
UCLA
UCLA Previously Published Works

Title
The Cannabis-Dependent Relationship Between Methadone Treatment Dose and Illicit 
Opioid Use in a Community-Based Cohort of People Who Use Drugs.

Permalink
https://escholarship.org/uc/item/4tb1t0bh

Journal
Cannabis and Cannabinoid Research, 8(1)

Authors
Kerr, Thomas
Buxton, Jane
Walsh, Zach
et al.

Publication Date
2023-02-01

DOI
10.1089/can.2021.0080
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4tb1t0bh
https://escholarship.org/uc/item/4tb1t0bh#author
https://escholarship.org
http://www.cdlib.org/


The Cannabis-Dependent Relationship Between
Methadone Treatment Dose and Illicit Opioid
Use in a Community-Based Cohort
of People Who Use Drugs
Stephanie Lake,1–3 Thomas Kerr,1,4 Jane Buxton,5 Zach Walsh,6 Ziva D. Cooper,2,3

M. Eugenia Socı́as,1,4 Nadia Fairbairn,1,4 Kanna Hayashi,1,7 and M.-J. Milloy1,4

Abstract
Background: Methadone maintenance treatment (MMT) is an effective treatment for opioid use disorder. How-
ever, subtherapeutic dosing may lead to continued opioid use by failing to suppress opioid withdrawal and crav-
ing. Preclinical and pilot experimental research suggests that cannabinoids may reduce opioid withdrawal and
craving. We sought to test whether the association between low methadone dose and illicit opioid use differs
according to concurrent cannabis use patterns.
Methods: Data for this study were derived from two community-recruited cohorts of people ( ‡ 18 years old)
who use illicit drugs in Vancouver, Canada. We used generalized estimating equations to estimate the adjusted
association between lower daily MMT dose ( < 90 mg/day) and daily illicit opioid use, testing for interaction be-
tween dose and daily cannabis use.
Results: Between December 2005 and December 2018, 1389 participants reported MMT enrolment and were
included in the study. We observed a significant interaction ( p < 0.01) between daily cannabis and lower
MMT dose on concurrent daily illicit opioid use: lower MMT doses increased the odds of daily illicit opioid
use by 86% (adjusted odds ratio [AOR] = 1.86, 95% confidence interval [CI] = 1.61–2.16) during periods of no or
low-frequency cannabis use and by 30% during periods of daily cannabis use (AOR = 1.30, 95% CI = 1.01–1.67).
Discussion: This study provides preliminary observational evidence that cannabis may mitigate some of the
negative effects of subtherapeutic MMT dosing, guiding future clinical investigations into the safety and efficacy
of cannabis and cannabinoids as adjunct treatment for MMT.

Keywords: cannabis; methadone; opioid use disorder; opioids; opioid agonist treatment; cohort study

Introduction
Pharmacological management of opioid use disorder
(OUD) with an opioid agonist, such as methadone
or buprenorphine/naloxone, is an effective medication-
based intervention to prevent opioid overdose.1,2 While
there are patient exceptions (e.g., older patients, pa-

tients with comorbid cardiovascular or respiratory
disease), studies from diverse treatment settings dem-
onstrate that higher methadone doses are strongly
negatively correlated with continued use of illicit
opioids.3–6 However, many patients receive treat-
ment doses that are suboptimal for the management
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of OUD. For instance, roughly one in five methadone
patients in the United States are prescribed doses
below the minimum recommended standard of
60 mg/day.7

Concurrent cannabis during OUD treatment is
common, with prevalence of co-use typically *50%
in clinical studies of patients receiving methadone
maintenance treatment (MMT).8–12 Continued use of
other substances (e.g., alcohol, opioids, cocaine, meth-
amphetamine, benzodiazepines) while on medication-
based treatment of OUD is often linked to worse
clinical outcomes.6,13,14 However, studies have pro-
duced inconsistent evidence of the impact of cannabis
use during medication-based treatment for OUD, in-
cluding MMT, with some reporting improvement in
outcomes, others pointing to negative effects, and the
rest yielding nonsignificant findings.15 Emerging re-
search among marginalized people who use illicit
drugs (PWUD) from our study setting (Vancouver,
Canada) and elsewhere has shown that cannabis is
used for a wide range of therapeutic purposes, in-
cluding pain management, sleep, stress, nausea, and
appetite stimulation, management of substance use dis-
orders, and substitution for other substances including
opioids.16,17 In a recent observational study involving
PWUD living with pain, we observed that the odds
of high-frequency illicit opioid use were halved
among those engaging in daily cannabis use relative
to nonusers.18

