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Abstract
Objective—Although the global burden of HIV infection among sex workers (SW) has been well
recognized, HIV-related risks among sex workers who inject drugs (SW-IDU) have received less
attention. We investigated the relationship between sex work and HIV incidence among people
who inject drugs (IDU) in a Canadian setting.
Design—Prospective cohort study.
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Methods—Using Kaplan–Meier methods and the extended Cox regression, we compared HIV
incidence among SW-IDU and non-SW-IDU in Vancouver, Canada, after adjusting for potential
confounders.
Results—Between 1996 and 2012, 1647 participants were included in the study, including 512
(31.1%) IDU engaged in sex work. At 5 years the HIV cumulative incidence was higher among
SW-IDU in comparison to other IDU (12 vs. 7%, P = 0.001). In unadjusted Cox regression
analyses, HIV incidence among SW-IDU was also elevated [relative hazard: 1.69; 95% confidence
interval (CI): 1.13–2.53]. However, in a multivariable analysis, sex work did not remain associated
with HIV infection (adjusted relative hazard: 0.74; 95% CI: 0.45–1.20), with cocaine injection
appearing to account for the elevated risk for HIV infection among SW-IDU.
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Conclusion—These data suggest that local SW-IDU have elevated rates of HIV infection.
However, our exploration of risk factors among SW-IDU demonstrated that drug use patterns and
environmental factors, rather than sexual risks, may explain the elevated HIV incidence among
SW-IDU locally. Our findings highlight the need for social and structural interventions, including
increased access to harm reduction programs and addiction treatment.
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INTRODUCTION
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HIV infection remains high among sex workers (SW) in various settings [1,2], and has been
attributed to social, structural and biological conditions shaping sexual risk pathways with
client and noncommercial partners [3,4]. Sex work is also prevalent among other populations
at risk for HIV infection, including men who have sex with men and people who inject drugs
(IDU) [5,6]. Sex workers who inject drugs (SW-IDU) face elevated risk of HIV acquisition
through dual sexual and drug risk pathways [6–8]: practices often arising from or amplified
by various social-structural forces, including violence, engagement in street-based
economies and the criminalization of SW and IDU [1,9]. Given these challenges, new HIV
infections among SW-IDU can be critical within generalized HIV epidemics [9,10].
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The extent of overlap between IDU and SW populations can be significant, with the
proportion of SW among IDU ranging from 14 to 80% across diverse settings [10–14].
Further, it is known that many IDU resort to high-risk income-generating activities,
including drug dealing and exchange of sex for drugs, to acquire funds for basic survival and
drug use [15]. These activities can elevate risk for infectious disease acquisition[7], violence
[15], and high-intensity drug use [15]. Street-based SW often engage in drug use as a means
of coping with the stress of sex work [7,16], and drug use with clients is also common [17]
and known to increase risk for violence as well as sex- and drug-related risk behaviour
[17,18]. Drug-related harm experienced by SW who use drugs has also been found to reflect
low access to harm reduction and other HIV prevention programs as a result of displacement
due to policing activities [19].
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Despite the exceptional risks experienced by SW-IDU [8], there is limited HIV incidence
data specific to this population and few studies have examined whether SW-IDU remain at
elevated HIV risk, after adjusting for a range of drug and sexual risks, as well as contextual
factors. Therefore, taking advantage of a longstanding community-recruited cohort of HIVnegative IDU, we sought to characterize HIV incidence among SW-IDU in Vancouver.
Although a 2003 study from Vancouver identified that sex work did not predict HIV
incidence among local IDU [20], Vancouver has since implemented a range of policy and
programmatic changes specific to drug use and sex work. Further, unlike this past work, the
present study seeks to explore how the relationship between sex work and HIV incidence
may be confounded by individual and contextual factors.

