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INTRODUCTION

The rapid increase of non-medical prescription opioid (PO) use among youth has been
described as the most alarming drug use trend in North America (Compton and Volkow,
2006, McCabe et al., 2008 and Okie, 2010). After cannabis, youth consistently identify POs
as the most commonly misused drug (Johnston, O’Malley, Bachman, & Schulenberg, 2012)
and the 2013 US Centre for Disease Control national survey of American high schools found
that over 20% of grade 12 students have misused prescription drugs (Kann et al., 2014). In
addition to concerns regarding increased risk of morbidity and mortality associated with PO
use (Frank et al., 2015, Hall et al., 2008, Office of the National Drug Control Strategy, 2011,
Okie, 2010, USCDCP, 2011, USCDCP, 2012, Roy et al., 2004, Silva et al., 2013, Warner et
al., 2011 and Zosel et al., 2013), there are also signals from qualitative, retrospective and
cross-sectional studies that PO use may facilitate transitions to injection drug use; however,
the impact of PO misuse on the incidence of initiation into injecting has not been
characterized (Lankenau et al., 2012, Mars et al., 2014, Peavy et al., 2012, Rigg and Murphy,
2013, Young et al., 2012 and Young and Havens, 2012). The objective of this longitudinal
study was to examine the relationship between PO misuse and time to injection initiation
within an open prospective cohort of street-involved youth in Vancouver, Canada.
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Data for this study was obtained from the At-Risk Youth Study (ARYS) which is an open
prospective cohort that began in 2005 and has been described in detail (Wood, Stoltz,
Montaner, & Kerr, 2006). In brief, study recruitment is open and undertaken using snowball
sampling and extensive street-based outreach methods. Study eligibility is restricted to
participants who are aged 14-26 years at enrolment, use illicit drugs other than cannabis in
the past 30 days, are “street-involved” defined as having been homeless in the past six
months or recently having used a service for street-involved youth (e.g., housing or nutrition
support), and provide written informed consent. At baseline participants complete an
interviewer-administered questionnaire, are examined by a nurse for stigmata of injecting,
and provide blood samples for infectious disease testing. All participants are subsequently
eligible to complete follow-up study visits on a bi-annual basis that involve completing an
interviewer-administered questionnaire, and an examination and blood draw from a study
nurse. At each study visit participants are provided with a stipend ($30 CDN) for their time.
The study is approved by the University of British Columbia/Providence Health Care
Research Ethics Board.

To examine the potential relationship between non-medical PO use and initiation into
injection drug use, all participants who had never injected drugs at baseline and had
completed at least one follow-up visit during the study period (September 2005 to May
2014) were included in the analysis. The main outcome of interest was time to injection
initiation, which was defined as the midpoint between the last report of remaining injection
naive and the first report of having used a needle to chip, fix or muscle drugs. This approach
is consistent with prior investigations of injection initiation (Ahamad et al., 2014, Chami et
al., 2013, Feng et al., 2013 and Richardson et al., 2014). Participants were also asked to
specify the type of drug they used at their first injection initiation event.

The primary explanatory variable of interest was having ever used non-injection POs
without a prescription at baseline. Categories of POs were dilaudid, morphine, codeine,
street methadone, oxycontin, talwin, and ‘other’. As a sub analysis, each category of PO use
was also examined independently with respect to injection initiation.

To determine whether there was a significant relationship between our main outcome of
interest and our primary explanatory variable (PO use) we a priori selected a range of
secondary explanatory variables, which we hypothesized might be associated with both
injection initiation and baseline history of non-medical PO use. Secondary explanatory
factors of interest included basic demographic variables and drug use patterns which, based
on the literature, are known to be associated with drug use trajectories (Baldwin et al., 2013,
Lankenau et al., 2012 and Mars et al., 2014) and were: age (per additional year); gender
(female vs. male); ethnicity (Caucasian vs. other); non-injection cocaine use (yes vs. no);
crack cocaine smoking (yes vs. no); non-injection crystal methamphetamine use (yes vs.
no); and non-injection heroin use (yes vs. no). All drug use variables referred to the previous
six months and were treated as time-updated covariates on the basis of semiannual follow-up
data. In addition, all drug use variables were lagged to the previous available observation to
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protect against reverse causation—as done in prior studies of injection initiation in this setting
(Ahamad et al., 2014, Chami et al., 2013, Feng et al., 2013 and Richardson et al., 2014).

