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Summary
Background People who inject drugs (PWID) may engage in sexual behaviours that increase their HIV and hepatitis 
C virus (HCV) risk, including sex work and male-with-male sexual activity. We undertook a global systematic review 
to assess whether PWID who engage in these behaviours have higher HIV and HCV acquisition risks.
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Methods In this systematic review and meta-analysis, we searched MEDLINE, Embase, and PsycINFO for studies 
among PWID published between 01/01/2000 and 09/06/2026 that included estimates of the association between 
male-with-male sex or sex work and our primary outcomes of HIV or HCV incidence. Studies that estimated 
incidence by longitudinally re-testing people at risk of infection or by using assays for recent infection were 
eligible for inclusion. We also contacted authors for unpublished estimates. We pooled estimates using random- 
effects meta-analysis. We used I2 to assess heterogeneity, and we used Egger’s test to assess publication 
asymmetry. This review is registered with Prospero (CRD42020220884).

Findings We included 57 studies comprising 164 estimates. Among men, recent male-with-male sex was associated 
with higher HIV acquisition (pooled incidence rate ratio (IRR):2.35; 95% CI: 1.51–3.66; I2: 51%).) but not HCV (IRR: 
1.28; 95% CI: 0.95–1.72; I2: 21%). Recent sex work had a 1.72-fold (95% CI: 1.30–2.28; I2: 65%) and 1.59-fold (95% 
CI: 1.29–1.96; I2: 60%) higher HIV and HCV acquisition risk among all PWID, respectively. When stratified, sex 
work was associated with higher HIV acquisition among women (IRR: 2.30; 95% CI: 1.44–3.68; I2: 68%) but not 
men (IRR: 1.43; 95% CI: 0.92–2.22; I2: 51%), and was associated with HCV acquisition among men (IRR: 1.51; 
95% CI: 1.22–1.87; I2: 0%), but not women (IRR: 1.26; 95% CI: 0.90–1.77; I2: 55%). For lifetime behaviours, only 
male-with-male sex was associated with HIV acquisition (IRR: 2.44; 95% CI: 1.18–5.02; I2 = 87%). Results from 
Egger’s tests did not provide evidence of asymmetry bias for our pooled estimates, while I2 measures suggested 
considerable heterogeneity for many outcomes.

Interpretation PWID who also engage in sex work or male-with-male sex were found to have higher HIV or HCV 
acquisition risks. Future research should aim to understand the mechanisms driving these associations.
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(http://creativecommons.org/licenses/by/4.0/).
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Introduction
The sharing of injection equipment is a primary risk 
factor for hepatitis C virus (HCV) and HIV trans
mission, which are leading causes of morbidity and 
mortality for people who inject drugs (PWID).1,2 Glob
ally, PWID experience high rates of new HIV and HCV 
infections,3,4 with contributing factors including sub
optimal coverage of harm reduction interventions 
leading to heightened injecting and sexual risks and low 
coverage of HIV and HCV treatment.5,6 Further, struc
tural barriers such as unstable housing and incarcera
tion, which are commonly experienced by PWID, also 
increase HIV and HCV risk.7,8 Despite reductions in 
HIV and HCV incidence among PWID over the last two 
decades in some settings, transmission generally re
mains high,3 suggesting that the 2030 WHO and 
UNAIDS elimination targets are unlikely to be achieved 
among PWID without expanding prevention and 
treatment services, and reducing structural barriers.3,4

Beyond PWID, men who have sex with men (MSM) 
and sex workers also experience a disproportionate 
burden of HIV and HCV.9 Most HIV and HCV research 
among these groups treats them as distinct pop
ulations,9,10 while prevention and care interventions are 
organised around specific populations and 
behaviours.11–13 However, evidence suggests there is 
considerable overlap in sexual and injecting behaviours 

that are associated with greater risk of HIV and HCV 
transmission between PWID, MSM and sex workers.5,14 

According to a recent global systematic review, 15% of 
PWID recently engaged in sex work and 9% identified 
as lesbian, gay, or bisexual.5

These overlapping behaviours may increase HIV 
and HCV exposure among PWID through compound
ing injecting and sexual risks, and heightened vulner
ability to social and structural factors (e.g. stigma, 
marginalisation, poverty and criminalisation).15–17 For 
instance, compared with sex workers who do not inject 
drugs, those who inject drugs are more likely to engage 
in street-based or survival sex work,18,19 which is asso
ciated with limited condom negotiation, rushed or un
safe injections, more interactions with law enforcement 
and greater exposure to physical and sexual 
violence.12,20,21 Criminalisation of both sex work and 
drug use in most countries also subjects sex workers 
who inject drugs to intensified policing, and incarcer
ation, which can disrupt health care access and increase 
HIV and HCV risk.8,22–25 Gender dynamics compound 
these risks; globally, most sex work is conducted by 
women, who experience power imbalances, gender- 
based violence, and poverty.26–28 Similarly, MSM who 
use drugs are more likely to engage in condomless anal 
sex compared with MSM who do not use drugs29,30 and 
may participate in sexualised drug use (including 
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‘chemsex’),31 which can involve multiple partners and 
other sexual and injection behaviours that are associ
ated with greater HIV and HCV acquisition risk.11,32,33 

More broadly, experiences of stigma and discrimina
tion related to sex work or sexuality34–36 can further in
fluence these behaviours and deter access to health and 
harm reduction services.37,38

Despite evidence of overlapping sexual and injecting 
behaviours between PWID, sex workers and MSM, the 
extent to which the risks of HIV and HCV acquisition 
may differ among PWID who engage in sex work or 

male-with-male sex compared to those who do not is 
uncertain. We conducted a global systematic review and 
meta-analysis of published and unpublished data to 
estimate the magnitude of these risks.