METHODS
The Vancouver Injection Drug Users Study (VIDUS) is an open prospective cohort of HIVnegative IDU recruited through snowball sampling and street-based outreach methods in the
Downtown Eastside (DTES) of Vancouver starting in May 1996, and has been described
previously [21]. Briefly, individuals were eligible for the VIDUS project if they had injected
illicit drugs at least once in the previous month, were aged 18 years or older, and resided in
AIDS. Author manuscript; available in PMC 2017 February 20.
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greater Vancouver. At baseline and semi-annually thereafter, subjects gave blood samples for
HIV serology and completed an interviewer-administered questionnaire. The questionnaire
captures demographic data in addition to information regarding drug use, HIV risk
behaviour, sex work involvement, and addiction treatment exposures occurring in the
previous six months. Sex work was defined as exchanging sex for money, gifts, shelter, or
anything else in the past six months and was treated as a time-updated variable. All
participants provided informed consent and were given a stipend ($20 CDN) at each study
visit to compensate for their time. This study has been approved by the University of British
Columbia/Providence Healthcare Research Ethics Board. For the present analyses,
participants were eligible if they were recruited between 1 May 1996 and 30 November
2012, and have had at least one follow-up visit.
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The present study was conducted to examine the association between sex work involvement
and the rate of HIV seroconversion. An a priori defined statistical protocol was developed
based on previous findings from the VIDUS study [21]. This protocol involved the following
steps.
Kaplan–Meier analyses
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Based on an earlier analysis from our setting [20], the primary risk factor for HIV infection
among Vancouver IDU was the daily injection of cocaine. Further, we know from other
studies in North America that risks among SW-IDU are often driven by risk pathways
associated with cocaine injection [22–24]. It was therefore hypothesized that, if an elevated
HIV incidence was observed among SW-IDU, high-intensity cocaine use could be
associated with sex work, and that if this hypothesis was supported, the higher proportion of
daily cocaine injectors among those engaged in sex work might partially confound the
association between sex work and HIV incidence. Therefore, the cumulative HIV incidence
among SW-IDU and IDU not involved in sex work at baseline was plotted, and this pattern
was compared with the cumulative HIV incidence among those that did and did not report
daily cocaine injection at baseline. In an effort to disentangle the potentially confounding
effect of daily cocaine injection, the association between sex work and HIV incidence was
then examined while stratifying the cohort into those that reported daily cocaine injection
and those that did not report daily cocaine injection at baseline. Survival curves were
compared using the log-rank test.
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As previously [21], the date of seroconversion was estimated using the midpoint between the
last negative and the first positive antibody test result. Time zero was defined as the date of
enrolment into the study, and participants who remained persistently seronegative were right
censored at the time of their most recent interview date prior to 30 May 2013.
Multivariable analyses
As the above approach did not account for changes in behaviours over time, as well as other
possible confounders, the unadjusted and adjusted relative hazards of HIV seroconversion
were calculated using the extended Cox model. Demographic and drug use variables
considered as potential confounders included sex, age (per 10 year increase), aboriginal
ancestry (yes vs. no), residency in DTES, recent incarceration (yes vs. no), any unprotected
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vaginal or anal intercourse (yes vs. no), syringe borrowing (yes vs. no), daily crack smoking
(yes vs. no), daily cocaine injecting (yes, vs. no), daily heroin injecting (yes vs. no),
requiring help injecting (yes vs. no), and current enrolment in methadone maintenance
treatment (yes vs. no). Unless otherwise noted, all behavioural variables, including sex work,
were treated as time-updated covariates based on semi-annual follow-up data.
An a priori defined modelling approach was applied where it was examined how the
unadjusted relative hazard of HIV infection among IDU was altered by adjustment for daily
cocaine injection, and then further altered by the subsequent inclusion of residence in the
drug and sex work epicentre (DTES vs. other). This second potential confounder was
selected based on the findings of earlier studies [25,26], and the a prioriassumption that
residence in this area would be strongly associated with street-based sex work engagement.
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As some confounders could potentially mask an association between sex work and HIV, a
fixed model was built that adjusted for all variables described above that were associated
with the time to HIV seroconversion in unadjusted analyses at P less than 0.05. Finally, we
conducted a subanalysis in which we re-ran our final multivariate model restricted to female
participants. Analyses were conducted using SAS 9.3 (Cary, North Carolina, USA) and the
threshold for statistical significance was set at P less than 0.05. All P values were two sided.

