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Abstract

Background—Although many people who inject drugs (PID) contend with comorbidities, 

including high rates of mental illness, limited attention has been given to the differences in 

comorbidities among men and women or the potential links between psychiatric disorders and 

HIV risk behaviours. We sought to longitudinally examine associations between depression and 

HIV-related sexual risk behaviours among PID, stratified by gender.

Methods—Data were derived from a prospective cohort of PID in Vancouver, Canada between 

December 2005 and November 2009. Using generalised estimating equations, we examined the 

relationship between depressive symptoms and two types of sexual HIV risk behaviours: engaging 

in unprotected sex; and having multiple sexual partners. All analyses were stratified by self-

reported gender.

Results—Overall, 1017 PID participated in this study, including 331 (32.5%) women. At 

baseline, women reported significantly higher depressive symptoms than men (P < 0.001). In 

multivariate generalised estimating equations analyses, after adjustment for potential social, 

demographic and behavioural confounders, more severe depressive symptomology remained 

independently associated with engaging in unprotected sex [adjusted odds ratio (AOR) = 1.62, 

95% confidence interval (CI): 1.18 – 2.23] and having multiple sexual partners (AOR = 1.54, 95% 

CI: 1.09 – 2.19) among women, but was only marginally associated with having multiple sexual 

partners among men (AOR = 1.18, 95% CI: 0.98 – 1.41).

Conclusions—These findings call for improved integration of psychiatric screening and 

treatment services within existing public health initiatives designed for PID, particularly for 

women. Efforts are also needed to address sexual risk-taking among female PID contending with 

clinically significant depression.
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INTRODUCTION

Over the past two decades, the comorbid presentation of psychiatric disorders and drug 

addiction has been well documented.1–6 Specifically, several systematic reviews and meta-

analyses have suggested that some psychiatric disorders, including depression, anxiety 

disorders and antisocial personality behaviours, are more prevalent among people who use 

drugs than in general populations.7–10 For example, Goldner et al. reported that the 

incidence of depressive and anxiety symptoms were disproportionately high among 

populations who abused illicit drugs.7 Additionally, Perdue et al. found that 46.9% of male 

people who inject drugs (PID) in Seattle were diagnosed as having depressive symptoms.3 

Given the increased risk of HIV transmission within this population, there is a need to 

consider the role that such psychiatric disorders may play in shaping HIV risk behaviours 

among PID.11–13

The effect of depression on sexual HIV risk behaviours among PID has received increasing 

attention, yet the results have been equivocal. Although some studies have shown that 

depression was associated with engaging in unprotected sexual intercourse, negative feelings 

regarding condom use, having sexual intercourse with three or more partners in the past 6 

months, and having a greater number of lifetime sexual partners, a meta-analysis found little 

evidence to suggest that depressive symptoms predicted sexual risk behaviours.1–3,14–16 

Further, most research to date has examined these associations using cross-sectional 

analyses,17 which may explain the discrepancies in the results and point to the need for 

longitudinal investigations of such relationships.

Few studies have investigated whether potential relationships between depression and sexual 

HIV risk behaviours differ between men and women, despite a body of research indicating 

important gender-based differences in vulnerability to depression and risks associated with 

sexual behaviours. Past research has suggested that among people who use drugs, women 

are far more likely to experience depression than men.18–20 Also, gender roles and 

relationship dynamics are known to predispose women to risky sexual behaviour.19 

Therefore, this study sought to longitudinally investigate the relationship between depression 

and sexual HIV risk behaviours among male and female PID.

METHODS

Data for this study were derived from the Vancouver Injection Drug Users Study (VPIDS), 

which was initiated in May 1996. The VPIDS is an ongoing prospective cohort study that 

has previously been described in detail.21 Briefly, participants are eligible for inclusion in 

the study if they are 18 years or older, live in the Greater Vancouver region, have injected 

illicit drugs at least once in the past month, test seronegative for HIV infection, and provide 

written informed consent. At baseline and semiannually, participants provide blood samples 

for laboratory analysis and complete an interviewer-administered questionnaire. The 
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questionnaire elicits a range of information, including demographic data, drug-use patterns, 

HIV risk behaviours, and access to drug treatment. Participants receive an honorarium of C

$20 for each study visit. Ethical approval for VPIDS is obtained on an annual basis from the 

Providence Health Care/University of British Columbia Research Ethics Board. In the 

present study, data were abstracted and analysed from those who participated in baseline or 

follow-up visits between December 2005 and November 2009. The sample was further 

restricted to those who were sexually active at baseline.