In evaluating the impact of cannabis use on treat-
ment outcomes for OUD, few studies have considered
the relationship between treatment dose and cannabis
use frequency. There is a mounting rationale for exam-
ining the potential beneficial role of cannabis and
its constituents in mitigating the association between
drivers of opioid withdrawal and/or craving—such as
treatment dose—and clinical outcomes during opioid
agonist treatment—such as continued use of opioids.19

Opioid withdrawal has overlapping symptomology
with many of the common indications for medical
cannabis use, including nausea and vomiting, insom-
nia, and enhanced pain sensitivity.20 Experimentation
with cannabis for the management of opioid with-
drawal appeared in the medical literature as early as
the 1940s,21 and recent qualitative studies involving
people who use illicit opioids describe the ad hoc
strategy of using cannabis to curb opioid cravings
and withdrawal during periods of transition from
high- to low-intensity opioid use.22,23 Recently, a
small number of experimental studies among human

subjects have presented evidence of reductions in se-
verity of opioid withdrawal with the administration
of delta-9-tetrahydrocannabinol (THC), the primary
psychoactive component of cannabis,24 and suppres-
sion of opioid cravings with cannabidiol (CBD), a
nonintoxicating component of cannabis.25 Some obser-
vational studies have noted significantly lower doses of
medication-based treatment for OUD (i.e., methadone
and buprenorphine) among cannabis-using patients,11,26,27

possibly reflecting a strategy to supplement inadequate
treatment doses with cannabis.28

Using up to 13 years of data from two community-
recruited cohorts of PWUD in Vancouver, Canada,
we aimed to examine the relationship between can-
nabis use, treatment dose, and illicit (i.e., unregulated
or not-as-prescribed) opioid use during treatment
among those enrolled in MMT. Rather than evaluating
the independent relationship between cannabis use and
opioid use during MMT, we sought to test the hypoth-
esis that cannabis use reduces the magnitude of the
widely established relationship between lower metha-
done treatment doses and illicit opioid use during
treatment.

Materials and Methods
Study population and procedures
Data for this study were obtained from two open pro-
spective cohorts of PWUD in Vancouver, Canada. The
Vancouver Injection Drug Users Study (VIDUS) is
composed of HIV-negative people who inject drugs,
whereas the AIDS Care Cohort to evaluate Exposure
to Survival Services (ACCESS) is composed of PWUD
living with HIV. The studies have been ongoing since
1996 (VIDUS) and 2005 (ACCESS) and employ an
open recruitment process (i.e., participants can be en-
rolled in the study at study inception or at any point
afterward). Participants were recruited through col-
laboration with community services, extensive street
outreach, and snowball sampling in areas across Van-
couver’s downtown core, with concentrated efforts in
the Downtown Eastside (DTES), a low-income neigh-
borhood with an open illicit drug market and wide-
spread marginalization and criminalization of PWUD.

Eligibility criteria for the VIDUS include: (1) being
HIV negative and (2) having used drugs by injection
at least once in the 30 days before study enrolment. Eli-
gibility criteria for ACCESS include: (1) being HIV
positive and (2) using an illicit drug by injection or
non-injection (other than or in addition to cannabis,
which was a controlled substance in Canada until
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October 17, 2018) in the 30 days before study enrol-
ment. HIV serostatus is confirmed through serology.
Additionally, participants in both studies must: (3) be
at least 18 years of age; (4) reside in the Greater Van-
couver Regional District; and (5) provide written in-
formed consent. With the exception of HIV-specific
study assessments for ACCESS participants, all study
instruments and follow-up procedures described
below are harmonized such that data can be pooled
for statistical analyses and interpretation.

At study enrolment, participants completed two
interviewer-administered questionnaires: the first ques-
tionnaire elicits information on a wide range of
characteristics, exposures, and outcomes, including
sociodemographic factors, current substance use pat-
terns, health and social service utilization, and social-
and structural-level exposures (e.g., incarceration);
the second questionnaire elicits information on the
participant’s physical and mental health, disability,
other health-related concerns, and general well-being.
During the nurse assessment, blood is collected for
HIV antibody testing (VIDUS) or HIV clinical moni-
toring (ACCESS) and hepatitis C serology (both co-
horts). Participants were scheduled for a follow-up visit
every 6 months after their baseline interview to allow
for time-updated analyses of the information obtained
at baseline. Participants received a $40 (CAD) honorar-
ium for participation at each study visit. Ethical ap-
proval for both studies was granted by the University
of British Columbia/Providence Health Care Research
Ethics Board.

