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Abstract

Background—Reforms to the legal status of medical and non-medical cannabis are underway in
many jurisdictions, including Canada, as are renewed efforts to scale-up HIV treatment-as-
prevention (TasP) initiatives. It has been suggested that high-intensity cannabis use may be
associated with sub-optimal HIV treatment outcomes. Thus, using data from a setting with a
community-wide treatment-as-prevention (TasP) initiative coinciding with increasing access to
medical cannabis, we sought to investigate the possible impact of high-intensity cannabis use on
HIV clinical outcomes.

Methods—Data was derived from the ACCESS study, a prospective cohort of HIV-positive
people who use illicit drugs (PWUD) in Vancouver, Canada. Cohort data was confidentially linked
to comprehensive clinical profiles, including records of all antiretroviral therapy (ART)
dispensations and longitudinal plasma HIV-1 RNA viral load (VL) monitoring. We used
generalized estimating equations (GEES) to estimate the longitudinal bivariable and multivariable
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relationships between at least daily cannabis use and two key clinical outcomes: overall
engagement in ART care, and achieving a non-detectable VL among ART-exposed participants.

Results—Between December 2005 and June 2015, 874 HIV-positive PWUD (304 [35%] non-
male) were included in this study. In total, 788 (90%) were engaged in HIV care at least once over
the study period, of whom 670 (85%) achieved non-detectable VL at least once. In multivariable
analyses, = daily cannabis use did not predict lower odds of ART care (Adjusted Odds Ratio
[AOR]: 1.02, 95% confidence interval [CI]: 0.77-1.36) or VL non-detectability among ART-
exposed (AOR: 0.96, 95% CI: 0.75-1.21).

Conclusion—Our results showed no statistically significant impact of daily cannabis use on the
likelihood of ART care or VL non-detectability among ART-exposed HIV-positive PWUD. These
findings are reassuring in light of the impending legalization of cannabis in Canada and ongoing
efforts to expand TasP initiatives.
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INTRODUCTION

The health and policy implications of cannabis use are an emerging priority in clinical and
public health research, as laws surrounding both medical and non-medical use continue to be
reformed. Specifically, regulatory regimes to allow legal access to medicinal cannabis have
been enacted across Canada (“Marihuana for Medical Purposes Regulations, SOR/
2013-119,” 2012) and in 23 US states (National Conference of State Legislatures, 2016).
More recently, laws prohibiting non-medicinal cannabis use have been repealed and systems
of legal production, distribution, and sale have been enacted in some US states, including
Washington, Oregon, Colorado, and Alaska (National Conference of State Legislatures,
2016). In Canada, the newly-elected federal government has committed to “legalizing and
restricting access” to non-medical cannabis (Office of the Prime Minister, 2015). Although it
is estimated that over half of the populations in the United States (Ingraham, 2015) and
Canada (de Grandpré, 2015) support cannabis legalization, these changes raise a host of
potential public health issues. One consideration is the potential impact of cannabis use on
other large-scale public health interventions, such as HIV treatment-as-prevention (TasP).

A new cornerstone of the global strategy to control the HIV pandemic (UNAIDS, 2014),
TasP seeks to scale-up access to antiretroviral therapy (ART) among all individuals living
with HIV infection, including members of typically harder-to-reach groups, such as people
who use illicit drugs (PWUD) (World Health Organization, 2012), in order to
simultaneously curb HIVV/AIDS-associated morbidity, mortality and viral transmission.
Although this approach has been proven effective through population-level analyses
(Montaner et al., 2010; Montaner et al., 2014) and a multicenter randomized controlled trial
(Cohen et al., 2011), its effect on PWUD has not been completely evaluated. In particular,
HIV-positive PWUD face numerous behavioural, social and structural barriers to optimal
engagement in health care (Lucas et al., 2001; Wood et al., 2003), often as a result of stigma,
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discrimination, marginalization, lack of licit employment opportunities, and criminalization
(Milloy et al., 2012; Richardson et al., 2015; Small et al., 2009; Westergaard et al., 2011;
Wood et al., 2003).

