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Abstract

Background—Although previous studies have shown that opioid agonist therapy (OAT) is
linked to reductions in illicit opioid use, less is known about how OAT impacts the use of other
psychoactive substances. We aimed to examine the changes in use of different substances by
comparing patterns before and after initiating OAT.

Methods—Data for this study was derived from three ongoing prospective cohorts involving
people who use drugs in Vancouver, Canada from 1996 to 2018. We assessed use patterns for
heroin, illicit prescription opioid, cocaine, crack cocaine, crystal methamphetamine, cannabis,
daily alcohol use, and benzodiazepines. Segmented regression was conducted to compare the
trends of substance use between pre-treatment and post-treatment periods.
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Results—The study included 1107 participants. After OAT engagement, we observed an
immediate decline in the proportion as well as a decreasing trend for heroin (Adjusted Odds Ratio
(AOR): 0.80, 95% confidence interval (Cl): 0.77, 0.83), illicit prescription opioid (AOR: 0.87,
95% ClI: 0.83, 0.90), and benzodiazepines (AOR: 0.73, 95% ClI: 0.67, 0.80). There was no
significant difference comparing the pre-treatment and post-treatment trends for cocaine, crack
cocaine, crystal methamphetamine, and cannabis. However, higher growth slope was noted during
the post-treatment period for daily alcohol use (= 0.016).

Conclusions—We observed significant reduction in illicit opioids use following OAT initiation,
but not for stimulant and cannabis. The increasing problematic use of alcohol may pose challenges
to the safety and effectiveness of OAT. Development of comprehensive and tailored treatment
strategies is needed for poly-substance users accessing OAT.
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In the context of the current opioid crisis in the United States and Canada, opioid agonist
therapies (OAT), either methadone or buprenorphine/naloxone, have proven effective in
reducing opioid use (Schuckit, 2016). Furthermore, OAT has been found to help protect
against a range of opioid-related harms (Degenhardt et al., 2011; MacArthur et al., 2012;
Nolan et al., 2015; Platt et al., 2018), reduce criminal activity (Krebs et al., 2014; Russolillo
et al., 2018), and improve quality of life (Krebs et al., 2016).

It has been shown that ongoing use of illicit opioids and other substances is common in a
wide variety of OAT treatment settings (Kidorf and Stitzer, 1993; Saunders et al., 2012;
Heikman et al., 2017). Such information has great clinical implication since concomitant use
of other substances while on OAT has been found to be associated with negative treatment
retention and outcomes (Williamson et al., 2006; Sullivan et al., 2011; Wang et al., 2017), as
well as high rates of health risk behaviours such as binge drinking, unprotected sex, needles
and syringes sharing (Meredith et al., 2017; Lorvick et al., 2018; Tavitian-Exley et al.,
2018).

Despite the benefit of OAT on reducing opioid use, there have been mixed findings
regarding how OAT impacts the use of other substances. Several studies observed an overall
decline in other substances among people on opioid treatment programs. Findings from the
Treatment Outcome Prospective Study in the United States suggested that methadone
programs could indirectly reduce the use of other substances including cocaine,
amphetamines, and cannabis (Dunteman et al., 1992; Fairbank et al., 1993). Similarly, an
Australian study involving heroin users reported that a decline in heroin use was associated
with less frequent use of cocaine, amphetamine, cannabis, benzodiazepines, and other
opioids (Darke et al., 2006).

However, there is also a common concern that during opioid treatment, patients could
substitute opioid with other types of substances, resulting in an increased use of other drugs.
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From the National Treatment Outcome Research Study in the United Kingdom, researchers
found that frequencies for crack cocaine and alcohol use increased significantly from 1 year
post-treatment to 4-5 years post-treatment (Gossop et al., 2000; Gossop et al., 2003).
Herdener et al reported that among patients on OAT in Switzerland, there were significant
declines in the frequent use of heroin and cocaine, while frequent alcohol use increased
(Herdener et al., 2017). A few studies used a life course perspective and focused on
differential clinical response among subpopulations. Grella et a/ examined trajectories of
heroin, alcohol and other drug use over 30 years among participants receiving methadone
treatment in California, and found that among those who reduced heroin use rapidly, over
half increased their use of alcohol and other drugs (particularly amphetamines) concurrently
(Grella and Lovinger, 2011). Eastwood et a/ pointed out that if opioid treatment does not
suppress opioid use to any clinically meaningful extent, approximately 40% of the patients
will use alcohol or crack cocaine at a consistently high or increasing level (Eastwood et al.,
2019).

In the context of these mixed findings, it should be noted that previous studies have mostly
examined the substance use patterns after engaging in treatment programs. However,
pretreatment substance use patterns have received substantially less consideration. It may be
that the observed difference in the frequency of substance use after engaging in treatment
could be partially explained by a pre-existing trend. For example, suppose that an individual
has already attempted to reduce cocaine use before initiating opioid treatment, one could
incorrectly attribute the reduction in cocaine use to treatment engagement, which would
have been observed even in the absence of the treatment, and only due to the pre-treatment
trend. Further, to our knowledge there is no study examining to what extent OAT impacts on
other substance use in a Canadian setting using community recruited cohorts of people who
use illicit drugs. Therefore, the present study extends previous research by comparing long-
term substance use patterns before and after engaging in OAT. The study utilizes data from
longitudinal cohort studies involving people who use illicit drugs in Vancouver, Canada. It is
hoped that the findings from this study may serve to inform the development of
comprehensive treatment strategies tailored for poly-substance users.

