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Abstract
Background—Previous studies suggest that active drug use may compromise HIV treatment
among HIV-positive injection drug users (IDU). However, little is known about the differential
impacts of cocaine injection, heroin injection, and combined cocaine and heroin injection on
plasma HIV-1 RNA suppression.

Methods—Data were derived from a longstanding open prospective cohort of HIV-positive IDU
in Vancouver, Canada. Kaplan-Meier methods and Cox proportional hazards regression were used
to examine the impacts of different drug use patterns on rates of plasma HIV-1 RNA suppression.
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Results—Between May 1996 and April 2008, 267 antiretroviral (ART) naïve participants were
seen for a median follow-up duration of 50.6 months after initiating ART. The incidence density
of HIV-1 RNA suppression was 65.2 (95%CI: 57.0–74.2) per 100 person-years. In Kaplan-Meier
analyses, compared to those who abstained from injecting, individuals injecting heroin, cocaine, or
combined heroin/cocaine at baseline were significantly less likely to achieve viral suppression (all
p < 0.01). However, none of the drug use categories remained associated with a reduced rate of
viral suppression when considered as time-updated variables (all p > 0.05).

Conclusions—Active injecting at the time of ART initiation was associated with lower plasma
HIV-1 RNA suppression rates; however, there was no difference in suppression rates when drug
use patterns were examined over time. These findings imply that adherence interventions for
active injectors should optimally be applied at the time of ART initiation.
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1. Introduction
Injection drug users (IDU) continue to account for a substantial proportion of new HIV
infections globally, and in some areas with rapidly growing epidemics of HIV infection,
IDU account for the majority of new infections (UNAIDS, 2008). While recent medical
advances in the treatment of HIV disease have resulted in substantial reductions in AIDS-
related morbidity and mortality (Egger et al., 2002; Hammer et al., 1997; Wood et al., 2003),
a growing body of evidence indicates that not all populations affected by HIV disease have
benefited equally from available treatments (Aceijas et al., 2006; Chander et al., 2006;
Poundstone et al., 2001). For example, IDU experience many barriers to accessing highly
active antiretroviral therapy (ART) and suffer from low rates of adherence once initiated
(Aceijas et al., 2006; Mocroft et al., 1999; Wood et al., 2003b); as a consequence, this
population often has poorer AIDS-related outcomes (Egger et al., 2002; Lucas et al., 2001;
Palepu et al., 2003).

Ongoing illicit drug use among HIV-positive IDU remains a common clinical presentation
that raises significant concerns for healthcare providers considering when to initiate ART
(Ding et al., 2005; Loughlin et al., 2004; Maisels et al., 2001). This is due in part to a body
of evidence indicating that active drug use is associated with lower rates of adherence to
ART and suppression of HIV RNA (Arnsten et al., 2002; Egger et al., 2002; Lucas et al.,
1999; Lucas et al., 2001; Palepu et al., 2003; Weber et al., 2009). However, while negative
impacts of active drug use on HIV-related clinical outcomes have been shown in several
studies, little is known about the relationship between specific drugs and patterns of use on
outcomes associated with HIV disease (Krüsi et al., 2010). A small number of studies have
revealed adverse effects of crack cocaine use (Moss et al., 2004; Sullivan et al., 2007)
(Baum et al., 2009) and stimulant use more generally (Hinkin et al., 2007; Kapadia et al.,
2005) on adherence and progression to AIDS. However, we know of no longitudinal studies
that have sought to compare the distinct effects of different drugs on outcomes associated
with the treatment of HIV disease, despite recent calls for this type of research (Krüsi et al.,
2010). In addition, questions remain concerning the relative contributions of other
behavioral factors to poor clinical outcomes among IDU (Krüsi et al., 2010; Wood et al.,
2008).

Vancouver, Canada, is home to a large injection-drug-related HIV epidemic that is unique
because of the widespread availability of several different types of illegal drugs, including
injection cocaine and heroin (Wood and Kerr, 2006). This unique context and the presence
of a large, longstanding prospective cohort study of HIV-positive IDU conducted within a
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context of universal access to free healthcare afforded the opportunity to examine the impact
of different types of illicit drug use on suppression of HIV-1 RNA.