Statistical analyses

We examined as our primary outcomes two types of sexual HIV risk behaviours occurring in 

the 6 months before participants’ interviews: (1) having sex with multiple partners; and (2) 

inconsistent condom use during vaginal or anal intercourse. To determine the number of 

sexual partners, participants were asked to report the number of different male and female 

partners with whom they had engaged in sexual activity within the previous 6 months, 

excluding those with whom they had engaged in sex for money, shelter, clothes, food, drugs, 

or favours. These outcome measures have successfully been used in a previous study.22 

Inconsistent condom use was determined by asking participants how often a condom was 

used during vaginal and anal intercourse. Possible responses were: always, usually, 

sometimes, occasionally, and never. As in a previous study, this variable was dichotomised 

into ‘consistent’ (i.e. always) and ‘inconsistent’ (i.e. usually, sometimes, occasionally, or 

never) condom use.22 Those who reported engaging in vaginal and anal intercourse and 

reported discordant condom use were classified as inconsistent condom users.

Our primary explanatory variable of interest was severe depressive symptoms, which was 

ascertained by the Centre for Epidemiological Studies Depression Scale (CES-D) at each 

follow up. The CES-D scale is a 20-item survey measuring depressive symptoms and has 

been shown to be valid and reliable when administered to young people, homeless 

populations, and drug users.23–26 Consistent with past studies, scores of 22 or above were 

considered indicative of severe depressive symptoms and a probable diagnosis of 

depression.1,19,27 Building on previous studies that examined the relationship between 

depression and sexual HIV risk behaviours among PID, we also considered secondary 

explanatory variables of interest that might confound the relationship between depressive 

symptoms and sexual HIV risk behaviours.1–3 These included: age (per year older); 

identifying as lesbian, gay, bisexual or transgender (LGBT) (yes vs. no); ethnicity 

(Caucasian vs. others); living in unstable housing (yes vs. no); relationship status (legally 

married, common law or regular partner vs. others); non-injection crack use (≥ daily vs. < 

daily); non-injection crystal methamphetamine use (≥ daily vs. < daily); injection heroin use 

(≥ daily vs. < daily); injection cocaine use (≥ daily vs. < daily); injection crystal 

methamphetamine use (≥ daily vs. < daily); binge drug use, defined as a period of using 

injection or noninjection drugs more often than usual (yes vs. no); involvement in sex work 

(yes vs. no); and having been physically attacked or assaulted (yes vs. no). All behavioural 

variables referred to the 6-month period before the interview, and variable definitions are 

consistent with previous investigations.21–28
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First, we compared CES-D scores at baseline between men and women using the Mann–

Whitney test. We then examined bivariate and multivariate associations between the two 

outcomes and all explanatory variables, stratified by gender. Considering serial measures 

were available for each subject, we used generalised estimating equations (GEE) with a logit 

link function. GEE analyses allowed for consideration of factors associated with the two 

sexual risk behaviours over the full length of the study period, with standard errors 

calculated using an exchangeable correlation structure, adjusted by multiple observations for 

each individual. Since each individual could report having sex with multiple partners or 

inconsistent condom use during vaginal or anal intercourse during separate study visits, GEE 

analyses identified factors correlated with periods of HIV sexual risk behaviours both within 

and between individuals. GEE models are classified as a type of marginal longitudinal 

analysis and have been used to analyse datasets containing repeatedmeasures, such as 

longitudinal cohorts.29 To account for potential confounding with the primary variable of 

interest, multivariate GEE confounding models were fitted for each outcome using an a 

priori–defined modelling strategy proposed by Maldonado and Greenland.30 First, we fitted 

the full model containing the primary and secondary variables with P < 0.05 in the bivariate 

GEE analyses. Then, we constructed a series of reduced models by removing one secondary 

variable from the full model at a time. After comparing the coefficient associated with the 

primary variable of interest in the full model to the coefficient in each reduced model, we 

dropped the secondary variable associated with the smallest relative change. We repeated 

this iterative process until the smallest change exceeded 5%. All statistical analyses were 

performed using SAS software version 9.3 (SAS Institute Inc., Cary, NC, USA). All P-

values were two-sided.

