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Abstract

Objectives: Lower daily methadone dose is negatively associated with retention in methadone 

maintenance treatment (MMT). Cannabis use during MMT is common, with many patients 

reporting its use for opioid withdrawal mitigation. We sought to test whether the association 
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between lower MMT dose and treatment retention differs by concurrent high-frequency cannabis 

use in a community sample of people on MMT.

Methods: We obtained data from participants initiating MMT in two community-recruited 

prospective cohorts of people who use drugs in Vancouver, Canada. We built multivariable Cox 

frailty models to estimate the relationships between MMT dose (<90 mg/day vs. ≥90 mg/day) and 

time to treatment discontinuation. We included an interaction term to test whether high-frequency 

(≥daily) cannabis use modified the measured effect of lower treatment dose on treatment retention.

Results: Between December 2005 and December 2018, 829 (54.1%) participants initiated at 

least one MMT episode and were included in the analysis. Lower MMT dose was strongly 

positively associated with treatment discontinuation regardless of concurrent high-frequency 

cannabis use (interaction p>0.05). Structural factors including homelessness and incarceration 

were significantly and positively associated with treatment discontinuation.

Conclusions: Although we previously found the magnitude and strength of the relationship 

between lower MMT dose and high-frequency unregulated opioid use to be tempered during 

high-frequency cannabis use periods, this effect measure modification does not appear to translate 

to time retained in treatment. Cannabis-based interventions to promote retention in MMT are 

unlikely to produce long-term benefit without addressing external factors that place MMT patients 

at increased risk of treatment discontinuation.

Keywords

Cannabis; cannabinoids; opioid use disorder; methadone; drug treatment

Introduction

Drug overdose continues to be a leading cause of premature death across Canada and the 

U.S.1 For people living with opioid use disorder (OUD), pharmacological management with 

an opioid agonist, such as methadone or buprenorphine/naloxone, is the most effective 

medication-based intervention against opioid overdose.2,3 Retention in evidence-based 

treatment is critical to preventing unregulated opioid use4 and subsequent overdose.5 Studies 

from diverse settings demonstrate that higher methadone doses are strongly positively 

correlated with retention in treatment6–9 and negatively correlated with continued use of 

unregulated opioids.10–12 Yet, it remains common for patients to be prescribed treatment 

doses that do not yield maximum treatment benefit.13

It is estimated that about half of patients on medication-based treatment of OUD use 

cannabis at least once during their treatment.14 In a recent survey of people who use 

cannabis and opioids, over 60% reported using cannabis to mitigate opioid withdrawal with 

perceived benefit—particularly in addressing anxiety, tremors, and sleep problems arising 

from withdrawal.15 Though mitigation of OUD symptoms with cannabis was recorded 

as early as the 1940s,16 there has been a renewed scientific interest in cannabinoids as 

potential treatment agents for OUD 17,18} and two recent small human experimental studies 

demonstrate improvements in severity of opioid withdrawal with the administration of 

THC19 and suppression of opioid cravings with the administration of CBD.20
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Studies to date have produced inconsistent evidence of the impact of cannabis use during 

medication-based treatment for OUD, including MMT. For example, in a recent systematic 

review of studies documenting the relationship between cannabis use and treatment 

outcomes for patients in medication-based treatment of OUD, while most studies did 

not document a significant relationship between cannabis use and treatment outcomes, a 

small number found worse outcomes and a similarly small number found more favourable 

outcomes among patients who used cannabis.14 Furthermore, studies have been limited by 

several common features including cross-sectional design, lack of control for confounding, 

or low precision in cannabis use measurement (e.g., captured only at treatment baseline or 

quantified at a level too low to plausibly detect a biological effect).14 While laws governing 

medical or non-medical cannabis use have been reformed in Canada and over 30 U.S. states, 

evidence of cannabis use (e.g., through detection of tetrahydrocannabinol [THC] in urine) 

can still result in treatment restrictions such as denial of take-home doses in some treatment 

settings.21,22 In contrast, despite a need for more evidence of treatment benefit, a growing 

number of U.S. state medical cannabis programs are authorizing medical cannabis in the 

treatment of OUD.23,24

We recently tested the hypothesis that the well-established relationship between lower 