2. Methods
The AIDS Care Cohort to Evaluate Exposure to Survival Services (ACCESS) is a
prospective observational cohort of HIV-seropositive injection drug users in Vancouver,
Canada. The cohort has been described in detail previously (Wood et al., 2008) and was
populated through snowball sampling and extensive street outreach methods in the city’s
Downtown Eastside. Individuals were eligible for ACCESS if they were aged 18 years or
older, HIV-seropositive, had used injection drugs at least once in the previous six months,
and provided written informed consent. At baseline and semi-annually, participants
answered a standardized interviewer-administered questionnaire and provided blood
samples for serologic analysis.

As previously described (Strathdee et al., 1998; Wood et al., 2004; Wood et al., 2008), the
local setting is perhaps unique in that there is a universal healthcare system and a province-
wide centralized antiretroviral dispensation program and HIV/AIDS laboratory which
enables a complete prospective profile of all patient CD4 cell count determinations and
plasma HIV-1 RNA levels, as well as a complete prospective profile of antiretroviral
therapy use among cohort participants. This includes the specific antiretroviral agents and
the prescribed dose, as well as a validated measure of patient adherence derived from
prescription refill compliance (Wood et al., 2008; Wood et al., 2003a). The guidelines for
the initiation of ART evolved during the study period in accordance with the guidelines set
by the International AIDS Society–USA Panel (Carpenter et al., 1998; Hammer et al., 2006).
The study has been approved by the Providence Health Care/University of British Columbia
Research Ethics Board.

In the present study, because updated laboratory data were available throughout the study
period, we were able to consider all participants who completed at least one interview
between May 1996 and April 2008, were antiretroviral-naïve at baseline, and initiated
treatment at any point during follow-up. Viral load suppression was defined as the first
instance of achieving plasma HIV-1 RNA suppression of less than 500 copies/mL. The key
independent variables of interest were: exclusive cocaine injection (yes vs. no); exclusive
heroin injection (yes vs. no); and heroin and cocaine injection in combination (yes vs. no).
Individuals injecting cocaine, heroin, or heroin and cocaine in combination at least once in
the previous six months were included in these categories. For each of these variables, the
reference category was no injection drug use (i.e., individuals who did not report any
injecting in the previous six months).

Additional independent variables of interest included: age (per 10 years older); current
methadone use (yes vs. no); baseline CD4 cell count (cells/μL, per 100-cell increase);
baseline plasma HIV-1 RNA (per log10 increase); protease inhibitor (PI) use at ART
initiation (yes vs. other regimen); year of ART initiation (per year later); and ART
adherence (≥ vs. < 95% adherence). All variable definitions were identical to earlier reports
(Uhlmann et al., 2010; Wood et al., 2008). Unless otherwise noted, all behavioral data refer
to the six-month period prior to the follow-up interview. Plasma HIV-1 RNA was measured
using the Roche Amplicor Monitor assay (Roche Molecular Systems, Mississauga, Canada).

As an initial step, we compared selected demographic (age, gender, Aboriginal ancestry) and
clinical (methadone treatment use, HIV-1 viral load, CD4 cell count) characteristics among
those who did and did not report injecting at baseline. To test for significant differences
among these groups we used the Pearson’s Chi-square test and the Wilcoxon rank sum test.
Cumulative HIV-1 RNA suppression rates were then estimated using Kaplan–Meier
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methods. Here we compared HIV-1 RNA suppression rates among individuals reporting no
injection drug use, exclusive cocaine injecting, exclusive heroin injecting, combined heroin/
cocaine injecting, and injecting of drugs other than heroin and cocaine. Survival curves were
compared using the log-rank test. Time zero was defined as the date of ART initiation.
Participants who consistently remained unsuppressed were right-censored at the time of their
most recent HIV-1 RNA plasma measurement.