RESULTS

Author Manuscript

Between May 1996 and December 2012, 1647 HIV-negative participants were enrolled and
completed at least one follow-up. In comparison to the participants who did not return for
follow-up, those included in the study sample were more likely to be older at baseline
(median age: 36 years vs. 32 years, P < 0.001) and less likely to engage in unprotected sex
(37 vs. 45%, P = 0.025). There were no differences with respect to engagement in sex work
(P > 0.05).
Analysis of baseline characteristics
As indicated in Table 1, in comparison to those not involved in sex work (n = 1277; 78%),
SW-IDU (n = 370; 22%) were more likely to be younger, female, of aboriginal ancestry, to
have had unprotected sex, smoke crack daily, inject cocaine and heroin daily, and need help
injecting (all P < 0.001). SW-IDU were also less likely to be enrolled in methadone
maintenance treatment (P = 0.012). At baseline, SW-IDU and IDU not involved in sex work
were similar with respect to all other variables noted above (all P > 0.05).
Kaplan–Meier analyses
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As of 30 May 2013, 138 (8.38%) of 1647 participants had become HIV-infected. As shown
in Fig. 1, at 60 months after recruitment into the study, the Kaplan–Meier cumulative HIV
incidence was 12.36% [95% confidence interval (CI): 9.23–16.46] among SW-IDU at
baseline, compared with 7.00% (95% CI: 5.66–8.64) among IDU not involved in sex work at
baseline (Fig. 1, panel a; log-rank P = 0.001). This can be compared with the cumulative
HIV incidence of 15.02% (95% CI: 12.01–18.71) among those who reported daily cocaine
injection at baseline and 5.27% (95% CI: 4.05–6.84) among those who did not report daily
cocaine injection at baseline (Fig. 1, panel b; log-rank P < 0.001). When we restricted
AIDS. Author manuscript; available in PMC 2017 February 20.
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analyses to the 500 individuals who reported daily cocaine injection at baseline, the
cumulative incidence was 18.89% (95% CI: 13.24–26.56) among SW-IDU at baseline,
compared with 13.31% (95% CI: 9.97–17.64) among IDU not engaged in sex work at
baseline (Fig. 2, panel a; log-rank P = 0.140). Similarly, among the 1147 individuals who did
not report daily cocaine injection at baseline, the cumulative incidence was 7.85% (95% CI:
4.78–12.74) among SW-IDU at baseline, compared with 4.65% (95% CI: 3.41–6.33) among
IDU not engaged in sex work at baseline (Fig. 2, panel b; log-rank P = 0.029).
Multivariable analyses
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Table 2 shows the unadjusted relative hazards for risk factors positively and significantly
associated with HIV seroconversion, which included sex work, younger age, female sex,
aboriginal ancestry, DTES residency, recent incarceration, syringe borrowing, daily cocaine
injecting, daily heroin injecting and requiring help injecting (all P < 0.05). Enrolment in
methadone maintenance treatment was negatively associated with HIV seroconversion (P <
0.001).
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Figure 3 also shows the results of the extended Cox regression analysis of the time to HIV
infection by sex work status after the stepwise inclusion of potential confounders. In
unadjusted analyses, the relative hazard of HIV seroconversion for SW-IDU was 1.69 (95%
CI: 1.13–2.53). After adjustment for daily cocaine injection, the relative hazard changed to
1.36 (95% CI: 0.91–2.05;P = 0.137); after further adjustment for DTES residency, the
relative hazard changed to 1.31 (95% CI: 0.87–1.97; P = 0.191). After adjustment for
variables associated with HIV seroconversion at the P < 0.05 level in unadjusted analyses,
the relative hazard of HIV seroconversion for SW-IDU was 0.74 (95% CI: 0.45–1.20; P =
0.221). When we restricted our sample to female IDU, our results were largely unchanged
(data not shown), with sex work failing to retain an independent association with HIV
incidence (adjusted relative hazard = 0.75, 95% CI: 0.43–1.30, P = 0.296).

DISCUSSION
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We found strong associations between baseline engagement in sex work, baseline daily
cocaine injection and subsequent HIV seroconversion among our cohort of IDU. However,
when the cohort was stratified into those who did and did not report daily cocaine use at
baseline, the association between sex work and HIV incidence appeared to be partially
explained by the higher rate of daily cocaine injection among SW-IDU. Further, when sex
work was treated as a time-updated variable, the relationship between sex work and HIV
seroconversion was significant in the unadjusted analysis. However, after adjustment for a
range of other known risks for seroconversion, the relationship between sex work and HIV
seroconversion was no longer significant, suggesting that in addition to daily cocaine
injection, other contextual factors (rather than sex work itself) are operating within the
broader risk environment of SW-IDU to shape risk of HIV infection.
Our findings are consistent with a study assessing HIV prevalence among SW-IDU in the
United Kingdom [27], which found that rates of HIV infection did not differ among those
IDU who were and were not engaged in sex work. Further, past work has suggested that
cocaine injection may drive dual parenteral and sexual risk pathways among SW-IDU (e.g.
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anonymous sexual exchanges, drug sharing with clients, sex for drug exchanges, pressure for
unprotected sex) [28]. However, to our knowledge, our study is among only a very small
number of studies to model HIV incidence among SW-IDU and non-SW-IDU [22].