MMT doses and high-frequency unregulated opioid use during treatment differs based on 

concurrent cannabis use status and found evidence that the magnitude and strength of this 

relationship is tempered during periods of high-frequency cannabis use.25 However, whether 

a similar effect measure modification pattern exists for treatment retention—one of the 

most important clinical indicators of success in medication-based treatment of OUD—is 

not known. Building off our previous study, we sought to explore the cannabis-dependent 

relationship between methadone dose and treatment discontinuation in a large community-

recruited sample of people who use unregulated drugs in Vancouver, Canada.

Methods

Study population and procedures

Data for this study were obtained from two open prospective cohorts of people who use 

unregulated drugs (PWUD) in Vancouver, Canada. The Vancouver Injection Drug Users 

Study (VIDUS) includes HIV at-risk people who inject drugs. The AIDS Care Cohort to 

evaluate Exposure to Survival Services (ACCESS) includes PWUD living with HIV. The 

studies began open recruitment in 1996 (VIDUS) and 2005 (ACCESS) through extensive 

street outreach in areas across Vancouver’s downtown core, with concentrated efforts in 

the Downtown Eastside (DTES), a low-income neighbourhood with an open unregulated 

drug market and widespread marginalization and criminalization of PWUD. Many health 

and social services for marginalized PWUD are concentrated within this neighbourhood, 

including low-barrier clinics and pharmacies providing medication-based treatment for 

OUD, primarily methadone.

Eligibility criteria for VIDUS include: (1) being HIV-negative and (2) having injected 

drugs at least once use in the 30 days before study enrolment. Eligibility criteria for 

ACCESS include: (1) being HIV-positive and (2) using an unregulated drug by injection 

or non-injection (other than cannabis, which was a controlled substance in Canada until 
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October 2018) in the 30 days before study enrolment. 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 Vancouver Regional District; and (5) provide written informed 

consent. Except for HIV-specific study assessments (ACCESS only), 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 in each cohort complete a structured interviewer-

administered questionnaire eliciting information on socio-demographic factors, current 

substance use patterns, health and social service utilization, and social- and structural-level 

exposures (e.g., incarceration), physical and mental health, disability, other health-related 

concerns. Blood is collected for HIV antibody testing (VIDUS) or HIV clinical monitoring 

(ACCESS) and hepatitis C serology (both cohorts). Participants are scheduled for a follow-

up interview every six months to allow for time-updated analyses of the information 

obtained at baseline. Participants receive a $40 (CAD) honorarium for participation at 

each study visit. Ethical approval for both studies was granted by the University of British 

Columbia/Providence Health Care Research Ethics Board.

Study sample

From December 1, 2005, to November 30, 2018, we asked participants about their current 

and past six-month enrolment in MMT for OUD at baseline and each six-month follow-up 

interview. To analyze the outcome of treatment retention, the sample was restricted to 

participants who initiated (or re-initiated) MMT during the study period (December 1, 

2005, to November 30, 2018), defined as reporting past six-month MMT after at least one 

interview of reporting no past six-month MMT. Participants who reported being on MMT at 

study recruitment (baseline) were not eligible for analysis until they re-initiated a subsequent 

treatment episode during the study period (Figure 1).

Measures

Outcome measure—The outcome of interest was time-to-discontinuation of treatment. 

Time zero was defined as the date of initiating or re-initiating MMT and was estimated 

at the beginning of the first six-month period in which the participant endorsed past 

six-month MMT enrolment. We estimated the time of treatment discontinuation from 

time-updated self-reported information about past six-month and current MMT enrolment 

at each interview. Participants who endorsed current and past six-month enrolment were 

considered retained on treatment for that six-month period; participants who did not endorse 

current or past six-month MMT enrolment were estimated to have discontinued treatment 

at the mid-point between their previous interview date and the beginning of that six-month 

period; and participants who did not endorse current MMT enrolment but endorsed past six-

month enrolment were estimated to have discontinued treatment at the mid-point between 

the beginning of that six-month interview period and the current interview date. After a 

participant discontinued treatment, all their subsequent follow-up data was censored until 

(if) they re-initiated another treatment episode during the study period. Participants who 

were still enrolled in MMT at the end of the study period were right-censored. Participants 

were considered lost to regular follow-up if the time between two consecutive interviews 
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exceeded 24 months. In this case, they were censored at the time of their last interview 

before being lost to regular follow-up and were considered re-eligible for analysis once they 

returned for a follow-up interview. If MMT enrolment was reported during this interview, it 

was considered a new treatment episode.

