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Abstract
Objectives: High levels of morbidity and mortality associated with injection drug use continue to represent
a significant public health challenge in many settings worldwide. Previous studies have shown an association
between cannabis use and decreased risk of some drug-related harms. We sought to evaluate the association
between high-intensity cannabis use and the frequency of injection drug use among people who inject
drugs (PWID).
Methods: The data for this analysis were collected from three prospective cohorts of PWID in Vancouver, Canada,
between September 2005 and May 2018. Generalized linear mixed-effects models were used to analyze the
association between daily cannabis use and the frequency of injecting illegal drugs (i.e., self-reported average
number of injections per month).
Results: Among the 2,619 active PWID, the frequency of injection drug use was significantly lower among peo-
ple who use cannabis daily compared with people who use it less than daily (adjusted odds ratio [AOR] = 0.84,
95% confidence interval [CI]: 0.73–0.95). Sub-analyses indicated that this effect was restricted to the frequency
of illegal opioid injection (AOR = 0.78, 95% CI: 0.68–0.90); the association between daily cannabis use and the
frequency of illegal stimulant injection was not significant (AOR = 1.08, 95% CI 0.93–1.25).
Discussion: The findings from these prospective cohorts suggest that people who use cannabis daily were
less likely to report daily injection of illegal drugs compared with people who use it less than daily. These results
suggest the potential value of conducting experimental research to test whether controlled administration of
cannabinoids impacts the frequency of illegal opioid injection among PWID.
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Introduction
An estimated 15.6 million people inject illegal drugs
worldwide, and the morbidity and mortality associated
with injection drug use continues to be a major public
health concern.1 The health and social consequences of
injection drug use include higher risks of acquiring
blood-borne pathogens, including HIV and hepatitis
C virus (HCV), accidental overdose, stigmatization,
and criminalization.2–4 Clinical engagement in treat-

ment for HIV infection and substance use disorders
can also be compromised by ongoing injection drug
use: Patients who inject drugs are more likely to have
poor drug treatment outcomes, have higher rates of
sub-optimal adherence to antiretroviral therapy (ART),
and exhibit a detectable HIV viral load.5–7

The recent legalization of medical and nonmedical
cannabis in many settings in the United States and
Canada has sparked concerns about the impact of
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these regulatory reforms on vulnerable populations, for
example, through promoting the development of high-
risk drug use behaviours.8,9 The so-called gateway hy-
pothesis suggests that cannabis facilitates the transition
from legal to illegal substance use and that the impact
of cannabis on this transition is causal.9,10 However,
many authors have argued that this transition may be
attributed to genetic, environmental, and psychosocial
risk factors for drug use rather than the effect of gate-
way substances.9,11 Further, cannabis use may have dif-
ferent effects on other high-risk drug behaviors among
different populations, such as marginalized people who
use drugs. Recent studies have suggested that cannabis
use may have the potential to mitigate the risks of drug-
related harms among people who inject drugs (PWID).
For example, preliminary studies have reported that
cannabis use is associated with reductions in illegal
drug use, drug-seeking behavior, injection initiation,
and exposure to fentanyl.12–18 In a recent longitudinal
study of people who use illegal drugs starting opioid ag-
onist therapies (OAT), high-intensity cannabis use was
associated with better levels of retention in treatment at
6 months.19 Given these preliminary findings, and the
ongoing crisis borne of unprecedented numbers of
drug-related overdose deaths throughout the United
States and Canada, thorough examination of the rela-
tionships between cannabis use and high-risk drug
use is urgently needed.

In October, 2018, Canada became the second coun-
try to legalize nonmedical cannabis use for adults at the
federal level.20 Cannabis is one of the most commonly
used substances in Canada, with approximately half
of all Canadians older than the age of 15 reporting
lifetime cannabis use.21 Cannabis use is most common
among young people and males. Residents of British
Columbia report significantly higher rates of past
year cannabis use (23%) than other Canadian prov-
inces.22 Vancouver, British Columbia, is also home to
high levels of injection drug use among people living in
the Downtown Eastside area23,24 and it has followed a
de facto policy of decriminalized cannabis use since
2005.25 The characteristics of this setting and the
implementation of this cannabis policy provide an
opportunity to examine the impact of cannabis use
on injection drug use patterns among PWID.