RESULTS

In total, 1017 PID participated in this study, of whom 331 (32.5%) were women. In total, 

331 women contributed 1410 observations, and 686 male participants contributed 3039 

observations. The median age of women at baseline was 38 years [interquartile range (IQR): 

30–45], whereas it was 43 years (IQR: 36–49) among men. The median CES-D score for the 

entire sample was 21 (IQR: 12–30). Overall, 197 (59.5%) women and 293 (42.7%) men had 

CES-D scores ≥ 22 at baseline. The difference in CES-D scores between women (median: 

25, IQR: 15–33) and men (median: 19, IQR: 11–27; P < 0.001) was statistically significant.

Comparisons of baseline demographic, social and behavioural characteristics between men 

and women are presented in Table 1. Women were more likely to identify as LGBT, report 

being in a stable relationship, report daily non-injection crack use, report sex work 

involvement, and have CES-D scores ≥ 22, whereas men were more likely to be older, 

Caucasian, and report living in unstable housing (all P < 0.05). The proportions of 

participants reporting sexual HIV risk behaviours by CES-D scores over the study period are 

shown in Fig. 1.

The demographic, social and behavioural characteristics associated with having multiple 

sexual partners in the bivariate and multivariate analyses are shown in Table 2. Among 

women having CES-D scores ≥ 22 remained independently associated with having multiple 

sexual partners after adjustment for potential social, demographic and behavioural 
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confounders [adjusted odds ratio (AOR) = 1.54, 95% confidence interval (CI): 1.09 – 2.19]. 

In addition, age (AOR = 0.95, 95% CI: 0.92 – 0.97), identifying as LGBT (AOR = 2.56, 

95% CI: 1.49 – 4.40), at least daily injection cocaine use (AOR = 0.33, 95% CI: 0.14 – 

0.77), sex trade involvement (AOR = 2.58, 95% CI: 1.72 – 3.86), and experiencing violence 

(AOR = 2.19, 95% CI: 1.55 – 3.10) were independently associated with having multiple 

sexual partners. Among males, having CES-D scores ≥ 22 was marginally associated with 

having multiple sexual partners (AOR=1.18, 95% CI: 0.98 – 1.41). In addition, being in a 

stable relationship (AOR = 0.47, 95% CI: 0.35 – 0.62), at least daily non-injection crack use 

(AOR = 1.42, 95% CI: 1.16 – 1.72), at least daily non- injection crystal methamphetamine 

use (AOR = 2.75, 95% CI: 1.32 – 5.74), and sex trade involvement (AOR=2.68, 95% CI: 

1.15 – 6.24) were independently associated with having multiple sexual partners.

Demographic, social and behavioural characteristics associated with inconsistent condom 

use in bivariate and multivariate analyses are shown in Table 3. As shown in multivariate 

analyses, having CES-D scores ≥ 22 remained independently associated with inconsistent 

condom use among females (AOR = 1.62, 95% CI: 1.18–2.23). In addition, age (AOR=0.95, 

95% CI: 0.93–0.97), unstable housing (AOR=0.58, 95% CI: 0.41–0.83), and experiencing 

violence (AOR = 1.76, 95% CI: 1.17–2.66) were independently associated with inconsistent 

condom use. Among men, having CES-D scores ≥ 22 was not significantly associated with 

the outcome in the bivariate analysis (OR = 1.13, 95% CI: 0.86–1.50), and therefore we did 

not fit a multivariate GEE model for this outcome in men.