Primary independent variables—The main exposures of interest were daily methadone 

dose (primary independent variable) and cannabis use (hypothesized effect measure 

modifier). All participants who reported past six-month MMT enrolment were asked 

to report their current daily dose in mL. For participants who were estimated to have 

discontinued MMT at a date preceding their interview, the dose reported at the time of their 

previous interview during that treatment episode was used (participants who discontinued a 

new treatment episode before six months were handled separately—see statistical analysis). 

We dichotomized the daily dose at 90 mg such that patients reporting doses of <90 mg were 

characterized as being on a lower dose. This cut-point is supported by previous evidence 

showing more complete opioid blockade and improved treatment outcomes at doses of ≥100 

mg/d8,9,26,27 and ensures consistency with our previous analysis.25

The relationship between methadone dose and treatment retention was hypothesized to 

differ by frequency of past six-month cannabis use such that the association would be 

tempered or rendered non-significant during periods of high-frequency cannabis use. At 

each interview, participants who endorsed cannabis use in the past six months were asked to 

estimate their average frequency of use over this time (none, about once/month, about 2–3 

times/month, about once/week, 2–3 times/week, and about once/day). Consistent with our 

previous analysis,25 high-frequency cannabis use was defined as ≥daily vs. <daily.

Secondary variables—We included several secondary variables known or a priori 
hypothesized to confound the relationship between treatment dose and treatment retention. 

The following variables were considered for these analyses: (1) sociodemographic factors, 

including 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,28 yes vs. no), and incarceration 

(yes vs. no); (2) substance use and health-related factors, including HIV serostatus 

(positive vs. negative), ≥daily alcohol use (yes vs. no), and ≥daily stimulant (crystal 

methamphetamine or crack/powder cocaine) use (yes vs. no); and (3) treatment-related 

factors, including engagement in MMT at study recruitment (yes vs. no), treatment episode 

number (corresponding to each additional continuous period of treatment from initiation to 

discontinuation/censorship [categorized into episodes 1, 2, ≥3], and engagement in other 

substance use treatment (e.g., counselling, residential treatment), and calendar year of 

treatment (≥2014 vs. <2014). This cut-off corresponds with province-wide changes to the 

province’s methadone formulation from a 1mg/mL pharmacy-compounded formulation to 

a 10 mg/mL commercially-available formulation. We hypothesized an increased likelihood 

of treatment discontinuation after the formula change given immediate patients reports that 

the new formulation failed to suppress opioid withdrawal for 24 hours,29 and later studies 

confirming that the switch had widespread unintended impacts on opioid relapse.30,31 Aside 

from HIV status, which is confirmed through serology, all variables are derived from 
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self-reported data. All variables are time-varying (except sex and race) and refer to the 

previous six-month period at each study interview. Of note, opioid use was conceptualized 

as an intermediate factor in the relationship between MMT dose and retention and was not 

statistically treated as a confounder in these analyses.

Statistical analysis

Socio-demographic and health-related characteristics at the beginning of the first treatment 

episode (i.e., treatment baseline) were examined for all participants who initiated a treatment 

episode during the study. These observations were stratified by cannabis use status and 

group differences were tested using Pearson’s Chi-Square test (categorical variables) or 

Wilcoxon rank-sum test (numeric variables).

