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Abstract

Background and objectives: Gender differences in illicit drug use patterns and related harms (e.g.
HIV infection) are becoming increasingly recognized. However, little research has examined
gender differences in risk factors for initiation into injecting drug use. We undertook this study
to examine the relationship between gender and risk of injection initiation among street-
involved youth and to determine whether risk factors for initiation differed between genders.
Methods: From September 2005 to November 2011, youth were enrolled into the At-Risk Youth
Study, a cohort of street-involved youth aged 14–26 in Vancouver, Canada. Cox regression
analyses were used to assess variables associated with injection initiation and stratified analyses
considered risk factors for injection initiation among male and female participants separately.
Results: Among 422 street-involved youth, 133 (32.5%) were female, and 77 individuals initiated
injection over study follow-up. Although rates of injection initiation were similar between male
and female youth (p¼ 0.531), stratified analyses demonstrated that, among male youth, risk
factors for injection initiation included sex work (Adjusted Hazard Ratio [AHR]¼ 4.74, 95%
Confidence Intervals [CI]: 1.45–15.5) and residence within the city’s drug use epicenter
(AHR¼ 1.95, 95% CI: 1.12–3.41), whereas among female youth, non-injection crystal metham-
phetamine use (AHR¼ 4.63, 95% CI: 1.89–11.35) was positively associated with subsequent
injection initiation. Conclusion: Although rates of initiation into injecting drug use were similar
for male and female street youth, the risk factors for initiation were distinct. These findings
suggest a possible benefit of uniquely tailoring prevention efforts to high-risk males and
females.
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Introduction

Injection drug use is a major risk factor for acquiring various

communicable diseases such as human immunodeficiency

virus (HIV) and hepatitis C (HCV) (1,2). In addition, injection

drug use is associated with other poor health outcomes such as

soft tissue infections including infective endocarditis as well as

fatal drug overdose (3–5). In North America, injection drug use

amongst street-involved youth is highly prevalent. In the US,

30% of street youth have reported using injection drugs at least

once and in Canada rates reported are as high as 40% (6,7). In

addition, new users are more likely to engage in risky

behaviors, like sharing needles, putting them at heightened

risk of acquiring HIV and HCV (8).

To inform prevention efforts, identifying factors that put

youth at risk for initiating injection is critical. Previously

described risk factors associated with initiation into injection

drug use include homelessness, early onset drug use, specific

drug use patterns and parental substance use (9–11).

However, the intersection of gender and injection initiation

is less understood. We therefore undertook the present study

to assess the potential relationship between injection initiation

and gender, as well as to explore if there were unique risk

factors for injection initiation between genders, among a

community-recruited cohort of street-involved youth in

Vancouver, Canada.

Methods

Data for this study was obtained from the At-Risk Youth

Study (ARYS), which is a prospective cohort study of street-

involved youth in Vancouver, Canada that began in 2005 and

has been described in detail previously (12). The ARYS

study’s primary objective is to assess risk factors for initiation

into injecting drug use. However, the study examines a host

of other secondary outcomes including risk for infectious

diseases and all participants receive HVC and HIV screening
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at baseline and semi-annually. In brief, participants were

recruited through snowball sampling and extensive street-

based outreach methods. Although no explicit inclusion

criterion required that youth spend a minimum amount of

time on the street or actually live on the street to qualify for the

study, in practice, the street-based recruitment produced

a sample of youth who spent extensive time on the street,

a large proportion of whom were homeless. Still, because our

study lacked an explicit requirement that youth live on the

street, we use throughout the present manuscript the term

‘‘street-involved youth’’ rather than ‘‘street youth,’’ since the

latter of these terms is generally applied to youth known to live

full-time or part-time on the street. To be eligible, participants

at recruitment had to be aged 14–26 years, have used illicit

drugs other than marijuana in the past 30 days, and provide

written informed consent. At enrollment, and on a bi-annual

basis, participants complete an interviewer-administered ques-

tionnaire that includes questions related to demographic

information and drug use patterns and are assessed by a study

nurse who examines for stigmata of drug injecting. The

questionnaire and derived variables were defined based on

earlier studies of street involved and adult drug users (13,14).