Several studies have evaluated the determinants of in-
jection drug use patterns among PWID, although the ma-
jority has focused on injection initiation and injection
cessation. Hazardous alcohol use, cocaine use, and poly-
substance use have been associated with increased or ac-

tive injection drug use.26–28 For some PWID, cocaine use
significantly increases the risk of injecting binges. With a
half-life between 40 and 60 min, people who use cocaine
often inject up to 30 times per day.28,29 Specific types of
substance use associated with increased rates of injection
initiation and decreased rates of injection cessation in-
clude crystal methamphetamine, cocaine, crack-cocaine,
heroin, alcohol, and benzodiazepines.30–33 Investiga-
tions of cannabis use on injection patterns have pro-
duced mixed results, with an initial study indicating
that cannabis use increased the risk of injection initia-
tion and two more recent analyses found that cannabis
use was associated with a decreased likelihood of in-
jection initiation.16,32,34

Given that the legalization and regulation of nonmed-
ical cannabis use is expanding in many jurisdictions
throughout North America, and the existing studies sug-
gesting that cannabis may reduce drug-related harms
among PWID, further investigation of how cannabis in-
fluences injection drug use behaviors is warranted.35

The objective of this study was to evaluate the association
between frequent cannabis use and the frequency of in-
jection drug use among three prospective cohorts of
PWID in Vancouver, Canada between 2005 and 2018.
Since a few studies have investigated the independent ef-
fects of cannabis use on opioid and stimulant use, we also
performed sub-analyses to evaluate the association be-
tween cannabis use and the frequency of stimulant and
opioid injection.16,35 Based on the early evidence linking
cannabis use to lower rates of other forms of substance
use, specifically among marginalized people who use
drugs,15,16,18 we hypothesize that cannabis use will be as-
sociated with decreased injection drug use frequency
among this sample of PWID.

Materials and Methods
The data for this analysis were collected from three
open and ongoing community-recruited prospective
cohorts of people who use illegal drugs with harmo-
nized procedures for recruitment, follow-up, and data
collection in Vancouver, Canada. These cohorts in-
clude the Vancouver Injection Drug Users Study
(VIDUS), the AIDS Care Cohort to Evaluate exposure
to Survival Services (ACCESS), and the At-Risk Youth
Study (ARYS). In each study, participants are recruited
through extensive community outreach in the Down-
town Eastside and Downtown South neighborhoods
of Vancouver, Canada. To be eligible for these studies,
participants must reside in the Greater Vancouver
Regional District, use illegal drugs other than or in
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addition to cannabis (which was illegal during the study
period) in the previous month, and provide informed
consent at study enrolment. The VIDUS includes adults
who are HIV-negative and injected drugs in the month
preceding enrolment; ACCESS includes HIV-positive
adults, and ARYS includes street-involved youth aged
14–26 years (Supplementary Table S1). These cohorts
have been described in detail in previous studies.36–38

At baseline and every 6-month follow-up visit
thereafter, participants completed an interviewer-
administered questionnaire, provided blood samples
for HIV/HCV serological analysis, and were examined
by a study nurse who provides basic medical care and
referrals to health and social services if requested. The
study questionnaire collects data, including sociode-
mographic information, substance use patterns, HIV
risk behavior, and engagement with health and social
services. The items used to assess injection frequency
were asked separately for each substance, and these
items were identical across questionnaires for each of
the study cohorts. At each study visit, participants are
remunerated $40 CAD for their time. The VIDUS,
ACCESS, and ARYS studies have been approved by
the University of British Columbia/Providence Health
Care Research Ethics Board.

The analytical sample for this study included all
VIDUS, ACCESS, and ARYS participants aged at least
18 years old, reported injection drug use at any point
over follow-up, and completed at least one study visit be-
tween September 2005 and May 2018. We included all
observations from all VIDUS participants, as injection
drug use was an inclusion criterion for this cohort. For
ACCESS and ARYS participants who reported injecting
drugs at their earliest interviews, we included all observa-
tions. Among ACCESS and ARYS participants who were
injection-naive at baseline, we included all observations
after their first report of injection drug use, if any. This
included initiates of injection drug use, and this sample
was selected to analyze the impact of cannabis use
among all participants who reported injection drug use
over their history of substance use. The specific impact
of cannabis use on injection initiation has been evaluated
in previous studies.16,32,34,39

The primary outcome of interest was injection drug
use frequency, which was derived from the item: ‘‘In
the last six months, when you were using, which of
the following drugs did you inject and how often?’’ Par-
ticipants were provided with a list of commonly
injected drugs (e.g., heroin, cocaine, crystal metham-
phetamine) and were asked to estimate their average

frequency of injection in the past 6 months according
to the following response options: (1) no use (reference
category); (2) less than once per month; (3) one to three
times per month; (4) about once per week; (5) two or
more times per week; and (6) at least once per day.
Pharmaceutical opioid injection was measured through
the item: ‘‘In the past 6 months, have you injected any
of the following prescription opioids? If so, how often
did you inject them?’’ The participants were provided
with a list of pharmaceutical opioids with correspond-
ing pictures to facilitate identification. The response
options were identical to those listed earlier. Based on
these frequency categories, participants who reported
daily injection of these substances were coded as ‘‘1’’
for the outcome (i.e., daily injection drug use).18

The primary explanatory variable of interest was
cannabis use in the past 6 months ( ‡ daily vs. < daily).
Cannabis use was measured based on the item: ‘‘In the
last six months, how often have you used marijuana?’’
The response options include, ‘‘0 = less than once a
month, 1 = 1–3 times a month, 2 = once a week, 3 = 2
or more times a week, 4 = at least daily.’’ These categories
were collapsed to ‡ daily vs. < daily due to the low prev-
alence of people who use occasionally (e.g., ‘‘less than
once a month’’ and ‘‘1–3 times per month’’), and analyz-
ing these as individual categories can produce unstable
estimates of effect size.