Methods
Search strategy and selection criteria
This systematic review and meta-analysis uses our 
existing database of studies developed for four previous 
systematic reviews that utilised studies estimating HIV 

Research in context

Evidence before this study
People who inject drugs (PWID), sex workers, and men who 
have sex with men experience heightened risk of HIV and 
hepatitis C virus (HCV) acquisition and are therefore priority 
populations for health and harm reduction interventions. 
However, most research has examined these populations in 
isolation, and there is little understanding about how PWID 
who engage in overlapping sexual behaviours may have 
higher HIV and HCV acquisition risk.
We searched MEDLINE, Embase, and PsycINFO for articles 
published between January 1, 2000 and June 9, 2026, for 
systematic reviews on HCV or HIV incidence among PWID 
with the terms: (“Drug Users” [MeSH] OR “Substance Abuse, 
Intravenous” [MeSH] OR PWID [All Fields] OR PWIDs [All 
Fields] OR IDU [All Fields] OR IDUs [All Fields] OR IVDU*[All 
Fields] OR “inject drug*” [All Fields]) AND (“HIV” [MeSH] OR 
“HIV Infections” [MeSH] OR HIV [All Fields] OR “human 
immunodeficiency virus” [All Fields] OR “Hepatitis C” [MeSH] 
OR HCV [All Fields] OR “hepatitis c” [All Fields]) AND 
(“systematic review” [Publication Type] OR “meta-analysis” 
[Publication Type] OR “systematic review” [All Fields] OR 
“literature review” [All Fields] OR “meta-analysis” [All Fields] 
OR “meta analysis” [All Fields]), restricting our search to 
studies published within five years of our search. We 
identified four systematic reviews led by our collaborative 
group, in which two found strong associations between 
exposure to structural factors (incarceration and 
homelessness) and HIV and HCV acquisition risk and one 
found HIV and HCV acquisition risk was higher among 
women who inject drugs and younger PWID. We also 
identified a review estimating that around one in ten PWID 
identify as gay, lesbian or bisexual, and a similar percentage 
have recently engaged in sex work. However, to our 
knowledge, no review has yet assessed whether HIV and HCV 
acquisition risk is higher when PWID engage in sex work or 
male-with-male sexual activity.

Added value of this study
We conducted a global systematic review and meta-analysis, 
including published and unpublished estimates, to assess 
whether HIV and HCV acquisition risk is higher among PWID 
who engage in sex work or male-with-male sex compared to 

PWID who do not. Our study found that male PWID who 
recently engaged in male-with-male sexual activity 
experience more than two-fold higher rates of HIV 
acquisition compared with those who do not (pooled 
incidence rate ratio (IRR): 2.35; 95% CI: 1.51–3.66; number of 
estimates (N) = 13). Conversely, there was no evidence of an 
association between male-with-male sexual activity and HCV 
acquisition risk (IRR: 1.28; 95% CI: 0.95–1.72, N = 8). We also 
found higher rates of HIV (IRR: 1.72; 95% CI: 1.30–2.28; 
N = 20) and HCV (IRR: 1.59; 95% CI: 1.29–1.96; N = 22) 
acquisition linked to recent sex work among mixed-sex 
samples of PWID. In sex-stratified analyses, the association 
between recent sex work and HIV was strong among women 
(IRR: 2.30; 95% CI: 1.44–3.68; N = 12), but not among men 
(IRR: 1.43; 95% CI: 0.92–2.22; N = 12), while the association 
with HCV was strong among men (IRR: 1.51; 95% CI: 
1.22–1.87; N = 14) but not among women (IRR: 1.26; 95% CI: 
0.90–1.77; N = 12). Further, we found evidence of overlap in 
behaviours, with around one in nine PWID reporting recent 
engagement in sex work and around one in twenty male 
PWID reporting recent male-with-male sex.

Implications of all the available evidence
Our findings suggest many PWID engage in sex work or 
male-with-male sex which substantially increases their risk of 
HIV and HCV acquisition. Unfortunately, services providing 
care for populations at risk of HIV and HCV are frequently 
siloed, offering services that are focused on specific 
behaviours which are associated with greater HIV and HCV 
transmission risk. Our findings underscore the need for a 
more holistic and integrated approach, which recognises and 
addresses the multiple overlapping risks experienced by 
PWID. Such approaches could include integrated sexual 
health and harm reduction services, routine assessment of 
both injecting- and sexual-related risks and HIV/HCV 
prevention strategies that are tailored to individuals rather 
than behaviours. Further research is needed, with similar 
studies conducted in other settings, particularly LMICs, where 
evidence remains limited on how HIV/HCV risk varies among 
PWID with overlapping risk behaviours. In addition, across all 
settings, more data are needed on the underlying factors 
contributing to these elevated risks.
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and/or HCV incidence among PWID.3,4,7,8 The original 
search covered the period from January 1st, 2000 to 
June 13th, 20178 and included studies published in any 
language; it has been updated four times,3,4,7 most 
recently up to June 9th, 2026. The search strategy 
included terms related to injecting drug use, HIV 
infection, HCV infection, and study designs that can 
be used to estimate incidence (Appendix 3). The 
reference lists of relevant systematic reviews were 
searched. We reported this systematic review and 
meta-analysis in accordance with PRISMA (Preferred 
Reporting Items for Systematic reviews and Meta- 
Analyses) guidelines. A study protocol has been pub
lished (CRD42020220884).