DISCUSSION

In the present analysis, we observed high rates of depressive symptoms amongst PID in 

Vancouver, Canada, with more female PID reporting high CES-D scores than male. We also 

found that female PID presenting with high depressive symptoms were more likely to 

engage in unprotected sex and have multiple sexual partners, whereas male PID presenting 

with high depressive symptoms were more likely to report having multiple sexual partners, 

although this relationship did not meet conventional statistical significance.

Our results corroborate past studies that suggest depressive symptoms are higher among PID 

compared with the general population.17,31 The CES-D scores in our cohort were high, with 

a median of 21 at baseline, whereas CES-D scores among general population samples 

average around 8.31 Moreover, 293 (43%) men and 197 (60%) women had CES-D scores ≥ 

22, which is indicative of significant depressive symptomology. However, CES-D scores 

among our cohort were comparable to CESPage 11 of 26 D scores reported in other studies 

investigating depression among PID in Baltimore and Seattle.3,31

Consistent with past studies, we found that women were more likely to report having severe 

depressive symptoms than men.20,32–33 Some previous gender-based investigations of 

depression and associated risk behaviours have focused on hormonal differences between 

men and women, and how such differences might impact psychological reactions to adverse 

events.34–35 However, other studies have argued that there is an interaction between gender 

and social factors.19,32,36 For example, one potential hypothesis suggests that in most 

societies, women traditionally have less social power, which increases their vulnerability to 
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traumatic events such as violence and sexual abuse.36 Indeed, past work undertaken in 

Vancouver has documented adverse gender-based power relations among local drug users as 

well as the extreme violence that many women in this community face.37–38 Increased 

exposure to traumatising experiences can potentially alter females’ biological and 

psychological stress responses, which may subsequently compromise their problem solving 

and coping mechanisms when experiencing stressful situations.32,36

Although previous studies have suggested that depression is linked with HIV risk behaviours 

among PID, to our knowledge, this is the first prospective cohort study that has conducted a 

longitudinal gender-based analysis focused on the relationship between depression and 

sexual HIV risk behaviours.1–4 Multiple cross-sectional studies and one longitudinal study 

have found that depression is associated with a variety of sexual HIV risk behaviours.1–3 

Other authors have argued that associations between depression and sexual risk behaviours 

may result from impaired cognitive functioning secondary to depression, which may lead to 

individuals engaging in potentially risky behaviours such as having a greater number of 

lifetime sex partners and reporting three or more sex partners in the past 6 months.1,3 One 

other possible interpretation is that depression is a multifaceted disorder influenced by 

several psychosocial risk factors and structural exposures, including incarceration.3

Our findings highlight the need for integrated screening, counselling, and treatment options 

to address psychiatric disorders within existing HIV-prevention programs designed for PID. 

Currently, these interventions are not included in the World Health Organisation or other 

United Nations agencies’ recommended HIV-prevention interventions for PID.39 Our 

findings also indicate the need for intervention strategies to be multifaceted and gender-

specific. Given that female PID are more likely to experience traumatic events (e.g. sexual 

abuse) and depression, there is a critical need for social support and mental health treatment 

interventions tailored to female victims of abuse and violence.32,40 Moreover, female 

adolescents exhibiting depressive symptomology may be more likely to use illicit substances 

and engage in risky sexual behaviours, thus there may be a need to develop gender-specific 

mental health programs targeting at-risk youth, particularly females.1,19 Given the known 

barriers to healthcare among PID, efforts should be made to offer such programs in 

lowthreshold initiatives, including drop-in centres where nurses and healthcare practitioners 

can make referrals to other primary care services.41–42

The present study has several limitations. First, as our study sample was not randomly 

recruited, our findings may not be generalisable to PID in other settings. Second, we relied 

on self-reported data, thus our findings may be subject to response biases. However, several 

other studies have demonstrated self-reporting amongst PID is generally valid and 

reliable.43–44 We were also unable to infer causality from the findings due to the 

observational nature of our study. Finally, we ascertained depressive symptoms through the 

use of the CES-D scores. As such, we were unable to identify participants who were 

clinically diagnosed with depression.