Because MMT dose was only reported by participants who were on MMT at the time of 

their interview, the effect of treatment dose could not be estimated for participants who 

discontinued MMT within the first six months of initiating a new treatment episode. As the 

first few months after treatment initiation represent a high-risk period in which stabilizing 

on treatment may be challenging due to withdrawal and craving, the dataset was split into 

observations to be analyzed separately for the potential relationship between cannabis use 

and ≤6 month discontinuation (analysis 1), and the cannabis-dependent relationship between 

dose and time-to-discontinuation after 6 months (analysis 2; Figure 1).

Given low variability in the measurable number of days until discontinuation or censorship 

within the first six months of treatment resulting from the study’s biannual interview 

protocol, short-term retention was modelled as a binary outcome (i.e., retained ≤six 

months; yes vs. no). To prevent underestimating ≤six-month discontinuation in cases where 

participants could not be scheduled for a subsequent interview at exactly six months, 

short-term retention was defined as ≤200 days to allow for an approximate three-week 

buffer period. Given the potential for multiple treatment episodes per person, we built 

generalized estimating equations (GEEs) with logit link to examine the relationship between 

high-frequency cannabis use and discontinuing treatment within six months of initiation, 

adjusting for the hypothesized confounders above.

To model the relationship between MMT dose (and its potential modification by high-

frequency cannabis use) and time-to-treatment discontinuation after six months, we built 

bivariable and multivariable Cox gamma-frailty models. The frailty term represents an 

unobservable random variable corresponding to each person’s deviation from the baseline 

hazard function and accounts for the potential within-person correlation of recurrent 

treatment episode lengths. This approach is useful when participants can have recurring 

discontinuation events and it has been applied to previous observational research of MMT 

retention.6,32 First, we examined the crude bivariable relationships to the outcome for 

lower MMT dose and cannabis use separately. Then, we added an interaction term for 

dose and cannabis to explore effect measure modification. Following this, all hypothesized 

confounders outlined above were added to the model to estimate the adjusted association 

between methadone dose and time-to-treatment discontinuation within each stratum of 

cannabis use. In both steps, the significance of the interaction term was checked to explore 

possible effect measure modification.
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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 into the studies and completed at least one study interview. Overall, 1532 (65.2%) 

participants endorsed past six-month MMT at least once, of whom 829 (55.1%) initiated 

at least one treatment episode during the study period and had complete data for all 

measures of interest (Figure 1). These individuals contributed 6,071 observations to the 

study, representing 1,390 distinct MMT episodes across 3,356 person-years. Participants 

spent a median of 37.9 cumulative months (Interquartile Range [IQR]: 11.8 – 48.6) in 

treatment. Most of them (n = 477; 57.5%) experienced only one treatment episode. Of the 

remaining 352 participants, most (n = 212, 60.2%) re-enrolled in MMT just once more 

during the study. Overall, 530 (63.9%) participants discontinued treatment a total of 872 

times over 3,356 person-years for a crude treatment discontinuation incidence rate of 26.0 

per 100 person-years (95% Confidence Interval [CI]: 24.3 – 27.7).

Of the 818 MMT participants who had complete data in the first interview after initiating 

MMT, 139 (17.0%) reported high-frequency cannabis use at the start of their first treatment 

episode. They were more likely to be male (69.8% vs. 56.3%, p=0.004) and employed 

(27.3% vs. 17.7%, p=0.012; Table 1). In total, 240 (29.3%) participants discontinued 

treatment at <six months in at least one treatment episode. As shown in Table 2, there was 

not a significant relationship observed between high-frequency cannabis use and retention in 

treatment at six months (Odds Ratio [OR] = 1.02, 95% CI: 0.71 – 1.47; Adjusted Odds Ratio 

[AOR] = 0.98, 95% CI: 0.66 – 1.45; both p>0.05).