As a first step, baseline characteristics of the study sample stratified by subsequent injection
initiation were examined using Pearson’s chi-square test for dichotomous variables and the
Wilcoxon rank sum test for continuous variables. The incidence density of injection
initiation was then calculated using a Poisson model. The cumulative incidence of injection
initiation from the time of study enrolment stratified by baseline history of PO use was
calculated using a Kaplan—Meier estimate. Lastly, using Cox regression, we estimated the
unadjusted relative hazards and 95% confidence intervals for factors associated with
injection initiation. To fit our multivariable Cox model, we used a previously described
backwards selection process (Maldonado and Greenland, 1993 and Rothman et al., 2008).
We began with all explanatory variables of interest in a full model, then generated a series of
reduced 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 (history of non-medical PO use at baseline). The secondary explanatory
variable of interest that resulted in the smallest absolute relative change in the coefficient for
baseline non-medical PO use was then removed. Secondary variables continued to be
removed through this process until the smallest relative change exceeded 5%. Remaining
variables were considered confounders and were included in the final multivariable model.
To determine if our results were robust, we also ran a fixed multivariable model where all
variables of interest were forced into a single model. All statistical analyses were performed
using SAS software version 9.3 (SAS, Cary, NC, USA). All tests of significance were two-
sided.

RESULTS

Between September 2005 and May 2014, 1157 youth were recruited into the ARYS open
prospective cohort. At enrolment 659 (57%) participants reported being injection naive. The
average yearly lost to follow up rate during the study period among these participants was
3.15%. By the time this study was conducted, a total of 462 (70%) youth completed at least
one study follow-up and were therefore eligible for the current analysis. There were no
significant differences with respect to gender (p = 0.943), ethnicity (p = 0.117), or baseline
PO use (p = 0.087) between the 462 youth who were included in the analysis vs. the 197
injecting naive youth who were excluded because they either did not have a follow-up visit
at the time this study was conducted or were not enrolled in the cohort long enough to be
due for a study follow-up visit.

Among the study sample of 462 participants, 142 (31%) were female and the median age
was 21.5 years (interquartile range [IQR] = 19.6-23.2). The median number of study visits
completed per participant was 4 (IQR = 2-6), and the median follow up time per participant
was 22.4 (IQR = 11.9-43.2) months. Baseline characteristics of the study sample are
presented in Table 1.

At baseline, 178 (39%) participants reported having ever misused a PO via non-injection.
The types of POs that youth reported having ever misused were: codeine (n = 98, 55%);
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oxycontin (n = 82, 46%); morphine (n = 74, 42%); dilaudid (n = 42, 24%); street methadone
(n =23, 13%), talwin (n = 9, 5%) and ‘other’ (n = 11, 6%), specifically percocet (n = 10,
6%) and demerol (n = 1, 0.6%).

Over study follow-up, 97 (21%) injection initiation events were observed for an incidence
density of 8.6 cases per 100 person years [95% confidence interval (Cl): 7.0-10.6]. The
median time to injection initiation from study enrolment was 11.2 months (IQR: 3.9-23.9),
and the median number of years between initiation of non-medical PO use and initiation of
injection drug use was 4.8 years (IQR = 2.7-7.5). The Kaplan-Meier estimates of the
cumulative incidence of injection initiation stratified by baseline PO use indicate that youth
who reported PO use at baseline were at significantly higher risk of injection initiation after
five years of study follow-up (39.1% vs. 26.2%, log rank p = 0.002) (Fig. 1).

The type of drug that participants reported injecting at their first injection initiation event is
presented in Table 2. As displayed, heroin was the most common drug (n = 57, 59%),
followed closely by crystal meth (n = 52, 54%). Participants with a history of non-injection
PO use at baseline were more likely to initiate injection drug use with heroin and POs, but
the difference was only marginally significant (p = 0.083 and p = 0.070 respectively).

Table 1 shows the unadjusted and adjusted relative hazards of injection initiation. Baseline
PO use was significantly associated with time to first injection drug use in both bivariable
[relative hazards = 1.82, 95% CI: 1.22-2.70] and multivariable Cox regression [adjusted
relative hazards (ARH) = 1.70, 95% CI: 1.12-2.58] after adjustment for the effect of non-
injection crystal methamphetamine and heroin use. The association between PO use and
injection initiation was also significant in the fixed multivariable Cox model that adjusted for
all variables of interest (ARH = 1.68, 95% CI: 1.11-2.54) (not shown in Table 1).