Studies were eligible for inclusion in our database, 
maintained as an EndNote library, if they reported 
estimates of HIV or HCV incidence among PWID 
measured either through repeat testing of people at 
risk of infection or using indicators of recent infec
tion (detectable RNA but not detectable antibodies for 
HCV or low-avidity/immature antibodies with high 
viral load for HIV). Studies which recruited partici
pants in custodial settings were excluded. All studies 
included in this database had undergone title and 
abstract screening and full-text review to determine if 
they included HIV and/or HCV incidence estimates. 
For this review, all articles in the database were re- 
screened to assess whether they reported on the as
sociation between sex work (selling sex for money, 
food or drugs only) or male-with-male sex and risk of 
HIV or HCV acquisition. Full-text review of studies 
in our database were conducted by the first author 
(JD) and double-checked by co-authors (AA, JS). 
Google Translate was used to translate non-English 
papers.

In previous reviews using the same database,3,4,7,8 

authors of published studies that reported HIV or 
HCV incidence among PWID were contacted to request 
relevant estimates if they were not included in any of 
their publications. Similarly, for this review, authors 
who had responded to earlier requests, as well as au
thors of newly identified papers, were contacted (by JD, 
PV, JW) to provide estimates of associations between 
male-with-male sex and/or sex work and HIV and/or 
HCV incidence if these were not available from pub
lished studies. When requesting unpublished esti
mates, we asked for both crude and adjusted estimates, 
with the latter adjusted for structural factors known to 
be associated with HIV and HCV risk (homelessness7 

and incarceration),8 opioid agonist therapy (OAT) 
use,39 and specific injecting behaviours associated with 
higher HIV and HCV acquisition risk (injecting fre
quency and duration of injecting).40,41 The instructions 
for providing unpublished estimates are included in the 
Supplementary Material (Appendix 17). We use the 
term unpublished estimates to refer to estimates that 
were obtained by contacting authors. Although these 

estimates have not been previously published, they 
were calculated from cohorts which had previously 
published estimates of HIV or HCV incidence.

Statistical analysis
Data from eligible studies were extracted by the first 
author (JD) using Microsoft Excel. Data extraction was 
double-checked by co-authors (AT, LB, BK, BN). 
Extracted data included HIV and HCV incidence, 
measures of association between sex work or male-with- 
male sex and HIV or HCV acquisition risk (sex-strati
fied where possible for sex work), publication year, 
years of data collection, study site, study design and 
the baseline characteristics of study participants. A 
detailed summary of the extracted data is available in 
Appendix 4. Studies reported either sex or gender, we 
therefore treated these terms as analogous for sex- 
stratified analyses. We did not conduct analyses 
among transgender people.

For each study, we extracted the reported measure of 
association (incidence rate ratio (IRR), hazard ratio 
(HR), or relative risk (RR)) comparing the risk of HIV 
or HCV acquisition among PWID reporting recent (up 
to past 12 months) or lifetime sex work vs those who 
did not and among those who reported recent or life
time male-with-male sex vs those who did not. We 
distinguished between recent and lifetime exposure 
because recent exposure aligns more closely with the 
period at-risk for incident infections. For male-with- 
male sex, exposure was based on reported sexual 
behaviour. However, in studies where this was not 
available but data on sexual orientation were, we clas
sified males who self-identified as gay or bisexual as 
having lifetime male-with-male sexual exposure. We 
also included studies reporting same-sex sexual activity 
among mixed-sex PWID samples when male-specific 
data were unavailable, provided that male PWID 
comprised >70% of the sample, with sensitivity ana
lyses excluding these studies.

Measures of association were extracted separately by 
exposure type (sex work or male-with-male sex), expo
sure time frame (recent or lifetime), outcome (HIV or 
HCV acquisition), adjustment status (crude or 
adjusted), and, for sex work, by sex (male, female, 
or combined). Thus, each study could provide data on 
multiple exposure-outcome combinations (Appendix 5). 
If not reported, we calculated the measure of associa
tion and corresponding 95% CIs from raw data where 
possible. In studies with no incident HCV or HIV cases 
in either the exposed or unexposed group, we applied a 
continuity correction (i.e. 0.5 incident infections added 
to the numerator and denominator) to both groups to 
calculate a measure of association.42,43 When multiple 
publications reported on the same cohort for a given 
exposure and outcome, we included the one with the 
greatest total person-years at risk or sample size in our 
analysis. If the number of person-years or sample size 
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was not reported or could not be estimated, we included 
the most recent publication.

Study quality was assessed using a modified version 
of the Newcastle–Ottawa Scale (score range 0–8), with 
lower scores indicating lower study quality (Appendix 8). 
In brief, the scale is used to score studies on three 
domains, namely whether the sample selection was 
representative of the target PWID population (max 
score of four), comparability between exposed and un
exposed groups (i.e. whether confounders were 
adjusted for; max score of one); and ascertainment of 
the outcome (max score of three). We defined study 
quality as unsatisfactory if a study scored three or less, 
satisfactory if it scored four or five, good if it scored six 
or seven, and very good if it scored eight. Study quality 
was assessed by the first author (JD) and double- 
checked by co-authors (AA, JS, LB, AT, BK). For co
horts providing unpublished estimates, study quality 
was assessed independently by the study team using 
previously published protocols and manuscripts 
describing the same cohort, rather than being scored by 
the original investigators themselves. Where informa
tion required for quality assessment was not available 
in previous publications, study investigators were con
tacted directly to clarify relevant methodological details. 
We assessed potential publication asymmetry for all 
combinations of our exposures and outcomes using a 
funnel plot and Egger’s test.