Analytic sample
From December 1, 2005, to November 30, 2018, we
asked participants about their current and past 6-month
enrolment in MMT for OUD at baseline and each
6-month follow-up interview. Eligible participants for
this analysis were those who reported enrolment in
MMT at least once during this study period. To esti-
mate the relationship between methadone dose, canna-
bis use, and illicit opioid use during MMT, we further
restricted the data from eligible participants to inter-
view periods in which they reported current (i.e., at
the time of interview) enrolment in MMT. While
there are other pharmacological modalities to treat
OUD, such as buprenorphine/naloxone, consistent dos-
age data were only collected for methadone as it was
the dominant first-line treatment of OUD in Canada
for the majority of the study period.

Measures
Outcome measure. The outcome of interest was high-
frequency illicit (i.e., unregulated or not-as-prescribed)
opioid use during MMT. At each biannual interview,
we asked participants about their recent (past 6 months)
use of heroin and nonmedical use of pharmaceutical
opioids (i.e., diverted, counterfeit, or not-as-prescribed
use) by injection or non-injection (i.e., smoking, snort-
ing, oral administration). Participants were provided a
list of pharmaceutical opioids with corresponding
pictures for ease of identification. Participants who in-
dicated past 6-month use of either heroin or pharma-
ceutical opioids were asked to estimate the average
frequency of use during that time (none, about once/
month, about 2–3 times/month, about once/week,
2–3 times/week, and about once/day or more). Partic-
ipants who endorsed using heroin or pharmaceutical
opioids daily or more on average in the past 6 months
were coded as ‘‘1’’ for the outcome (i.e., daily illicit opi-
oid use) for that follow-up period. Daily use was chosen
as the dichotomy point to indicate higher severity of
OUD.29 Of note, fentanyl powder became increasingly
prevalent in the local illicit drug supply during the final
2–3 years of the study period but was often sold as her-
oin or ‘‘down.’’ Thus, suspected fentanyl exposure was
captured as heroin during this time.

Independent variables of interest. The main expo-
sures of interest were daily methadone dose (as the pri-
mary independent variable) and frequency of cannabis
use (as the hypothesized effect measure modifier).

All participants who endorsed past 6-month MMT
were asked to report their current daily dose in millili-
ters. In February 2014, the province changed the
formulation of methadone provided under the provin-
cial drug plan from a 1 mg/mL pharmacy-compounded
formulation to a 10 mg/mL commercially available for-
mulation (i.e., Methadose).30 We multiplied all doses
reported after February 2014 by 10 to standardize the
variable to 1 mg/mL. We took the median treatment
dose of all study observations (90 mg/day) to distin-
guish lower ( < 90 mg/day) from higher ( ‡ 90 mg/day)
doses. This cut-point is supported by previous evidence
showing more complete opioid blockade and improved
treatment outcomes at doses of ‡ 100 mg/day.13,31,32

The relationship between methadone dose and illicit
opioid use was hypothesized to differ by daily cannabis
use. Similar to the measurement protocol for illicit opi-
oid use, at each interview, participants were asked if
they had used cannabis in the previous 6 months and

CANNABIS, MMT DOSE, AND OPIOID USE 157



to estimate the average frequency of use (none, about
once/month, about 2–3 times/month, about once/
week, 2–3 times/week, and about once/day). As it was
hypothesized that high-frequency use of cannabis
would be required to observe an interaction effect
(if one exists), cannabis use frequency was dichoto-
mized into ‡ daily and < daily use.

Secondary variables. We made efforts to account for
the potential confounding influence of several socio-
demographic, substance use, and treatment-related
variables known or a priori hypothesized to impact
MMT-related treatment outcomes and which may be
linked with MMT dose or cannabis use. Sociodemo-
graphic factors included sex (male vs. female), current
age (per year older), racial identity (white vs. non-
white), legal employment (yes vs. no), homelessness
(defined as living on the street with no fixed address,
consistent with previous analyses,33 yes vs. no), and in-
carceration (yes vs. no). Substance use and health-
related factors included HIV status, HIV serostatus
(positive vs. negative), ‡ daily alcohol use (yes vs.
no), and ‡ daily stimulant (crystal methamphet-
amine or crack/powder cocaine) use (yes vs. no).
Treatment-related factors included calendar year of
treatment ( ‡ 2014 vs. < 2014, corresponding to
abrupt province-wide changes to the methadone for-
mulation, which had widespread unintended impacts
on opioid relapse30), percent time spent on MMT
(measured as the cumulative percent of all interview
periods, up to and including the current period, in
which the participant was enrolled in MMT [catego-
rized as > 75% vs. £ 75%]), and engagement in
other substance use treatment (e.g., counseling, res-
idential treatment). Aside from HIV status, which
is confirmed through serology, all variables are
self-reported. With the exception of sex and ra-
cial identity, all variables are time-varying and
refer to the previous 6-month period at each study
interview.