Previous studies indicate that approximately 15-40% of people living with HIVV/AIDS use
cannabis to treat symptoms of the disease and side effects of its treatment (Belle-Isle, 2006;
Braitstein et al., 2001; Fogarty et al., 2007; Furler et al., 2004; Prentiss et al., 2004;
Woolridge et al., 2005). However, more recent research suggests that high-intensity cannabis
use may be linked to poorer HIV treatment outcomes, including exhibiting a detectable viral
load (Bonn-Miller et al., 2014). Emerging research also suggests that some PWUD may use
cannabis to substitute for higher-risk drug use patterns, including opioid use (Kral et al.,
2015; Lau et al., 2015; Lucas et al., 2013; Lucas et al., 2015). In this sense, cannabis use
may prove beneficial for TasP efforts among PWUD, given the known association between
illicit opioid use with reduced likelihood of adherence to ART (Azar et al., 2015; Jeevanjee
etal., 2014; Rosen et al., 2013; Shannon et al., 2005), and subsequent viral treatment failure
(Nolan et al., 2011).

Vancouver, British Columbia, Canada was the setting of an explosive HIV outbreak among
PWUD in the mid-1990s (Tyndall et al., 2003). This led to the establishment of a variety of
innovative harm reduction programs, including needle and syringe distribution (Werb et al.,
2013), supervised injection (Wood et al., 2004), and opioid substitution programs (Nosyk et
al., 2015). In 2006, the Vancouver Police Department announced a de facto policy of
cannabis use decriminalization in an effort to shift focus towards illicit drug manufacturing
and distribution rather than personal use (The Vancouver Province, 2006). Coinciding with
the HIVV/AIDS outbreak, Canada’s first medical cannabis dispensary opened its doors in
Vancouver in 1997, setting a local culture of tolerance for medical cannabis dispensaries
(City of Vancouver, 2015). Most recently, the proliferation of over 100 retail dispensaries
since 2013 has prompted Vancouver’s municipal government to develop a regulatory
framework for these businesses (City of Vancouver, 2016). Over the last decade, Vancouver
has also been the focus of a province-wide TasP effort (Montaner et al., 2010; Montaner et
al., 2014). Thus, in light of high levels of access to medical cannabis in Vancouver, we
conducted the present study to characterize the impact of high intensity cannabis use on
engagement in HIV/AIDS care and achieving viral suppression among HIV-positive PWUD.

METHODS

Study Sample

Data for this study was derived from the AIDS Care Cohort to evaluate Exposure to Survival
Services (ACCESS), an ongoing observational prospective cohort of HIV-positive PWUD.
In brief, as previously described (Tyndall et al., 2003; Wood et al., 2009), participants are
recruited through extensive street outreach from the Downtown Eastside (DTES)
neighbourhood, an area with high levels of illicit drug use, poverty, and homelessness.
Eligibility criteria include being aged 18 years or older, providing written informed consent,
HIV-seropositivity through a positive blood test, and using an illicit drug (other than
cannabis) in the 30 days prior to enrolment. Participants receive a $30 (CAD) honorarium
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for each study visit. The University of British Columbia/Providence Healthcare Research
Ethics Board has provided ethical approval for this study.

At baseline and semi-annually, all participants complete an interviewer-administered
questionnaire eliciting information on a range of lifetime and recent (i.e., previous six
months) socio-demographic, environmental, behavioural, and health-related exposures and
characteristics. At each interview visit, participants are examined by a study nurse and
undergo blood testing for plasma HIV-1 RNA viral load (VL). Participants provide their
personal health number (PHN), a personal identifier issued to all residents of the province of
British Columbia for medical billing and tracking. Using each participant’s PHN, study
information is confidentially linked to the British Columbia Centre for Excellence in HIV/
AIDS (BC-CfE) Drug Treatment Program (DTP). The DTP is a confidential data repository
for HIV-related treatment and monitoring data, and holds all VL observations and ART
dispensation records. Medical care, laboratory monitoring, and ART for all HIV-positive
residents of BC are available through the province’s universal medical system at no cost to
the patient, and without co-payments of deductibles.