Estimates were pooled separately for each 
exposure-outcome combination (sex work or male- 
with-male sex as the exposure, and HIV or HCV 
acquisition as the outcome), the time frame of expo
sure (recent vs lifetime), and whether estimates were 
crude or adjusted for confounders. Random effects 
meta-analyses were used for pooling. We considered a 
pooled effect to have no statistical evidence of an as
sociation if the estimate crossed the null hypothesis. 
We also calculated the pooled proportion of partici
pants involved in male-with-male sex and sex work for 
both recent and lifetime exposure using random- 
effects meta-analysis.

Measures of association were log-transformed for 
analyses and back-transformed for reporting. Our pri
mary analyses focused on crude estimates for recent 
exposure to sex work or male-with-male sex, while 
secondary analyses focused on adjusted estimates and/ 
or lifetime exposure. Analyses focused on sex work 
were conducted for samples of both males and females 
(mixed-sex samples), and then separately for samples 
stratified by sex (i.e. male-only and women-only sam
ples). We primarily focused on crude estimates given 
that our aim was to establish whether PWID who also 
engage in male-with-male sex and sex work experience 
elevated HIV and HCV risk compared to those who do 
not, rather than to isolate the independent causal 
contribution of these behaviours themselves. Identi
fying whether such overlapping vulnerabilities are 

associated with excess risk is a necessary precursor to 
understanding the underlying mechanisms, whether 
driven solely by male-with-male sex and sex work, or by 
compounding structural and behavioural factors, which 
can then inform the design of targeted prevention ef
forts. Thus, crude estimates were chosen as the main 
analysis because they directly reflect the crude differ
ence in HIV/HCV risk between the populations of in
terest: i) PWID who engage in sex work compared to 
those who do not, and ii) men who inject drugs who 
have sex with men compared to men who inject drugs 
who do not. In addition, adjusted estimates may control 
for factors that could lie on the causal pathway between 
these exposures and HIV or HCV acquisition (e.g. dif
ferences in injecting practices or sexual behaviours), 
potentially attenuating the effects. Crude estimates 
were also available for a larger number of studies and 
were more comparable across studies given variability 
in the selection of confounders between studies.

We assessed heterogeneity using the I2 statistic and 
Cochran’s Q statistic. We conducted subgroup analyses 
to ascertain potential sources of heterogeneity for each 
exposure-outcome combination (sex work and male- 
with-male sexual activity in relation to HIV and HCV 
risks), restricted to analyses using recent exposure 
definitions and crude estimates. Factors considered in 
subgroup analyses included publication status, setting 
(high-income countries (HICs) vs low- and middle- 
income countries (LMICs)), mid-point of data collec
tion (before 2010, 2010 or after), background incidence 
rates within each study (≥15 cases/100 PY for HCV, ≥2 
cases/100 PY for HIV), method of incidence estimation, 
age of participants, proportion of PWID with recent 
incarceration, recent OAT use and recent homeless
ness, and the proportion of the sample that was female. 
Continuous variables were categorised at the median 
values of the studies included in each exposure- 
outcome analysis.

Data analysis was conducted in R (version 4.0.5) us
ing the “meta” and “metafor” packages. Analysis code is 
available at https://github.com/JoshuaDaweUoB/ 
PWID_SW_MSM_SR.

Ethics
The study did not require ethical review or informed 
consent from participants of included studies, as it was 
a systematic review of published data, and unpublished 
data with prior ethical approval. The study was con
ducted according to the guidelines of the Declaration of 
Helsinki.

Role of the funding source
This study received funding from the Wellcome Trust 
and the Canadian Institutes of Health Research and 
Medical Research Council. The funders of the study 
had no role in study design, data collection, data anal
ysis, data interpretation, or writing of the publication.
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Results
Searches conducted as part of previous reviews and our 
update identified 82,105 studies published between 
January 1st, 2000, and June 9th, 2026, of which 27,279 
were duplicates (Fig. 1). After screening titles and ab
stracts, 767 studies were eligible for full-text screening. 
Of these, 331 were excluded,3,4,7,8 with 436 studies 
reporting HIV or HCV incidence among PWID 
retained in our database. These 436 studies were full- 
text screened for this review, with 62 reporting at least 
one association between male-with-male sex or sex 
work and HIV or HCV incidence. After contacting au
thors of 36 studies to request additional data, a further 
24 studies (24/36; 67% response rate) responded and 
provided data, resulting in a total of 86 studies. After 
removing studies that reported duplicate estimates 
from the same study population, 57 studies contrib
uting 164 estimates (49 published and 115 

unpublished) were retained. The updated search, which 
covered November 2nd, 2024 to June 9th, 2026, yielded 
one additional eligible study.

Among included studies, 23 reported estimates of 
association with HCV incidence, 22 reported estimates 
of association with HIV incidence, and 12 reported 
estimates of association for both HIV and HCV inci
dence. Twenty-four studies provided data on associa
tions with sex work only, 11 on associations with sex 
between men only and 22 on associations with both 
exposures (Table 1).

In studies reporting associations between male-with- 
male sex and HIV or HCV acquisition risk (33 studies), 
recent and lifetime exposure were each reported in 17 
studies. For HIV, all estimates were restricted to men 
who inject drugs. For HCV, three studies included es
timates of same-sex sexual activity among participants 
who were not exclusively men (73%, 83% and 96% were 

Fig. 1: Study profile. HCV: hepatitis C virus; MSM: men who have sex with men; SW: sex work.
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men in each). In random-effects meta-analyses, the 
pooled proportions of men who inject drugs reporting 
recent and lifetime sex with men were 4.8% (95% CI: 
2.7–8.3%; number of estimates (N) = 12; I2 = 98%) and 
21.9% (95% CI: 11.9–36.8%; N = 14; I2 = 99%), 
respectively.