Methods

2.1. Study population and setting

Data from this study were drawn from three ongoing open prospective cohort studies of
people who use drugs in Vancouver: the Vancouver Injection Drug Users Study (VIDUS),
AIDS Care Cohort to evaluate Exposure to Survival Services (ACCESS), and the At-Risk
Youth Study (ARYS). These cohorts have been described in detail previously (Strathdee et
al., 1998; Wood et al., 2009; Cheng et al., 2018). Briefly, recruitment for all cohorts uses
extensive snowball sampling, self-referral, and street outreach. VIDUS includes participants
who were at least 18 years old, HIV-seronegative, and had used injection drugs in the month
prior to baseline interview. ACCESS includes participants who were at least 18 years old,
HIV-seropositive, and reported using an illicit drug other than or in addition to cannabis in
the month preceding enrolment. To be eligible for ARYS, participants had to be aged 14-26
years, have used illegal drugs other than or in addition to cannabis in the month preceding
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enrolment, and be street-involved. Youth who were homeless or using services for homeless
youth were considered street-involved in this study. For all cohorts, participants had to reside
in the Greater Vancouver area and provide written informed consent.

Recruitment and follow-up procedures are harmonized among these cohorts to facilitate
analyses of merged data. Specifically, at enrolment and on a semi-annual basis, participants
complete an interviewer-administered questionnaire. Nurses also assess participants for
various health conditions, and obtain blood samples for HIV and HCV serologic testing, and
HIV disease monitoring, as appropriate. At each study visit, participants are provided with a
stipend of $40 (CAD) for their time. These studies have been approved by the University of
British Columbia/Providence Health Care Research Ethics Board.

For the present analysis, participants were included if they were enrolled between May 1996
and May 2018. The sample was further restricted to those who started OAT during study
follow-up and completed at least one study visit before starting OAT and one study visit
after OAT. To understand the change of different types of substance use, we included
individual observations from 5 years prior to OAT engagement and up to 5 years after.

Measurements

We assessed eight types of substance use, each of which was used as dichotomous outcome
(yes vs. no) and collected through self-report. First, we evaluated opioid use including any
injection or non-injection heroin use and illicit prescription opioid use. Illicit prescription
opioid use was defined as selecting any prescription opiates for the survey question “In the
last 6 months, when you were using, which of the following prescription opiates did you use
when they were not prescribed for you or that you took only for the experience or feeling
they caused”. Next, we examined different types of stimulant use, including any injection or
non-injection cocaine use, non-injection crack cocaine use, and injection or non-injection
crystal methamphetamine use. Furthermore, we included non-injection cannabis use, daily
alcohol use, and injection or noninjection benzodiazepines use. All these substance use
variables were referred to the behaviours in the previous six months from study visit.

We considered a number of explanatory variables that could be associated with different
types of substance use. The following socio-demographic variables were included: age (per
year); sex (male vs. female); ethnicity (white vs. others); and current housing status
(unstable housing vs. stable housing). Behavioural and socio-structural factors hypothesized
to be associated with substance use included: employment, defined as having a regular job,
temporary job or self-employed (yes vs. no); incarceration, defined as being in detention,
jail, or prison (yes vs. no); sex work involvement, defined as exchanging sex for money;,
drugs, gifts, food, clothes, shelter or favours (yes vs. no); and drug dealing, defined as
selling drugs as a source of income (yes us. no). We also included a variable indicating
engagement in any other addiction treatment or services except for OAT (yes vs. no). When
examining the time trend of substance use after OAT enrolment, we included a variable
indicating OAT adherence, defined as reporting methadone/methadose or buprenorphine/
naloxone from the question “In the last 6 months, have you been in any kind of alcohol or
drug treatment” (yes vs. no). As the data of the study were collected over an extended time
period, year of study enrolment was also included. All behavioural variables were time-
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updated and referred to the period beginning six months before each study visit unless
otherwise specified.

2.3. Statistical analysis

We used segmented regression to assess the extent to which OAT engagement impacted on
the levels and trends of different types of substance use. OAT enrolment information was
collected through self-reported engagement in maintenance treatment using methadone/
methadose or buprenorphine/naloxone. The observations before and after the first report of
OAT engagement during follow-up period constituted the two segments of our regression
models. Under the assumption that the existing trend in the outcome would have remained
unchanged absent the treatment, the observed trend during pre-treatment period served as
the counterfactual scenario. A segmented regression differs from a non-segmented
regression as it controls for pre-existing secular trend, and allows one to assess the
difference of slope (i.e., change in time trend) between pre-treatment and post-treatment
periods.

