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Abstract

Objective: Polysubstance use may complicate treatment outcomes for individuals who use
opioids. This research aimed to examine the prevalence of polysubstance use in an opioid use
disorder treatment trial population and polysubstance use’s association with opioid relapse and
craving.

Methods: This study is a secondary data analysis of individuals with opioid use disorder who
received at least one dose of medication (n=474) as part of a 24-week, multi-site, open label,
randomized Clinical Trials Network study (CTN0051, X:BOT) comparing the effectiveness of
extended-release naltrexone versus buprenorphine. Models examined pretreatment polysubstance
use and polysubstance use during the initial 4 weeks of treatment on outcomes of relapse by week
24 of the treatment trial and opioid craving.

Results: Polysubstance use was generally not associated with treatment outcomes of opioid
relapse and craving. Proportion of days of pretreatment sedative use was associated with increased
likelihood of opioid relapse (OR: 1.01, 95% CI: 1.00-1.02). Proportion of days of cocaine use
during the initial 4 weeks of treatment was associated with increased likelihood of opioid relapse
(OR: 1.05, 95% ClI: 1.01-1.09) but this effect was no longer significant once the potential of
confounding by opioid use was considered. Sedative use during initial 4 weeks of treatment was
associated with increased opioid craving (b: 0.77, 95% CI: 0.01-1.52). The study found no other
significant relationships.
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Conclusions: In the current study population, polysubstance use was only marginally associated
with 24-week treatment outcomes.

Keywords

Polysubstance use; Opioid use disorder; Buprenorphine; Naltrexone; Treatment

1. Introduction

Polysubstance use is one of the most pressing issues of the United States’ current
overdose crisis. Polysubstance use includes the unique patterns of substance use involving
more than one substance (drug and/or alcohol) and can include substances used at the
same time, regular patterns, or intervals. Since at least 2003, deaths involving multiple
substances have been increasing with the most notable increases among co-use of opioids
and psychostimulants (Kariisa et al., 2019). The majority of opioid overdoses involve
co-use of another substance; most commonly stimulants and benzodiazepines (Liu et al.,
2021; O’Donnell et al., 2020). Overdose data are supported by trends in community and
treatment samples, which find increases in reported past-year polysubstance use, particularly
co-use of methamphetamine and opioids (Jones et al., 2020; Palamar et al., 2020). Despite
the pervasiveness of polysubstance use among persons who use opioids, treatments for
polysubstance use and studies on how polysubstance use may or may not affect the
treatment of opioid use disorders is greatly lacking (Bhalla et al., 2017).

In treatment settings for opioid use disorder (OUD), clinical perspectives on polysubstance
use have been mixed, with continued drug use often considered as a reason for treatment
discontinuation, as clinicians in this setting may view polysubstance use as complex and
complicating treatment of the primary substance use disorder or a sign of treatment “failure”
(Cunningham et al., 2013; Lin et al., 2020). In the case of medications for opioid use
disorder (MOUD), national practice guidelines state that co-occurring drug or alcohol use is
not a reason to withhold or suspend MOUD but rather patients with co-use during treatment
may be in need of more intensive care (Substance Abuse and Mental Health Services
Administration (SAMHSA), 2021; U.S. Food and Drug Administration, 2017; Cunningham
etal., 2020).

Recommendations were updated to explicitly include the co-use of benzodiazepines, stating
that the harm caused by untreated OUD outweighs the risk of benzodiazepine co-use with
agonist MOUDs (SAMHSA, 2021; U.S. Food and Drug Administration, 2017; Cunningham
et al., 2020). However, individuals with OUD and co-occurring polysubstance use may be
less likely to receive MOUD (Lin et al., 2020), possibly due to clinician’s lack of comfort
with polysubstance use, lack of training, and/or having an abstinence approach to treatment
(Bentzley et al., 2015).