For HIV, 13 studies contributed crude estimates for 
the association between recent male-with-male sex and 
HIV acquisition risk among men who inject drugs, 

yielding a pooled incidence rate ratio (IRR) of 2.35 (95% 
CI: 1.51–3.66, N = 13), with moderate between-study 
heterogeneity (I2 = 51%; Table 2, Fig. 2). The pooled 
adjusted IRR was slightly higher than the crude IRR for 
recent male-with-male sex (IRR: 2.66; 95% CI: 
1.43–4.98; N = 6; I2 = 71%). Lifetime male-with-male 
sex had a pooled crude IRR for HIV acquisition of 
2.44 (95% CI: 1.18–5.02; N = 8, I2 = 87%), which was 
similar when using adjusted estimates (IRR: 2.32; 95% 
CI: 1.23–4.37; N = 8; I2 = 84%) (Appendix 10).

Conversely, there was no evidence of an association 
between either recent (IRR: 1.28; 95% CI: 0.95–1.72; 
N = 8; I2 = 21%) or lifetime (IRR: 0.89; 95% CI: 
0.74–1.07; N = 12; I2 = 0%) male-with-male sex and 
HCV acquisition risk when crude estimates were used 
(Table 2 and Appendix 10). Pooled estimates remained 
similar in sensitivity analyses where studies with fewer 
than 100% of the sample were male PWID were 
excluded (Appendix 13).

In studies reporting associations between sex work 
and HIV or HCV acquisition risk (N = 42), recent and 
lifetime exposure were reported in 38 and nine studies, 
respectively. In random-effects meta-analyses, the 
pooled proportions of PWID reporting recent and life
time sex work were 10.6% (95% CI: 7.9–14.1%; N = 36; 
I2 = 99%) and 14.6% (95% CI: 8.8–23.2%; N = 9; 
I2 = 99%), respectively. By sex, these estimates were 
lower among men than women: 4.0% (95% CI: 

Number of estimates Effect size (95% CI) I2 (%) Pheterogeneity

Effect on risk of HIV acquisition
Crude effect estimates 13 2.35 (1.51–3.66) 51.3 <0.001
Adjusted effect estimates 6 2.66 (1.43–4.98) 71.3 0.002
Crude subgroup analyses

Published estimates 7 2.26 (0.97–5.30) 59.7 0.021
Unpublished estimates 6 2.08 (1.43–3.03) 17.5 0.300
Data collection midpoint <2010 6 2.96 (1.50–5.86) 61.3 0.024
Data collection midpoint ≥2010 7 1.83 (0.99–3.37) 38.6 0.134
HIV incidence ≥2 cases/100 PY 5 2.81 (1.36–5.82) 0.0 0.696
HIV incidence <2 cases/100 PY 7 2.62 (1.45–4.74) 66.0 0.007
HIV incidence unknowna 1 0.91 (0.37–2.27) – –

Effect on risk of HCV acquisition
Crude effect estimates 8 1.28 (0.95–1.72) 21.0 0.263
Adjusted effect estimates 6 1.19 (0.76–1.86) 43.9 0.438
Crude subgroup analyses

Published estimates 1 1.15 (0.67–1.96) – –
Unpublished estimates 7 1.28 (0.87–1.89) 30.2 0.198
Data collection midpoint <2010 3 1.31 (0.64–2.11) 0.0 0.510
Data collection midpoint ≥2010 5 1.16 (0.73–1.84) 46.8 0.111
HCV incidence ≥15 cases/100 PY 4 1.32 (1.01–1.73) 0.0 0.429
HCV incidence <15 cases/100 PY 2 1.55 (0.79–2.37) 32.2 0.224
HCV incidence unknowna 2 0.76 (0.04–15.55) 69.6 0.070

HCV: hepatitis C virus; CI: confidence interval; LIC: low income country; LMIC: low-middle income country; UMIC: upper-middle income country; UIC: upper income 
country; PY: person-years. aStudy incidence was not available in text.

Table 2: Pooled estimates of the additional risk of HIV or HCV acquisition among men who inject drugs engaging in recent male-with-male sex.

Characteristic Studies, n 
(%)

Estimates, n 
(%)

Overall 57 164
Publication status

Published 33 (58) 49 (30)
Unpublished 24 (42) 115 (70)

Outcome
HIV only 22 (39) 82 (50)
HCV only 23 (40) 82 (50)
Both HIV and HCV 12 (21) –

Exposure
Male-with-male sex only 11 (19) 42 (26)
Sex work only 24 (42) 122 (74)
Both male-with-male sex and sex 
work

22 (39) –

HCV: hepatitis C virus.

Table 1: Summary of included studies.
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Fig. 2: Pooled crude associations between recent male-with-male sexual activity and risk of HIV and HCV acquisition among people who inject 
drugs. HCV: hepatitis C virus; IRR: incidence rate ratio; CI: confidence interval.