Statistical analyses
Each participant’s baseline observation was consid-
ered the first interview period in which they reported
current MMT enrolment. We first examined socio-
demographic, substance use and health-related char-
acteristics at baseline for all participants who
reported current MMT enrolment at least once
over the study period. We stratified these observa-
tions by daily cannabis use and tested group differ-

ences using the Pearson chi-square test (categorical
variables) or the Wilcoxon rank-sum test (numeric
variables).

Next, to examine the relationship between each in-
dependent variable and the outcome (daily illicit opioid
use), we used bivariable and multivariable generalized
estimating equations with an exchangeable correlation
structure to account for possible correlation from re-
peated measures within individuals over time. First,
the crude bivariable relationships with the outcome
for lower MMT dose and cannabis use were examined
separately. Then, we explored effect measure modifica-
tion by including an interaction term between dose and
cannabis. Following this, all hypothesized confounders
outlined above were added to the model to estimate the
adjusted association between methadone dose and
daily illicit opioid use within each stratum of cannabis
use. We checked the significance of effect measure
modification using the likelihood ratio test.

All analyses were conducted in R (Version 3.6.3; R
Foundation for Statistical Computing, Vienna, Austria)
using RStudio (Version 1.2.5033). All p-values are two-
sided.

Results
Between December 1, 2005, and November 30, 2018, a
total of 2348 participants were recruited and completed
at least one study interview. Of them, 1532 (65.2%) en-
dorsed past 6-month MMT, and 1421 (92.8%) endorsed
current MMT at least once. In total, 1389 (97.7%) current
MMT patients completed all measures of interest includ-
ing current MMT dose and were included in the analysis.
These individuals contributed a median of 7 interviews
(interquartile range [IQR]: 3–14) each, totaling 12,132
observations over 6066 person-years of follow-up. Base-
line characteristics of this sample, stratified by daily can-
nabis use, are summarized in Table 1. As shown, 281
(20.2%) participants endorsed high-frequency cannabis
use at baseline; this group was slightly younger (median
age 40.1 vs. 41.7 years, p = 0.010) and had significantly
higher male representation than the occasional/nonuser
group (67.3% vs. 56.9%, p = 0.002). Past 6-month high-
frequency (i.e., ‡ daily) opioid use was reported by
439 (31.6%) respondents at baseline and 770 (55.4%) re-
spondents at least once throughout the study period,
representing 1960 (16.2%) interviews.

Table 2 depicts the bivariable and multivariable
relationships with high-frequency opioid use for the
primary and secondary independent variables. As
shown, at the bivariable level, lower daily MMT dose
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(i.e., < 90 mg) was significantly associated with high-
frequency illicit opioid use (odds ratio [OR] = 1.72,
95% confidence interval [CI] = 1.53–1.93, p < 0.001),
and high-frequency cannabis use was not significantly
associated with the outcome (OR = 1.03, 95% CI =
0.89–1.20, p = 0.660). The crude interaction between
MMT dose and cannabis use was significant
(w2 = 10.5, p = 0.001) such that during periods of no/
low-frequency cannabis use, lower MMT dose in-
creased the odds of daily illicit opioid use by 86%
(OR = 1.86, 95% CI = 1.64–2.11, p < 0.001), whereas
during periods of high-frequency cannabis use,
lower MMT dose increased the odds of daily illicit
opioid use by 24% (OR = 1.24, 95% CI = 0.99–1.56;

p = 0.057). The interaction between dose and cannabis
use remained significant (w2 = 6.72, p = 0.010) after
adjusting for sociodemographic, substance use, and
treatment-related factors (adjusted odds ratio [AOR]
for < 90 mg vs. ‡ 90 mg dose during periods of low/no
cannabis use = 1.86, 95% CI = 1.61–2.16, p < 0.001;
AOR for < 90 mg dose vs. ‡ 90 mg dose during periods
of high-frequency cannabis use = 1.30, 95% CI = 1.01–
1.67, p = 0.039). As shown in Figure 1, the interaction
can also be interpreted within each cannabis/dose com-
bination by comparing against a single reference
( < daily cannabis, higher dose). Against this common
reference group, the adjusted odds of daily illicit opioid
use associated with < 90 mg doses were still estimated to