At each study visit participants are provided with a stipend ($20

CDN) for their time. The study has been approved by the

University of British Columbia’s Research Ethics Board.

The study period for the current analysis was September

2005 to November 2011. Data from all participants who had

never injected drugs at enrolment and had completed at least

one follow-up visit during the study period, to assess for

subsequent injecting initiation, were eligible for inclusion in

the present analyses. The primary outcome of interest was

time to initiation of injection drug use and the primary

explanatory variable of interest was gender. To determine

whether there was a significant relationship between our

outcome of interest and our primary explanatory variable we

a priori selected a range of secondary explanatory variables

we hypothesized might be associated with both injection

initiation and gender. Secondary explanatory factors included:

age (per year older); ethnicity (Caucasian vs. other); daily

consumption of alcohol (daily alcohol use vs. less than daily);

Marijuana use (yes vs. no); non-injection cocaine use (yes vs.

no); crack cocaine smoking (yes vs. no); non-injection crystal

methamphetamine use (yes vs. no); non-injection heroin use

(yes vs. no); sex work, defined as exchanging sex for money,

drugs, or gifts (yes vs. no); homelessness, defined as having

no fixed address, sleeping on the street, couch surfing, or

staying in a shelter or hostel (yes vs. no); and residence in

Vancouver’s drug use epicenter, which is a well-described and

defined area of the city referred to as the Downtown Eastside

(yes vs. no). All drug and alcohol use-related variables refer

to circumstances and behaviors over the previous 6 months

and were treated as time-updated covariates on the basis of

semi annual follow-up data. In addition, to protect against

reverse causation whereby reported behaviors were a conse-

quence of drug injecting, all substance use variables were

lagged to the previous available observation. In this way, we

were able to assess behaviors that were reported prior to the

injecting initiation event (15). Since participants could have

varying durations between their last injecting naı̈ve and

their first interview where they report injecting, the date of

first injection was estimated as the midpoint between the first

injecting naı̈ve follow up and the follow up visit where

injecting was reported. Participants were censored at the date

of their last follow up visit.

To assess the relationship between gender and injection

initiation, as a first step we presented the characteristics of

the study sample stratified by gender. We then calculated

the cumulative incidence of injection initiation for male

and female participants over study follow-up using Kaplan-

Meier methods. Survival curves were compared using the

log-rank test.

Using Cox regression, we then estimated the unadjusted

relative hazards and 95% confidence intervals for factors

associated with injection initiation in the overall sample. To

fit our multivariate Cox models, we used a backwards

selection process previously described by Maldonado and

Greenland (16) and Rothman and Greenland (17).

Specifically, we began with all explanatory variables of

interest in a full model. Using an automated procedure, we

subsequently generated a series of confounding models by

removing each secondary explanatory variable one at a time.

For each of these models we assessed the relative change in

the coefficient for our primary explanatory variable of interest

(gender). The secondary explanatory variable of interest that

resulted in the smallest absolute relative change in the

coefficient for gender was then removed. Secondary variables

continued to be removed through this process until the

smallest relative change in the coefficient for the effect of

gender on injection initiation exceeded 5% of the value of the

coefficient. Remaining variables were considered confoun-

ders and were included in the final multivariate analysis.

We then assessed factors associated with injection initi-

ation among male and female youth separately in stratified

analyses. The same variables of interests were considered and

two separate multivariate cox regressions were constructed.

Model selection was done based on the Akaike Information

Criterion (AIC) with the best subset selection procedure. This

provided a computationally efficient method to screen all

possible combinations of candidate variables and identify the

model with the best overall fit as indicated by the lowest AIC

value (18). All statistical analyses were performed using SAS

software version 9.2 (SAS, Cary, NC, USA). All tests of

significance were two-sided.

Results

Overall, 991 street-involved youth were recruited into the

ARYS cohort between December 1, 2005 and May 31, 2011.