Number of estimates Effect size (95% CI) I2 (%) Pheterogeneity

Associations with risk of HIV acquisition
Crude estimates 20 1.72 (1.30–2.28) 64.8 <0.001
Adjusted estimates 11 1.73 (1.27–2.36) 58.8 0.014
Male-only estimatesb 12 1.43 (0.92–2.22) 50.7 0.022
Female-only estimatesb 12 2.30 (1.44–3.68) 67.5 <0.001
Crude subgroup analyses

Published estimates 10 1.79 (1.24–2.60) 65.9 0.002
Unpublished estimates 9 1.62 (0.98–2.69) 67.1 0.002
Data collection midpoint <2010 9 1.76 (1.24–2.50) 66.6 0.002
Data collection midpoint ≥2010 10 1.61 (0.96–2.70) 64.7 0.002
HIV incidence ≥2 cases/100 PY 8 1.24 (1.01–1.52) 0.0 0.511
HIV incidence <2 cases/100 PY 10 2.38 (1.80–3.16) 37.6 0.108
HIV incidence unknowna 2 0.49 (0.24–1.01) 0.0 0.400

Associations with risk of HCV acquisition
Crude effect estimates 22 1.59 (1.29–1.96) 59.7 <0.001
Adjusted effect estimates 12 1.43 (1.13–1.80) 53.9 0.210
Male-only estimatesb 14 1.51 (1.22–1.87) 0.0 0.986
Female-only estimatesb 12 1.26 (0.90–1.77) 54.7 0.012
Crude subgroup analyses

Published estimates 8 2.29 (1.79–2.93) 32.4 0.169
Unpublished estimates 14 1.29 (1.04–1.60) 37.4 0.077
Data collection midpoint <2010 10 1.98 (1.51–2.59) 65.5 0.002
Data collection midpoint ≥2010 12 1.19 (0.88–1.61) 40.8 0.069
HCV incidence ≥15 cases/100 PY 8 1.38 (0.98–1.95) 58.5 0.018
HCV incidence <15 cases/100 PY 8 1.78 (1.24–2.55) 79.0 <0.001
HCV incidence unknowna 6 1.45 (1.01–2.08) 0.0 0.626

HCV: hepatitis C virus; CI: confidence interval; LIC: low income country; LMIC: low-middle income country; UMIC: upper-middle income country; UIC: upper income 
country; PY: person-years. Note: pooled effects combined males and females unless otherwise specified. aStudy incidence was not available in text. bStudies could provide 
stratified data for males or females, data for males or females only, or combined males and females only.

Table 3: Pooled estimates of the additional risk of HIV or HCV acquisition among PWID engaging in recent sex work.
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2.5%–6.3%; N = 19; I2 = 98%) in men vs 27.2% (95% 
CI: 17.4%–39.8%; N = 15; I2 = 98%) in women for 
recent exposure, and 8.9% in men (95% CI: 
4.5%–16.9%; N = 7; I2 = 99%) vs 44.0% in women (95% 
CI: 22.2%–68.4%; N = 5; I2 = 97%) for lifetime 
exposure.

Twenty studies contributed crude estimates for the 
association between recent sex work and HIV acquisi
tion risk among male and female PWID combined, 
yielding a pooled IRR of 1.72 (95% CI: 1.30–2.28; 
N = 20) with moderately-high between-study hetero
geneity (I2 = 63%, Table 3, Fig. 3). Pooled adjusted 
estimates were similar (IRR: 1.73; 95% CI: 1.27–2.36; 
N = 11; I2 = 59%). When crude estimates were strati
fied by sex, there was evidence of an association be
tween recent sex work and HIV acquisition among 

women who inject drugs (IRR: 2.30; 95% CI: 
1.44–3.68; N = 12; I2 = 68%), but no evidence among 
men who inject drugs (IRR: 1.43; 95% CI: 0.92–2.22; 
N = 12; I2 = 51%).

Recent sex work was also associated with HCV 
acquisition with a pooled IRR of 1.59 (95% CI: 
1.29–1.96; N = 22) based on crude estimates, with 
moderately-high between-study heterogeneity 
(I2 = 60%, Table 3, Fig. 4). The association persisted, 
though slightly attenuated, when using adjusted esti
mates (IRR: 1.43; 95% CI: 1.13–1.80; N = 12; I2 = 54%). 
When crude estimates were stratified by sex, recent sex 
work was associated with HCV acquisition among men 
who inject drugs (IRR: 1.51; 95% CI: 1.22–1.87; N = 14; 
I2 = 0%), but not women who inject drugs (IRR: 1.26; 
95% CI: 0.90–1.77; N = 12; I2 = 55%).

Fig. 3: Pooled crude associations between recent sex work and risk of HIV acquisition among people who inject drugs, overall and by sex. IRR: 
incidence rate ratio; CI: confidence interval.
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There were fewer estimates of the association be
tween lifetime sex work and HIV and HCV acquisition 
risk. When pooling crude estimates, we found no evi
dence of an association between lifetime sex work and 
HIV (IRR: 1.17; 95% CI: 0.76–1.79; N = 6; I2 = 52%) or 
HCV (IRR: 1.24; 95% CI: 0.95–1.63; N = 5; I2 = 7%) 
acquisition risk. Adjusted estimates also showed no 
evidence of an association with HIV (IRR: 1.10; 95% CI: 
0.61–1.98; N = 4; I2 = 70%) or HCV (IRR: 1.21; 95% CI: 
0.90–1.61; N = 4; I2 = 0%) acquisition.

Select sub-group analyses for male-with-male sex as 
the exposure are shown in Table 2 with complete re
sults shown in Supplementary Material (Appendix 11 

and Appendix 12). Subgroup analyses resulted in esti
mates that were largely similar with the main results 
across strata. However, we noted some differences. For 
the association between male-with-male sex and HIV 
acquisition risk, the magnitude of the association 
appeared larger in studies conducted in 2010 or later (vs 
earlier studies) and in HICs, whereas there was no clear 
association in LMICs. For male-with-male sex and HCV 
risk, an association was observed in studies with a 
shorter median duration of injection or a lower propor
tion of homeless PWID, whereas no clear association 
was evident in the corresponding studies with higher 
injecting duration or higher proportion homelessness.

