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Despite the increased visibility of the opioid epidemic, non-
medical opioid use continues to operate as a major source of 
mortality and morbidity in the United States. An estimated 
10.3 million individuals 12 years of age and older used heroin 
or prescription opioids in 20181 and deaths due to opioid drug 
overdose rose four-fold from 2002 to 2017.2 Not surprisingly, 
the number of individuals entering substance use treatment for 
opioids has also increased through this time; and as of 2015, 
opioids have become—and continue to be—the most com-
monly used substance for those entering publicly-funded sub-
stance use treatment.3

Opioid maintenance treatment (OMT) is a pharmacother-
apy for opioid use disorder (OUD) and is one of the most 
effective OUD treatments to date.4 The goal of OMT is to 

reduce opioid craving and withdrawal, and in so doing, reduce 
non-medical opioid use and associated risky behaviors (e.g. 
needle sharing). Although OMT is the standard care for OUD, 
many OMT patients experience challenges such as chronic 
pain,5 heightened sensitivity to pain6–8 (hyperalgesia), dis-
rupted sleep,9–11 and weight gain12 (but see Peles et al.13). 
Critically, pain and sleep disturbance may be important targets 
in preventing relapse to opioid use.14–16 Further, maintaining a 
healthy weight is important to general health and quality of life 
(e.g. reduced risk of cardiovascular disease, increased physical 
ability and longevity). Thus, despite its benefits, OMT alone 
falls short as a comprehensive treatment. At present, there are 
no existing treatments that simultaneously improve pain, sleep, 
and weight outcomes among patients on OMT.
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ABSTRACT

Background: Opioid maintenance treatment (OMT) is the standard for treatment of opioid use disorder, but some individuals on OMT 
experience disrupted sleep, heightened sensitivity to pain, and continued relapse to non-medical opioid use. An adjunctive treatment that 
has potential to address these shortcomings of OMT is aerobic exercise.

Objective: The aim of the present review was to identify and evaluate components of aerobic exercise interventions targeting OMT 
patients.

Methods: For this PROSPERO-registered review (ID CRD42020139626), studies were identified via electronic bibliographic databases, 
funded research (NIH RePORTER) and clinical trials databases (ClinicalTrials.gov), and reference sections of relevant manuscripts. Studies 
that evaluated the effects of an aerobic exercise intervention using a comparison condition or pretest-posttest design in adult OMT patients 
were included.

Results: Of 2971 unique records, three primary studies and one supplemental manuscript comprised the final sample. All studies were 
randomized trials involving supervised exercise interventions enrolling small samples of middle-aged OMT patients. Exercise interventions 
included a variety of aerobic and non-aerobic activities (e.g. flexibility exercises), and none controlled the dose of aerobic exercise. Few 
studies used objective measures of physical activity or cardiorespiratory fitness and there were no significant effects of adjunctive exercise 
on substance use outcomes, but tests of the latter were likely underpowered.

Conclusions: Though early in the accumulation of evidence, interventions targeting aerobic exercise for OMT patients appear feasible, 
acceptable to patients, and beneficial. Longer-term studies that employ larger samples, include assessments of behavioral and biological 
mechanisms of change, more rigorous measurement of physical activity, and controlled doses of aerobic activity are warranted.
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A targeted adjunctive treatment with potential to improve 
OMT outcomes is a supervised aerobic exercise regimen. 
Aerobic exercise has been proposed as a treatment for sub-
stance use based on preclinical support from a variety of 
models of human drug taking (e.g. acquisition of drug self-
administration, maintenance, and relapse; see Smith and 
Lynch17 for review). In the case of opioids, aerobic exercise 
reduces self-administration of morphine18 and heroin19 in 
rats, in addition to attenuating symptoms of physical depend-
ence on morphine (e.g. anxiety, depressive-like behavior) in a 
rat model of OMT.20 In humans, there is preliminary sup-
port for the utility of aerobic exercise in treating substance 
use generally based on epidemiological and initial clinical 
outcomes data (see Abrantes and Blevins21 and Wang et al.22  
for reviews and meta-analysis). The benefits of aerobic exer-
cise render it particularly well suited to address the short-
comings of OMT,23 in that it reduces pain symptoms,24 
improves sleep quality,25,26 and is critical for maintenance of 
healthy weight.27

Several observational and self-report studies also support 
the acceptability and potential of adjunctive exercise interven-
tions to improve OMT outcomes. For example, one study28 
showed that individuals seeking methadone maintenance 
treatment reported no moderate or vigorous intensity physical 
activity in the past week, while 24% reported interest in exer-
cise group participation. Participants who met recommended 
levels of physical activity in the past week had significantly 
lower levels of depression compared to participants that did 
not. Complementary to these findings, another study29 reported 
that methadone-maintained patients were willing to consider 
physical exercise as a treatment for stress, with reasonably high 
perceived efficacy of exercise.