Table 1. Baseline Characteristics of 1389 People Who Use Illicit Drugs Who Reported Current Methadone Maintenance
Treatment in at Least One Study Interview Between December 1, 2005, and November 30, 2018

Characteristic Overall (n = 1389), n (%)

‡ Daily cannabis use,a n (%)

p-valueYes, n = 281 (20.2%) No, n = 1108 (79.8%)

Sociodemographic factors
Sex

Male 819 (59.0) 189 (67.3) 630 (56.9) 0.002
Female 570 (41.0) 92 (32.7) 478 (43.1)

Age
Median (IQR) 41.4 (34.6–47.9) 40.1 (33.7–46.7) 41.7 (34.9–48.4) 0.010

Racial identity
White 848 (61.1) 178 (63.3) 670 (60.5) 0.415
Non-white 541 (38.9) 103 (36.7) 438 (39.5)

Employmenta

Yes 255 (18.4) 58 (20.6) 197 (17.8) 0.308
No 1134 (81.6) 223 (79.4) 911 (82.2)

Homelessnessa

Yes 435 (31.3) 80 (28.5) 355 (32.0) 0.280
No 954 (68.7) 201 (71.5) 753 (68.0)

Incarcerationa

Yes 199 (14.3) 42 (14.9) 157 (14.2) 0.813
No 1190 (85.7) 239 (85.1) 951 (85.8)

Substance use, health-related, and treatment-related factors
Daily alcohol usea

Yes 59 (4.2) 12 (4.3) 47 (4.2) 1.000
No 1330 (95.8) 269 (95.7) 1061 (95.8)

Daily stimulant usea

Yes 642 (46.2) 122 (43.4) 520 (46.9) 0.323
No 747 (53.8) 159 (56.6) 588 (53.1)

Daily opioid usea

Yes 439 (31.6) 83 (29.5) 356 (32.1) 0.445
No 950 (68.4) 198 (70.5) 752 (67.9)

HIV serostatus
HIV positive 529 (38.1) 107 (38.1) 422 (38.1) 1.000
HIV negative 860 (61.9) 174 (61.9) 686 (61.9)

Other addiction treatmenta

Yes 269 (19.4) 54 (19.2) 215 (19.4) 1.000
No 1120 (80.6) 227 (80.8) 893 (80.6)

Daily MMT doseb

Lower ( < 90 mg) 765 (55.1) 149 (53.0) 616 (55.6) 0.479
Higher ( ‡ 90 mg) 624 (44.9) 132 (47.0) 492 (44.4)

aRefers to exposures in the previous 6 months.
bDaily MMT dose was reported at the time of interview.
IQR, interquartile range; MMT, methadone maintenance treatment.
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be lower for daily cannabis users (AOR = 1.47, 95%
CI = 1.16–1.84) than for no/low-frequency cannabis
users (AOR = 1.86, 95% CI = 1.61–2.16, Fig. 1).

Discussion
There has been growing and widespread interest in
the possible therapeutic applications of cannabis and
cannabinoids, including for the management of
OUD.19 We sought to explore whether cannabis
use modifies the relationship between lower MMT
dose and continued illicit opioid use during treat-
ment. Our community-based study provides obser-
vational evidence to suggest that high-frequency
cannabis use may temper the magnitude of the asso-
ciation between lower MMT dose and high-
frequency illicit opioid use.

Previous clinical studies involving patients on MMT
have not produced consistent findings that character-
ize cannabis as a preventative measure against opioid
use during treatment. An early, small cross-sectional
study of MMT patients noted significant negative cor-
relations between number of days of cannabis use and
heroin use in the past month, with daily cannabis users

recording nearly a tenth of heroin use days compared
with nonusers.34 Since then, the majority of studies
reporting on cannabis use among MMT patients
have not found evidence of a significant relationship
(positive or negative) with nonmedical opioid
use.4,8,10,12,28,35–40 Two notable limitations across
many of these studies threaten the potential to detect
a true relationship (positive or negative) between can-
nabis and opioid use during treatment if one were to
exist: the measurement of cannabis use at treatment
initiation only,36–38,40 and the use of any (rather than
frequent) as the minimal threshold for cannabis
use.4,12,35,36 Furthermore, the majority of these studies
conceptualize cannabis as an independent variable
(often one of many), rather than an exposure with
the potential to modify the influence of another
major risk factor for illicit opioid use. The current
study addresses this gap by measuring cannabis use
at 6-month intervals throughout MMT, and by concep-
tualizing cannabis as an effect measure modifier of
MMT dose. Our analysis produced evidence in support
of the hypothesis that concurrent high-frequency can-
nabis use modifies the relationship between MMT dose