Even when patients receive MOUD, polysubstance use can complicate treatment (Blondino
et al., 2020; Krawczyk et al., 2021). Several barriers to polysubstance-focused treatments
have stalled. Currently, no Food and Drug Administration approved medications for
stimulant disorders exist; one of the most common co-occurring substance use disorders
with OUD (Chan et al., 2020). Treatments that may have promise for dually diagnosed
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patients, such as contingency management and cognitive behavioral therapy, have substantial
implementation barriers that impede the translation of evidence-based practices into

clinical settings (Carroll, 2014). Overall, the field needs to further understand the impact
polysubstance use has on current available treatments, so that future research can better
consider evidence for tailored treatment approaches.

The objective of this secondary data analysis was to examine the prevalence of
polysubstance use in an OUD treatment trial population and polysubstance use’s association
with opioid relapse and craving among a sample of individuals who received MOUD
(buprenorphine or extended-release naltrexone) during a 24-week open-label randomized
comparative effectiveness trial (CTN-0051, X:BOT). This study examined polysubstance
use prior to beginning study treatment (i.e., pretreatment) and during the initial four

weeks of treatment. Although previous research generally finds that individuals engaged

in polysubstance use have poorer treatment outcomes (Blondino et al., 2020), no specific

a priori hypotheses for the current research were formulated due to the emerging nature of
polysubstance use studies.

2. Methods

2.1 Sample

The current study is a secondary data analysis of individuals with OUD enrolled in the
CTN 24-week open-label randomized comparative effectiveness trial of extended release
naltrexone versus buprenorphine (Lee et al., 2018). Participants 18 years and older, who
spoke English, with past 30-day use of nonprescribed opioids, and who met DSM-5 criteria
for OUD were recruited from eight different substance use disorder inpatient treatment
sites. The study randomized participants 1:1 to receive daily sublingual buprenorphine

or monthly injectable naltrexone; the study stratified randomization by treatment site and
opioid use severity. Participants underwent detoxification, with protocols and length of
detoxification varying by treatment site. Randomization timing was flexible, with some
participants randomized early during detoxification, and others later, after they completed
detoxification; we did not stratify randomization for early/late status. The study team used
this randomization approach due to the hypothesized difficulty with naltrexone induction
among early randomizers. The study provided medication free of charge and followed
participants weekly in the community for 24 weeks. Further details regarding the original
study method and design are available elsewhere (Lee et al., 2016, 2018).

The parent study randomly assigned 570 individuals to receive sublingual buprenorphine or
monthly injectable naltrexone. However, the study successfully inducted more individuals
into the buprenorphine group as the naltrexone group faced significant induction hurdles
(28% dropped out before induction). The current analyses focused on the effects of
polysubstance use among individuals receiving MOUD and, therefore, examined the
population receiving the per protocol treatment, which was limited to individuals who
successfully initiated and received at least one dose of medication (n=474). Recognizing the
potential for bias in a per-protocol sample, this study examined the effect of polysubstance
use on induction success. Pretreatment polysubstance use had no significant effect on
induction success (bivariate results not shown). Over the 24-week period the sample size
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fluctuated due to retention barriers, and relevant models reflect the final sample size
(n=361). The study examined the potential effect of pretreatment polysubstance use on
retention via bivariate differences between the retained sample (n=361) and the 110 who
were inducted but lost to follow-up by week 4 (bivariate results not shown), and the study
found no significant differences.

2.2 Outcome measures

The study examined two outcomes: opioid relapse and self-reported ratings of opioid
craving. A dichotomous measure indicated if opioid relapse had occurred, conceptualized

as loss of persistent nonstudy opioid abstinence. The study defined opioid relapse as four
consecutive opioid use weeks or seven consecutive days of self-reported opioid use. We
defined an opioid use week as any week during which participants self-reported use at least
one day of a nonstudy opioid on the Timeline Followback, provided an opioid positive urine
toxicology sample (positive for nonstudy opioids), or did not provide a urine sample due

to missed visits or refusals. The second outcome of interest was opioid craving, measured
weekly using a self-rating using a 0-100 visual analog scale. Table S1 summarizes variables.

