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Abstract

Few data on HIV incidence among men who have sex with men and inject drugs (MSM-PWID) 

are available. Drawing on a prospective cohort in Vancouver, Canada, we examined the 

relationship between MSM status and HIV incidence among PWID using Kaplan-Meier analyses 

and extended Cox regression. Data were collected from 1996–2014 and analyzed in 2017. Of 1131 

HIV-negative male PWID, 8.6% (n=97) reported sex with men over the study period. MSM status 

was crudely associated with HIV incidence (Hazard Ratio [HR] = 1.81; 95% CI = 1.08 – 3.03), but 

not after adjustment for daily cocaine injection and syringe borrowing (Adjusted HR = 1.33; 95% 

CI = 0.78 – 2.28). Findings highlight the need for harm reduction interventions and socio-

behavioral research focused on MSM-PWID.
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INTRODUCTION

Men who have sex with men (MSM) comprise the majority of new HIV infections in high-

income countries, while infections among people who inject drugs (PWID) also are 

contributing substantially to the burden of HIV [1]. In Canada, an estimated 67.3% of new 

HIV infections in 2014 were attributed to the MSM, PWID, and MSM-PWID exposure 

categories combined [2]. Although population size estimates of MSM-PWID across Canada 
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are unavailable, it is estimated that 1.2% of residents of the province of British Columbia are 

PWID [3], and that 2.9% of adult males in Vancouver, British Columbia are MSM [4]. Thus, 

the relatively high proportion of new infections occurring among MSM-PWID—2.5% of all 

new infections in Canada—is indicative of the particularly high HIV acquisition risk among 

those who belong to both of these key populations.

Despite these elevated risks, longitudinal studies of HIV among MSM-PWID are rare. 

Reports to date have often relied on repeated cross-sectional surveys, finding that MSM-

PWID continue to demonstrate higher HIV prevalence and risk behaviors than non-MSM 

PWID, despite declines in some settings [5,6]. Available incidence data largely date from the 

first two decades of the HIV pandemic [7].

HIV vulnerability among MSM-PWID is related to dual sexual and injection risks, with high 

per-act transmission risks associated with HIV exposure through both receptive anal 

intercourse and syringe-sharing [8]. Social and behavioral factors may further contribute to 

differential vulnerability for MSM-PWID, including greater engagement in drug-related risk 

behaviors (e.g., syringe borrowing [9]), drug use in sexual situations [10], and higher HIV 

prevalence within their sexual and injecting networks. The extent to which sexual versus 

injection-related behavioral risks contribute to increased HIV acquisition among MSM-

PWID is unclear.

Therefore, we sought to describe HIV incidence among MSM-PWID in a Canadian setting, 

and to identify whether reporting sex with men is associated with HIV incidence after 

considering potential drug-related and sociodemographic confounders.

METHODS

Data were drawn from the Vancouver Injection Drug Users Study (VIDUS), an open 

prospective cohort of HIV-negative PWID recruited through snowball sampling and street 

outreach in Vancouver, Canada, beginning in May 1996. Methods have been described 

previously [11]. Briefly, individuals were eligible if they had injected illicit drugs at least 

once in the previous month, were at least 18 years old, and resided in the Vancouver region. 

At baseline and semiannually, subjects gave blood samples for HIV serology and completed 

an interviewer-administered questionnaire. Participants received a $20–30CDN stipend. The 

study has been approved by the University of British Columbia/Providence Healthcare 

Research Ethics Board.

The questionnaire collected information on demographics, drug use and HIV risk behaviors, 

and social-structural exposures. Sexual orientation identity was queried at baseline. Sexual 

activity items were included at baseline and at each follow-up visit through 2014; however, 

the structure and wording of these items changed over time.

Participants were included in this analysis if they were male, HIV-negative at baseline, 

recruited between 1 May 1996 and 1 June 2014, and attended at least two follow-up visits. 