A further 611 (73.7%) participants remained in MMT for >six months and were included in 

the longer-term retention analysis (Figure 1). Table 3 shows the results of the bivariable 

and multivariable Cox frailty models. Before considering a potential interaction with 

cannabis, at the bivariable-level, lower MMT dose was significantly associated with 

treatment discontinuation (Hazard Ratio [HR] = 2.05, 95% CI: 1.66 – 2.53, p<0.001), 

while high-frequency cannabis use was not significantly associated with discontinuation 

(HR = 0.91, 95% CI: 0.71 – 1.18, p=0.496). The estimate for lower MMT dose was 

similar between cannabis frequency strata (HR = 2.10, 95% CI: 1.66 – 2.65, p<0.001 

during no/low-frequency cannabis use; HR = 1.85, 95% CI: 1.13 – 3.03, p=0.014 during 

high-frequency cannabis use), consistent with a lack of effect measure modification, as 

confirmed through the interaction term (p=0.650). This finding held after accounting for 

hypothesized confounders (interaction p=0.692). The adjusted relative hazard of treatment 

discontinuation for each combination of cannabis and dose (reference: <daily cannabis, high 

dose) is depicted in Figure 2.

In the adjusted Cox frailty model, additional significant associations with treatment 

discontinuation were observed for non-white racial identity, homelessness, incarceration, 

later (≥2014) year of treatment, and second treatment attempt during the study (all p<0.05; 

Table 3).
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Discussion

Building off our previous observational research showing a possible role of high-frequency 

cannabis use in reducing the estimated association between lower methadone treatment 

dose and high-frequency unregulated opioid use, we sought to investigate whether a similar 

pattern could be observed for methadone treatment retention.

First, we found that the odds of retention within six month of treatment initiation were not 

significantly different during periods of high-frequency cannabis use. This finding for short-

term retention mimics those reported previously in other settings.33–35 Of note, however, 

this finding contrasts one previously observed among the current study population, whereby 

high-frequency (but not occasional) cannabis use was associated with increased odds of 

retention in opioid agonist treatment (MMT or buprenorphine-naloxone) six months later.36 

As the authors confirmed a similar finding after restricting their sample to MMT patients 

only,37 the difference in findings may have resulted from the current study’s examination of 

six-month discontinuation only at the first study observation after treatment initiation.

Following this short-term retention analysis, using Cox frailty models testing for interaction 

between dose and cannabis frequency on treatment discontinuation, we found that the lower 

dose-associated risk of treatment discontinuation was elevated to a similar level regardless 

of concurrent cannabis use. This is despite evidence from our previous study that the 

relationship between lower methadone dose and high-frequency use of illicit opioids was 

relatively lower during periods of high-frequency cannabis use,25 as well as evidence from 

the current study that high-frequency unregulated opioid use is a strong risk factor for 

treatment discontinuation (see Tables 2 and 3).

The secondary findings of our study offer insight into possible reasons why our earlier 

finding for unregulated opioid use did not translate to increased retention. Consistent 

with an established body of research,9,38 we observed several indicators of social and 

structural marginalization to be strongly associated with treatment discontinuation, including 

non-white racial identity, homelessness, and incarceration It is possible that, even if our 

previous finding of an interaction between cannabis and dose on unregulated opioid use 

reflected an underlying therapeutic effect of cannabis on managing immediate treatment 

needs associated with sub-therapeutic dosing, any individual-level symptom mitigation may 

be negligible against the structural barriers within the broader social, physical, political, 

and economic environments that help shape treatment access, adherence, and retention 

for this population.39 Given the observational nature of these studies, it is again worth 

acknowledging the possibility that our previous finding was better explained by some latent 

factor related to treatment dose and opioid use that differed by cannabis use status (e.g., 

different pre-treatment opioid use intensity). Considering the current finding, however, this 

latent factor would need to be unrelated to treatment retention.

While our data clearly shows that long-term retention is more likely at higher treatment 

doses, for many patients, adjustments to treatment dose should be reviewed as part of an 

individualized and integrated treatment approach—one that examines and addresses other 

aspects of the patient’s day-to-day life that are currently obstructing their ability to retain 
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in treatment, such as access to adequate housing or involvement in the criminal justice 

system. Insofar as cannabis use in this setting goes, our findings lead us to conclude that 

cannabis use should not be taken as a signal of treatment “non-noncompliance” or a marker 

of eventual treatment discontinuation.