This study included participants recruited from December 2005 to June 2015. We restricted
to individuals with =1 VL observation within 360 days of their baseline interview. The first
outcome of interest was engagement in ART care in the previous six months, defined as
having been dispensed ART for =1 (vs. 0 days). Data for this measure was obtained through
pharmacy refill records held by the DTP. The second outcome of interest was viral
suppression (i.e., non-detectable VL) in the previous six months, defined as VL <50
copies/mL. We restricted analyses of VL to participants with =1 day recent ART
dispensation. Consistent with previous work (Milloy et al., 2015b), if more than one VL
observation was collected within a six-month follow-up, the mean of all VL observations
was used. If no observations were available within a six-month follow-up, we assumed a
detectable VL unless the participant was on ART and pharmacy records indicated they had
filled a prescription for >95% of all days, as confirmed with pharmacy refill data available
through the DTP. All VL measurements were determined with the Roche Amplicor
Monitoring assay (Roche Molecular Systems, Pleasanton, CA, U.S.A.).

At each follow-up, participants were asked to indicate which (if any) non-injection drugs
they had used in the previous six months, and the average frequency with which they used
each drug (where applicable). The primary independent variable of interest was high-
intensity cannabis use, defined as self-reported = daily cannabis in the previous six months
(vs. < daily cannabis use). We included other factors hypothesized to confound the
relationship between cannabis use and the outcome variables. These variables included age
at time of interview; gender (male vs. non-male); ancestry (Caucasian vs. non-Caucasian);
unstable housing (defined as living in a single room occupancy hotel, shelter or other
transitional housing, or living on the street (Zivanovic et al., 2015); yes vs. no); employment
(yes vs. no); alternative income generation (defined as engaging in any of the following
income-generating activities: sex work, informal recycling, squeegeeing [i.e., window-
washing], panhandling, selling drugs, theft, robbery or stealing (Richardson et al., 2015), yes
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Vvs. No); incarceration (yes vs. no); addiction treatment (yes vs. no); injection drug use (yes
Vs. no); binge drug use (yes vs. no); and binge alcohol use (yes vs. no). To account for
disease progression, we also included CD4+ cell count (per 100 cells/mL plasma). We
determined CD4+ cell count in the same manner as VL, but if data was not available for any
six-month follow-up period, we used the most recent observation. Similar to both outcome
measures, all non-fixed variables are time-updated and refer to exposures or behaviours in
the six-month period prior to the interview.

First, we used Pearson’s -y -square (for categorical variables) and Wilcoxon rank-sum (for
continuous variables) to compare baseline characteristics of the sample, stratified by
cannabis use (= daily vs. < daily). Then, we investigated the longitudinal bivariable and
multivariable relationship between daily cannabis use and each outcome using generalized
estimating equations (GEESs). This approach uses repeated measures to identify factors
potentially associated with a time-updated binary outcome (Lee et al., 2007). A GEE model
was chosen for its ability to estimate the within- and between-subject correlation of each
independent variable with the outcome of interest, as participants may report daily cannabis
use and/or achieve a treatment outcome of interest during some biannual follow-up periods
but not others. This method uses an exchangeable correlation structure to provide standard
errors for each parameter, adjusted for multiple observations per person. We used this
approach to build two bivariable models to examine the relationship between daily cannabis
use and each outcome of interest. To build each multivariable model, we included all
variables that were significant at p<0.10 in bivariable analysis into each of the full models,
and used a stepwise approach to fit a series of reduced models. For each outcome model, we
compared the coefficient value for the main independent variable (daily cannabis use) and
dropped the secondary variable associated with the smallest relative change. We continued
this iterative process until the minimum change exceeded 5%. We also examined potential
interaction between cannabis use (= daily vs. < daily) and other explanatory variables for
both outcomes, dichotomizing continuous explanatory variables at the median. Data was
analyzed with R (version 2.15.1, R Foundation for Statistical Computing, Vienna, Austria),
and all p-values are two-sided.