We were interested in comparing the effects of the different drugs (heroin and cocaine either
alone or in combination) on suppression and what the effect was when these drugs were
injected after ART was initiated. We were also interested to discern the independent effect
of drug use patterns after adjusting for clinical and behavioral characteristics. To achieve
this, univariate and multivariate Cox regression was used to assess the independent effects
of different types of drug use during follow-up on HIV-1 RNA suppression rates.

In total, three statistical models were constructed. Each model considered each drug use
behavior as a time-updated variable (measuring drug use in the previous six months
throughout follow-up). Considering drug use as a time-updated behavior meant that
participants could move from injecting to non-injecting, or from one drug use pattern (e.g.,
heroin injecting) to another drug use pattern (e.g., combined heroin and cocaine injecting)
during study follow-up. In the first model, we estimated the unadjusted association between
HIV-1 RNA suppression and each drug use variable of interest. In a second fixed
multivariate Cox model, we estimated the association between each drug use variable and
HIV-1 RNA suppression, after adjustment for baseline CD4 cell count and baseline plasma
HIV-1 RNA level. In a third confounding model, we estimated the association between each
drug use variable and HIV-1 RNA suppression, after adjustment for baseline CD4 cell
count, baseline plasma HIV-1 RNA load, age, methadone use, 95% adherence, year of ART
initiation, and regimen (PI or other) used for initial HAART regimen. To fit the multivariate
confounding model, we employed a conservative backward selection approach. Beginning
with a full model with all covariates included, secondary explanatory variables were
dropped one at a time, using the relative change in the regression coefficient for the variable
related to drug use as a criterion, until the smallest relative change in the coefficient for the
drug use variable exceeded 5%. We then fitted the final model, including the drug use
variable of interest and all remaining secondary explanatory variables as terms in the
regression equation. All tests of significance were two-sided, with a p-value of less than 0.05
indicating that an association was statistically significant. All statistical analyses were
performed using SAS software (SAS, Cary, NC).

3. Results
Among these 267 participants, 124 (46.4%) were female, 105 (39.3%) were of Aboriginal
ancestry, and the median age at baseline was 36.5 years (interquartile range [IQR] = 29.8–
43.5). The median duration of follow-up was 50.6 (IQR = 16.5–95.0) months. The median
CD4 cell count at baseline was 240 (IQR = 140–360) cells/μL, while the median HIV-1
viral load was 86,000 (IQR = 36,300–120,000) copies/ml. The cumulative rate of HIV-1
RNA suppression for the entire sample was 65.2 (95% confidence interval [CI]: 57.0–74.2)
per 100 person-years. As indicated in Table 1, 230 (86.1%) participants reported injecting at
baseline, while 37 (13.9%) reported no injecting. A comparison of participants who did and
did not report injecting at baseline revealed no significant differences between the groups
with respect to any of the socio-demographic or clinical characteristics considered (all p >
0.05), with the exception that those who did not report injecting at baseline had a lower
median HIV-1 viral load than those who did report injecting (61,000 copies/ml vs. 90,500
copies/ml, p = 0.032).
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The Kaplan-Meier analysis of the cumulative plasma HIV-1 RNA suppression rate stratified
by baseline drug use is shown in Figure 1. As shown here, at 12 months, the cumulative
HIV-1 suppression rate was not statistically different for those injecting cocaine, heroin, or
cocaine and heroin in combination (all log-rank: p > 0.05), with the rate of HIV-1 RNA
suppression at 12 months being 55.5% (95%CI: 44.6%–67.0%) for cocaine injectors, 57.6%
(95%CI: 40.6%–75.6%) for heroin injectors, and 55.9% (95%CI: 47.1%–65.1%) for IDU
injecting heroin and cocaine in combination. The rate of HIV-1 RNA suppression for non-
injectors at 12 months was 88.8% (95%CI: 76.2%–96.4%). There were statistically
detectable differences in the rates of HIV-1 RNA suppression between the non-injecting
group and each of the three drug injecting groups (all pairwise log-rank: p < 0.01).