We also included sociodemographic and substance use
variables hypothesized to confound the association be-
tween cannabis use and injection drug use frequency
based on previous studies. These variables included: age
(per year older); gender (male vs. non-male); ethnicity
(white vs. non-white); living in a relationship (i.e., legally
married, common law or regular partner vs. others); re-
cent incarceration (yes vs. no); licit employment (i.e., hav-
ing regular, temporary, or self-employed work vs. none);
enrollment in OAT, including methadone and buprenor-
phine/naloxone, (yes vs. no); engagement with alcohol or
drug treatment, excluding OAT (yes vs. no); homelessness
(yes vs. no); binge drug use, defined as a period of using
drugs more often than usual (yes vs. no); non-injection
heroin use ( ‡ daily vs. < daily); non-injection cocaine
use ( ‡ daily vs. < daily); non-injection crack-cocaine use
( ‡ daily vs. < daily); non-injection crystal methamphet-
amine use ( ‡ daily vs. < daily); involvement in drug deal-
ing (yes vs. no); time since baseline visit (per year
longer); previous injection drug use, based on injection
drug use during the study visit preceding the most re-
cent follow-up visit ( ‡ daily vs. < daily); and cohort
(ACCESS vs. VIDUS and ARYS vs. VIDUS). All
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behavioral variables refer to the 6-month period preced-
ing the most recent follow-up, and variable definitions
were consistent with previous studies.40

First, we analyzed the baseline characteristics of the
analytical sample, stratified by cannabis use, using the
Chi-square test for binary measures and the Wilcox-
on’s rank-sum test for continuous measures. The asso-
ciation between cannabis use and injection drug use
frequency was analyzed by using generalized linear
mixed-effects models (GLMM) with a logit link func-
tion to account for repeated measurements within indi-
viduals over time. Random intercepts were included
in each of the models to account for the clustering
of observations within participants. Specifically, we
performed a crude GLMM analysis to evaluate the as-
sociation between each explanatory variable of interest
and the frequency of injection drug use. For the multi-
variable analysis, we fit a full multivariable model
that included cannabis use and all other explanatory
variables. The final multivariable model was created
through an iterative process, removing the variable
that produced the smallest relative change in the can-
nabis use coefficient. This manual step-wise procedure
was repeated until the minimum change in the canna-
bis use coefficient exceeded 5%. The objective of this
method is to retain covariates with a larger relative
effect on the association between the primary explana-
tory variable (i.e., cannabis use) and the outcome (i.e.,
injection frequency) or, in other words, fit a parsimoni-
ous model with the most important confounding vari-
ables, consistent with previous studies.41

Cannabis use measures were lagged by one study
visit in the analysis to temporally precede the outcome.
Time since baseline and study cohort were forced into
all models. We also conducted sub-analyses to investi-
gate the impact of cannabis use on the frequency of in-
jection opioid use, and the frequency of injection
stimulant use. Injection opioid use included heroin,
fentanyl, and prescription opioids; injection stimulant
use included cocaine, crack-cocaine, and crystal meth-
amphetamine. Each of these analyses was restricted to
participants who use each substance, and the type of
substance use was time-updated over follow-up (e.g.,
the analysis of injection opioid frequency was restricted
to people who use injection opioids). The GLMM was
also applied to the sub-analyses and followed the same
model-building procedure as the whole-sample analy-
sis. The statistical analyses were performed by using
SAS version 9.4 (SAS, Cary, NC). All p-values were
two-sided with a significance threshold of 0.05.

Results
Between September 2005 and May 2018, 2,619 partici-
pants provided at least one report of injection drug
use, completed at least one interview during the study
period, and were included in these analyses. The me-
dian age of participants at baseline was 36.5 (interquar-
tile range [IQR] = 25.7–45.7) years, 1,710 (65.3%) were
male, and 1,569 (59.9%) self-reported white ancestry.
The median number of follow-up visits completed by
the study sample was 5 (IQR = 2–10).