In a self-report study30 examining perceived benefits and 
barriers to exercise among methadone maintained patients, 
many perceived more benefits of exercise relative to barriers. 
However, only 38% met recommended guidelines for physi-
cal activity, and 25% reported no physical activity. Those who 
did meet recommended physical activity guidelines endorsed 
relapse prevention as a benefit to exercise more often. In 
broader substance use treatment populations (not limited to 
treatment for OUD or OMT patients), inactivity is associ-
ated with poor quality of life indicators among men.31 These 
findings align with others showing that depression was sig-
nificantly and positively related to higher sitting time (i.e. 
inactivity) among methadone maintained smokers.32

In a qualitative study assessing factors associated with 
relapse among former and relapsed heroin users (including 
both those who had and had not utilized OMT services),33 
several participants reported exercise (in addition to other fac-
tors) as a method to reduce likelihood of relapse. These partici-
pants reported that exercise facilitated heroin cessation by 
serving as a diversion tactic, an enjoyable activity, and leading 
to increased discipline. Participants reported diverse exercise 

activities including tai chi, soccer, basketball, weight lifting, 
running, and walking.

While aerobic exercise as an adjunctive treatment to OMT 
appears promising, few controlled laboratory human clinical 
trials have been conducted to test its efficacy. At present, little 
if any data inform biological and mechanistic contributions of 
exercise as an adjunctive treatment to pharmacotherapy within 
OUD populations. There is also a lack of understanding of 
how to effectively implement an aerobic exercise intervention 
within OMT populations, or how much or what type of exer-
cise might be most beneficial. The purpose of the present sys-
tematic review was to identify existing published studies and 
synthesize the methods employed in studies evaluating OMT 
plus aerobic activity on OUD and health outcomes. The pri-
mary focus of this review was to present intervention charac-
teristics employed (e.g. exercise dose, type). Secondary aims 
were to describe study design and sample characteristics. 
Results of this review will help inform future research in the 
development and refinement of clinical protocols that effec-
tively leverage the benefits of aerobic activity in providing a 
comprehensive treatment for OUD.

Methods
The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines were used in this sys-
tematic review.34 The PRISMA 2009 Checklist can be found 
in the supplementary materials (Table S1). This review was 
pre-registered with PROSPERO (ID CRD42020139626), an 
International Prospective Register of Systematic Reviews, prior 
to data extraction.

Inclusion criteria, information sources, and search 
strategy

Multiple strategies were used to identify relevant studies. First, 
four electronic bibliographic databases (PubMed, PsycINFO, 
SCOPUS and Cochrane Library) were searched using a 
Boolean search strategy and database-specific terms. For exam-
ple, the PubMed search string was: [((((((((opioid[MeSH 
Terms]) OR “opioid abuse”) OR “opioid dependence”) OR 
“opioid addiction”)) OR “opioid maintenance treatment”) OR 
“opioid maintenance therapy”)) AND ((((exercise) OR aero-
bic) OR “physical activity”) OR walking)]. All database 
searches retrieved published (print or electronic) reports 
through December 10th, 2018. Second, the references of iden-
tified relevant reviews and other related manuscripts retrieved 
from our searches were reviewed. Third, NIH RePORTER (a 
database of funded research) and ClinicalTrials.gov were also 
reviewed to identify relevant trials and to pull related publica-
tions for review. Studies were included if they: (a) evaluated an 
aerobic exercise intervention, (b) included a comparison condi-
tion or pretest-posttest measures and (c) sampled adult patients 
currently enrolled in an OMT. Exclusion criteria included 
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book chapters, editorials, other systematic reviews and meta-
analyses, theses and dissertations, cross-sectional studies, case 
studies and observational studies or studies that (a) did not 
include an aerobic exercise intervention and (b) did not include 
patients enrolled in an OMT.

Study selection

All identified records retrieved from the electronic biblio-
graphic database searches were imported into EndNote X8, 
where duplicates were identified and removed. All of the 
remaining records were screened for inclusion by a trained 
reviewer (MLD) based on title and abstract. Records that 
needed to be screened more closely to determine eligibility 
and relevant systematic reviews had full text manuscripts 
retrieved and reviewed (MLD), then verified by a second 
reviewer (DJS). Studies that reported the same sample across 
multiple manuscripts were linked in EndNote X8 and are 
represented as a single study ID. The manuscript reporting 
the most complete data was selected as the primary manu-
script while additional manuscripts on that sample were con-
sidered supplemental.

Data collection process and reliability

Two independent coders (MB, DJS) extracted study informa-
tion, sample characteristics, and intervention details from the 
included manuscripts using an extraction form. This form was 
developed and pilot tested by the study team. Inter-rater relia-
bility was assessed on variables captured in the extraction form 
(e.g. study, sample and intervention characteristics). The data 
extraction form contained both categorical and continuous 
variables as well as open text responses. Due to the variability 
in the scales of measurement across variables, the authors cal-
culated percent agreement. Coders agreed on 96% of the judge-
ments across categories (range = 94-98%; median = 95%). 
Discrepancies were discussed between the two coders until 
agreement was reached.