Between December 2005 and June 2015, 875 HIV-seropositive PWUD were recruited into
the study. Of these, 874 (99%) participants had a VL measurement during the study and
were included in the analysis. In total, the sample included 570 (65.2%) males, and
collectively contributed 7644 baseline and follow-up interviews. Participants had a median
age of 42.8 (Interquartile Range [IQR]: 36.5-48.3) years at baseline, and contributed a
median of 9 (IQR: 4-13) study interviews.

The baseline characteristics of the participants, stratified by daily cannabis use, are shown in
Table 1. At baseline, 215 (24.6%) participants reported daily cannabis use in the previous six
months, and the prevalence of recent cannabis use remained relatively high over the study
period for both = daily use (median: 20.6%, IQR: 19.6-21.5%) and any use (46.5%, IQR:
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45.3-47.6%). At baseline, a total of 540 (61.8%) participants were engaged on ART care
and 282 (32.2%) had an undetectable viral load. Over the study period, 788 (90.2%)
participants were engaged in ART at least once, and, of these, 670 (85.0%) achieved viral
suppression for at least one 180-day period. There was a clear increasing trend in the
proportion of participants engaging in ART care as well as the proportion of ART-engaged
participants achieving viral suppression over the over the study period (Figure 1).

Table 2 provides the bivariable and multivariable estimates of the relationship between
periods of daily cannabis use and periods of ART engagement and VL suppression. As
shown, in an analysis adjusted for potential confounders, daily cannabis use was not
significantly associated with ART engagement (Adjusted Odds Ratio [AOR]: 1.02, 95%
Confidence Interval [95% CI]: 0.77 — 1.36) or VL suppression among ART-exposed (AOR:
0.96, 95% CI: 0.75 - 1.21).

To confirm that our findings were not a result of combining cannabis users who engaged in
< daily use and cannabis non-users in the reference group, we built a three-level variable and
separately examined the associations for = daily use (vs. no use) and = daily use (vs. no use).
In these analyses, we did not detect a significant association between = daily cannabis use
and ART engagement (AOR: 1.02, 95% ClI: 0.76 — 1.37) or VL suppression (AOR: 0.92,
95% CI: 0.72 — 1.18). Similarly, there was not a significant association between <daily use
and ART engagement (AOR: 1.13, 95% CI: 0.90 — 1.42) or VL suppression (AOR: 0.88,
95% CI: 0.74 — 1.04). Upon examining potential interactions, a significant interaction was
observed between cannabis use and binge alcohol use for ART engagement, where = daily
use was significantly negatively associated with ART engagement during periods of binge
alcohol use (OR: 0.59, 95% CI: 0.43 — 0.80), but remained unassociated during periods of no
binge alcohol use (OR: 1.16, 95% CI: 0.94 — 1.14). We did not identify an interaction
between daily cannabis use and binge alcohol use for VL.

