharing within the past month.
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TABLE 4 | Univariable GEE analyses of factors associated with multiple sex
partners in the last 3 months among PWUD on MMT in Wuhan, China,

2006-2015.

TABLE 5 | Multivariable GEE analyses of factors associated with multiple sex
partners in the last 3 months among PWUD on MMT in Wuhan, China,

2006-2015.

Male

Female

Male

Female

Age at baseline
Per year older
Age of initial drug use
Per year older
Ethnic
Non-han
Han
Education
Senior high school or above
Junior middle school
Under junior middle school
Married status
Married or in cohabitation
Divorced or widowed
Unmarried
Living situation
Live with family or relatives
Live with friends
Living alone
Income source
Regular salary
Temporary wage
Support by family or friends
Social welfare
Employment
Employed
Unemployed/between jobs

0.960 (0.951-0.970)*

0.967 (0.958-0.977)*

Reference
0.372 (0.221-0.627)*

Reference
1.006 (0.850-1.191)
0.972 (0.711-1.328)

Reference
1.398 (1.129-1.730)*
1.918 (1.629-2.260)*

Reference
2.833 (2.330-3.444)*
4.303 (3.588-5.160)*

Reference
2.083 (1.683-2.579)*
2.074 (1.683-2.555)*
1.618 (0.850-3.078)

Reference
0.823 (0.722-0.938)*

0.939 (0.922-0.957)*

0.956 (0.937-0.975)*

Reference
T

Reference
1.007 (0.762-1.332)
0.565 (0.281-1.140)

Reference
2.159 (1.514-3.078)*
3.155 (2.396-4.155)*

Reference
3.679 (2.731-4.956)*
4.858 (3.481-6.778)*

Reference
2.219 (1.559-3.160)
2.132 (1.506-3.018)"
3.455 (0.940-12.702)

Reference
0.949 (0.764-1.179)

Age at baseline
Per year older
Age of initial drug use
Per year older
Ethnic
Non-Han
Han
Education
Senior high school or above
Junior middle school
Under junior middle school
Married status
Married or in cohabitation
Divorced or widowed
Unmarried
Living situation
Live with family or relatives
Live with friends
Living alone
Income source
Regular salary
Temporary wage
Support by family or friends
Social welfare
Employment
Employed
Unemployed/between jobs

0.968 (0.953-0.983)"

0.997 (0.983-1.012)

Reference
0.412 (0.249-0.683)"

Reference
0.965 (0.812—-1.146)
0.872 (0.631-1.206)

Reference
1.213 (0.968-1.520)
1.386 (1.1562-1.667)*

Reference
2.885 (2.331-3.572)*
4.205 (3.460-5.110)*

Reference
1.734 (1.392-2.159)*
2.875 (2.305-3.586)
1.330 (0.659-2.686)

Reference
0.527 (0.451-0.616)*

0.956 (0.926-0.986)*

1.003 (0.974-1.033)

Reference
T

Reference
0.983 (0.736-1.312)
0.557 (0.275-1.130)

Reference
1.896 (1.295-2.776)*
1.860 (1.335-2.593)"

Reference
3.159 (2.287-4.364)*
3.962 (2.740-5.731)*

Reference
1.566 (1.065-2.303)"
2.302 (1.573-3.369)"
3.126 (0.735-13.305)

Reference
0.659 (0.511-0.850)*

TDue to the small sample size of non-Han women during the follow-up, ethnic variables
were not included.
*0 < 0.05.

Although two previous studies demonstrated that the older the
age at initial IDU, the less likely people were to share syringes
(34, 35), there was no research illustrating the direct relationship
between age of initial drug use (whether IDU or not) and
syringe sharing. Our findings provided direct evidence for the
association between age and syringe sharing and suggested the
importance of early intervention and health education on drug
misuse for adolescents.

Another important finding was that living with friends, living
alone, having a temporary income, and financial assistance
from family or friends were positively associated with having
MSP within the past 3 months for both genders. In previous
literature, economic vulnerability (36), residential stability (37),
and residential statuses (38) were shown to be the factors of
having MSP among women and young people. However, there
is limited research about the relationship between MSP and
residential status or income source in PWUD. Our novel findings
reveal critical information that helps to provide targeted social
support for PWUD.

TDue to the small sample size of non-Han women during the follow-up, ethnic variables
were not included.
*p < 0.05.

Previous studies have demonstrated that marital status,
employment, and age were related to MSP among IV drug users
(28, 39) or club drug users (11), and younger PWUD was more
likely to report multiple recent unprotected sexual encounters
with different partners (40). Consistent with these studies, we
also found that the age at baseline was negatively associated
while unmarried and employed were positively independently
associated with having MSP within the past 3 months in PWUD
on MMT. These results will help the health sector implement
targeted behavioral intervention strategies.

We found divorced and widowed were positively correlated
with MSP only for female PWUD while not for male PWUD. A
possible explanation is that traditional Chinese culture requires
women to strictly abide by marital ethics (while men are much
more relaxed), resulting in the proportion of extramarital sex
being lower among Chinese women than in men (41, 42).
In contrast, it is plausible that women are less likely to be
restricted by marital ethics after divorce or widowhood, so
their sexual behavior patterns, namely the number of sexual
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partners, have changed to more significant than men. Another
interesting finding of this study was that ethnic Han was
negatively correlated with MSP among male PWUD. That may
be related to the fact that most non-Han ethnic minorities in
Wuhan are immigrants, and the immigrant population’s level of
sexual risk behavior is relatively high (43, 44). Further work is
required to enhance our understanding of the differences and the
implications for health provision.

It is worth noting that as many as 47% of the PWUD at
baseline did not have sex in the last 3 months, while up to 67%
of the PWUD at baseline injected in the latest month. Hence
in comparison to sex behavior risk, the injecting behavior risk
continues to be much more critical for PWUD. This finding has
significant implications for designing clinical and public health
interventions, focusing on reducing intravenous behavior and
controlling the sharing of syringes for PWUD on MMT. For
example, it is necessary to enhance public education on the risks
of intravenous injections and severe crackdowns on multiple
injection sites.

There were several limitations to our study. First, our
patient population—PWUD receiving MMT—is not a random
sample of the drug-dependent population and therefore
not generalizable for PWUD as a whole. Second, as a 10-
year retrospective study, loss to follow-up is predictably an
issue. Third, the data rely on self-reported information and
are susceptible to recall bias, as well as socially influenced
reporting (45). Fourth, several confounders outside of social
demographics are not measured here. Such as other drug
use/dependence (besides opioids, e.g., alcohol and stimulant),
treatment-related variables (the dose of methadone, compliance,
and regularity), and psychosocial factors could influence the
association between variables. The results of HIV testing
were also not considered in this study. Since people tend to
change their behaviors after HIV/HCV testing is positive,
the clinical and public health implications of high-risk
behaviors in HIV-negative individuals are very different.
Further studies, which take these variables into account, will
need to be undertaken.

CONCLUSIONS

The purpose of the current study was to clarify the
sociodemographic factors related to HIV/HCV high-risk
behaviors among PWUD on MMT in the long term. Our
study has shown that several HIV/HCV high-risk behaviors
independently associated with baseline age (for MSP), age at
initial drug use (for IDU and syringe sharing), living situation
(for IDU and MSP), income source (for IDU and MSP), marital
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