The baseline characteristics of the study sample
stratified by daily cannabis use are presented in
Table 1. At baseline, daily cannabis use was reported
by 729 (27.8%) participants and 1,211 (46.2%) partici-
pants reported daily injection drug use. Baseline was
defined as the first study visit for each participant
when they reported injection drug use. The trends in
cannabis use and injection drug use over the study
period are displayed in Figure 1 (please see Supplemen-
tary Fig. S1 for the trends in injection drug use stratified
by daily cannabis use and Supplementary Table S2 for
cannabis use trends over follow-up). For participants
who reported injection drug use at the outset of the co-
hort study, this would include their first study visit, and
this would include subsequent study visits for partici-
pants who did not report injection drug use during
their initial study visit.

The specific substances that the participants
reported injecting daily at baseline included heroin
(n = 805, 30.7%), cocaine (n = 194, 7.4%), crack-cocaine
(n = 16, 0.6%), methamphetamine (n = 313, 12.0%),
speedball (heroin and cocaine; n = 70, 2.7%), goofball
(heroin and crystal methamphetamine; n = 43, 1.6%),
and prescription opioids (n = 152, 5.8%). There were
no participants who reported at least daily injection ben-
zodiazepine use at baseline. At baseline, people who use
cannabis daily were more likely to be younger, male, un-
employed, homeless, engaged in drug or alcohol treat-
ment (other than OAT), people who use cocaine or
crystal methamphetamine daily. At baseline, the distri-
bution of participants from each cohort was significantly
different between people who use cannabis daily and
those who do not. People who used cannabis were less
likely to be engaged in OAT and use crack-cocaine daily.

The bivariable and multivariable GLMM analyses of the
frequency of injection drug use are presented in Table 2.
The observed frequency of injection drug use in the
whole-sample analysis was significantly lower among
people who use cannabis daily compared with people
who use it less than daily (adjusted odds ratio
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Table 1. Baseline Characteristics Stratified by Daily Cannabis Use Among People Who Inject Drugs (n = 2,619)

Characteristic Total, n (%)

Daily cannabis use

pYes, 729 (27.8%), n (%) No, 1,890 (72.2%), n (%)

Age
Median 36.5 31.7 37.7 <0.001
IQR (25.7–45.7) (23.7–42.7) (27.3–46.5)

Sex
Female 908 (34.7) 192 (26.3) 716 (37.9) <0.001
Male 1,710 (65.3) 537 (73.7) 1,173 (62.1)

White ancestry
Yes 1,569 (59.9) 440 (60.4) 1,129 (59.7) 0.721
No 1,040 (39.7) 285 (39.1) 755 (39.9)

Relationship
Legally married/common law/regular partner 753 (28.8) 209 (28.7) 544 (28.8) 0.993
Other 1,858 (70.9) 516 (70.8) 1,342 (71.0)

Incarcerationa

Yes 491 (18.7) 134 (18.4) 357 (18.9) 0.827
No 2,113 (80.7) 587 (80.5) 1,526 (80.7)

Employmenta

Yes 683 (26.1) 242 (33.2) 441 (23.3) <0.001
No 1,935 (73.9) 487 (66.8) 1,448 (76.6)

Opioid agonist therapya

Yes 1,065 (40.7) 248 (34.0) 817 (43.2) <0.001
No 1,541 (58.8) 474 (65.0) 1,067 (56.5)

Participation in drug or alcohol treatmenta

Yes 356 (13.6) 118 (16.2) 238 (12.6) 0.012
No 2,246 (85.8) 601 (82.4) 1,645 (87.0)

Homelessnessa

Yes 1,172 (44.7) 363 (49.8) 809 (42.8) 0.002
No 1,432 (54.7) 365 (50.1) 1,067 (56.5)

Binge drug usea

Yes 1,452 (55.4) 413 (56.7) 1,039 (55.0) 0.329
No 1,149 (43.9) 307 (42.1) 842 (44.6)

Non-injection heroin usea

‡ Daily 127 (4.8) 37 (5.1) 90 (4.8) 0.728
< Daily 2,486 (94.9) 689 (94.5) 1,797 (95.1)

Non-injection cocaine usea

‡ Daily 28 (1.1) 14 (1.9) 14 (0.7) 0.008
< Daily 2,588 (98.8) 714 (97.9) 1,874 (99.2)

Non-injection crack cocaine usea

‡ Daily 753 (28.8) 170 (23.3) 583 (30.8) <0.001
< Daily 1,860 (71.0) 556 (76.3) 1,304 (69.0)

Non-injection methamphetamine usea

‡ Daily 200 (7.6) 70 (9.6) 130 (6.9) 0.018
< Daily 2,417 (92.3) 658 (90.3) 1,759 (93.1)

Participation in selling illicit drugsa

Yes 966 (36.9) 277 (38.0) 689 (36.5) 0.463
No 1,653 (63.1) 452 (62.0) 1,201 (63.5)