As a first step, we calculated the proportions of the different substance use variables for each
six-month period, and used segmented regression on this aggregate data to describe the
overall substance use trend before and after OAT engagement. Residual autocorrelation was
tested using the Durbin-Watson test (Durbin and Watson, 1950), and autocorrelation orders
were included in the model if necessary.

Next, to further account for heterogeneity at the individual level, segmented regression was
fit using participant-level data. Since the outcomes were binary variables, the logit link
function was used. This model allows one to include a two-piece linear function of time
corresponding to the pre-treatment and post-treatment segments, and at the same time
accounts for the correlation inherent in repeated measures observed from individuals over
time by assuming exchangeable working correlation structure. By comparing the growth
slope between pre-treatment and posttreatment segments, we were able to assess whether
OAT engagement had an enduring impact on substance use patterns. All hypothesized
explanatory variables were adjusted in the multivariable models.

As an exploratory secondary analysis, we used injection opioid use and non-injection opioid
use as outcomes after combining heroin and illicit prescription opioid use information.
Similarly, the outcomes of injection stimulant use and non-injection stimulant use were
generated including cocaine, crack cocaine, and crystal methamphetamine use. Segmented
regression was then applied to assess whether OAT engagement had an impact on overall
injection and non-injection drug use trend.

As the first sensitivity analysis, we identified participants who dropped out of the study after
OAT enrolment, and conducted the segmented regression on the sample excluding the
dropouts. As the second sensitivity analysis, for participants who were alive but dropped out
of the study, we imputed their substance use and covariate information for the missing
follow-up visits using the last observation carried forward method. For participants who
were dead due to overdose, we imputed their substance use information as being actively
using for the missing follow-up visits. Then we conducted the segmented regression using
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the entire study sample with the imputed data. Information on death was obtained through a
confidential data linkage with the British Columbia Vital Statistics Agency. All analyses
were performed using SAS 9.4, and the segmented regression on participant-level data was
conducted using the GENMOD procedure (SAS Institute, USA). All Pvalues were two-
sided.

3. Results

3.1. General characteristics

There were 4693 participants enrolled in the three cohort studies between May 1996 and
May 2018. Among them, 1253 participants were not on OAT at study enrolment and later
initiated OAT during study follow-ups. 146 participants were excluded from the analysis due
to not completing at least one study visit during pre-treatment segment and one study visit
during posttreatment segment. Therefore, a total of 1107 participants were included in the
present analysis. Compared to participants in the analytical sample, the 146 excluded
participants were younger (median age: 31.2 years; Wilcoxon rank-sum test 2= 0.018), but
there was no significant difference regarding sex (chi-squared test 2= 0.286), ethnicity (chi-
squared test 2= 0.385), heroin use (chi-squared test 2= 0.583) and illicit prescription opioid
use (chi-squared test 2= 0.086).

Among included participants, the median age at OAT initiation was 35.5 years (quartile 1 —
quartile 3: 26.8 — 43.6), 669 (60.4%) were male, 621 (56.1%) self-reported white ethnicity.
There were in total 798 VIDUS participants, 145 ACCESS participants, and 164 ARYS
participants. The median age at OAT initiation was 24.0 years for ARY'S participants, which
was significantly younger than the other two cohorts (VIDUS: 37.2 years; ACCESS: 41.4
years; Kruskal-Wallis test < 0.001). Besides, higher proportion of ARYS participants self-
reported white ethnicity (VIDUS: 55.1%; ACCESS: 45.5%; ARYS: 70.1%; chi-squared testf
P<0.001), but there was no significant difference regarding sex (chi-squared test A=
0.154). At each time point before OAT engagement, among people who used stimulants,
including cocaine, crack cocaine, and methamphetamine, around 74.3% to 91.4% of them
reported using opioids. Characteristics of participants at OAT initiation are presented in
Table 1. The median number of study visit per participant was 11 (quartile 1 — quartile 3: 8 —
14). In the pre-treatment segment, the average number of observations at each time point
was 442 (range 218 — 814). In the post-treatment segment, the average number of
observations at each time point was 729 (range 488 — 1107). The distribution of participants
and responses of the eight types of substances at each time point are presented in Table 2. In
the post-treatment segment, the OAT adherence rate for each six-month period was 71.1%
on average, ranging from 65.8% to 100%. All explanatory variables had less than 0.5%
missing value, and a total of 140 (1.1%) observations were excluded from the multivariable
analysis.

There were in total 303 participants dropped out of the study after OAT enrolment. 63
participants dropped out after engaging in OAT for one year, 87 participants dropped out
after the second year, 73 participants dropped out after the third year, and 80 participants
dropped out after the fourth year. Compared to the 804 participants who remained in the
study, the 303 participants were younger at OAT enrolment (median age 32.4 vs. 36.6 years;
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Wilcoxon rank-sum test £< 0.001), but there was no significant difference regarding sex
(chi-squared test A= 0.231), ethnicity (chi-squared test 2= 0.236), heroin use (chi-squared
test £=10.237) and illicit prescription opioid use (chi-squared test 2= 0.459).