Table 2. Bivariable and Multivariable Relationships Between Independent Variables and Daily Opioid Use Among 1389
People Who Use Illicit Drugs on Methadone Maintenance Treatment Between December 1, 2005, and November 30, 2018

Variable

Daily illicit opioid usea

OR (95% CI) p-value AOR (95% CI) p-value

Treatment doseb (primary independent variable), pooled estimate
Daily MMT dose ( < 90 mg/day vs. ‡ 90 mg/day) 1.72 (1.53–1.93) < 0.001 — —

Cannabis usea (hypothesized effect measure modifier), pooled estimate
Daily cannabis use (yes vs. no) 1.03 (0.89–1.20) 0.660 — —

Treatment dose estimateb, stratified by cannabis usea,c

(Daily cannabis use = no): MMT dose ( < 90 mg/day vs. ‡ 90 mg/day) 1.86 (1.64–2.11) < 0.001 1.86 (1.61–2.16) < 0.001
(Daily cannabis use = yes): MMT dose ( < 90 mg/day vs. ‡ 90 mg/day) 1.24 (0.99–1.56) 0.057 1.30 (1.01–1.67) 0.039

Sociodemographic factors
Sex (Male vs. female) 0.90 (0.76–1.08) 0.258 1.19 (0.99–1.43) 0.066
Age (per year increase) 0.96 (0.96– 0.97) < 0.001 0.96 (0.95–0.96) < 0.001
Racial identity (white vs. non-white) 0.83 (0.70–0.99) 0.034 0.95 (0.80–1.14) 0.591
Employeda (yes vs. no) 0.89 (0.80–1.00) 0.044 0.90 (0.79–1.02) 0.106
Homelessa (yes vs. no) 1.96 (1.72–2.23) < 0.001 1.68 (1.47–1.94) < 0.001
Incarcerateda (yes vs. no) 1.57 (1.33–1.85) < 0.001 1.24 (1.04–1.49) 0.020

Substance use and health-related factors
Daily alcohol usea (yes vs. no) 1.11 (0.92–1.34) 0.285 1.04 (0.83–1.29) 0.754
Daily stimulant usea (yes vs. no) 2.14 (1.91–2.39) < 0.001 2.35 (2.07–2.68) < 0.001
HIV serostatus (positive vs. negative) 0.65 (0.55–0.78) < 0.001 0.75 (0.63–0.90) 0.002

Treatment-related factors
Calendar year ( ‡ 2014 vs. < 2014) 1.48 (1.34–1.64) < 0.001 2.40 (2.11–2.73) < 0.001
Percent time on MMT ( > 75% vs. £ 75%) 0.66 (0.57–0.76) < 0.001 0.71 (0.60–0.83) < 0.001
Other addiction treatmenta (yes vs. no) 0.97 (0.86–1.10) 0.636 0.88 (0.76–1.00) 0.054

aRefers to the 6-month period preceding interview.
bDaily MMT dose was reported at the time of the interview.
cMeasure of effect measure modification by cannabis use: unadjusted: w2 = 10.5, p = 0.001; adjusted: w2 = 6.72, p = 0.010.
AOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.
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and high-frequency illicit opioid use—specifically, the
strength of the negative association is elevated during
periods of no or infrequent concurrent cannabis use.