Cohort
VIDUS 1,214 (46.4) 277 (38.0) 937 (49.6) <0.001
ACCESS 742 (28.3) 175 (24.0) 567 (30.0)
ARYS 663 (25.3) 277 (38.0) 386 (20.4)

Year of study visit
Median 2008 2010 2008 0.006
IQR (2006–2013) (2006–2014) (2006–2013)

Frequency of injection drug usea

No use 41 (1.6) 15 (2.1) 26 (1.4) <0.001
Less than once per month 455 (17.4) 151 (20.7) 304 (16.1)
One to three times per month 262 (10.0) 93 (12.8) 169 (8.9)
Once per week 215 (8.2) 54 (7.4) 161 (8.5)
Two to three times per week 434 (16.6) 128 (17.6) 306 (16.2)
At least daily 1,211 (46.2) 288 (39.5) 923 (48.8)

Bold text refers to p-values < 0.05.
aRefers to activities in the 6 months before the follow-up interview.
ACCESS, AIDS Care Cohort to Evaluate exposure to Survival Services; ARYS, At-Risk Youth Study; IQR, interquartile range; VIDUS, Vancouver Injection

Drug Users Study.

439



[AOR] = 0.84, 95% confidence interval [CI]: 0.73–0.95;
p = 0.010). Additional factors retained in the final multi-
variable model included age (AOR = 0.93, 95% CI: 0.92–
0.94; p < 0.001), non-injection crack-cocaine use
(AOR = 1.70, 95% CI: 1.50–1.94; p < 0.001), time since
baseline visit (AOR = 1.09, 95% CI: 1.06–1.11;
p < 0.001), and cohort (ACCESS vs. VIDUS AOR = 0.68,
95% CI: 0.55–0.83; p < 0.001; ARYS vs. VIDUS
AOR = 0.60, 95% CI: 0.43–0.84; p < 0.001). The interac-
tion between cannabis use and time since baseline was
not statistically significant ( p = 0.099). The analyses of
factors associated with injection frequency stratified by
study cohort are included in Supplementary Tables S3–
S5. Factors associated with injection frequency among
exclusive opioid and stimulant users are shown in Supple-
mentary Tables S6 and S7.

The sub-analyses indicated that the association be-
tween daily cannabis use and the frequency of illegal opi-
oid injection was statistically significant (AOR = 0.78,
95% CI: 0.68–0.90; p < 0.001) (Table 3), but it was not
significant for the frequency of illegal stimulant injection
(AOR = 1.08, 95% CI: 0.93–1.25; p = 0.320) (Table 4).
We defined loss to follow-up as people who stopped con-
tributing follow-up visits at least 3 years before the end of
the study period. Using the last included study visit for
each participant, 31.6% of daily cannabis users qualified
as lost to follow-up whereas 33.0% of non-daily cannabis
users qualified as lost to follow-up. There was no signif-
icant difference in the proportion of participants lost to
follow-up by cannabis use status (Chi square test

p-value = 0.520). We observed a low proportion of miss-
ing data ( < 1% of observations) for the predictor and
outcome variables, as well as the covariates.

Discussion
In this study, we observed that daily cannabis use was
common among study participants and reported by
729 (27.8%) participants at baseline. Over the 12-
year study period, the odds of being a daily injector
were 17% lower among people who use cannabis daily
compared with people who use it less than daily. The
sub-analyses demonstrated that cannabis use was asso-
ciated with a decreased frequency of illegal opioid in-
jection; however, it was not significantly associated
with the frequency of illegal stimulant injection. The
impact of cannabis use on injection frequency did
not vary significantly over time, and increased time
since baseline was associated with increased odds of
daily injection drug use. To our knowledge, this is
the first study to analyze the association between can-
nabis use and the frequency of injection drug use. Pre-
vious studies have focused on specific forms of substance
use influenced by cannabis use (e.g., crack-cocaine),
combined injection and non-injection drug use as
an outcome, or analyzed injection drug use patterns
such as initiation and cessation.15,16,42,43 These find-
ings contribute to preliminary preclinical, clinical,
and ecological evidence describing beneficial associa-
tions with cannabis use for people at risk of drug-
related harms, including PWID.44–46

FIG. 1. Trends in cannabis use and injection drug over follow-up (2005–2018).
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Preliminary observational studies have found benefi-
cial associations between cannabis and patterns of
other injection and non-injection opioid use. Although
a 2001 study found that cannabis use was associated
with an increased risk of injection drug use initiation,

more recent evidence, including a 2018 study, found
that frequent cannabis use was associated with lower
rates of initiation of injection drug use among people
who use illegal drugs.16,32,34,39 Similarly, a recent urine
toxicology analysis reported a negative association be-
tween recent exposure to fentanyl and recent exposure