2.3 Polysubstance use measures

The study used measurements of polysubstance use prior to entering the study detoxification
(referred to as pretreatment) and during the initial four weeks of the study treatment period.
Pretreatment polysubstance use captured use of other substances in the 30 days prior to
intake to detoxification using the Timeline Followback method (Sobell & Sobell, 1992).
Treatment polysubstance use examined other substance use during the initial four weeks

of study treatment using weekly Timeline Followback. The study examined the proportion
of days of use of five substances for each timepoint: binge alcohol, sedatives, cocaine,
amphetamines, and cannabis. Two measures of polysubstance use assessed the number of
substances used: A count variable measured the number of nonopioid substances used from
the five substances in the 30 days pretreatment and the number of nonopioid substances
used during the initial four weeks of treatment. The study also measured the proportion of
days pretreatment and during initial four weeks of treatment with the use of two or more
substances. Finally, for pretreatment analyses only, a dichotomous variable captured whether
individuals felt their main substance use of concern was multiple substances compared to
one or none.

2.4 Statistical analyses

Prior to all analyses, the study examined distribution and outliers of all variables. We
produced descriptive statistics (frequencies and proportions for categorical variables; means
and standard deviations or medians and interquartile ranges [IQR]) for demographic
variables and pretreatment predictors.

To investigate the associations of pretreatment polysubstance use with opioid relapse, the
study fit mixed-effects logistic regression models of the log odds of relapse after week

3 with pretreatment substance use variables as predictors. Separate models were fit for
each predictor, and each model featured a random intercept for site. The team adjusted
models for gender, age, race, marital status, employment, and treatment arm. To investigate

J Subst Abuse Treat. Author manuscript; available in PMC 2023 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bunting et al.

Page 5

the associations of pretreatment polysubstance use with early opioid craving, we fit mixed-
effects linear regression models of craving measures for weeks 1 to 4 with pretreatment
substance use variables as predictors. The study then fit separate models again for each
predictor, and each model featured random intercepts for subject and for site. Again, we
adjusted models for gender, age, race, marital status, employment, and treatment arm.

To look at the effects of polysubstance use during the initial four weeks of study treatment,
the study fit similar models to those described above, with variables of polysubstance use
during the initial four weeks as the predictors, and either relapse after week 4 (logistic)

or week 5 to week 24 opioid craving (linear) as the outcome. The research team repeated
restricted analyses, limited to those who did not use opioids during the initial four weeks
of the study. Additionally, we used a Cochran-Armitage trend test to test for increasing or
decreasing trends in the proportions of polysubstance use during the initial four weeks.

All analyses used SAS® version 9.4. We set the significance level at 5%.

3. Results

Pretreatment characteristics of the sample are presented in Table 1. A majority of
participants were unemployed, single, white, and male, and had an average age of 34.
Pretreatment, participants were most likely to report using 1 (36%) or 2 (28%) nonopioid
substances. However, the proportion of days of other substance use was low (IQR: 0—
12% across all nonopioid substances) as was the proportion of days of polysubstance use
(IQR: 0-5%). A minority of participants (23%) reported that more than one substance was
currently a major problem for them.

Table 2 presents the association of pretreatment polysubstance use with opioid relapse and
craving. Generally, pretreatment polysubstance use was not significantly associated with
relapse or craving. The study found a small effect for sedative use, such that one percent
greater proportion of pretreatment days with sedative use was associated with a 1.2%
increased likelihood of opioid relapse (OR: 1.01, 95% CI: 1.00-1.02). No other pretreatment
substance use was significantly associated with opioid relapse, and the study found no
significant associations for opioid craving (weeks 1-4).