The ability to exploit up to 13 years’ worth of multiple MMT episodes per participant 

from over 800 PWUD in a community setting with widespread low-barrier access to 

MMT is a major strength of this research. However, the observational nature of this study 

presents some limitations that should be considered when interpreting these findings. First, 

despite a diverse strategy for community recruitment, the cohorts cannot be generalized 

to all PWUD in Vancouver or elsewhere. Second, the six-month data collection structure 

prevented the ability to record important details regarding possible changes to methadone 

dose and exact timing of enrolment/discontinuation within each six-month period. Past six-

month independent variable measures may relate to behaviours or exposures that occurred 

or persisted after the estimated treatment discontinuation when participants endorsed past 

six-month but not current MMT enrolment (5.7% of study observations). Aside from 

HIV serostatus, all information is obtained via self-report; although self-report of MMT 

dose, substance use, and associated risk behaviours among PWUD are generally valid and 

reliable.40,41 Finally, the study questionnaire did not elicit information about certain details 

of cannabis use, including cannabinoid composition, potency, modes of administration, 

quantity used per occasion, that could better illuminate the findings.

Conclusions

In the first study to investigate the role of cannabis as a hypothesized effect measure 

modifier between lower methadone dose and treatment discontinuation, findings suggest that 

high-frequency cannabis use is not significantly associated with reduced risk of treatment 

discontinuation at lower methadone doses. While our study suggests that cannabis-based 

interventions on their own may not provide long-term benefit to patients at a high risk 

of MMT discontinuation, we did not uncover any evidence to indicate that cannabis 

use poses an additional harm to patients on MMT. For clinicians and opioid treatment 

service providers, these findings, which reflect time-updated and high-intensity cannabis use 

patterns in patients with severe OUD, highlight the importance of repealing policies that 

penalize patients for using cannabis during treatment.
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Figure 1. 
Flowchart illustrating the composition of the analytic samples
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Figure 2. 
Adjusted hazard of treatment discontinuation within strata of treatment dose and cannabis 

use (relative to higher dose / < daily cannabis use) among 611 MMT initiates in Vancouver, 

Canada, December 2005 - December 2018

Note: Estimates are adjusted for sex, age, racial identity, employment, homelessness, 

incarceration, daily alcohol use, daily stimulant use, HIV serostatus, calendar year of 

treatment, treatment episode, and enrolment in other addiction treatment; Adjusted hazard 

ratios are shown on the log scale.
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Table 1.

Baseline characteristics of 818 PWUD who initiated an MMT episode between December 1, 2005, and 

November 30, 2018

Characteristic Overall n = 818
Daily cannabis use

1
p-value

Yes n = 139; 17.0% No n = 679; 83.0%

Sociodemographic factors

Sex

 Male 479 (58.6) 97 (69.8) 382 (56.3) 0.004

 Female 339 (41.4) 42 (30.2) 297 (43.7)

Age

 Median (IQR) 42.4 (35.0 – 49.2) 43.4 (35.7 – 48.4) 42.2 (34.9 – 49.5) 1.000

Racial identity

 White 464 (56.8) 82 (59.0) 383 (56.4) 0.641

 Non-white 353 (43.2) 57 (41.0) 296 (43.6)

Employment 1 

 Yes 158 (19.3) 38 (27.3) 120 (17.7) 0.012

 No 660 (80.7) 101 (72.7) 559 (82.3)

Homelessness 1 

 Yes 274 (33.5) 41 (29.5) 233 (34.3) 0.318

 No 544 (66.5) 98 (70.5) 446 (65.7)

Incarceration 1 

 Yes 90 (11.0) 16 (11.5) 90 (13.3) 0.675

 No 712 (89.0) 123 (88.5) 589 (86.7)

Substance use, health, treatment factors

Daily alcohol use 1 

 Yes 36 (4.4) 8 (5.8) 28 (4.1) 0.530

 No 782 (95.6) 131 (94.2) 651 (95.9)

Daily stimulant use 1 

 Yes 346 (42.3) 60 (43.2) 286 (42.1) 0.894

 No 472 (57.7) 79 (56.8) 393 (57.9)

Daily opioid use 1 

 Yes 329 (40.1) 52 (38.5) 277 (41.6) 0.571

 No 472 (59.9) 83 (61.5) 389 (58.4)