Table 2. Bivariable and Multivariable Generalized Linear
Mixed-Effects Analysis of Factors Associated with Injection
Drug Use Frequency Among 2,619 Participants

Characteristic

Unadjusted Adjusted

OR (95% CI) p OR (95% CI) p

Daily cannabis use
Yes vs. no 0.89 (0.78–1.02) 0.098 0.84 (0.73–0.95) 0.010

Age
OR per year

older
0.96 (0.95–0.96) <0.001 0.93 (0.92–0.94) <0.001

Gender
Male vs. female 0.59 (0.49–0.71) <0.001

Caucasian ethnicity
Yes vs. no 0.88 (0.74–1.05) 0.168

Stable relationshipa

Yes vs. no 0.96 (0.87–1.07) 0.511
Incarcerationa

Yes vs. no 1.94 (1.69–2.22) <0.001
Employmenta

Yes vs. no 0.73 (0.65–0.81) <0.001
Opioid agonist therapya

Yes vs. no 0.46 (0.42–0.51) <0.001
Participation in alcohol or drug treatmenta

Yes vs. no 0.94 (0.81–1.10) 0.456
Homelessnessa

Yes vs. no 1.94 (1.76–2.15) <0.001
Binge drug usea

Yes vs. no 1.32 (1.21–1.43) <0.001
Non-injection heroin usea

‡ Daily vs.
< daily

2.19 (1.65–2.91) <0.001

Non-injection cocaine usea

‡ Daily vs.
< daily

2.28 (1.36–3.84) 0.002

Non-injection crack cocaine usea

‡ Daily vs.
< daily

1.59 (1.42–1.77) <0.001 1.70 (1.50–1.94) < 0.001

Non-injection methamphetamine usea

Yes vs. no 2.17 (1.75–2.68) <0.001
Participation in selling illicit drugsa

Yes vs. no 2.52 (2.28–2.79) <0.001
Time since baseline visit

OR per year
increase

0.98 (0.97–1.00) 0.016 1.09 (1.06–1.11) < 0.001

Previous injection drug use
‡ Daily vs.

< daily
3.80 (3.45–4.19) <0.001

Cohort
ACCESS vs.

VIDUS
0.50 (0.41–0.61) <0.001 0.68 (0.55–0.83) < 0.001

ARYS vs. VIDUS 1.45 (1.16–1.82) 0.001 0.60 (0.43–0.84) < 0.001

aRefers to activities in the 6 months before the follow-up interview;
cannabis use was lagged by one study visit in the analysis; bold text
refers to p-values < 0.05.

CI, confidence interval; OR, odds ratio.

Table 3. Bivariable and Multivariable Mixed-Effects
Model Analysis of Factors Associated with Opioid
Injection Frequency Among 2,619 Participants

Characteristic

Unadjusted Adjusted

OR (95% CI) p OR (95% CI) p

Daily cannabis use
Yes vs. no 0.78 (0.67–0.92) 0.002 0.78 (0.68–0.90) <0.001

Age
OR per year

older
0.95 (0.95–0.96) <0.001 0.94 (0.93–0.96) <0.001

Gender
Male vs. female 0.52 (0.42–0.66) <0.001 0.87 (0.72–1.04) 0.122

Caucasian ethnicity
Yes vs. no 1.00 (0.80–1.26) 0.982

Stable relationshipa

Yes vs. no 1.07 (0.95–1.21) 0.268
Incarcerationa

Yes vs. no 1.71 (1.48–1.98) <0.001
Employmenta

Yes vs. no 0.72 (0.64–0.82) <0.001
Opioid agonist therapya

Yes vs. no 0.40 (0.35–0.44) <0.001
Participation in alcohol or drug treatmenta

Yes vs. no 0.80 (0.67–0.94) 0.008
Homelessnessa

Yes vs. no 1.99 (1.78–2.22) <0.001
Binge drug usea

Yes vs. no 1.20 (1.09–1.32) <0.001
Non-injection heroin usea

‡ Daily vs.
< daily

2.89 (2.14–3.92) <0.001

Non-injection cocaine usea

‡ Daily vs.
< daily

1.12 (0.63–1.99) 0.707

Non-injection crack cocaine usea

‡ Daily vs.
< daily

1.84 (1.63–2.08) <0.001

Non-injection methamphetamine usea

Yes vs. no 0.92 (0.71–1.17) 0.487
Participation in selling illicit drugsa

Yes vs. no 2.48 (2.22–2.78) <0.001
Time since baseline visit

OR per year
increase

0.97 (0.96–0.98) <0.001 1.04 (1.02–1.06) <0.001

Previous injection drug use
‡ Daily vs.

< daily
3.02 (2.72–3.36) <0.001 4.79 (4.27–5.37) <0.001

Cohort
ACCESS vs.