In sub analysis assessing specific categories of baseline non-injection PO use and injection
initiation, we observed at the bivariable level that dilaudid (HR = 2.55, 95% ClI: 1.43-4.53;
p-value = 0.002) and oxycontin (HR = 1.66, 95% CI: 1.05-2.62; p-value = 0.029) were
significantly associated with injection initiation. Conversely, codeine (HR = 1.20, 95% ClI:
0.75-1.93; p-value = 0.457), and morphine (HR = 1.28, 95% CI: 0.76-2.18; p-value =
0.352) were not significantly associated, and a category comprised of street methadone,
talwin, percocet, demerol, and ‘other’ was only marginally associated with injection
initiation (HR = 1.88, 95% CI: 1.00-3.55; p-value = 0.051). When considered in
multivariable models, dilaudid remained independently associated with injection initiation
(AHR =1.94, 95% ClI: 1.03-3.63; p-value = 0.039) while oxycontin only approached
marginal statistical significance (AHR = 1.56, 95% CI: 0.98-2.50; p-value = 0.061) (not
shown in a table).

DISCUSSION

Non-medical prescription opiate use predicted initiation into injection drug use among our
cohort of street-involved youth. Although this is the first longitudinal study to demonstrate
that non-medical PO use is an independent risk factor for injection initiation, these findings
are consistent with prior qualitative, retrospective and cross-sectional studies suggesting that
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non-medical PO use may facilitate transitions into injection drug use (Lankenau et al., 2012,
Mars et al., 2014, Peavy et al., 2012, Rigg and Murphy, 2013 and Young and Havens, 2012).
It is noteworthy that in sub analysis, certain categories of POs, specifically dilaudid and
oxycontin in bivariable analysis and dilaudid in multivariable analysis, were significantly
associated with injection initiation while other categories were not. However, limited
statistical power may account for the absence of a statistically significant relationship
between injection initiation and some categories of PO. Further investigation of the risks
associated with specific categories of POs and injection initiation is warranted.

These findings are concerning, as they indicate that the dramatic increase in non-medical PO
use observed in North America (Johnston et al., 2012 and Kann et al., 2014) may spur a new
epidemic of injection drug use among youth. Given that young injectors are more likely to
engage in behaviors that place them at increased risk of experiencing drug related harm,
including drug overdose and HIV infection (Baldwin et al., 2013, Golub et al., 2007, Roy et
al., 2004, Silva et al., 2013, Thiede et al., 2007 and Zosel et al., 2013), interventions to
prevent and address non-medical PO use among vulnerable youth are urgently required.
Changing current prescribing practices to reduce the availability of POs and improving
addiction treatment options, including increasing access to evidence-based treatments for
opiate addiction among youth, have been identified as priority areas for intervention
(Bohnert et al., 2011, Fiellin, 2008, Greenfield et al., 2014, Jones et al., 2014, Kuehn, 2010,
Pecoraro et al., 2013, Rogers and Copley, 2009 and Woody et al., 2008). In addition, our
data indicate that evidence-based harm reduction services, such needle exchange programs
and overdose prevention interventions, will be critical for limiting preventable drug related
harms among PO using youth, including infectious disease acquisition. This may require
tailoring existing services as emerging evidence indicates that young PO users may have
unique needs that programs are not currently meeting (Frank et al., 2015, Roy et al., 2011
and Wu et al., 2011).

Our study has limitations. 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. Second, this study includes self-reported information that is susceptible
to response biases. Third, as with any non-randomized study, the association between PO
use and injection initiation could be influenced by unmeasured confounders.

In conclusion, our longitudinal study demonstrated that a history of PO use independently
predicted the incidence of injection initiation among at-risk youth. These findings highlight
the urgent need to implement interventions to prevent and treat non-medical PO use, as well
as tailor and optimize public health and harm reduction programs for youth who use
prescription opioids.
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Figure 1.

Time to initiation of injection drug use among a cohort of street-involved youth in
Vancouver stratified by baseline history of prescription opiate use (n=462).
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Table 2

Type of drug injected at first injection initiation event (n = 97).

Ever used non-injection PO at baseline

Category names (Cozugl;(t of 97 initiation events) g’fout of 49 participants) ?‘"/2 out of 48 participants) p-value
Heroin 57 (58.8) 33 (67.4) 24 (50.0) 0.083
Cocaine 18 (18.6) 11 (22.5) 7 (14.6) 0.319
Crystal Meth 52 (53.6) 26 (53.1) 26 (54.2) 0.913
Prescription opiates 12 (12.4) 9 (18.4) 3(6.3) 0.070
Ploy-drug 3(3.1) 3(6.1) 0 0.242
Other 4(41) 2(4.1) 2(42) 10008

£P—va|ue is from Fisher’s exact test.
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