For these analyses, participants were categorized as MSM if (1) they indicated ever having 

had sex with a man at baseline and reported sex (oral or anal) with another man at least once 

over the study period, or (2) if they identified their sexual orientation as “gay or 
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homosexual” at baseline and reported recent sexual activity (without specifying partner 

gender) over the study period. We treated MSM in this manner, rather than as a time-updated 

variable, because of changes in the relevant questionnaire items over time.

We first examined baseline characteristics stratified by MSM status, using Pearson’s chi-

squared test (for binary variables), Fisher’s exact test (for binary variables with expected cell 

counts ≤5), and the Mann-Whitney test (for continuous variables).

To describe the association between MSM status and HIV seroconversion, we used Kaplan – 

Meier analyses to plot cumulative HIV incidence stratified by MSM status. The log-rank test 

was used to compare survival curves. We also calculated HIV incidence density stratified by 

MSM status, using the Poisson distribution to estimate 95% confidence intervals. The date 

of seroconversion was estimated using the midpoint between the last negative and the first 

positive antibody test result. The date of study enrolment was set as time zero, and 

participants who remained seronegative were right censored at the date of their most recent 

HIV serology result before 31 May 2015.

Next, to account for potential confounders, unadjusted and adjusted relative hazards of HIV 

infection were calculated using extended Cox regression models. Variables considered as 

potential confounders included age (per 10-year increase), white race/ethnicity (yes vs. no), 

residence in the Downtown Eastside (Vancouver’s epicenter of drug use and related HIV 

infections), homelessness, educational attainment (high school diploma vs. less than high 

school), recent incarceration (yes vs. no), HCV seropositivity (yes vs. no), daily crack 

smoking (yes vs. no), daily cocaine injecting (yes vs. no), daily methamphetamine injecting 

(yes vs. no), daily heroin injecting (yes vs. no), syringe borrowing (yes vs. no), sex work, 

defined as engaging in sexual activities in exchange for money or goods (yes vs. no), 

relationship status (partnered vs. other), and multiple sexual partners (≥2 vs. <2). Unless 

otherwise specified, behavioral variables referred to the previous six-month period and were 

treated as time-updated covariates.

In line with previous VIDUS studies [12] and considering the association between daily 

cocaine injection and HIV seroconversion among PWID in Vancouver [11], as well as higher 

levels of both stimulant use [10] and syringe borrowing [9] among MSM in various settings, 

the following modelling approach was employed. First, unadjusted relative hazards were 

estimated. Next, to determine whether differences in HIV incidence by MSM status may be 

attributable to higher levels of cocaine injection and syringe borrowing among MSM, the 

relative hazard of HIV seroconversion among MSM versus non-MSM PWID was adjusted 

for both variables in a stepwise fashion. Finally, to allow for the possibility of suppression 

effects, a model was built including all variables associated with time to HIV infection in 

unadjusted Cox analyses at p < 0.05. All analyses were conducted in R 3.2.4 (R Foundation 

for Statistical Computing, Vienna, Austria). All P-values were two-sided.
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RESULTS

Over the study period, 1131 male PWID who were HIV-negative at baseline were enrolled 

and attended at least two follow-up visits. The median length of follow-up was 84 months 

(IQR = 31.6–110.1) and 8.6% (n=97) were MSM.

At baseline, MSM were younger (median age [Interquartile range; IQR]=31.1 [24.0 – 38.3] 

vs. 38.6 [31.7 – 44.5] years; P <0.001) than non-MSM and were less likely to live in the 

Downtown Eastside (52.6% vs. 63.9%; χ2 = 4.90, P = 0.027), to smoke crack daily (12.4% 

vs. 21.9%; χ2 = 4.80, P = 0.028), or to be Hepatitis C seropositive (71.1% vs. 80.6%, χ2 = 

4.88, P = 0.027). MSM were more likely to report daily cocaine injection (41.2% vs. 29.1%; 

χ2 = 5.97, P = 0.015), syringe borrowing (53.6% vs. 25.0%; χ2 = 36.01, P <0.001), sex 

work (41.2% vs. 4.2%; χ2 = 178.69, P <0.001), and multiple sex partners (59.8% vs. 30.6%; 

χ2 = 34.24, P <0.001) at baseline.