DISCUSSION

In our study, the first to our knowledge to examine the relationships between high-intensity
cannabis use in the context of a community-wide TasP initiative, approximately half of
participants reported any cannabis use at each six-month follow-up period. This proportion
is approximately twice as high as previously recorded in general samples of people living
with HIV/AIDS in other North American (de Jong et al., 2005; Prentiss et al., 2004; Rosen
et al., 2013) and European (Garin et al., 2015) jurisdictions, where prevalence of any
cannabis more closely approximates our presently recorded median 20% prevalence of daily
use. However, our estimates closely resemble those recorded in a French cohort of patients
co-infected with HIV and HCV (Marcellin et al., 2016). Despite the high prevalence of
cannabis use in our setting, we did not find evidence to suggest that the likelihood of either
engaging in ART or achieving VL non-detectability (among those on ART) was
compromised during periods of high-intensity cannabis use. However, it should be noted that
the odds of ART engagement among those who used cannabis = daily differed significantly
during periods of binge alcohol use, whereby ART engagement was less likely for daily
cannabis users during periods of binge alcohol use.
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In terms of HIVV/AIDS-related outcomes, including VL, there appears to be little consensus
with regard to whether cannabis use poses a significant threat. We identified two
observational studies of patients in clinical settings that examined VL according to any
cannabis use, which reached opposing conclusions about whether cannabis use is associated
with increased (Ghosn et al., 2014) or decreased (Thames et al., 2016) VL. As the current
study was particularly concerned with individuals who engage in at least daily cannabis use,
we identified one randomized controlled trial (RCT) and two cross-sectional studies in
which high frequency of cannabis use was shared across a study group. The first cross-
sectional study examined VL among individuals who met DSM-1V criteria for cannabis
dependence versus non-dependent cannabis users and non-users, and found that dependent
users (who reported slightly more than daily use, on average) were significantly more likely
to have a detectable VL, compared with the non-dependent users (who reported < daily use,
on average), or the non-users (Bonn-Miller et al., 2014). Contrastingly, and more in line with
the presently recorded findings, in the second cross-sectional study, which was conducted
among a representative sample of patients on HIV treatment in the state of Florida, daily
cannabis use was not significantly associated with viral suppression (Okafor et al., 2016). In
the RCT, no significant differences were found in short-term change in mean VL between
participants randomized to smoke cannabis (3.95% tetrahydrocannabinol daily), ingest
dronobinol (2.5 mg daily), or ingest a placebo daily (Abrams et al., 2003). Inconsistencies
across studies may be a result of variations in the relationship between cannabis use and
ART adherence, both related to the above-described differences in cannabis use frequency/
dependence categorizations as well as differences in the overall sample populations and
confounding variables taken into account. Previously, using data from the ACCESS cohort
we demonstrated that high-intensity cannabis use was not associated with a greater or lesser
likelihood of optimal ART adherence (Slawson et al., 2014). While similar findings have
been recorded in studies of more general HIV-positive samples (i.e., inclusive of both drug-
using and non drug-using individuals) (Rosen et al., 2013), others have concluded adherence
rates are significantly lower among cannabis users (Tucker et al., 2003; Wilson et al., 2004).
In addition to cannabis influencing VL through this behavioural adherence pathway, there is
emerging evidence for a potential additional biological pathway. In brief, Molina and
colleagues, have shown that cannabinoid administration attenuates the progression of simian
immunodeficiency virus infection (Molina et al., 2011), and we have previously found,
within a subset of the current study population with incident HIV infections, that ART-naive
individuals who used cannabis daily in the year after seroconversion had 0.51 log10
copies/mL lower plasma VL, on average, during this period (Milloy et al., 2015a).