At enrolment, 390 (39.3%) participants reported having

engaged in injection drug use, and among the overall

sample of 991 street involved youth, gender was not

significantly associated with injecting (Odds Ratio¼ 0.98,

95% CI: 0.74–1.29). Among the 601 (61%) individuals who

had never injected at baseline, 422 (70%) completed at least

one study follow-up. In comparison to the 422 youth who

represented the eligible study population, the 179 injecting

naı̈ve youth who were ineligible for the present study because

they did not have a follow up visit, were more likely to be

white (p¼ 0.020), and less likely to be older (p¼ 0.003), but

showed no difference for male/female gender (p¼ 0.744).
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Those youth who were ineligible because they had already

begun injecting were more likely to be older (p50.001) and

white (p¼ 0.003), but there was no difference by gender

(p40.995). Since participants were recruited between 2005

and 2011, and participants recruited earlier would have a

longer duration under follow up to initiate injecting, we

assessed if year of recruitment was associated with initiating

injecting and found that it was not (p¼ 0.147). We also found

that duration of follow up was not associated with initiation

(p¼ 0.589).

Among the sample of 422 participants included in the

study, 133 (31.5%) were female, the median age was 22

(interquartile range [IQR]¼ 20–23), and the median follow-

up time was 20.6 months (IQR¼ 12.6–26.1). As shown in

Table 1, male and female participants differed based on mean

age, engagement in sex work, and marijuana use (all

p50.05).

Over study follow-up, 77 (18%) injection initiation events

were observed for an incidence density of 10.28 per 100

person years (95% CI 7.98–12.58). The Kaplan-Meier

estimates of the cumulative incidence of injection initiation

stratified by gender are shown in Figure 1. As shown here,

male participants were at no higher risk of injection initiation

compared with female participants (log rank p¼ 0.92). The

cumulative incidence of injection drug use among female

participants reached 25.7% over the 3-year follow-up period

compared to 24.6% among male participants.

Table 2 shows the unadjusted and adjusted relative hazards

of injection initiation. In univariate Cox analysis, gender was

not significantly associated with time to first injection drug

use [relative hazards (RH)¼ 1.03, 95% CI: 0.63–1.67]. In

multivariate Cox regression analyses, gender remained insig-

nificant [adjusted relative hazards (ARH)¼ 1.29, 95% CI:

0.75–2.24]. Table 3 shows the multivariate cox regressions for

factors associated with initiation of injection drug use

stratified by gender. Among male youth, sex work

(AHR¼ 4.74, 95% CI: 1.45–15.5) and Downtown Eastside

residence (AHR¼ 1.95, 95% CI: 1.12–3.41), were positively

associated with subsequent injections. Among female youth,

non-injection crystal methamphetamine use (AHR¼ 4.63,

95% CI: 1.89–11.35) was positively associated with subse-

quent injection initiation.

Discussion

Among the 422 street-involved youth in our study, we

observed that rates of initiation into injection drug use for

males and females were not significantly different. However,

the risk factors for initiation were distinct between genders.

For male street youth, risk factors for injection initiation

included sex work and residence in the Downtown Eastside,

Vancouver’s drug use epicenter. For female street youth, non-

injection methamphetamine was positively associated with

subsequent injection initiation.

Interestingly, our findings differ from an earlier study from

our setting that examined patterns of injecting initiation

among Aboriginal youth. This study found that Aboriginal

female youth were two times more likely to initiate injection

compared to males (19). This suggests that the relationship

between gender and injection initiation may differ among

various sub-populations of vulnerable youth. Similar to our

analysis, studies among other populations of at-risk youth

have found female youth are no more likely to initiate

Table 1. Baseline characteristics of injection-naı̈ve street-involved youth in Vancouver, Canada stratified by gender, September
2005–November 2011 (N¼ 422).