HIV status

 HIV-positive 273 (33.4) 50 (36.0) 223 (32.8) 0.539

 HIV-negative 545 (66.6) 89 (64.0) 456 (67.2)

Other addiction treatment 1 

 Yes 172 (21.0) 33 (23.7) 139 (20.5) 0.455
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Characteristic Overall n = 818
Daily cannabis use

1
p-value

Yes n = 139; 17.0% No n = 679; 83.0%

 No 646 (79.0) 106 (76.3) 540 (79.5)

MMT dose
2,3

 Lower (< 90 mg/d) 436 (64.1) 75 (64.1) 361 (64.1) 1.000

 Higher (≥ 90 mg/d) 244 (35.9) 42 (35.9) 202 (35.9)

Note:

1
Refers to exposures in the previous six months

2
Daily MMT dose was reported at the time of interview

3
Cells for MMT dose do not add up to 818 as participants who discontinued treatment before their interview were ineligible for this question

IQR = Interquartile range
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Table 2.

Bivariable and multivariable associations between all independent variables and ≤six-month retention among 

818 PWUD initiating an MMT episode between December 1, 2005 and November 30, 2018

Variable
MMT discontinuation at six months

Odds Ratio (95% CI) p-value Adjusted Odds Ratio (95% CI) p-value

Primary independent variable

Daily cannabis use 1 

 (Yes vs. no) 1.02 (0.71 – 1.47) 0.908 0.98 (0.66 – 1.45) 0.920

Socio-demographic factors

Sex

 (Male vs. female) 1.15 (0.87 – 1.52) 0.318 1.28 (0.94 – 1.75) 0.120

Age

 (Per year increase) 0.98 (0.97 – 1.00) 0.035 0.98 (0.97 – 1.00) 0.056

Racial identity

 (White vs. non-white) 0.78 (0.60 – 1.03) 0.082 0.82 (0.61 – 1.10) 0.180

Employed 1 

 (Yes vs. no) 1.23 (0.90 – 1.68) 0.189 1.17 (0.83 – 1.64) 0.359

Homeless 1 

 (Yes vs. no) 1.32 (0.99 – 1.76) 0.056 1.17 (0.86 – 1.58) 0.313

Incarcerated 1 

 (Yes vs. no) 1.47 (1.01 – 2.12) 0.042 1.23 (0.84 – 1.82) 0.290

Substance use and health factors

Daily alcohol use 1 

 (Yes vs. no) 1.55 (0.93 – 2.59) 0.091 1.42 (0.84 – 2.41) 0.187

Daily stimulant use 1 

 (Yes vs. no) 0.95 (0.72 – 1.25) 0.697 1.00 (0.74 – 1.35) 0.994

Daily opioid use
1,2

 (Yes vs. no) 2.61 (2.00 – 3.42) <0.001 -- --

HIV serostatus

 (Positive vs. negative) 0.71 (0.53 – 0.97) 0.029 0.74 (0.53 – 1.01) 0.060

Treatment-related factors

Calendar year

 (≥2014 vs. <2014) 2.11 (1.61 – 2.75) <0.001 2.59 (1.92 – 3.49) <0.001

Other addiction treatment 1 

 (Yes vs. no) 1.27 (0.92 – 1.74) 0.212 1.23 (0.89 – 1.69) 0.243

Treatment episode number
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Variable
MMT discontinuation at six months

Odds Ratio (95% CI) p-value Adjusted Odds Ratio (95% CI) p-value

 (2 vs. 1) 0.98 (0.72 – 1.32) 0.871 0.98 (0.72 – 1.32) 0.184

 (≥3 vs. 1) 1.00 (0.68 – 1.48) 0.982 0.62 (0.39 – 0.97) 0.035

MMT at study recruitment

 (Yes vs. no) 0.59 (0.43 – 0.81) 0.001 0.57 (0.41 – 0.80) 0.001

Note:

1
Refers to the six-month period preceding interview

2
Opioid use is conceptualized as an intermediate factor in the relationship between low MMT dose and treatment discontinuation

95% CI = 95% Confidence interval
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Table 3.