Among all male PWID, there were 102 HIV seroconversions over 8075 person-years of 

follow-up, for an HIV incidence density of 1.26 per 100 person-years (95% CI: 1.03 – 1.53). 

The incidence rate among MSM was 1.87 per 100-person-years (95% CI = 1.07 – 3.04), as 

compared to 1.19 (95% CI = 0.95 – 1.47) among non-MSM. Figure 1 shows cumulative 

incidence stratified by MSM status through 126 months after study recruitment. Cumulative 

HIV incidence calculated using the Kaplan-Meier estimator was 21.86% (95% confidence 

interval [CI]= 11.18 – 31.26) among MSM-PWID and 10.74% (95% CI = 8.30 – 13.11) 

among other male PWID (log-rank P = 0.028).

As shown in Table 1, MSM status was positively associated with incident HIV in bivariable 

analyses (Hazard Ratio [HR]= 1.81; 95% CI = 1.08 – 3.03), as were younger age, 

Downtown Eastside residence, recent incarceration, HCV seropositivity, daily cocaine 

injection, daily methamphetamine injection, and syringe borrowing (all P < 0.05). In the 

stepwise analysis of potential confounders, the relative hazard of HIV seroconversion for 

MSM-PWID was 1.53 (95% CI = 0.91 – 2.58; P = 0.107) after controlling for daily cocaine 

injection, and 1.33 (95% CI = 0.78 – 2.28; P = 0.301) after additional control for syringe 

borrowing. Table 1 also shows results of the full extended cox regression model, including 

all variables associated with HIV seroconversion at P < 0.05 in unadjusted analyses. The 

association between MSM status and HIV seroconversion was further attenuated in this 

model (HR = 1.21, 95% CI = 0.70 – 2.09; P = 0.493).

DISCUSSION

In this sample of men who inject drugs in Vancouver, reporting sex with men was associated 

with shorter time to HIV seroconversion. This is consistent with earlier research showing 

elevated seroprevalence and incidence among MSM-PWID in other locations [5–7].

MSM status, however, was not associated with seroconversion after adjustment for daily 

cocaine injection and syringe borrowing, suggesting that drug-related rather than sexual 

risks accounted for elevated HIV incidence among these MSM-PWID. Previous research 

documented increased syringe sharing among MSM-PWID in Vancouver [9]. We 

additionally found that MSM-PWID were more likely to report daily cocaine injection, the 
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primary risk factor for HIV seroconversion among PWID in this setting [11]. It is important 

to note that drug-related and sexual risks may co-occur among MSM-PWID, particularly in 

the context of sexualized drug use and among HIV-positive MSM [10]. The extent to which 

sexualized drug use contributes to HIV risks among PWID populations in this setting is an 

important topic for future research. These findings indicate a need for interventions to 

reduce drug-related risks as well as concurrent sexual risks among MSM-PWID, including 

expanded access to sterile syringes, stimulant use treatment, and pre- and post-exposure 

prophylaxis.

Visual inspection of the cumulative incidence plots reveals different patterns of HIV 

incidence. Among MSM, incidence steadily increased early in the study period, plateaued, 

and then sharply increased again. By contrast, HIV incidence among non-MSM was high in 

the first two years after study recruitment and then relatively stable. Cocaine injection 

contributed to the high HIV incidence observed initially in this cohort [11] and affected both 

MSM and non-MSM. Although patterns should be cautiously interpreted in light of the 

small number of MSM, the later incidence spike is limited to MSM. This pattern is 

potentially related to the increase in methamphetamine use in the study setting in the 2000s 

[13], which disproportionately impacted MSM and is associated with both sexual- and 

injection-related HIV risks [14].