Gender

Characteristic Total (%) (N¼ 422) Male (%) (n¼ 289) Female (%) (n¼ 133) p Value

Sociodemographic factors
Mean age (IQR) 22 (20–23) 22 (20–23) 21 (18–22) 50.001
Caucasian 258 (61) 180 (62) 78 (59) 0.476
Sex worka 20 (5) 7 (2) 13 (10) 0.001
Homelessa 296 (70) 210 (73) 86 (65) 0.951
Downtown Eastside Residencya 98 (23) 64 (22) 34 (26) 0.440

Drug use-related behaviors
Daily alcohol usea 73 (17) 47 (16) 26 (20) 0.407
Marijuana usea 380 (90) 271 (94) 109 (82) 50.001
Non-injection cocaine usea 206 (49) 144 (50) 62 (47) 0.540
Crack cocaine smokinga 236 (56) 166 (57) 70 (53) 0.355
Non-injection crystal methamphetamine usea 148 (35) 96 (33) 52 (39) 0.240
Non-injection heroin usea 66 (16) 42 (15) 24 (18) 0.356

Injection drug use
Initiated during follow-ups 77 (18) 54 (18) 23 (17) 0.731

IQR, interquartile range; aDenotes behavior in the preceding 6 months

Figure 1. Cumulative incidence of injection initiation among street-
involved male and female youth residing in Vancouver, Canada,
September 2005–November 2011 (n¼ 422).
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injection compared to their male counterparts (9,20). Also

consistent with our analysis, a prior study of injection

initiation among street-involved youth in Montreal found

that risk factors vary between genders (21). However, the risk

factors associated with injection initiation among male and

female youth in our setting contrast with prior studies. In

particular, specific drugs associated with injection initiation

among street-involved youth in Montreal, Canada were no

different between genders (9,21), while non-injection crystal

methamphetamine use was a unique risk factor for females in

our study. However, it should be noted that crystal metham-

phetamine use has been reported to be significantly higher on

the west coast of North America, which may explain these

differences (22).

Furthermore, the absence of a significant association

between non-injection crystal methamphetamine use and

injection initiation among male youth is noteworthy and may

have important implications for injection prevention efforts

involving targeting drug treatment and other public health

measures. Previous studies suggest that crystal methampheta-

mine is a key risk factor for injection drug use among street-

involved youth in our setting (15,23). However, our findings

indicate that crystal methamphetamine may be uniquely risky

for female youth. The association between methamphetamine

use and initiation into injecting among female street youth is

interesting. Although further research is necessary, one

potential explanation for this finding may be that women

appear more dependent on methamphetamine than men, use

higher amounts of drug, and are more likely to have it as their

primary drug of choice (24). Further examination of this

phenomenon is warranted.

The association between sex work and injection initiation

among males shown in our study is novel. Although young

males involved in sex work are known to be at high risk for

HIV (25,26), and there is an established relationship between

sex work and injection drug use (27,28), this is the first

injection initiation incidence study to our knowledge that

explicitly links sex work with injection initiation among male

street-involved youth. However, given the low reported

prevalence of sex work among male youth in our sample,

this relationship would benefit from further study.

Highlighting differences between gender is important for

public health interventions so they can be properly structured

to appropriately serve the targeted population. Although no

evidence-based interventions to reduce initiation into injec-

tion drug use have been identified, there are opportunities to

tailor substance abuse treatment programs to cater to the

unique needs of women versus men (29). Similarly, our

findings suggest that physicians who care for street-involved

youth should be aware that female street youth using

methamphetamine may be at particularly high risk of

initiating injecting.

There are several limitations to our study. First, as with

other studies of street-involved youth, the ARYS cohort is not

a random sample and, therefore, these findings may not

generalize to other street youth populations. We should also

note that our study sample of youth contained a predominance

of older participants, with a median age of 22 years. Our study

was largely consistent with the World Health Organization,

which applies the term ‘‘youth’’ to young people within the

age range 15–24 years, and with most other studies, which

generally include participants close to and within this range.