VIDUS
0.33 (0.26–0.43) <0.001 0.59 (0.49–0.72) <0.001

ARYS vs. VIDUS 0.93 (0.70–1.23) 0.591 0.46 (0.33–0.62) <0.001

aRefers to activities in the 6 months before the follow-up interview;
cannabis use was lagged by one study visit in the analysis; bold text
refers to p-values < 0.05.
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to D-9-THC, the primary psychoactive constituent of
cannabis.15,17 Analysis of population-level data from
the United States has also found that medical and recre-
ational cannabis laws are associated with state-level de-
creases in opioid-related mortality, although a recent

study has challenged these findings.47–49 Nevertheless,
the association between medical cannabis laws and de-
creased opioid-related mortality appears to be stronger
in settings with more liberal allowances for cannabis dis-
pensaries.50 Also, U.S. states with medical cannabis laws
experienced a significant decrease in Medicare prescrip-
tions for medications to treat pain, depression, and anx-
iety, all highly prevalent among PWID.51,52 Patients
living with chronic pain have reported comparable
pain relief, reduced medication side effects, improved
quality of life, and reduced opiate use associated with
medical cannabis use.53,54 Given that up to two thirds
of PWID report being denied prescription analgesia
and 30–40% of these patients resort to illegal drugs
such as heroin to treat pain, increased availability and
use of cannabis may provide an alternative to using il-
legal opiates that are commonly injected.55,56 This is
supported by a recent study showing that cannabis
use was associated with decreased illegal opioid use
among people who use drugs with chronic pain.18

The preliminary observational studies describing
beneficial associations between cannabis and opioids
have raised the possibility that cannabis might be a use-
ful intervention in the ongoing crisis arising from opi-
oid overdose deaths in many settings in the United
States and Canada.57,58 In British Columbia, the num-
ber of overdose deaths has reached unprecedented
levels in each of the past 4 years, with *1,000 deaths
per year.59 In the United States, deaths involving syn-
thetic opioids doubled from 2015 to 2016.60 These in-
creases in illegal drug overdose deaths appear to be
driven primarily by fentanyl in some jurisdictions,
and nearly 80% of drugs analyzed in an illegal drug
checking program tested positive for fentanyl.59,61 In
our setting, belief in the positive potential of cannabis
to address the overdose crisis has led to the establish-
ment of two community-led interventions to distribute
no-cost cannabis to people at risk of opioid overdose.62

There is a need to evaluate these harm reduction-based
interventions and to conduct clinical trials to identify
causal relationships, if any, between controlled admin-
istration of cannabinoids and overdose risk.

Evidence is also urgently needed to document the
possible risks of this approach, including development
of cannabis use disorder or exacerbation of other men-
tal health co-morbidities. Identifying the specific can-
nabinoids, routes of administration and treatment
regimens that are best suited to decrease overdose
risk are also important questions to be addressed
through these clinical trials. In our study setting (the

Table 4. Bivariable and Multivariable Mixed-Effects
Model Analysis of Factors Associated with Stimulant
Injection Frequency Among 2,619 Participants

Characteristic

Unadjusted Adjusted

OR (95% CI) p OR (95% CI) p

Daily cannabis use
Yes vs. no 1.16 (0.99–1.36) 0.066 1.08 (0.93–1.25) 0.320

Age
OR per year

older
0.97 (0.96–0.98) <0.001 0.98 (0.97–0.99) <0.001

Gender
Male vs. female 0.96 (0.77–1.19) 0.701

Caucasian ethnicity
Yes vs. no 0.82 (0.66–1.01) 0.063

Stable relationshipa

Yes vs. no 0.92 (0.81–1.05) 0.228

Incarcerationa

Yes vs. no 1.82 (1.56–2.12) <0.001

Employmenta

Yes vs. no 0.76 (0.66–0.87) <0.001 0.78 (0.67–0.91) 0.001

Opioid agonist therapya

Yes vs. no 0.97 (0.85–1.10) 0.596

Participation in alcohol or drug treatmenta

Yes vs. no 1.10 (0.92–1.32) 0.294

Homelessnessa

Yes vs. no 1.64 (1.46–1.85) <0.001 1.45 (1.26–1.66) <0.001

Binge drug usea

Yes vs. no 1.40 (1.27–1.55) <0.001 1.42 (1.27–1.58) <0.001

Non-injection heroin usea

‡ Daily vs.
< daily

1.86 (1.36–2.52) <0.001

Non-injection cocaine usea

‡ Daily vs.
< daily

3.74 (2.19–6.37) <0.001

Non-injection crack cocaine usea

‡ Daily vs.
< daily

0.80 (0.70–0.92) 0.001 0.94 (0.80–1.09) 0.395

Non-injection methamphetamine usea

Yes vs. no 4.01 (3.22–4.99) <0.001 2.75 (2.17–3.49) <0.001

Participation in selling illicit drugsa

Yes vs. no 1.74 (1.54–1.97) <0.001

Time since baseline visit
OR per year

increase
1.03 (1.01–1.05) <0.001 1.05 (1.03–1.08) <0.001

Previous injection drug use
‡ Daily vs.