An important characteristic that is unique to our study is a shared history of extensive poly-
drug use (including opioids, stimulants, alcohol and tobacco), which is broadly known to
correspond to poorer HIV treatment outcomes (Celentano & Lucas, 2007; Lucas et al.,
2002). In light of emerging research in similar settings demonstrating the use of cannabis to
curb the frequency of other illicit drug use, including opioid use (Kral et al., 2015; Lau et al.,
2015; Lucas et al., 2013; Lucas et al., 2015), it is possible that some individuals engage in
daily cannabis use as a means of reducing their use of other illicit drugs. If true, this shift in
drug use pattern may be accompanied by a higher likelihood of engaging in ART care and
adhering optimally to ART simply due to improved management of higher risk illicit drug
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use (Palepu et al., 2003; Rosen et al., 2013). However, this hypothesis remains to be tested.
As well, some daily cannabis users in this group may be using the drug as a way to manage
symptoms related to HIVV/AIDS and/or ART (e.g., nausea (Carr & Cooper, 2000)). Cannabis
use has long been common among people living with HIV/AIDS (Braitstein et al., 2001),
and patients have reported benefitting from its use, particularly with regard to certain HIV/
AIDS-related comorbidities and symptoms including reduced anxiety and depression,
improved appetite, and reduced pain (Prentiss et al., 2004; Woolridge et al., 2005). In
addition, patients on ART may experience negative side effects, including nausea and
vomiting, for which cannabis may be beneficial (Woolridge et al., 2005). In a cross-sectional
study from Northern California, de Jong and colleagues found that cannabis use was
positively associated with optimal ART adherence among HIV-positive patients who
experienced nausea, and negatively associated with optimal ART adherence among HIV-
positive patients who did not report nausea (de Jong et al., 2005). Although this study
focused on adherence rather than VL, their finding illustrates the behavioural and clinical
heterogeneity of HIV-positive individuals who use cannabis, and the effect this likely has on
associations with virologic response. Finally, we noted that ART engagement was less likely
during periods of daily cannabis use and binge alcohol use, demonstrating that problematic
alcohol use should not be overlooked in this population that contends with several other
issues related to illicit drugs. Our finding may be explained in part by potential harms of
simultaneous or concurrent use of cannabis with alcohol. When used together, impairment
tends to increase more than either one alone (Bramness et al., 2010; Dubois et al., 2015), and
simultaneous use has also been linked with poor social problems (e.g., interpersonal
conflict) and health outcomes (e.g., depression) that may prevent engagement in the health
care system (Midanik et al., 2007). However, likelihood of VL suppression among daily
cannabis users was unaffected by binge alcohol use. This may reflect sample restrictions for
the VL analysis, which excluded those who did not engage in HIV care — possibly consisting
of binge drinkers with the most severe alcohol use disorders.

In the current study, frequent cannabis use was not statistically significantly associated with
either sub-optimal engagement in ART care or detectable VL among HIV-positive PWUD,
even in a setting where access to medical cannabis has scaled-up rapidly. These findings are
notable given the impending legalization of non-medical cannabis in Canada. The findings
also demonstrate that frequent cannabis use should not be considered a deterrent to ART
prescribing among HIV-positive patients who currently use, or have a history of using, illicit
drugs. These findings speak to the continued promise of ongoing HIV treatment-as-
prevention strategies among PWUD as being potentially compatible with a framework for
legalized cannabis within the British Columbia context. Future research will be necessary to
understand the actual pathway(s) responsible for the associations here described and whether
our findings hold in other HIV-positive populations. Considering the presently recorded high
prevalence of moderate and high-intensity cannabis use among PWUD living with HIV/
AIDS, our research brings up an additional consideration pertaining to safer modes of
cannabis consumption. While the long-term pulmonary effects of cannabis smoking are not
clear, short-term effects include symptoms of chronic bronchitis (Joshi et al., 2014), and
previous research among PWUD (Shin et al., 2013) and the general population (Moore et al.,
2005) shows that the majority of people who use cannabis also smoke tobacco. Although our
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findings are largely encouraging in terms of access and response to HIV care for cannabis
users, there is a continued need to investigate potential strategies and policies aimed at
minimizing the short- and long-term harms associated with inhalation of the toxic
components of cannabis and cigarette smoke in this population. It should be noted that
alternatives modes of consumption (e.g., ingestion) are increasingly becoming more
commonplace in Vancouver as its cannabis industry continues to proliferate.

This study is subject to some limitations. First, findings should be interpreted in light of the
fact that ACCESS is not a random sample. As a result, our findings may not generalize to
PWUD in other settings. Second, while we used objective measures wherever possible,
including the two outcomes of interest, we relied on self-report to obtain the main
independent variable of interest. Misclassification may have occurred as a result, specifically
in cases of underreporting related to recall or response biases. However, we do not anticipate
that these reporting rates would be differentially distributed according to engagement in
ART care or VL suppression. While generalized estimating equations are advantageous for
longitudinally analyzing repeated measures over time, this method cannot account for
temporality of event within each six-month period. As a result, causality cannot be inferred
between the exposure and outcome. Recognizing that hepatitis C virus (HCV) co-infection is
common among PWUD living with HIV (Kim et al., 2013), we were unable to address links
between cannabis use and HCV treatment access in this sample, as newer direct acting
antiviral-based treatment has yet to be scaled up in this setting. Finally, as is the case with all
observational research, the current estimates are subject to bias from unmeasured
confounding. Specifically, mental health conditions, including cannabis dependence, could
not be assessed in the present study.