However, our results should be interpreted with the know-

ledge that our sample may be slightly older on average than

other studies examining street youth. Second, this study is

based on self-reported information and is susceptible to recall

bias and socially desirable responding (30). It is possible,

despite our efforts to engage in a nonjudgmental way that

Table 2. Unadjusted and adjusted hazard ratios (HR) for factors associated with initiation of injection drug use among street-involved youth in
Vancouver, Canada, September 2005–November 2011 (N¼ 422).

Characteristic Unadjusted HRa (95% CIb) p Value Adjusted HRa (95% CIb) p Value

Male gender (vs. female) 1.03 (0.63–1.67) 0.920 1.29 (0.75–2.24) 0.359
Age (per year older at baseline) 0.96 (0.88–1.04) 0.300 0.91 (0.83–1.01) 0.065
Caucasian (vs. other) 1.50 (0.92–2.44) 0.104 1.52 (0.91–2.52) 0.108
Daily alcohol usec,d (yes vs. no) 0.99 (0.55–1.80) 0.982
Marijuana usec,d (yes vs. no) 0.87 (0.47–1.61) 0.653 0.82 (0.43–1.57) 0.544
Non-injection cocaine usec,d (yes vs. no) 0.99 (0.62–1.57) 0.964
Crack cocaine smokingc,d (yes vs. no) 1.38 (0.88–2.18) 0.164 1.28 (0.78–2.09) 0.327
Non-injeciton crystal meth usec,d (yes vs. no) 1.83 (1.16–2.87) 0.009 1.82 (1.15–2.89) 0.011
Non-injection heroin usec,d (yes vs. no) 1.83 (1.06–3.14) 0.029
Sex workd (yes vs. no) 2.25 (0.97–5.18) 0.058 1.86 (0.75–4.61) 0.183
Homelessd (yes vs. no) 1.80 (1.13–2.88) 0.013 1.59 (0.99–2.57) 0.057
Downtown Eastside Residenced (yes vs. no) 1.80 (1.13–2.88) 0.014 1.94 (1.18–3.21) 0.010

aHR, Hazard Ratio; bCI, Confidence Interval; cLagged to previous follow-up; dDenotes behavior in the preceding 6 months

Table 3. Multivariate cox regressions for factors associated with
initiation of injection drug use among female and male street-involved
youth in Vancouver, Canada, September 2005– November 2011
(N¼ 422).

Characteristic
Adjusted HRa

(95% CIb) p Value

Model I: Male gender
Homelessd (yes vs. no) 1.73 (0.98–3.06) 0.058
Sex workd (yes vs. no) 4.74 (1.45–15.5) 0.010
Downtown Eastside residencyd

(yes vs. no)
1.95 (1.12–3.41) 0.018

Model II: Female gender
Homelessd (yes vs. no) 1.79 (0.76–4.21) 0.185
Non-injection crystal meth usec,d

(yes vs. no)
4.63 (1.89–11.35) 0.001

Crack cocaine smokingc,d (yes vs. no) 1.79 (0.73–4.41) 0.202
Non-injection heroine usec,d (yes vs. no) 1.66 (0.62–4.44) 0.309

aHR, Hazard Ratio; bCI, Confidence Interval; cLagged to previous
follow-up; dDenotes behavior in the preceding 6 months
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participants underreported illegal activities or those perceived

as socially unacceptable. Another limitation is that the

survey’s design required that a number of variables were

dichotomized into yes versus no, and future studies would

benefit by seeking to delve deeper into the frequency of the

impact of certain behaviors, such as alcohol and other drug

use. Finally, for some variables, such as sex work, there were

low rates of reporting this activity, which may have

contributed to a Type II error when some of these factors

were considered. In addition, we found that white participants

were more likely to be lost to follow up. We attempted to

address this by adjusting for ethnicity in our analyses,

however, there may nevertheless have been unmeasured

confounding.

In summary, the present study showed no difference

between rates of initiation into injection drug use between

male and female street youth, however, the risk factors for

each gender were distinct suggesting that injection prevention

efforts may benefit from considering the unique characteris-

tics and vulnerabilities of female and male street-involved

youth. Given the serious health harms and vulnerabilities

experienced by this population, evidence-based interventions

are needed.
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