3.2. Heroin and illicit prescription opioid use

Results of segmented regression on proportion of substance use over time are summarized in
Table 3, and results of bivariable and multivariable segmented regression on participant-level
data are presented in Table 4 and Table 5. As shown in Figure 1, the estimated proportion of
heroin use started at 64.8% (95% confidence interval (CI): 61.3%, 68.1%) and increased to
84.2% (95% CI: 82.5%, 85.8%) six-month before OAT initiation. After OAT engagement,
we observed a significant drop in the proportion (70.6%, 95% CI: 68.9%, 72.3%). In the pre-
treatment segment, with one year increase, there was about 19.0% increase in the odds of
heroin use (adjusted odds ratio (AOR): 1.19, 95% CI: 1.12, 1.27). However, in the post-
treatment segment, we observed a strong decreasing trend over time (AOR: 0.80, 95% CI:
0.77,0.83).

Similar to heroin use, the proportion of illicit prescription opioid use also indicated an
upward trend before OAT (Figure 1). There was an immediate reduction in illicit
prescription opioid use after initiating OAT, resulting in an estimated proportion of 18.9%
(95% CI: 17.3%, 20.6%) five years after initiating OAT, which was significantly lower than
the expected proportion of 53.1% if these participants did not initiate OAT. In the post-
treatment segment, there was a significant declining trend for illicit prescription opioid use
(AOR: 0.87, 95% CI: 0.83, 0.90).

Results for the exploratory secondary analysis are presented in the Supplementary Table S1.
There was an increasing trend for overall injection opioid use in the pre-treatment segment
(AOR: 1.17,95% CI: 1.10, 1.24). Similarly, a significant decreasing trend was observed in
the post-treatment segment (AOR: 0.80, 95% CI: 0.77, 0.83). For non-injection opioid use,
there was no apparent trend in the pre-treatment segment, however, the use decreased over
time as well in the post-treatment segment (AOR: 0.89, 95% ClI: 0.85, 0.92).

3.3. Stimulant use

During the study period, an overall decreasing trend of cocaine use was noted (Figure 2).
The estimated proportion of cocaine use was 55.3% (95% Cl: 52.8%, 57.7%) before
engaging in OAT, and dropped immediately to 49.4% (95% CI: 47.4%, 51.3%) after OAT
engagement. In adjusted model, a downward trend of cocaine use was observed during both
the pre-treatment segment (AOR: 0.85, 95% CI: 0.81, 0.90) and the post-treatment segment
(AOR: 0.83, 95% CI: 0.80, 0.85), however, the difference was not significant (P = 0.297).

The proportion of crack cocaine use was constantly high across the study period (Figure 2).
We did not observe a significant change of the proportion after OAT initiation (47.4% vs.
48.9%). In addition, there was no apparent upward or downward trend in the pre-treatment
segment (AOR: 0.96, 95% CI: 0.91, 1.03) and the post-treatment segment (AOR: 1.01, 95%
Cl: 0.98, 1.05).
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For crystal methamphetamine use, the estimated proportion started at 13.6% and reached
20.0% before OAT initiation (Figure 2). Time was positively associated with odds of
methamphetamine use during the pre-treatment segment (AOR: 1.17, 95% ClI: 1.08, 1.27).
We did not observe an apparent change of the proportion right after OAT initiation (20.0%
vs. 19.0%). Even though in the post-treatment segment, time was associated with increased
odds of methamphetamine use (AOR: 1.13, 95% ClI: 1.08, 1.19), it was not significantly
different compared to the trend in pretreatment segment (£ = 0.478).

Looking at overall injection stimulant use, we observed decreasing trend in both pre-
treatment segment (AOR: 0.92, 95% CI: 0.87, 0.97) and post-treatment segment (AOR: 0.86,
95% CI: 0.83, 0.89). However, the decreasing trend of non-injection stimulant use
significantly weakened in the post-treatment segment (AOR: 0.99, 95% CI: 0.96, 1.02)
compared to the pre-treatment segment (AOR: 0.92, 95% CI: 0.87, 0.97; £=0.030).

3.4. Cannabis, daily alcohol, and benzodiazepines use

Cannabis use was relatively common among these participants, with the estimated
proportion remaining above 50.0% prior to OAT initiation (Figure 3). There was no apparent
upward or downward trend in the pre-treatment segment (AOR: 0.97, 95% CI: 0.93, 1.01)
and the posttreatment segment (AOR: 1.00, 95% ClI: 0.97, 1.03).

For daily alcohol use, there was a slightly decreasing trend during the pre-treatment segment
(Figure 3). The estimated proportion started at 15.1% (95% CI: 12.7%, 17.8%) and
decreased to 9.6% (95% CI: 8.3%, 11.1%) before OAT initiation. However, this decreasing
trend weakened during post-treatment segment (AOR: 1.03, 95% CI: 0.97, 1.09), which
represented a significantly higher growth slope than that of the pre-treatment segment (P =
0.016).