Fig. 4: Pooled crude associations between recent sex work and risk of HCV acquisition among people who inject drugs, overall and by sex. 
HCV: hepatitis C virus; IRR: incidence rate ratio; CI: confidence interval.
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For sex work and HIV risk, the magnitude of the 
association was greater in studies with a higher pro
portion of women, higher levels of recent incarceration 
and in HICs, whereas there was no clear association in 
studies from LMICs. For sex work and HCV risk, 
stronger associations were observed in published 
studies, in studies conducted before 2010, in HICs, and 
in studies with a lower proportion of homeless PWID. 
However, most pooled RRs across strata were based on 
small numbers of estimates, resulting in wide and 
overlapping 95% CIs.

When assessing differences between low- and high- 
incidence settings, we found no evidence that pooled 
effects differed between male-with-male sex and HIV 
incidence (<2 cases/100 PYs: [RR: 2.62; 95% CI: 
1.45–4.74; N = 7; I2 = 66%] vs ≥2 cases/100 PY: [RR: 
2.81; 95% CI: 1.36–5.82; N = 5; I2 = 0%]) and HCV 
incidence (<15 cases/100 PYs: [RR: 1.55; 95% CI: 
0.79–2.37; N = 2; I2 = 70%] vs ≥15 cases/100 PY: [RR: 
1.32; 95% CI: 1.01–1.73; N = 4; I2 = 0%]). For sex work, 
we found substantially higher pooled effects in low 
incidence studies for HIV (<2 cases/100 PYs: [RR: 2.38; 
95% CI: 1.80–3.16; N = 10; I2 = 38%] vs ≥2 cases/100 
PY: [RR: 1.24; 95% CI: 1.01–1.52; N = 8; I2 = 0%]), and 
slightly elevated pooled effects in low incidence studies 
for HCV incidence (<15 cases/100 PYs: [RR: 1.78; 95% 
CI: 1.24–2.55; N = 8; I2 = 79%] vs ≥15 cases/100 PY: 
[RR: 1.38; 95% CI: 0.98–1.95; N = 8; I2 = 59%]).

Visual inspection of funnel plots and the results 
from Egger’s tests did not provide any evidence of 
asymmetry bias for our pooled estimates (Appendix 14). 
This finding was mostly consistent when assessing 
published and unpublished estimates separately, except 
we found evidence of asymmetry for published studies 
assessing the association between male-with-male sex
ual activity and HIV acquisition (P = 0.011).

Discussion
In this global systematic review and meta-analysis, 
recent sex work and male-with-male sexual activity 
were associated with higher HIV acquisition risk 
among PWID. Male PWID who engaged in recent 
male-with-male sex had a 2.3-fold higher risk of HIV 
acquisition. Similarly, PWID engaged in recent sex 
work had a 1.7-fold higher risk of HIV acquisition, with 
this risk being higher among women who inject drugs 
(2.3-fold higher risk), but there being no evidence 
among men who inject drugs. In contrast, evidence 
regarding recent male-with-male sex or sex work and 
the association with HCV acquisition risk was weaker. 
There was no evidence that PWID reporting recent 
male-with-male sex had a higher risk of HCV acquisi
tion. However, among PWID who recently engaged in 
sex work, there was evidence of a 1.6-fold increase in 
HCV acquisition risk, which persisted when consid
ering men only (1.5-fold higher risk) but there being no 

evidence among women. These findings, based on 
crude estimates for recent exposure to male-with-male 
sex and sex work, were consistent when considering 
adjusted estimates. For lifetime exposure, findings were 
similar for the association between HIV acquisition risk 
and male-with-male sexual activity, but there was no 
evidence of an association for HCV acquisition risk or 
for exposure to sex work. Notably, the point estimates of 
pooled effects in which 95% confidence intervals 
crossed the null still suggest a higher risk of HIV and 
HCV acquisition among PWID engaging in male-with- 
male sexual activity or sex work, possibly reflecting a 
lack of statistical power rather than a lack of effect, 
given that we would expect these behaviours to elevate 
risk.

Previous studies have generally treated sex workers, 
MSM, and PWID as distinct populations when 
describing transmission risks and their burden of HIV 
and HCV.9 Our review is novel in quantifying the extent 
to which PWID who engage in male-with-male sex or 
sex work experience an increased risk of HIV and HCV 
acquisition compared to PWID without these 
behaviours.3,5,44–50 While our analyses cannot directly 
identify the mechanisms driving these associations, our 
findings might be explained by higher levels of stigma, 
discrimination, and criminalisation among PWID who 
engage in sexual and injecting behaviours that increase 
HIV and HCV acquisition risk, though clear data sup
porting this remain limited.24,51 These factors are, in 
turn, associated with reduced access to health and harm 
reduction services.52,53 These associations should also be 
interpreted in the context of underlying transmission 
dynamics for HIV and HCV. For example, the proba
bility of HCV transmission is higher for parenteral 
exposure compared with sexual exposure, which may 
explain the lack of an association between male-with- 
male sex and HCV acquisition. The association be
tween sex work and HCV acquisition may therefore be 
attributable to structural risks such as unstable hous
ing, criminalisation, and reduced access to harm 
reduction services which are associated with increased 
injecting behaviours that increase HIV and HCV 
acquisition risk.8,54,55 For HIV, where sexual trans
mission is more efficient, the elevated risks observed 
for both male-with-male sex and sex work likely reflect a 
combination of direct sexual transmission risk, with 
significant a HIV burden among MSM and people 
engaged in sex work, and structural vulnerabilities that 
concurrently elevate injecting-related behaviours that 
increase HIV and HCV acquisition risk.