To conclude, PWUD constitute a key population for treatment scale-up as part of TasP
efforts in many settings. In the current setting, which offers the opportunity to study the
impact of cannabis use on HIVV/AIDS-related outcomes under a community-wide HIV/AIDS
TasP policy, as well as a rapidly expanding quasi-legal cannabis market, with the exception
of co-use of frequent cannabis and binge alcohol, we did not find evidence to support the
hypothesis that high intensity cannabis use compromises key individual-level goals of TasP.
Our findings demonstrate that PWUD who engage in daily cannabis use are not at a
significant disadvantage and should therefore not be excluded from ART scale-up efforts.
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Figure 1.
Top: Proportion (95% CI) of participants engaged in antiretroviral therapy care at each

follow-up period, stratified by =daily cannabis use. Bottom: Proportion (95% CI) of
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Follow-up Period

Follow-up Period

antiretroviral therapy-exposed participants reaching viral suppression at each follow-up

period, stratified by >daily cannabis use.
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BASELINE CHARACTERISTICS OF 874 HIV-POSITIVE PEOPLE WHO USE ILLICIT DRUGS,

TABLE 1

STRATIFIED BY DAILY CANNABIS USE IN THE PREVIOUS SIX MONTHS

Characteristic

>Daily Cannabis Use

No 659 Yes .
(75.4 %) 215 (24.6%) Odds Ratio (95% CI) | p- value

Age€

Median (IQR) 433 (36.7-49.0) | 41.4(35.5-46.5) 0.97 (0.96 — 0.99) 0.005
Gender

Male 405 (61.5) 165 (76.7) 1.00

Female 254 (38.5) 50 (23.3) 0.48 (0.34 - 0.69) <0.001
Ethnicity <

Non-White 302 (45.8) 88 (40.9) 1.00

White 357 (54.2) 127 (59.1) 1.22 (0.89 - 1.67) 0.210
Unstable housingf

No 197 (29.9) 76 (35.3) 1.00

Yes 462 (70.1) 139 (64.7) 0.78 (0.56 — 1.08) 0.134
EmploymentJf

No 539 (81.8) 179 (83.3) 1.00

Yes 120 (18.2) 36 (16.7) 0.90 (0.60 - 1.36) 0.626
Alternative income generation’t

No 413 (62.7) 131 (60.9) 1.00

Yes 246 (37.3) 84 (39.1) 1.08 (0.78 — 1.48) 0.647
Incarcerated?

No 568 (86.2) 187 (87.0) 1.00

Yes 91 (13.8) 28 (13.0) 0.93 (0.59 — 1.47) 0.771
Addiction Treatment?

No 330 (50.1) 122 (56.7) 1.00

Yes 329 (49.9) 93 (43.3) 0.76 (0.56 — 1.04) 0.089
Injection drug use?

No 124 (18.8) 48 (22.3) 1.00

Yes 535 (81.2) 167 (77.7) 0.81 (0.55 - 1.17) 0.261
Binge drug use?

No 371 (56.3) 126 (58.6) 1.00

Yes 288 (43.7) 89 (41.4) 0.91 (0.67 — 1.24) 0.553
Binge alcohol use?

No 510 (77.4) 137 (63.7) 1.00

Yes 149 (22.6) 78 (36.3) 1.95 (1.40 - 2.71) <0.001
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>Daily Cannabis Use
Characteristic No 659 Yes X
(75.4 %) 215 (24.6%) Odds Ratio (95% CI) | p- value

ART dispensation¢

0 days 249 (37.8) 85 (39.5) 1.00

>1 days 410 (62.2) 130 (60.5) 0.93 (0.68 — 1.27) 0.647
HIV-1 RNA viral load?