Bivariable and multivariable associations between all independent variables and time-to-discontinuation after 

six months among 611 PWUD on MMT between December 1, 2005 and November 30, 2018

Variable
Time-to-MMT discontinuation

Hazard Ratio (95% CI) p-value Adjusted Hazard Ratio (95% CI) p-value

Treatment dose1(primary independent variable), pooled estimate

MMT dose
-- --

 (<90 mg/d vs. ≥90 mg/d) 2.05 (1.66 – 2.53) <0.001

Cannabis use2(hypothesized effect measure modifier), pooled estimate

Daily cannabis use
-- --

 (Yes vs. no) 0.91 (0.71 – 1.18) 0.496

Treatment dose estimate 2 , stratified by cannabis use2,3

(Daily cannabis use = no): MMT dose

 (<90 mg/d vs. ≥90 mg/d) 2.10 (1.66 – 2.65) <0.001 1.90 (1.52 – 2.37) <0.001

(Daily cannabis use = yes): MMT dose

 (<90 mg/d vs. ≥90 mg/d) 1.85 (1.13 – 3.03) 0.014 1.87 (1.16 – 3.01) 0.010

Socio-demographic factors

Sex

 (Male vs. female) 1.14 (0.92 – 1.41) 0.220 1.22 (1.00 – 1.49) 0.055

Age

 (Per year increase) 0.98 (0.97 – 1.00) 0.007 0.99 (0.98 – 1.00) 0.079

Racial identity

 (White vs. non-white) 0.74 (0.60 – 0.91) 0.004 0.77 (0.64 – 0.94) 0.010

Employed 2 

 (Yes vs. no) 1.05 (0.82 – 1.33) 0.702 1.02 (0.80 – 1.29) 0.897

Homeless 2 

 (Yes vs. no) 1.83 (1.44 – 2.32) <0.001 1.44 (1.13 – 1.83) 0.003

Incarcerated 2 

 (Yes vs. no) 2.07 (1.49 – 2.89) <0.001 1.54 (1.11 – 2.14) 0.011

Substance use and health factors

Daily alcohol use 2 

 (Yes vs. no) 1.21 (0.85 –1.73) 0.283 1.11 (0.80 – 1.55) 0.535

Daily stimulant use 2 

 (Yes vs. no) 1.23 (1.00 –1.52) 0.050 1.20 (0.98 – 1.47) 0.083

J Addict Med. Author manuscript; available in PMC 2024 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lake et al. Page 20

Variable
Time-to-MMT discontinuation

Hazard Ratio (95% CI) p-value Adjusted Hazard Ratio (95% CI) p-value

Daily opioid use
2,4

 (Yes vs. no) 2.48 (2.03 – 3.03) <0.001 -- --

HIV status

 (Positive vs. negative) 0.87 (0.70 – 1.09) 0.218 0.94 (0.77 – 1.15) 0.560

Treatment-related factors

Calendar year

 (≥2014 vs. <2014) 1.25 (1.02 – 1.52) 0.029 1.27 (1.03 – 1.57) 0.027

Other addiction treatment 2 

 (Yes vs. no) 1.39 (1.09 – 1.76) 0.007 1.26 (1.00 – 1.59) 0.052

Treatment episode number

 (2 vs. 1) 1.34 (1.08 – 1.65) 0.008 1.28 (1.03 – 1.60) 0.030

 (≥3 vs. 1) 1.50 (1.13 – 1.98) 0.005 1.30 (0.96 – 1.76) 0.090

MMT at study recruitment

 (Yes vs. no) 0.77 (0.61 – 0.96) 0.018 0.84 (0.68 – 1.03) 0.085

Note:

1
Daily MMT dose was reported at the time of the interview

2
Refers to the six-month period preceding interview

3
Interaction term p-value (unadjusted model) = 0.650; Interaction term p-value (adjusted model) = 0.962

4
Opioid use is conceptualized as an intermediate factor in the relationship between low MMT dose and treatment discontinuation

95% CI = 95% Confidence interval
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