The results of the Cox regression analyses examining the associations between the various
drug use variables and HIV-1 RNA suppression are shown in Figure 2. As shown here,
when the drug use variables were considered as time-updated variables in Model 1, only the
unadjusted association between combined cocaine/heroin injection and HIV-1 RNA
suppression (hazard ratio [HR] = 0.67, 95%CI: 0.47–0.97) was statistically significant. In
Model 2, none of the drug use variables remained significantly associated with HIV-1 RNA
suppression (all p < 0.05) after adjustment for baseline CD4 cell count (adjusted hazard ratio
[AHR] = 0.96, 95%CI: 0.89–1.03), baseline plasma HIV-1 RNA viral load (AHR = 0.75,
95%CI: 0.60–0.94), and year of ART initiation (AHR = 1.15, 95%CI: 1.10–1.20). In Model
3, a confounding model, none of the drug use variables remained associated with
suppression of HIV-1 RNA after adjustment for baseline CD4 cell count (AHR = 0.95,
95%CI: 0.88–1.02), baseline plasma HIV-1 RNA viral load (AHR = 0.61, 95%CI: 0.49–
0.77), methadone use (AHR = 1.33, 95%CI: 1.01–1.76), 95% adherence (AHR = 4.00,
95%CI: 2.91–5.49), PI use (AHR = 1.35, 95%CI: 1.03–1.77), and year of ART initiation
(AHR = 1.10, 95%CI: 1.05–1.15).

4. Discussion
The present study demonstrates lower rates of plasma HIV-1 RNA suppression among IDU
who are actively injecting at the time of ART initiation in comparison to individuals who
were not injecting at this time. The effects of the various drugs (e.g., heroin vs. cocaine) on
HIV-1 RNA viral suppression did not differ greatly when baseline drug use was considered.
When injection drug use patterns throughout follow-up were considered in time-updated
models, differences between abstinent and active injection drug use categories diminished.
Suppression of HIV-1 RNA was most strongly predicted by baseline clinical characteristics
(e.g., baseline plasma HIV-1 RNA viral load), use of methadone, and adherence to ART.

While the comparison of baseline drug use patterns is consistent with past work (Arnsten et
al., 2002; Egger et al., 2002; Lucas et al., 1999; Lucas et al., 2001; Palepu et al., 2003;
Weber et al., 2009), our comparison of longitudinal drug use patterns stands in contrast to
previous work indicating that active drug use is associated with poorer clinical outcomes
(Arnsten et al., 2002; Poundstone et al., 2001). This may be because of differences in the
length of follow-up time, sample sizes, and the measurement of drug use behavior across
studies (Baum et al., 2009; Hinkin et al., 2007; Krüsi et al., 2010). To date, only a limited
number of studies have examined the impact of ongoing drug use longitudinally, and only a
few studies have examined the impacts of time-updated drug use behaviors on viral
suppression (Arnsten et al., 2002; Lucas et al., 2001; Lucas et al., 2006). The finding that
active drug use, when measured as a time-updated behavior, did not predict suppression of
HIV-1 RNA after multivariate adjustment may also reflect the natural history of injection
drug use, which is typically characterized by periods of varying intensity of injecting as well
as periods of no injecting, rather than trajectories marked by constant levels of injecting that
are fixed at baseline (Bruneau et al., 2004; Galai et al., 2003). These findings may also be
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explained by: evolving characteristics of the local healthcare and social service systems,
including housing and adherence support programs (Tyndall et al., 2007), which serve to
support adherence to ART among active IDU; or the universal healthcare system, which
provides ART free of charge to local IDU regardless of active drug use (Evans and
Strathdee, 2006; Tyndall et al., 2007). Indeed, several previous studies examining the impact
of ongoing drug use on ART-related outcomes among IDU have been conducted in the
context of medical systems with significant barriers to HIV treatment, which may
disproportionally affect IDU (Arnsten et al., 2002; Lucas et al., 1999; Poundstone et al.,
2001). Regardless, taken together, these findings imply that adherence interventions should
be optimally applied at the time of ART initiation.