Author Manuscript

In the current environment of drug prohibition, drugs are sold at inflated prices, and given
that drug users are typically marginalized from mainstream employment opportunities [29],
many turn to alternative, informal economic opportunities within drug scenes to acquire
money for drugs and necessities of daily living [15]. A growing body of literature has
pointed to the role that such alternative income-generating activities play in shaping healthrelated harms among IDU, including among IDU within street-based sex work scenes
[8,9,15]. Indeed, the elevated burden of HIV among street-based SW-IDU in North America
and other higher income settings has been largely attributed to the social and structural
conditions surrounding sex work, including criminalized laws and punitive approaches
targeting sex work [1,30].
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Our findings suggest that, for SW-IDU in this setting, high rates of daily cocaine injecting
may explain much of the risk for HIV infection experienced by this population. This finding
is consistent with another study involving SW in this setting [31], as well as recent work
showing that IDU engaged in sex work were more likely to share syringes than IDU not
engaged in sex work [27]. Given the short half-life of cocaine, many IDU inject cocaine
numerous times a day, and high-intensity cocaine injection has been shown to be associated
with HIV incidence in this setting [20]. The relationship between cocaine use and sex work
is complex, as past research has indicated that stimulant use can serve an adaptive function
by helping SW-IDU stay awake and alert through nighttime working hours, by enhancing
sexual performance, and by offsetting the stress arising from undertaking sex work in
environments where drug use and aspects of sex work are criminalized [7,16]. Further, drug
use among SW-IDU may be particularly risky, given the known harms arising from drug
sharing with clients, including violence, sex- and drug use-related risks [17,32], as well as
the fact that in comparison to SW who do not inject drugs, SW-IDU are more likely to have
partners who are IDU[9,33]. Future studies should seek to identify the factors that predict
incident HIV infection among SW-IDU, and given past research from Mexico pointing to
the role that injecting with clients and police confiscation of syringes play in shaping HIV
risk among SW-IDU [18], future studies should assess a range of potential social, structural
and environmental drivers of HIV infection.
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Recent research has pointed to the potential benefit of altering the risk environment of SWIDU to prevent HIV infection in this uniquely vulnerable population, including through
structural reform to existing laws and policies that exacerbate risk for HIV infection,
violence, and high-risk drug use [30,34–36]. A recent modelling paper revealed that
decriminalizing sex work could serve to avert 33–46% of HIV infections within a decade
[1]. Further, given the lack of effective treatments for cocaine dependence [37], there is an
urgent need to develop novel treatments for cocaine users.
Our study has limitations. First, our study was observational in nature, and this limits our
ability to infer causation. Second, a potential for residual confounding comes from the fact
that data on risk behaviours, such as the frequency of cocaine injection and unprotected sex,
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can never be precisely ascertained in observational studies. Third, there are undoubtedly
additional unmeasured risk factors, such as social network characteristics, which are
typically more elaborate among SW-IDU in comparison to IDU not engaged in sex work
[8,9]. Fourth, as with other community-recruited cohort studies, our sample was not
randomly selected and may not be representative of other IDU and SW. Finally, we made
use of self-reported data, which may be vulnerable to response biases. However, it should be
noted that our outcome of interest, HIV infection, was derived from laboratory assays.
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In summary, we found that SW-IDU are highly vulnerable to HIV acquisition. However, our
analysis revealed that sex work engagement did not retain its independent association with
HIV incidence among IDU after covariate adjustment, suggesting that it is individual drug
use patterns and factors operating within the broader risk environment that shape the risk of
HIV acquisition among SW-IDU. Our findings highlight the need for social and structural
interventions, including increased access to harm reduction programs and addiction
treatment.
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Figure 1.

Kaplan–Meier analyses of time to HIV infection stratified by sex work and cocaine injection
(n = 1647).
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Figure 2.