Some limitations of this study should be noted. First, the observational nature of the data 

limit causal inference. Participants were not randomly recruited, and thus results cannot be 

generalized to all local PWID. In particular, MSM-PWID accessible through outreach to 

PWID may be unrepresentative of all MSM-PWID. In addition, most data were self-

reported; however, PWID self-reports can be valid and reliable and our outcome was 

laboratory-confirmed seroincidence.

More significantly, data on sexual orientation and behaviors were not consistently collected 

across baseline or follow-up surveys, and thus MSM was operationalized as an “ever” 

variable. The lack of data on sexual behavior and identity over time precludes examination 

of temporal patterns in HIV incidence and limits our understanding of the sexuality of 

MSM-PWID in this sample. Some participants may have had sex with men regularly, and 

others infrequently. Participants were recruited on the basis of PWID status, and may or may 

not identify as gay, bisexual, or MSM. It is likely that among MSM-PWID who are gay-

identified and/or who regularly have sex with men, sexual risks play a larger role in HIV 

acquisition risk. Future longitudinal research, including consistent and detailed measurement 

of sexual orientation identity and behavior, will be required to more precisely characterize 

HIV-related risks among MSM-PWID.

In summary, our findings underscore that MSM-PWID are a population at particularly high 

risk of HIV infection. Further, these results indicate that tailored interventions addressing 

elevated drug-related risks among MSM-PWID are warranted, alongside ongoing behavioral 

and biomedical efforts to address sexual transmission of HIV among MSM. Additional 

research on sexual identity, behavior, and HIV risks among MSM-PWID over time would 

support the development of such interventions.
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Figure 1. 
Kaplan–Meier curves of time to HIV infection, stratified by MSM status (n=1131)
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Table 1

Bivariable and multivariable Cox regression analysis of factors associated with HIV incidence among men 

who inject drugs in Vancouver, Canada

Unadjusted Adjusted

Characteristic Hazard Ratio
(95% CI)

p - value Hazard Ratio
(95% CI)

p - value

Sex with men* (yes vs. no) 1.81 (1.08 – 3.03) 0.025 1.21 (0.70 – 2.09) 0.493

Age (per 10-year increase) 0.97 (0.95 – 0.99) 0.002 0.96 (0.94 – 0.99) 0.002

White race/ethnicity (yes vs. no) 0.70 (0.47 – 1.03) 0.071 -- --

Downtown eastside residence† (yes vs. no) 2.00 (1.30 – 3.07) 0.002 2.33 (1.48 – 3.67) <0.001

Recent homelessness† (yes vs. no) 0.79 (0.47 – 1.30) 0.349 -- --

Education (high school vs. less) 1.07 (0.69 – 1.68) 0.758 -- --

Recent incarceration† (yes vs. no) 1.73 (1.15 – 2.60) 0.009 1.19 (0.77 – 1.85) 0.432

Hepatitis C positive (yes vs. no) 4.40 (1.62 – 11.93) 0.004 4.04 (1.45 – 11.26) 0.008

Daily crack smoking† (yes vs. no) 0.78 (0.47 – 1.29) 0.328 -- --

Daily cocaine injection† (yes vs. no) 3.88 (2.62– 5.76) <0.001 2.96 (1.88 – 4.67) <0.001

Daily crystal methamphetamine injection† (yes vs. no) 2.19 (1.24 – 3.85) 0.007 0.86 (0.45 – 1.63) 0.639

Daily heroin injection† (yes vs. no) 1.28 (0.86 – 1.92) 0.228 -- --

Syringe borrowing† (yes vs. no) 2.90 (1.85 – 4.54) <0.001 1.98 (1.20 – 3.28) 0.008

Sex work† (yes vs. no) 1.26 (0.46 – 3.42) 0.652 -- --

Relationship status (partnered vs. other) 0.83 (0.51 – 1.35) 0.461 -- --

Multiple sex partners† (2 or more versus 0–1) 0.97 (0.61 – 1.54) 0.895 -- --

*
Reporting sex with men at baseline or any follow-up visit.

†
Over the previous six months.
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