Table 3 reports the associations of polysubstance use during the initial four weeks of
treatment with opioid relapse and craving. Polysubstance use during the initial four weeks
of treatment generally was not significantly associated with outcomes. For relapse, the study
found one substance specific effect, such that with a 1% greater proportion of days of
cocaine use during the initial four weeks, the likelihood of relapse after the four weeks
increased 4.9% (OR: 1.05, 95% CI: 1.01-1.09). The study found no substance specific
effects for opioid craving (weeks 5-24). Because of the potential of confounding by opioid
use—that is, that greater opioid use in the beginning of treatment among those who use
other substances could be driving any effects on outcomes during the first four weeks of
treatment—a supplementary analysis (Table S2) examined opioid relapse and craving among
those who did not use opioids in the initial four weeks. Once limiting only to subjects who
did not use opioids, use of cocaine during initial four weeks was no longer significantly
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associated with relapse (OR: 0.98, 95% CI: 0.91-1.05) or craving outcomes. Among this
sample, only sedative use during the initial four weeks was associated with increased opioid
craving (estimated slope b: 0.77, 95% CI: 0.01-1.52). The study found no other significant
relationships.

Exploratory trend analyses (Figure 1) examined the frequency of use of each substance
during the initial four weeks of treatment. The study found a significant trend only for
cannabis, such that cannabis use increased significantly over the four weeks from 11% in
week 1to 17% in week 4 (p=0.02).

4. Discussion

Polysubstance use did not have a significant effect on opioid relapse or craving in this study
population. Pretreatment polysubstance use was not a particularly important indicator of
relapse by 24 weeks or craving, with only a small effect noted for pretreatment sedative
use. During the initial four weeks of treatment, cocaine use was significantly associated
with opioid relapse after four weeks, but this association lost significance when limited

to participants who were not using opioids during this time. The study did not find any
significant effects for polysubstance use variables that measured an increased number of
nonopioid substance used.

After having stated that individuals who engage in pretreatment polysubstance use may

not be suitable for office-based MOUD (American Society of Addiction Medicine, 2019;
Center for Substance Abuse Treatment., 2004; Cunningham et al., 2013), national guidelines
were updated, as recently as 2020, but this lingering idea may still exclude individuals
from treatment. In a Veterans Health Administration study, individuals with OUD and

one or more other substance use disorders were less likely to receive MOUD (Lin et

al., 2020). Little research has explored why patients with polysubstance use may be less
likely to receive treatment, but stigma is possibly exacerbated among individuals engaged
in polysubstance use. Individuals engaged in polysubstance use tend to have lower levels
of education, comorbid mental health conditions, and criminal justice histories (Betts et al.,
2016; Green et al., 2011; Martinotti et al., 2009); all groups more likely to face stigma
(Link & Phelan, 2001). Providers may be particularly hesitant when patients engage in
sedative use, which is known to contribute to accidental overdose (Park et al., 2020). The
current study measured only the proportion of days of use rather than a DSM-diagnosis

for sedative use disorder or existence of a legal sedative prescription, but found only

a small effect for sedative use with opioid relapse. During treatment, when limited to
individuals without opioid use during the initial four weeks, we found increased opioid
craving among persons with increased sedative use. Other research examining sedative, most
notably benzodiazepine, use during MOUD treatment has found no relationship between
pretreatment benzodiazepine use and treatment outcomes (Marsch et al., 2005; Proctor et
al., 2016; Schuman-Olivier et al., 2013). Of greater concern to clinicians may be the risk

of overdose when combining agonist or partial agonist MOUDs with sedatives. The current
research did not examine overdose outcomes. The CTN-0051 study had 19 overdoses,

5 fatal, in the per-protocol sample (Lee et al., 2018). A study by Park and colleagues

(Park et al., 2020) found that individuals receiving buprenorphine who also received a
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benzodiazepine prescription were more likely to have a fatal overdose. However this type of
overdose was relatively rare and made up less than 1% of the state’s overdose fatalities (Park
et al., 2020).

The current research also found that polysubstance use during treatment did not have

a substantial effect on relapse or cravings. The study found one substance use—specific

effect for cocaine, such that increased cocaine use during the first four weeks of treatment
was associated with greater likelihood of relapse. However, this relationship appears to be
confounded with opioid use as it dissipated once we limited to individuals without opioid
use during the first four weeks of treatment. Previous research on cocaine use during MOUD
treatment has revealed a complex relationship in need of further investigation (Cunningham
et al., 2013; Demaria et al., 2000; Hser et al., 2014; Magura et al., 1998).