Furthermore, our study design does not allow us to 
distinguish between sexual and injecting transmission. 
Thus, a better understanding of the underlying mech
anisms is needed to help inform intervention develop
ment. Initiatives to address these elevated risks should 
include the development of integrated, low-threshold 
sexual health and harm-reduction services alongside 
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policy changes to reduce criminalisation, stigma, and 
barriers to care. This is particularly important given 
how common overlapping sexual exposures are among 
PWID, with our study finding that 11% of PWID re
ported recent sex work, while approximately 5% of male 
PWID reported recent male-with-male sexual activity 
and around 22% reported lifetime male-with-male sex
ual exposure. Recent evidence from global systematic 
reviews suggests that HIV and HCV incidence is higher 
for women who inject drugs compared with men,3 

likely reflecting the structural vulnerabilities that 
women who inject drugs can experience, including 
gender-based violence and unequal power dynamics.56 

Importantly, our analyses also suggest that the associ
ation between sex work and HIV acquisition is strong 
among women who inject drugs, with no association 
among men who inject drugs, with a much higher 
proportion of women who inject drugs reporting recent 
sex work (27% vs 5% in men who inject drugs). This 
underscores the added importance of ensuring that 
health and harm reduction services for PWID are 
equipped to support the needs of women engaged in 
sex work, including such things as STI testing and 
reproductive health services.57

A key strength of our analysis was the incorporation 
of both published and unpublished estimates. By 
including unpublished estimates, we increased statis
tical power and reduced the risk of publication bias.58 

We found that the pooled associations were some
times higher in published studies than in unpublished 
data, with the greatest discrepancy observed for the 
association between recent sex work and HCV acqui
sition. Including these additional unpublished data has 
likely made our review more representative, enhancing 
the generalisability of the findings by allowing a wider 
range of study settings to be included.

Our study has limitations, some of which reflects the 
underlying data available for inclusion. First, most es
timates are from HICs, meaning our findings may be 
less generalisable to PWID located in LMICs. Second, 
there was variation across studies in how sex work and 
male-with-male sex were measured. For example, in 
four studies, lifetime male-with-male sexual activity was 
defined based on sexual identity rather than reported 
behaviour, which could have misclassified exposure, for 
example by excluding men who have sex with men that 
identify as heterosexual. Further, the sexual behaviour 
exposures were based on self-report and responses to 
these questions may vary across different cultures and 
could be under-reported in some settings due to be
haviours being socially stigmatised. This misclassifica
tion is likely to have been largely non-differential with 
respect to the outcome, thereby biasing estimates to
ward the null. Third, we included three estimates of 
same-sex sexual activity in our analyses among partici
pants who were not exclusively men (73%, 83% and 
96% of samples were men), one in our pooled analysis 

of recent exposure and two in our pooled analysis of 
lifetime exposure. These studies were excluded in our 
sensitivity analyses, and the results were largely un
changed. Fourth, because our main analyses were 
crude, we cannot rule out confounding. We opted to 
prioritise crude estimates due, in part, to the premise 
that some of the factors included in adjustment (e.g. 
injecting practices, sexual behaviours, housing insta
bility) may act as mediators rather than confounders, 
potentially attenuating the effect. In reality, the rela
tionship between these variables is complex. For 
example, housing instability could also act as a 
confounder. Thus, this distinction cannot be reliably 
disentangled in a systematic review relying on esti
mates with adjustment sets pre-determined by the 
original study authors. However, adjusted analyses 
generally produced similar pooled effects. Fifth, there 
was moderate to high heterogeneity in most of our 
pooled estimates, limiting their generalisability. While 
we conducted subgroup analyses across a range of 
study-level study characteristics, these variables did not 
explain all the observed heterogeneity, and most sub
group estimates were based on small numbers of 
studies, resulting in wide, overlapping confidence in
tervals. Unmeasured sources of heterogeneity likely 
contributed to differences across studies, particularly 
variation in how sex work, and male-with-male sex were 
defined and measured, which was not standardised 
across included studies and could not be captured by 
our subgroup categories. Other unmeasured factors 
may also include the broader social and structural 
context surrounding sex work or male-with-male sex 
(e.g. stigma, social acceptance), accessibility of HIV/ 
HCV prevention and harm reduction services, and the 
epidemic phase. Sixth, transgender PWID were not 
considered in our stratified analyses of the association 
between sex work and HIV/HCV incidence, as there 
was insufficient data to calculate meaningful estimates. 
Seventh, high baseline risk among PWID may atten
uate relative measures of association. As baseline inci
dence rises, these measures compress toward the null 
even when the absolute effect of an exposure remains 
constant. Last, although we contacted cohorts system
atically, unpublished estimates did not undergo formal 
peer review, and we cannot eliminate risk of selection 
bias as cohorts with prior published data were more 
likely to be identified for contact, and responding co
horts may systematically differ from non-responding 
cohorts in ways that could bias the pooled estimate in 
either direction.

In this global systematic review and meta-analysis 
among PWID, we found recent sex work was associ
ated with increased HIV risk, particularly among 
women, and, to a lesser extent, with HCV risk, while 
male-with-male sexual activity was associated with 
higher HIV risk among male PWID, but not HCV risk. 
These findings highlight the need for integrated 
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prevention and treatment services that address both 
injection-related and sexual risks. Rather than siloed 
approaches, services should combine access to harm 
reduction measures (i.e. sterile injecting equipment 
and OAT, HIV and HCV testing), with sexual health 
care including provision of pre-exposure prophylaxis 
and condoms, STI testing and treatment, and repro
ductive health services. Further research is needed on 
the intersectionality among PWID and the factors 
associated with elevated risk among PWID belonging to 
more than one population, particularly in LMICs where 
evidence remains limited. This research could help in 
the development of tailored interventions to mitigate 
for the increased risks that these PWID experience.
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