As shown in Figure 3, the estimated proportion of benzodiazepines use before OAT
initiation was 13.2% (95% ClI: 11.7%, 14.9%), and we observed a significant drop in the
proportion after OAT initiation (8.4%, 95% CI: 7.3%, 9.6%). There was a decreasing trend
in the pre-treatment segment (AOR: 0.84, 95% CI: 0.78, 0.90), and this decreasing trend
became significantly stronger during post-treatment segment (AOR: 0.73, 95% ClI: 0.67,
0.80).

3.5. Sensitivity analyses

After excluding the 303 dropoults, the first sensitivity analysis result is presented in
Supplementary Table S2. We still observed a strong decreasing trend over time in the
posttreatment segment for heroin (AOR: 0.80, 95% CI: 0.77, 0.83) and illicit prescription
opioid use (AOR: 0.87, 95% CI: 0.83, 0.91), which was consistent with the primary analysis
result. Similarly, there was an increased odds of daily alcohol use during the post-treatment
segment (AOR: 1.04, 95% CI: 0.98, 1.11), resulting in a significantly higher growth slope
during the posttreatment segment (P = 0.037). There was still a slightly stronger decreasing
trend for benzodiazepines use during the post-treatment segment, however, compared to the
pre-treatment segment, it was not statistically significant (P = 0.135).
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In the second sensitivity analysis, we identified 84 deaths among the 303 participants who
dropped out of the study. Therefore, for the 219 participants with unknown reasons, we
imputed their missing follow-up visits with the last observation carried forward. Among the
84 deaths, 24 were due to drug overdose, whose missing substance use information was
imputed by assuming these individuals were actively using. The result for the second
sensitivity analysis is presented in Supplementary Table S3. Similar to the primary analysis
result, we observed apparent decreasing trend for heroin (AOR: 0.83, 95% CI: 0.80, 0.86)
and illicit prescription opioid use (AOR: 0.93, 95% CI: 0.89, 0.96), but higher growth slope
for daily alcohol use (P < 0.001) during the post-treatment segment.

4. Discussion

This study examined patterns of use of eight types of substances before and after engaging
OAT. Compared with the pre-treatment segment, significant declines in use after engaging in
OAT were noted for heroin and illicit prescription opioid use. For cocaine and crystal
methamphetamine use, there was an existing trend prior to OAT initiation, and this trend
continued during the post-treatment segment. We did not observe a change in stimulant and
cannabis use when comparing the time trend before and after engaging in OAT. There was a
stronger decreasing trend during the post-treatment segment for benzodiazepines use. By
contrast, an increasing trend was observed for daily alcohol use.

Our results demonstrated a significant reduction in the proportion of heroin use and illicit
opioid use immediately after OAT engagement. Moreover, the upward trend during pre-
treatment segment was reversed after initiating OAT. This observed trend remained so when
examining overall injection and non-injection opioid use. These findings reinforce the
benefit of OAT on reducing opioid use. However, by the end of five years after initiating
OAT, the prevalence remained around 43.4% for heroin use and 18.9% for illicit opioid use
among these participants. This observation is in line with previous research demonstrating
the chronic relapsing nature of opioid use disorder (Hser et al., 2015). Therefore, adopting
long-term care strategies for the treatment of opioid use disorder are needed (Taha and
Broker, 2018).

Over half of the participants concomitantly used opioid and cocaine at the time of OAT
initiation. Even though OAT is not specifically intended for treating cocaine use disorder,
there was a significant immediate reduction in the proportion of cocaine use after initiating
OAT. We also observed a decline in cocaine use over time after engaging in OAT, which is
consistent with previous findings using a longitudinal design (Fairbank et al., 1993; Darke et
al., 2006; Bravo et al., 2010; Herdener et al., 2017). Additionally, when we compared it with
the declining trend in the pre-treatment segment, we failed to find a significant difference.
This observation indicates that the observed decline in cocaine use could be a continuation
of the pre-treatment trend. The proportion of crack cocaine use remained consistently high
throughout the study period. In an adjusted segmented regression analysis, the odds of crack
cocaine use in the post-treatment period was not significantly different from that of the pre-
treatment period. However, when looking at overall non-injection stimulant use, the
decreasing trend in the pre-treatment period weakened in the post-treatment segment.
Considering the high rates of concomitant use of cocaine as well as crack cocaine among
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these opioid-dependent individuals, it is critical for clinicians and caregivers to be aware of
the poly-substance use patterns in order to provide the most appropriate and effective
treatment. In a meta-analysis including 3029 participants who used both heroin and cocaine,
it has been found that adjunctive interventions, including indirect dopaminergic agonists and
contingency management focusing on cocaine abstinence, could be used in combination
with OAT to improve rates of sustained cocaine abstinence (Castells et al., 2009). A recent
review also found that among methadone-maintained patients, psychostimulants could
improve cocaine abstinence compared to placebo (Castells et al., 2016).