250 copies/mL 446 (67.7) 146 (67.9) 1.00

< 50 copies/mL 213 (32.3) 69 (32.0) 0.99 (0.71-1.38) 0.950
CD4 count (ceIIs/mL)€¢

Median (IQR) 35 (2.2-4.5) 40 (2.2-5.2) 1.09 (1.02-1.17) 0.017

Note: Some columns may not add up to 100%, as participants may choose not to answer sensitive questions

*
95% CI = 95% Confidence Interval

fIQR: Interquartile Range

’tDenotes events in the previous six months

€ . . .
Wilcoxon rank sum test used for continuous variables
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TABLE 2

BIVARIABLE AND MULTIVARIABLE GENERALIZED ESTIMATING EQUATION MODELS OF
FACTORS ASSOCIATED WITH RECENT ENGAGEMENT ON ANTIRETROVIRAL THERAPY (N =
874, LEFT), AND RECENT UNDETECTABLE PLASMA VIRAL LOAD (N =788, RIGHT) BETWEEN
DECEMBER 2005 AND JUNE 2015 AMONG HIV-POSITIVE PEOPLE WHO USE ILLICIT DRUGS IN
VANCOUVER, CANADA

Odds Ratio (95% C15)

Model Series 1 Model Series 2

Characteristic

ART Engagement

Non-detectable VL

Unadjusted Adjusted Unadjusted Adjusted
Cannabis Use?
< Daily 1.00 1.00 1.00 1.00
> Daily 0.94 (0.78 - 1.12) 1.02 (0.77 - 1.36) 1.05 (0.89 — 1.24) 0.96 (0.75 — 1.21)
Age

Per year older

117 (1.14-1.19) ™"

1.08 (1.06 - 1.10) ™"

1.09 (1.07 - 1.11) ™

1.04 (1.03 - 1.06) ™"

Gender
Male 1.00 1.00 1.00 1.00
Female 0.65(0.51-0.83)° | 0.73(0.54-1.00) [ 075(0.62-0.92) | 0.78 (0.62-0.99)
Ethnicity

Non-Caucasian

1.00

1.00

Caucasian

1.11 (0.87 - 1.41)

1.17 (0.97 - 1.41)

Unstable housing£

No

1.00

1.00

1.00

Yes

0.81(0.70 - 0.94) *

0.94 (0.73 - 1.20)

0.82(0.72-0.93) "

Employmentf

No 1.00 1.00
Yes 1.02 (0.87 — 1.20) 1.06 (0.93 — 1.22)
Alternative income generation£
No 1.00 1.00 1.00
Yes 058 (0.51-0.66)"" | 082(0.64-1.04) [ 068 (0.60-0.78)""
Incarcerated?
No 1.00 1.00 1.00
Yes 0.48 (0.39-0.60) " | 0.66 (0.50-0.88)" | 0.62(0.50-0.76)""

Addiction treatment?

No

1.00

1.00

1.00

1.00

Yes

1.98 (1.67-2.35)™"

2.28 (1.79 - 2.90) **

1.38 (1.21-1.58) ™

1.66 (1.36 —2.03)

Injection drug use?

No

1.00

1.00
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Characteristic

Odds Ratio (95% C15)

Model Series 1

Model Series 2

ART Engagement

Non-detectable VL

Unadjusted Adjusted Unadjusted Adjusted
Yes 0.61(052-0.73)" | 0.71(055-0.92)" | 0.64 (0.55-0.74)"" -
Binge drug use
No 1.00 - 1.00 1.00
Yes -

0.81(0.73-0.90) ™"

0.79 (0.71-0.87) "

0.79 (0.69-0.91) "

Binge alcohol useZ

No

1.00

1.00

1.00

Yes

0.88 (0.77-0.99) "

1.01 (0.81-1.27)

0.93 (0.82 — 1.04)

CD4 cell count?

Per 100 cells/mL plasma increase

119 (1.11-1.26) "

1.48 (1.40 - 1.57) "

1.34(1.27-1.42)™"

§95% Cl = 95% Confidence Interval

£ . .

In the previous six months
*

p<0.05

Aok

£<0.001
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