< daily
3.95 (3.47–4.49) <0.001 3.85 (3.38–4.39) <0.001

Cohort
ACCESS vs.

VIDUS
1.15 (0.92–1.45) 0.222 1.38 (1.14–1.67) <0.001

ARYS vs. VIDUS 2.40 (1.86–3.10) <0.001 1.44 (1.06–1.94) 0.019

aRefers to activities in the 6 months before the follow-up interview;
cannabis use was lagged by one study visit in the analysis; bold text
refers to p-values < 0.05.
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western Canadian province of British Columbia), the
total illegal drug toxicity deaths in May 2020
(n = 119) represent the highest ever recorded monthly
rate in the province.63 The high prevalence of cannabis
use, particularly therapeutic use among PWID and are
at risk of drug-related harm,18 supports further evalua-
tion of cannabis harm-reduction services to address
high-risk drug use behaviors and overdose risk. Our
findings that cannabis use was associated with a de-
creased frequency of injection opioid use provide evi-
dence to inform policy surrounding the harm
reduction application of cannabis for PWID.

Although previous studies have identified an associ-
ation between cannabis use and decreased use of stim-
ulants, we did not observe a significant association
between cannabis use and injection stimulant use.15,16

Given that stimulants such as cocaine are often injected
up to 30 times per day and injection cocaine use is
an independent predictor of HIV acquisition, further
research is needed to evaluate illegal stimulant use
among PWID.28 The interaction between cannabis
use and time was also not statistically significant, indi-
cating that the effect of cannabis use on injection fre-
quency did not vary significantly during the study
period. This indicates that the decreased odds of daily
injection drug use associated with cannabis use were
consistent regardless of how long participants had
been enrolled in the study cohorts. As a result, the po-
tential for cannabis use to decrease injection frequency
may apply to study participants at various stages of
their substance use history who are at risk of drug-
related harm associated with injection drug use. It is
also worth noting that the odds of daily injection drug
use increased over time. This increase in risk highlights
the need for continued and expanded access to sub-
stance use treatment interventions and harm-reduction
services throughout the substance use history of PWID
to decrease the intensity of substance use and associated
harm, particularly during the opioid overdose crisis.

This study has limitations. As the study participants
were not randomly recruited, our findings may not be gen-
eralizable to other populations of PWID. We also recognize
that the self-reported drug use behaviors may have been
influenced by socially desirable reporting and recall bias, al-
though the reliability and validity of self-report methods
among PWID has been previously demonstrated.64 This
study did not quantify the THC and CBD of the cannabis
consumed and this may have influenced the findings we
observed. Since we measured cannabis use frequency
and not amount (i.e., number of grams consumed), we

were not able to evaluate potential dose-response effects
of cannabis on injection drug use frequency. We did
not measure exposure to cannabis before study enrolment
and during missed follow-up visits, and it is possible that
the length of exposure to cannabis use may have influ-
enced our results. Although this sample included a high
prevalence of daily cannabis use, this frequency of use
may be less common in other settings and the effect of
cannabis use on injection drug use frequency may be
weaker among people who use cannabis less frequently.
People who use cannabis daily are also more likely to re-
port therapeutic uses of cannabis to address pain, nausea,
mental health, and HIV, which may be related to injection
drug use behaviors.18 As previously mentioned, patients
living with HIV often use cannabis to address HIV-
associated comorbidities and common side-effects of
ART.65–68 Thus, the nature of the relationship between
cannabis use and injection drug use may be moderated
by engagement with ART and therapeutic cannabis use
among people living with HIV. In addition, future re-
search would benefit from examining subgroup effects
by sex, gender, and ethnicity and implementing validated
measures of cannabis-related harms, including cannabis
use disorder, among PWID using cannabis. Lastly, it is
possible that residual confounding influenced the associa-
tion between cannabis use and injection drug use fre-
quency since this was an observational study design.

Conclusions
In conclusion, we observed that the odds of daily
injection drug use were significantly lower among par-
ticipants who used cannabis daily among three pro-
spective cohorts of PWID over a 12-year follow-up
period. This association was restricted to injection opi-
oid use, and the association between cannabis use and
injection stimulant use was not statistically significant.
These findings contribute data to the preliminary
preclinical evidence, indicating that cannabis use may
have the potential to reduce some drug-related harm
among people living with substance use disorders
such as opioid use disorder, especially during the ongo-
ing overdose crisis in Canada and the United States.
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