The exploratory trend analyses indicated that cannabis use significantly increased during
the first four weeks of treatment, yet in regression analyses cannabis was not a significant
predictor of these two core treatment outcomes. Substance use during the early phases of
treatment may operate as “transitional coping mechanisms” for persons who use opioids
to quell persistent cravings and withdrawal symptoms during induction, and intermittent
cannabis use may be associated with a reduction in opioid positive urines and increased
medication compliance (Church et al., 2001) or no effect on treatment outcomes (Lake &
St. Pierre, 2020). Given medical and recreational cannabis laws in the United States, future
research needs to determine the role of cannabis during OUD treatment.

Limitations to the study population have been noted (Lee et al., 2018). Briefly, the current
study population is from a randomized control trial and not necessarily representative of

the general population of persons with OUD, particularly given that the study recruited
individuals at any point during admission from inpatient treatment centers. Additionally,

we chose to use the primary outcome as operationalized in the primary study (Lee et

al., 2018), and other measurements of opioid relapse should be considered in future
research. Certain caveats should be taken into account when considering the current research
questions. Notably, the current analyses did not separately measure methamphetamine use
from amphetamines in Timeline Followback data collection, and the study population had
low use of meth/amphetamines. Other studies have found methamphetamine use during
MOUD treatment to be associated with poor treatment retention (Krawczyk et al., 2021;
Tsui et al., 2020). Given the current rise in methamphetamine use across the nation
(Palamar et al., 2020), and specifically among persons with OUD (Ellis et al., 2018),
research should attempt to understand the treatment implications of polysubstance use
involving methamphetamine and opioids. The study collected pretreatment polysubstance
use retrospectively compared to prospective data collection of polysubstance use during the
initial four weeks of treatment. While Timeline Followback data collection is a valid method
of retrospective substance use (Robinson et al., 2014; Sobell & Sobell, 1992), we could have
missed some pretreatment use due to recall bias. This study only followed individuals in
MOUD treatment for 24 weeks. Other studies have noted differences in treatment outcomes
when examining polysubstance use over longer follow-up periods (Cunningham et al., 2013;
Demaria et al., 2000; Proctor et al., 2016). The current sample also had relatively low

rates of polysubstance use (see Additional Polysubstance Use Variables, Table 1), which
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could limit our power to detect associations. Future research should continue to examine
specific substances as well as measures of polysubstance use for longer treatment follow-up
periods. Finally, we examined only relapse and craving as treatment outcomes. Future
research should explore the role of polysubstance use on these outcomes as well as treatment
outcomes such as retention, quality of life, and other patient-centered outcomes.

4.1 Conclusions

The current study found pretreatment polysubstance use, during the initial four weeks
of MOUD treatment, was not a strong predictor of treatment outcomes in the study
population. Given the magnitude of the current overdose crisis, future research should
examine polysubstance use in real-world patient settings.
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Highlights
Polysubstance use was generally not associated with outcomes (relapse & craving).
Sedative use was marginally associated with treatment outcomes.

Cannabis use increased in the 15t four weeks but was not associated with outcomes.
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Fig. 1.
Polysubstance use during the 1st 4 weeks of treatment.
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Table 1.

Pretreatment characteristics, (n=474)

Demographics
Gender
Male
Female
Age at Randomization [Mean (SD)]
Race
White Only
Non-white
Marital Status
Ever Married
Never Married
Employment
Not employed
Employed
Pretreatment Polysubstance Use
Proportion of Days of Binge Alcohol Use (Median [IQR])
Proportion of Days of Sedatives Use (Sedatives and hypnotics OR Benzodiazepines) (Median [IQR])
Proportion of Days of Cocaine Use (Cocaine OR Crack) (Median [IQR])
Proportion of Days of Amphetamine Use (Median [IQR])
Proportion of Days of Marijuana Use (Median [IQR])
Number of Non-Opioid Substances Used
No non-opioid substance use
1 substance
2 substances
3 substances
4 substances
5 substances
Proportion of Days using 2+ non-opioid substances (Median [IQR])
Substances that are major problems
No Problem or 1 Drug
More than 1 Drug
Additional Pretreatment Polysubstance Use Variables
Any Days of Binge Alcohol Use
Yes
No
Any Days of Sedatives Use (Sedatives and hypnotics OR Benzodiazepines)
Yes
No
Any Days of Cocaine Use (Cocaine OR Crack)