In summary, we found that higher depressive symptom scores were independently associated 

with sexual HIV risk behaviours among women and were marginally associated with having 

multiple sexual partners among men. These results point to a need for improved integration 
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of psychiatric testing, screening, and counselling services within existing public health 

initiatives for PID. These results also underscore the importance of gender differences and 

support the need for gender-specific HIV prevention interventions. Ultimately, gender-

specific prevention and treatment strategies should be an integral component among 

initiatives addressing HIV transmission amongst PID.
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SUMMARY

Although many people who inject drugs (PID) contend with comorbidities, including 

high rates of mental illness, limited attention has been given to the differences in 

comorbidities among men and women or the potential links between psychiatric 

disorders and HIV risk behaviours. We sought to longitudinally examine associations 

between depression and HIV-related sexual risk behaviours among PID, stratified by 

gender. In multivariate analyses, after adjustment for potential social, demographic and 

behavioural confounders, more severe depressive symptomology remained independently 

associated with engaging in unprotected sex and having multiple sexual partners among 

women, but was only marginally associated with having multiple sexual partners among 

men. These findings call for improved integration of psychiatric screening and treatment 

services within existing public health initiatives designed for PID, particularly for 

women.
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Fig. 1. 
Proportion of people who inject drugs reporting sexual risk behaviours at follow-up, 

stratified by male and female with Centre for Epidemiological Studies Depression Scale 

(CES-D) ≥22 versus CES-D <22 (n = 1017).
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Table 1

Baseline characteristics stratified by gender (n = 1017)

Characteristic Male 686 (67.5%) Female 331
(32.5%)

P-value

Median age (IQR) 43 (36–49) 38 (30–45) <0.001

LGBT 28 (4) 60 (18) <0.001

Caucasian 481 (70) 171 (52) <0.001

Unstable housing 484 (71) 199 (60) <0.001

In a stable relationshipA 179 (26) 147 (44) <0.001

≥ Daily non-injection crack useB 247 (36) 175 (53) <0.001

≥ Daily non-injection CM useB,C 4 (1) 3 (1) 0.560

≥ Daily heroin injectionB,C 199 (29) 111 (34) 0.142

≥ Daily cocaine injectionB,C 57 (8) 29 (9) 0.808

≥ Daily CM injectionB 21 (3) 5 (2) 0.142

≥ Daily binge drug useB 227 (33) 117 (35) 0.476

Sex work involvementB 14 (2) 134 (40) <0.001

Experience of violenceB 165 (24) 78 (24) 0.864

CES-D scores ≥ 22 293 (43) 197 (60) <0.001

Pearson χ2 test was used.

IQR, interquartile range; LGBT, lesbian/gay/bisexual/transgender; CM, crystal methamphetamine; CES-D, Centre for Epidemiological Studies 
Depression Scale

A
Legally married/common law/regular partner.

B
Refers to the 6-month period before the interview.
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Table 2

Generalised estimating equations analyses of factors associated with having sex with multiple partners among 

people who use drugs in Vancouver, Canada (n = 1017)

Male (n = 686) Female (n = 331)

Characteristic Unadjusted
OR

(95% CI)

Adjusted
OR

(95% CI)

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Age (per year older) 0.99 (0.97 – 1.01) – 0.93 (0.91 – 0.96) 0.95 (0.92 – 0.97)

LGBT (yes vs. no) 2.22 (1.19 – 4.16) – 30.01 (1.78 – 5.10) 2.56 (1.49 – 4.40)

Ethnicity (Caucasian vs. others) 0.79 (0.58 – 1.07) – 10.02 (0.65 – 1.61) –

Unstable housing (yes vs. no) 1.22 (0.99 – 1.51) – 10.15 (0.78 – 1.70) –

In a stable relationship (legally married/common law/
regular partner vs. others)

0.47 (0.35 – 0.61) 0.47 (0.35 – 0.62) 00.67 (0.47 – 0.98) –

Non-injection crack useA (≥ daily vs. < daily) 1.43 (1.18 – 1.73) 1.42 (1.16 – 1.72) 10.84 (1.25 – 2.71) –

Non-injection CM useA(≥ daily vs. < daily) 2.40 (1.23 – 4.67) 2.75 (1.32 – 5.74) 70.79 (1.17 – 51.91) –