Of interest, IDU injecting cocaine, heroin, and heroin and cocaine in combination had
similar rates of HIV-1 RNA suppression. However, it is notable that individuals injecting
heroin and heroin and cocaine in combination had slightly worse outcomes in comparison to
those IDU who injected cocaine exclusively. There have been concerns that stimulant
injection could have a particularly destabilizing effect on ART adherence and associated
clinical outcomes because of the frequency of injections and the short half-life of cocaine, as
well as the psychological sequelae and chaotic behavior that may stem from its use and the
lack of an appropriate substitution therapy, as in the case of heroin (Arnsten et al., 2002;
Hinkin et al., 2007). While previous research has found active cocaine use to be associated
with suboptimal adherence and suboptimal virological response (Arnsten et al., 2002; Berg
et al., 2004; Hinkin et al., 2007), the present study suggests that opioid injectors may have
equally poor, if not worse, outcomes.

This study has limitations. Our sample was not randomly selected and therefore may not be
fully representative of the larger population of treatment-eligible HIV-positive individuals
with a history of injection drug use in our setting. Additionally, because of socially desirable
reporting, IDU in our study may have underreported recent drug use (Des Jarlais et al.,
1999), which could have resulted in a possible underestimation of the influence of ongoing
drug use on suppression of HIV-1 RNA. This is a hypothetical concern, however, and it is
noteworthy that self-reported abstinence at baseline was strongly associated with higher
rates of HIV RNA-1 suppression. Further, we may have failed to measure more direct
biological mechanisms or processes with potential to mediate the relationship between drug
use and suppression of HIV-1 RNA. Finally, while initial response to ART predicts long-
term outcomes (Sterne et al., 2005) and it is conventional for clinical trials to look at initial
virological responses, our study did not assess long-term outcomes from ART. It is possible
that relapses into injecting drug use, while not having an obvious effect on initial ART
response, may in fact have impacts on longer-term outcomes.

In summary, active drug injecting at the time of ART initiation is associated with lower
plasma HIV-1 RNA suppression rates. Interestingly, when considered longitudinally as
time-updated behaviors, there was little association between patterns of drug injecting and
plasma HIV-1 RNA suppression rates. These findings imply that adherence interventions
should be applied at the time of ART initiation for active drug injectors.
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Figure 1.
Kaplan–Meier estimates of cumulative rates of plasma HIV-1 RNA suppression within a
sample of 267 injection drug users who initiated highly active antiretroviral therapy (ART)
during the study period. All pairwise comparisons between injecting groups were non-
significant (log-rank: p > 0.05). All pairwise comparisons between the non-injecting group
and the three drug-injecting groups were significant (log-rank p < 0.01).
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Figure 2.
The relationship between substance use throughout follow-up and time to viral load
suppression among a prospective cohort of HIV-positive injection drug users (n = 267).
Model 1: Unadjusted association between drug use and viral load suppression.
Model 2: Adjusted for baseline CD4 count, baseline log10(viral load).
Model 3: Adjusted for baseline CD4 count, baseline log10(viral load), age, current
enrollment in methadone maintenance therapy, adherence (past 6 months), and ART
regimen.
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Table 1

Baseline characteristics of HIV-positive drug users stratified by injecting versus non-injecting drug use (n =
267)

Characteristic

Injection drug use

p – valueYes
n = 230 (86.1%)

No
n = 37 (13.9%)

Age

 Median (IQR)* 36.4 (30.1 – 43.5) 38.5 (29.4 – 43.0) 0.864

Gender

 Female 103 (83.1) 21 (16.9) 0.175

 Male 127 (88.8) 16 (11.2)

Aboriginal ancestry

 Yes 91 (86.7) 14 (13.3) 0.842

 No 139 (85.8) 23 (14.2)

Methadone treatment

 Yes 95 (88.8) 12 (11.2) 0.307

 No 135 (84.4) 25 (15.6)

HIV-1 viral load†

 Median 90500 (41500 – 150000) 61000 (21100 – 100010) 0.032

CD4 count

 Median (IQR)* 240 (150 – 370) 220 (100 – 320) 0.175

*
IQR = interquartile range

†
refers to copies/ml
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