Although the processes underlying the current find-
ings are not immediately clear, one hypothesis is that can-
nabis is used to address certain negative effects associated
with subtherapeutic dosing such as opioid craving and
symptoms of withdrawal including anxiety, nau-
sea/vomiting, and insomnia. Recent research demon-
strates that this strategy is not uncommon among
PWUD. In a small survey of PWUD in the United States,
more than 60% reported using cannabis in an attempt to
treat opioid withdrawal, and these participants reported
significantly lower severity of withdrawal on cannabis
use days.41 Emerging research is exploring the potential
role of cannabinoids in the treatment of OUD, including
mitigation of craving and withdrawal. Two recent small

randomized controlled trials recorded modest reduc-
tions in opioid withdrawal among participants who
were randomized to receive a pharmaceutical prepara-
tion of THC (dronabinol) in conjunction with pharma-
cological management of OUD (oxycodone in one
study,42 extended-release naltrexone in the other).24

Notably, as a secondary finding of the naltrexone
study, participants who smoked cannabis throughout
the trial experienced significant reductions in protracted
withdrawal and exhibited longer study retention, regard-
less of randomized treatment status.24

At least two previous observational studies have
probed the role of withdrawal in the relationship be-
tween cannabis and opioid use during MMT. Scavone
et al. conducted a retrospective chart review of 91
OUD patients initiating MMT, comparing changes in
opioid withdrawal severity over time by cannabis use

FIG. 1. Adjusted odds of daily illicit opioid use within strata of daily MMT dose and cannabis use (relative
to higher dose/ < daily cannabis use) among 1389 PWUD on MMT in Vancouver, Canada, between
December 1, 2005, and November 30, 2018. Estimates adjusted for sex, age, racial identity, employment,
homelessness, incarceration, daily alcohol use, daily stimulant use, HIV serostatus, calendar year of
treatment, percent time on treatment, MMT enrolment at study recruitment, and enrolment in other
addiction treatment. AOR is shown on the log scale. AOR, adjusted odds ratio; PWUD, people who use
illicit drugs; MMT, methadone maintenance treatment.
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frequency, and found decreasing withdrawal severity
with increasing frequency of cannabis use.28 However,
this finding did not translate to lower frequency of
illicit opioid use among patients during either induc-
tion or stabilization phases.28 In contrast to the study
by Scavone et al., Epstein and Preston reported that
past-week cannabis use was not significantly associated
with next-week reductions in withdrawal severity in
patients undergoing a methadone taper. Furthermore,
in contrast to our study finding, Epstein and Preston
did not observe a cannabis-dependent relationship be-
tween methadone dose and withdrawal severity.35

Our study was derived from a community-based co-
hort in which levels of past 6-month opioid withdrawal
and craving could not be measured. The relationship
between methadone dose, cannabis use, opioid craving
and withdrawal, and opioid use is complex and needs
to be evaluated with rigorous clinic-based observa-
tional research. This relationship would be most ac-
curately tested through an experimental trial of
cannabinoid administration in conjunction with med-
ications for OUD. Considering missing data on with-
drawal and craving and the observational nature of
our study, the possibility remains that PWUD who en-
gage in high-frequency cannabis use during MMT in
the current setting differ by a latent factor from those
who engage in less frequent or no cannabis use, creat-
ing a spurious interaction with dose in its relationship
with opioid use. However, we attempted to measure
and account for these potential differences through
considering the influence of several other sociodemo-
graphic factors, substance use patterns, and treat-
ment conditions; notably, we observed few significant
differences according to frequency of cannabis use at
baseline.

Despite that cannabis may be used by patients to
support MMT outcomes, detection of THC and other
drugs through routine patient urine drug screening
can still result in treatment consequences including
denial of take-home doses43,44 and even treatment dis-
continuation in certain low-tolerance programs.45 Our
finding suggests that this practice is unlikely to bene-
fit patients and may even exacerbate harm. High-
frequency cannabis use among MMT patients may
not necessarily indicate therapeutic intent; but, rather
than taking evidence of cannabis use as grounds to pe-
nalize patients, this information should be used to en-
sure treatment is properly tailored to the patient. For
example, in probing underlying motivations for high-
frequency cannabis use, perceived relationship to

MMT outcomes, and effects on mood, cognition, men-
tal health, quality of life, and ability to function,
clinicians could better guide patients toward their treat-
ment goals—whether that involves the continued use of
adjunctive cannabis or an alternative strategy. Indeed,
cannabis is not benign and carries its own set of risks
(e.g., cannabis use disorder). Importantly, as depicted
in Figure 1, higher MMT doses play a critical role in
preventing high-frequency illicit opioid use during
treatment, regardless of high-frequency cannabis use.
Thus, while our finding provides an intriguing signal
that cannabis could contribute to mitigating certain
negative outcomes associated with lower MMT doses,
in learning of patient cannabis use, an obvious first
step for clinicians would be to explore if the patient’s
dose meets a therapeutic threshold and whether it
would be safe to increase the dose. In other words,
our main finding should not detract from the primary
goal of addressing opioid craving and withdrawal
through adequate methadone dosing.