We did not observe a significant change in the proportion of cannabis use before and after
engaging in OAT. While outside the scope of this paper, it is interesting to note the growing
body of research supporting cannabis-based interventions in addressing the opioid crisis
(Lucas, 2017; Vyas et al., 2018). Particularly, a small number of studies have suggested that
cannabis may be an efficacious tool to decrease opioid withdrawal symptoms, reduce
craving, as well as increase opioid treatment retention rate (Scavone et al., 2013; Hurd et al.,
2015; Wiese and Wilson-Poe, 2018). However, cannabis use disorder has received increasing
attention, with treatment options such as motivational enhancement therapy, cognitive
behavioral therapy, and contingency management showing modest benefits (Sherman and
McRae-Clark, 2016).

Concomitant use of benzodiazepines has shown to increase the risk of overdose significantly
among people with opioid use disorder (Kandel et al., 2017). Individuals who are on OAT
could potentially increase the use of benzodiazepines as a coping strategy to treat their
elevated anxiety and sleep disorder after stopping the use of opiates. However, in our
analysis, we observed a decline in benzodiazepine use over time before initiating OAT, and
this decreasing trend continued and became stronger after engaging in OAT.

Compared with the pre-treatment segment, daily alcohol use significantly increased during
the post-treatment segment, which is consistent with findings from previous studies (Gossop
et al., 2003; Soyka, 2015; Herdener et al., 2017). This presents additional clinical challenges
to the treatment of opioid use disorder, given that alcohol use has been found to be
associated with increased risk of overdose and mortality (Gossop et al., 2002; Coffin et al.,
2003), relapse into illicit drug use (Stenbacka et al., 2007), and other health problems
(Degenhardt and Hall, 2003; Senbanjo et al., 2007) among people who receive treatment for
opioid use disorder. Unfortunately, clinical interventions or treatment strategies to reduce
alcohol consumption for people who are on OAT have not been fully investigated (Soyka,
2015). Our finding suggests the need for early detection and ongoing monitoring, as well as
interventions for unhealthy alcohol use during the opioid treatment process. However, for
patients diagnosed with co-occurring alcohol use disorder and opioid use disorder,
established treatment strategies for alcohol use disorder, including acamprosate and
extended-release naltrexone, should be explored (British Columbia Centre on Substance
Use, 2019).

The strengths of this study include a large number of community-recruited participants over
an extended period of time (i.e., over 10 years). Furthermore, with a time series of outcome
measurements before and after OAT initiation, the impact of OAT on different types of
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substance use was evaluated after controlling for the underlying secular trend. This approach
could reduce bias that might be present in a simple two time points before-and-after design
or analysis using only baseline and measurements after treatment (Torgerson and Torgerson,
2008). Some limitations in the current study are also acknowledged: first, because of using
self-reported data, there could be recall and social-desirability bias, especially for socially
stigmatized and criminalized behaviours (e.g., illicit substance use). However, self-reported
data have been widely used in the field of substance use and found to be valid (Darke, 1998;
Langendam et al., 1999). Besides, we observed that the time trends and changes in trends
differed by substance type, which suggested that these results could not be simply explained
by recall and social-desirability bias. Second, this study utilized a community-based sample
recruited through snowball sampling, self-referral, and street outreach approach. The
participants were people who use drugs in Vancouver, Canada from 1996 to 2018, where the
evolving social-structural conditions, such as harm reduction strategies and drug availability,
could be different from other study settings. Besides, the included participants were mostly
intravenous drug users, and the median age at OAT initiation was 35.5 years, which may not
be representative of individuals who receive OAT in other settings. Therefore, all these
factors could limit the generalizability of the findings. Third, research has indicated that the
use of other substances during treatment may relate to inadequate doses of OAT (Heikman et
al., 2017). However, due to data limitations, we were not able to evaluate whether the
observed trends were consistent among different OAT dosage levels. Besides, we treated
each participant as adhering to OAT if the participant reported having methadone/methadose
or buprenorphine/naloxone in the last 6 months. However, if the information of OAT dosage
is available, a better metric to reflect OAT adherence could be the number of days that
participants missed their dose. Fourth, our study instrument did not allow for diagnosis and
severity of alcohol use disorder. Although we included daily alcohol use as a proxy for
unhealthy alcohol use, tailored interventions are needed for people with alcohol use disorder
or at risk of transitioning from daily alcohol use to alcohol use disorder while on OAT. Fifth,
the dichotomous variables of drug use (yes vs. no) were included for the primary analysis,
therefore, the observed changes in drug use trends could not reflect the variability in
quantity and frequency of drug use. Similarly, for the secondary analysis, in the absence of
more precise frequency information, we could not adequately characterize the proportion of
injection and noninjection drug use events among participants who reported using both
modes of consumption. In addition, due to the nature of observational study design as well
as the analytical approaches used in the study, the relationships between OAT engagement
and patterns of substance use do not imply causality. More specifically, in the absence of an
external control group (i.e., ideally people who were identical to the study sample, followed
over the same time period, but who were not on opioid agonist treatment), we cannot
exclude the possibility that the observed changes were the result of other interventions that
may have influenced drug use patterns and occurred simultaneously with engaging in OAT.
However, we are unaware of such events. There could also be potential bias due to
adjustment for time-dependent confounding when the time-varying covariates were also
impacted by OAT engagement (Keogh et al., 2017). Finally, there could be bias due to loss
to follow-up. It is expected that participants who were lost to follow-up might have poorer
treatment outcomes, therefore the prevalence of heroin use and illicit opioid use during post-
treatment period could be underestimated. To reduce the bias associated with comparisons
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between pre-treatment and post-treatment periods, the sample was restricted to participants
who completed at least one study visit before starting OAT and one study visit after OAT.
Furthermore, in sensitivity analysis after excluding the dropouts, the results were consistent
with the primary findings.