331
143
474

358
116

158
314

360
210

473
473
473
473
473

95
171
132
56
17

473

356

116

114

359

116
357
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%

70%
30%
33.66 (9.59)

76%
24%

33%
67%

63%
37%

0% [0%-0%]
0% [0%-0%)]
0% [0%-8%)]
0% [0%-0%]
0% [0%-13%]

20%
36%

28%

12%

3%

0%

0% [0%-7%]

75%

25%

24%

76%

24%
76%
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n %
Yes 170 36%
No 303 64%
Any Days of Amphetamine Use
Yes 84 18%
No 389 82%
Any Days of Marijuana Use
Yes 197 42%
No 276  58%
Outcome Variables
Relapsed (at any point)
Yes 256 54%
No 218  46%
Baseline Opioid Craving [Mean (SD)] 474 69.11 (30.15)
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Association of pretreatment polysubstance use on opioid relapse and craving

Table 2.

Page 16

Model 1 Logistic Regression of Relapse

Model 2 Linear Regression of Opioid Craving in 15t 4 Weeks

N
Heavy Alcohol Use 471
Sedative Use 471
Cocaine Use 471
Amphetamine Use 471
Marijuana Use 471
Number of Substances Used 471
Use of 2+ Substances 471

Multiple vs 1 or No Substance 470
Problem

OR
0.999
1.012
0.999
1.012
0.997
1.066
1.006
1.413

LCL
0.990
1.001
0.991
0.997
0.991
0.892
0.995
0.890

UCL
1.008
1.023
1.008
1.028
1.003
1.274
1.016
2.242

Beta
-0.071
-0.011
-0.054

0.008
-0.019
-1.619
-0.072

1.830

LCL
-0.170
-0.119
-0.151
-0.148
-0.091
-3.651
-0.187
-3.164

UCL
0.029
0.097
0.043
0.163
0.052
0.413
0.043
6.824

Notes: Polysubstance use variables are proportion of 30 days before baseline (pretreatment); Model 1 includes random intercept for site, Model 2
includes random intercepts for site and subject; OR= Odds Ratio, LCL= lower confidence limit, UCL= upper confidence limit; bold values indicate
significant relationships; Models were adjusted for gender, age, race, marital status, employment, and treatment arm
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Table 3.

Association of during treatment polysubstance use on opioid relapse and craving

Model 1 Model 2
Logistic Regression of Relapse after Week 4  Linear Regression of Opioid Craving after Weeks 4

N OR LCL ucCL Beta LCL uUCL
Heavy Alcohol Use 361 1.021 0.984 1.059 -0.057 -0.399 0.285
Sedative Use 361 1.027 0.984 1.072 0.281 -0.080 0.643
Cocaine Use 361 1.049 1.013 1.086 0.169 -0.085 0.423
Amphetamine Use 361 1.026 0.993 1.059 0.108 -0.134 0.350
Marijuana Use 361 0.991 0.981 1.002 -0.020 -0.107 0.067
Number of Substances Used 361 1.030 0.800 1.326 0.679 -1.445 2.802
Use of 2+ Substances 361 0.973 0.907 1.007 0.003 -0.541 0.546

Notes: Polysubstance use variables are proportion of 30 days in first four weeks of treatment; Model 1 includes random intercept for site, Model 2
includes random intercepts for site and subject; OR= Odds Ratio, LCL= lower confidence limit, UCL= upper confidence limit; bold values indicate
significant relationship; Models were adjusted for gender, age, race, marital status, employment, and treatment arm
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