Injection heroin useA (≥ daily vs. < daily) 1.00 (0.81 – 1.25) – 01.94 (1.30 – 2.91) –

Injection cocaine useA (≥ daily vs. < daily) 1.17 (0.84 – 1.62) – 0.44 (0.20 – 0.97) 0.33 (0.14 – 0.77)

Injection CM useA (≥ daily vs. < daily) 1.44 (0.86 – 2.40) – 2.20 (0.56 – 8.56) –

Binge drug useA (yes vs. no) 1.26 (1.07 – 1.49) – 0.82 (0.57 – 1.18) –

Sex trade involvementA(yes vs. no) 2.77 (1.19 – 6.44) 2.68 (1.15 – 6.24) 2.91 (1.94 – 4.36) 2.58 (1.72 –

Experience of violenceA(yes vs. no) 1.13 (0.93 – 1.36) – 2.34 (1.70 – 3.23) 2.19 (1.55 – 3.10)

CES-D scores (≥22 vs. < 22) 1.29 (1.08 – 1.55) 1.18 (0.98 – 1.41) 1.92 (1.39 – 2.65) 1.54 (1.09 – 2.19)

CES-D, Centre for Epidemiological Studies Depression Scale; CI, confidence interval; CM, crystal methamphetamine; LGBT, lesbian/gay/
bisexual/transgender; OR, odds ratio; –, not applicable

A
Refers to the 6-month period before the interview.
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TABLE 3

Generalised estimating equations analyses of factors associated with inconsistent condom use among people 

who use in Vancouver, Canada (n = 1017)

Male (n = 686) Female (n = 331)

Characteristic Unadjusted
OR

(95% CI)

Adjusted
OR

(95% CI)

Unadjusted
OR

(95% CI)

Adjusted
OR

(95% CI)

Age (per year older) 0.96 (0.94 – 0.98) – 0.95 (0.93 – 0.97) 0.95 (0.93 – 0.97)

LGBT (yes vs. no) 1.47 (0.69 – 3.15) – 1.69 (1.01 – 2.85) –

Ethnicity (Caucasian vs. others) 0.66 (0.49 – 0.90) – 1.15 (0.78 – 1.70) –

Unstable housing (yes vs. no) 0.89 (0.69 – 1.16) – 0.70 (0.50 – 0.97) 0.58 (0.41 – 0.83)

In a stable relationship (legally married/common law/regular 
partner vs. others)

1.98 (1.49 – 2.63) – 1.52 (1.08 – 2.13) –

Non-injection crack useA (≥ daily vs. < daily) 1.12 (0.85 – 1.47) – 0.95 (0.66 – 1.36) –

Non-injection CM useA(≥ daily vs. < daily) 2.27 (0.91 – 5.66) – 1.80 (0.13 – 24.58) –

Injection heroin useA (≥ daily vs. < daily) 1.39 (1.04 – 1.85) – 2.11 (1.48 – 3.00) –

Injection cocaine useA (≥ daily vs. < daily) 0.99 (0.63 – 1.56) – 1.06 (0.61 – 1.82) –

Injection CM useA (≥ daily vs. < daily) 2.76 (1.52 – 5.00) – 0.49 (0.10 – 2.28) –

Binge drug useA (yes vs. no) 0.98 (0.77 – 1.25) – 1.00 (0.73 – 1.36) –

Sex trade involvementA (yes vs. no) 3.62 (1.85 – 7.12) – 1.70 (1.18 – 2.45) 1.45 (0.99 – 2.13)

Experience of violenceA (yes vs. no) 0.96 (0.71 – 1.30) – 1.87 (1.24 – 2.82) 1.76 (1.17 – 2.66)

CES-D scores (≥ 22 vs. < 22) 1.13 (0.86 – 1.50) – 1.82 (1.33 – 2.50) 1.62 (1.18 – 2.23)

CES-D, Centre for Epidemiological Studies Depression Scale; CI, confidence interval; CM, crystal methamphetamine; LGBT, lesbian/gay/
bisexual/transgender; OR, odds ratio; –, not applicable

A
Refers to the 6-month period before the interview.
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