Conclusions

In summary, our study investigated substance use patterns before and after OAT engagement
over a 10-year period and revealed a marked reduction in use of heroin and illicit opioid,
which further supports the well-described efficacy of OAT. Findings from this study also
underscore the challenges of addressing poly-substance use among people enrolled in OAT,
especially given the high prevalent concomitant use of cocaine and crack cocaine, as well as
the increasing problematic use of alcohol after treatment initiation. Therefore, there is an
urge to develop comprehensive and tailored treatment strategies in order to enhance the
safety and effectiveness of OAT for poly-substance users.
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Highlights
. Use of illicit opioids is significantly reduced with opioid agonist therapy
. Concomitant use of cocaine and crack cocaine is highly prevalent
. Problematic use of alcohol increases after initiating opioid agonist therapy
. Tailored strategies are needed for poly-substance users accessing opioid

treatment
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Figure 1.
Proportion of heroin and illicit prescription opioid use before and after opioid agonist

therapy initiation among 1107 people who use illicit drugs in Vancouver, British Columbia,
Canada.
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Figure 2.
Proportion of cocaine, crack cocaine, and crystal methamphetamine use before and after

opioid agonist therapy initiation among 1107 people who use illicit drugs in Vancouver,
British Columbia, Canada.
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Figure 3.

Proportion of cannabis, daily alcohol, and benzodiazepines use before and after opioid
agonist therapy initiation among 1107 people who use illicit drugs in Vancouver, British
Columbia, Canada.
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Table 1.

Characteristics of participants at opioid agonist therapy initiation among 1107 people who use illicit drugs in
Vancouver, British Columbia, Canada.

Characteristics Frequency Proportion (%0)

Sociodemographic factors

Age in years, median (quartile 1 — quartile 3) 355 26.8-43.6
Male 669 60.4
White ethnicity 621 56.1
Employment status (regular/temporary job; self-employed) # 192 17.3
Unstable housing 710 64.1
Substance use
Heroin 855 77.2
Injection 815 73.6
Non-injection 160 145
Hlicit prescription opioid 350 31.6
Injection 240 21.7
Non-injection 169 15.3
Cocaine 559 50.5
Injection 505 45.6
Non-injection 138 125
Crack cocaine 548 49.5
Crystal methamphetamine 226 20.4
Injection 179 16.2
Non-injection 107 9.7
Cannabis 577 52.1
Daily alcohol 92 8.3
Benzodiazepines 93 8.4

Treatment experience a

Any other addiction treatment or services 0 0.0

Behavioural risk factor a

Incarceration 271 245

Sex work involvement 191 17.3

Drug dealing 224 20.2
Other factor

Year of study enrolment 2005 1997-2008

a . . . . . . .
Denotes behaviours in the previous six months from the time of interview.

Drug Alcohol Depend. Author manuscript; available in PMC 2021 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Dong et al.

Table 2.

Page 21

Distribution of participants and responses of the eight types of substances at each time point among 1107

people who use illicit drugs in Vancouver, British Columbia, Canada.

Frequency

Time Total Heroin Ilicit Cocaine Crack Crystal Cannabis Daily Benzodiazepines
point prescription cocaine methamphetamine alcohol

opioid
Years before OAT
-5.0 218 218 218 218 218 218 218 218 218
-4.5 247 246 246 246 247 246 247 247 247
-4.0 284 284 284 284 284 284 284 282 284
-35 342 341 341 341 341 341 341 341 342
-3.0 388 388 388 388 388 388 388 388 388
-2.5 454 454 454 453 454 454 453 454 454
-2.0 529 529 529 529 529 529 529 528 529
-15 653 653 650 652 652 650 653 651 653
-1.0 814 811 810 811 813 810 813 812 814
-0.5 495 495 494 495 495 495 495 493 495
Years after OAT
0.0 1107 1105 1106 1106 1107 1106 1106 1105 1107
0.5 488 488 487 488 488 487 488 485 488
1.0 903 900 899 899 902 899 903 898 903
15 839 836 836 836 839 836 839 837 839
2.0 791 788 788 788 791 789 791 788 791
2.5 750 750 750 750 750 750 750 746 750
3.0 706 704 704 703 706 704 706 701 706
35 659 659 659 659 659 659 659 654 659
4.0 624 622 622 621 624 621 623 624 624
4.5 609 608 608 608 609 608 609 606 609
5.0 546 542 543 543 545 543 545 545 546

OAT opioid agonist therapy.
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Segmented regression analysis of the impact of opioid agonist therapy on different types of substance use
among 1107 people who use illicit drugs in Vancouver, British Columbia, Canada.