Kaplan–Meier analyses of time to HIV infection stratified by sex work among daily cocaine
injectors (n = 500) and non-daily cocaine injectors (n = 1147).
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Figure 3.
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Relative hazards and 95% confidence intervals for HIV infection associated with sex work
after the stepwise inclusion of potential confounders.
DTES, Downtown Eastside neighbourhood
*Adjusted for all variables associated with the time to HIV infection at P < 0.05 in
unadjusted analyses.
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Baseline characteristics of our study sample, stratified by sex work (n = 1647).
Sex worka
Characteristic
Age per 10 years (med, IQR)
Male sex
Aboriginal ancestry

Total (%) (n = 1647)

Yes (%) (n = 370)

No (%) (n = 1277)

P value

3.6 (2.8–4.2)

2.8 (2.3–3.7)

3.8 (3.1–4.4)

<0.001

1098 (66.7)

75 (20.3)

1032 (80.1)

<0.001

Author Manuscript

450 (27.3)

157 (42.4)

293 (22.9)

<0.001

1036 (62.9)

242 (65.4)

794 (62.2)

0.258

Incarcerationa

223 (13.5)

52 (14.1)

171 (13.4)

0.743

Unprotected sexa,b

614 (37.3)

173 (46.8)

441 (34.5)

<0.001

Syringe borrowinga

474 (28.8)

119 (32.2)

355 (27.8)

0.103

Daily crack smokinga

392 (23.8)

133 (36.0)

259 (20.3)

<0.001

Daily cocaine injectiona

500 (30.4)

152 (41.1)

348 (27.3)

<0.001

Daily heroin injectiona

722 (43.8)

200 (54.1)

522 (40.9)

<0.001

Need help injectinga

590 (35.8)

181 (48.9)

409 (32.0)

<0.001

Current enrolment in MMT

334 (20.3)

58 (15.7)

276 (21.6)

0.012

DTES residencea

DTES, Downtown Eastside neighbourhood; IQR, interquartile range; MMT, methadone maintenance therapy.

a

Activities/behaviours in the previous 6 months.

b

Any unprotected vaginal or anal intercourse.
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Univariable and multivariable extended Cox regression analyses of factors associated with HIV incidence
among our study sample (n = 1647).
Unadjusted
Characteristic

Relative hazard (95% Cl)

Adjusted
P value

Relative hazard (95% Cl)

P value

Sex worka
(yes vs. no)

1.69 (1.13–2.53)

0.010

0.74 (0.45–1.20)

0.221

0.71 (0.61–0.83)

<0.001

0.77 (0.64–0.92)

0.005

0.57 (0.41–0.80)

0.001

0.73 (0.48–1.12)

0.148

2.06 (1.47–2.88)

<0.001

1.59 (1.12–2.27)

0.010

3.18 (2.01–5.01)

<0.001

2.81 (1.78–4.43)

<0.001

1.64 (1.15– 2.35)

0.007

1.18 (0.80–1.73)

0.400

1.22 (0.85–1.74)

0.279

1.99 (1.38–2.87)

<0.001

1.65 (1.12–2.43)

0.011

1.10 (0.76–1.59)

0.603

4.33 (3.05–6.15)

<0.001

3.17 (2.20–4.56)

<0.001

1.91 (1.36–2.70)

<0.001

1.06 (0.73–1.53)

0.761

2.30 (1.61–3.30)

<0.001

1.58 (1.07–2.32)

0.021

0.50 (0.33–0.75)

0.001

0.67 (0.44–1.03)

0.066

Age
(per 10 year increase)
Sex
(male vs. female)
Aboriginal ancestry

Author Manuscript

(yes vs. no)
DTES residencea
(yes vs. no)
Incarcerationa
(yes vs. no)
Unprotected sexa,b
(yes vs. no)
Syringe borrowinga
(yes vs. no)
Daily crack smokinga
(yes vs. no)

Author Manuscript

Daily cocaine injectinga
(yes vs. no)
Daily heroin injectinga
(yes vs. no)
Need help injectinga
(yes vs. no)
Current enrolment in MMT
(yes vs. no)

CI, confidence interval; DTES, Downtown Eastside neighbourhood; MMT, methadone maintenance therapy.

a

Activities/behaviours in the previous 6 months.

b

Any unprotected vaginal or anal intercourse.
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