A major strength of this study was the ability to le-
verage up to 13 years of multiple MMT episodes per
participant from over 1300 PWUD in a community
setting with widespread low-barrier access to MMT.
However, the observational nature of this study pres-
ents certain limitations that should be considered
when interpreting these findings. First, it is not possible
to randomly select PWUD from the community and,
despite a diverse strategy for community recruitment,
it cannot be guaranteed that the cohorts are generaliz-
able to the entire population of PWUD. Second, the
6-month data collection structure prevented the ability
to record certain details regarding timing and changes
to variables of interest. Daily methadone dose was cap-
tured at the time of interview only, whereas cannabis
and illicit opioid use were recorded as the average fre-
quency of use in the previous 6 months. This limited
our ability to account for patient treatment trajectories
in relation to substance use patterns. While we attemp-
ted to control for MMT experience through quantify-
ing the proportion of all study interviews to date
in which the participant was enrolled in MMT, we
could not account for whether the reported dose was
the patient’s stable long-term dose or a recently titrated
one. Aside from HIV serostatus, all information is
obtained via self-report; however, self-report of MMT
dose, substance use, and associated risk behaviors
among PWUD are generally valid and reliable.46,47

Finally, as mentioned above, the study questionnaire
did not capture levels of opioid withdrawal and craving
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in the previous 6 months. This information is critical to
understanding whether the current finding could be
indicative of cannabis as an effective withdrawal self-
management strategy for OUD. Furthermore, the ques-
tionnaire did not elicit information about certain
dimensions of cannabis use that could better illuminate
the findings, including cannabis composition (e.g.,
THC vs. CBD) and potency, modes of administration
(e.g., smoking, oral ingestion), typical quantity used,
and number of uses per day for the daily users.

The limitations of this study raise important issues
to be addressed in the future research looking to inves-
tigate a therapeutic role of cannabinoids in the treat-
ment of OUD. First, as new scientific discoveries
emerge involving the endogenous cannabinoid system
and its interaction with various cannabinoids and
other bioactive components of cannabis preparations
(e.g., terpenoids), it will be important to determine
which (if any) cannabis-based products, doses, and
modes of administration are optimal to administer as
adjunct treatments to OUD pharmacotherapy. Given
that THC is intoxicating and implicated in neurological
reward pathways, there are concerns about the devel-
opment of dependence and other harms with THC,48

despite the promising findings of previous experi-
mental research involving pharmaceutically isolated
THC.24,42 Cannabis with higher CBD content (e.g.,
equal amounts of THC and CBD) or isolated CBD
are worth consideration in light of a recent study dem-
onstrating that CBD reduced heroin cue-induced crav-
ings and anxiety compared with placebo in abstinent
patients with OUD.25 There are no experimental stud-
ies to date that have evaluated the long-term applica-
tion of cannabis (or a cannabinoid) as an adjunct
treatment in the long-term pharmacological manage-
ment of OUD; this will be a critical knowledge gap to
address given that MMT is often a long-term treatment
strategy. Finally, cannabis was legal for nonmedical use
during only the final 6 weeks of this 13-year study pe-
riod. It will be important to re-examine these relation-
ships in the new era of legalized nonmedical cannabis,
given that, in some settings, MMT patients are regu-
larly tested for and expected to refrain from other sub-
stance use (including cannabis). While patients are
unlikely to be penalized because of cannabis use in
our setting, they may feel more comfortable and sup-
ported in discussing cannabis as a complementary
treatment for OUD with their health care provider
under a legal framework, and it is possible that the find-
ings of this study would differ under those conditions.

Conclusions
In this community-based observational study of mar-
ginalized PWUD on MMT, cannabis use modified
the effect measure between lower methadone doses
and illicit opioid use such that the association was tem-
pered during periods of high-frequency cannabis use.
Cannabis use did not render the association nonsignif-
icant or reverse its direction, reaffirming the impor-
tance of prescribing treatment doses that meet the
therapeutic threshold regardless of concurrent canna-
bis use. Our finding is suggestive of a possible therapeu-
tic role of cannabis for some patients in the treatment
of OUD, but further research is needed to determine
causality and elucidate potential underlying path-
ways including suppression of opioid craving and with-
drawal. Our study provides preliminary evidence to
guide future clinic-based and experimental investiga-
tion into the possible adjunctive administration of
cannabis for medication-based management of OUD.
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