Estimated prevalence, % (95% confidence interval)

Substance type

. a
Baseline

Before OAT initiation

After OAT initiation

End of study b

Heroin

Illicit prescription opioid

Cocaine

Crack cocaine

Crystal methamphetamine

Cannabis
Daily alcohol

Benzodiazepines

64.8 (61.3, 68.1)
29.6 (26.7, 32.8)
61.2 (57.8, 64.4)
51.9 (48.5, 55.2)
13.6 (11.5, 16.0)
57.0 (53.6, 60.3)
15.1 (12.7, 17.8)
15.8 (13.4, 18.5)

84.2 (82,5, 85.8)
39.7(37.3, 42.1)
55.3 (52.8, 57.7)
47.4(45.0, 49.9)
20.0 (18.1, 22.1)
52.1 (49.7, 54.6)
9.6(8.3,11.1)
13.2 (11.7, 14.9)

70.6 (68.9, 72.3)
28.7(26.9, 30.5)
49.4 (47.4,51.3)
48.9 (46.9, 50.8)
19.0 (17.5, 20.6)
51.3 (49.4, 53.2)
8.1(7.2,9.3)
8.4(7.3,9.6)

43.4(41.2, 45.6)
18.9 (17.3, 20.6)
30.1(28.2,32.1)
54.8 (52.6, 56.9)
14.8 (13.4, 16.4)
457 (435, 47.9)
9.3(8.1,10.7)
2.4(1.9, 3.0)

OAT opioid agonist therapy.

a ) . _—
The first observation upon joining cohort.

bAt five years post opioid agonist therapy enrolment.
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Table 4.

Page 23

Bivariable segmented regression analysis accessing different substance use time trend before and after opioid
agonist therapy initiation among 1107 people who use illicit drugs in Vancouver, British Columbia, Canada.

Substance type

Pre-treatment trend, per year increase

Post-treatment trend, per year increase

Compare trends

Odds Ratio (95% CI) P Odds Ratio (95% ClI) P P
Heroin 1.17 (1.10, 1.24) <0.001 0.80 (0.77, 0.82) <0.001 <0.001
Illicit prescription opioid 1.05 (1.00, 1.10) 0.036 0.89 (0.85, 0.92) <0.001 <0.001
Cocaine 0.87 (0.83,0.92) <0.001 0.83 (0.80, 0.85) <0.001 0.107
Crack cocaine 1.00 (0.94, 1.06) 0.980 1.02 (0.98, 1.05) 0.311 0.637
Crystal methamphetamine 1.11 (1.05, 1.18) <0.001 1.02 (0.99, 1.06) 0.132 0.018
Cannabis 0.95 (0.92, 0.99) 0.017 0.97 (0.94, 0.99) 0.013 0.520
Daily alcohol 0.91 (0.85, 0.99) 0.020 1.04 (0.98, 1.10) 0.185 0.011
Benzodiazepines 0.85 (0.80, 0.90) <0.001 0.74 (0.68, 0.80) <0.001 0.008

C/ confidence interval.
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Table 5.

Page 24

Multivariable segmented regression analysis accessing different substance use time trend before and after
opioid agonist therapy initiation among 1107 people who use illicit drugs in Vancouver, British Columbia,

Canada.

Substance type

Pre-treatment trend, per year increase

Post-treatment trend, per year increase

Compare trends

Adjusted Odds Ratio (95% CI) & P Adjusted Odds Ratio (95% CI) b P P
Heroin 1.19 (1.12,1.27) <0.001 0.80 (0.77, 0.83) <0.001 <0.001
Ilicit prescription opioid 1.04 (0.99, 1.09) 0.149 0.87 (0.83, 0.90) <0.001 <0.001
Cocaine 0.85 (0.81, 0.90) <0.001 0.83 (0.80, 0.85) <0.001 0.297
Crack cocaine 0.96 (0.91, 1.03) 0.246 1.01 (0.98, 1.05) 0.546 0.207
Crystal methamphetamine 1.17 (1.08, 1.27) <0.001 1.13(1.08, 1.19) <0.001 0.478
Cannabis 0.97 (0.93,1.01) 0.142 1.00 (0.97, 1.03) 0.933 0.200
Daily alcohol 0.91 (0.84, 0.98) 0.016 1.03 (0.97, 1.09) 0.311 0.016
Benzodiazepines 0.84 (0.78, 0.90) <0.001 0.73 (0.67, 0.80) <0.001 0.026

C/ confidence interval.

a . .. . . - . . . . .
Multivariable model adjusted for age, sex, ethnicity, unstable housing, employment status, incarceration, sex work involvement, drug dealing, and
any other addiction treatment or services except for opioid agonist therapy, and year of study enrolment.

bMuItivariabIe model adjusted for age, sex, ethnicity, unstable housing, employment status, incarceration, sex work involvement, drug dealing, any
other addiction treatment or services except for opioid agonist therapy, year of study enrolment, and adherence to opioid agonist therapy.
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