Study outcomes
The main outcomes were intervention details (e.g. dose, exer-
cise components, delivery of program) of the included studies. 
Secondary outcomes included study information (e.g. design, 
location, and measurement details) and sample characteristics 
(e.g. baseline physical activity level, other substance use). 
Results are reported as aggregate data across included studies. 
Meaning, we report our findings quantitatively, as well as in a 
narrative synthesis. Methodological quality and risk of bias 
were not assessed in this review.

Results
Study selection

Searches of the electronic databases identified 2971 unique 
records. Reviews of NIH RePORTER and ClinicalTrials.gov 

identified 3 and 2 related studies respectively, although these 
trials were ongoing or did not have any available results (and 
thus were not included). A total of 2670 records were excluded 
based on review of title and abstract. An additional 297 studies 
were excluded after full text review (see Figure 1). The final 
sample included three primary studies and one supplemental 
manuscript that provided additional information. Study, sam-
ple, and intervention characteristics for the three included 
studies are in Table 1.

Study and sample characteristics

Studies were published between 2007 and 2017 and originated 
in Spain (n = 1), Switzerland (n = 1) and the United States  
(n = 1). All studies were randomized trials with small samples 
(n = 27-29) of middle-aged (42 ± 4 years old) OMT patients 
that were predominantly male (68 ± 30%). Patients were 
recruited for participation through the clinic or community-
based centers where they were receiving OMT (n = 2) or 
through the medical database of a penitentiary center (n = 1) 
where they were being treated. Baseline drug use measures 
were only reported for two of three studies. Further details of 
the study samples are in Table 1.

Intervention characteristics

No study included an intervention that was composed solely of 
aerobic exercise (i.e. they also included strength or other exer-
cise components as well). Thus, the reviewed studies may be 
considered as employing exercise interventions more generally. 
Exercise interventions were conducted in a supervised setting 
and included a variety of aerobic (e.g. walking, dancing, biking, 
boxing) and non-aerobic (e.g. weight lifting, climbing, yoga, 
stretching) activities. None of the included studies stated use of 
behavioral theory to inform development of study materials or 
design. With regard to dose of exercise, all studies reported the 
number of sessions in the intervention (range n = 23-48), and 
two studies reported the length of sessions (range n = 23-90 
minutes) and frequency of sessions per week (range n = 2-5). 
Due to the variability in both type and amount of activity 
across sessions in the three studies, none can be classified as 
prescribing a controlled dose of aerobic exercise specifically. 
There was considerable variation in the definition and report-
ing of intervention adherence: one study did not report adher-
ence, another reported that 38% of participants missed fewer 
than 5 of 23 sessions, and the remaining study reported that 
63% of intervention sessions were completed.

Physical f itness and physical activity outcomes

Limited measures of physical fitness and objective physical 
activity were obtained in the included studies. The only 
study directly assessing physical fitness measured the impact 
of the exercise intervention using objectively measured 
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pre- and post-measurements of cardiorespiratory fitness 
(peak completed workload during the cardiorespiratory test, 
peak heart rate (HRpeak) and decline in heart rate at 1 min 
post-exercise), lower and upper body dynamic strength 
endurance, and muscle mass. In terms of extra-session phys-
ical activity, one study assessed self-reported physical activ-
ity with the International Physical Activity Questionnaire 
(IPAQ) Short Form, and another using the IPAQ Long 
Form. The most objective assessment of physical activity 
was obtained within-session (i.e. more of a manipulation 
check than outcome) using estimated exercise intensity 
based on Wii Fit calculations.

Feasibility, acceptability, and concurrent health and 
OMT outcomes

Though the focus of the original coding for this review was on 
the methods used in the included studies, outcomes of the stud-
ies are summarized here (coded by MD and spot checked by 
DJS). A wide range of outcome measures were assessed across 
each study. These measures included quality of life and fitness 
levels (e.g. HRPeak, muscle mass, blood pressure; Colledge 
et al.35; Perez-Moreno et al.38), feasibility, acceptability, and 

substance use (Colledge et al.35; Cutter et al.37), psychological 
health (e.g. perceived stress, depressive symptoms; Colledge 
et al.35; Cutter et al.37), and self-reported sleep (Colledge 
et al.35). Retention in the three studies ranged from 70-93% 
(average 83%).

For the primary outcome measures reported in Perez-
Moreno et al.,38 quality of life significantly increased in the 
exercise group but not the control group, and cardiorespiratory 
and dynamic strength tests showed improvements in the exer-
cise but not the control group. Cutter et al.37 reported accept-
ability of the exercise intervention as high. Further, participants 
in the exercise versus control condition self-reported higher 
levels of physical activity outside of the supervised exercise ses-
sions, although substance use or psychological wellness meas-
ures did not differ between the exercise and control groups. 
Finally, Colledge et al.35 reported overall higher compliance 
with the protocol, and increased high intensity minutes exer-
cising and grip strength in the exercise compared to the control 
group. No significant interaction effects of time by group were 
observed on psychological health or substance use measures 
(indicating that over the course of the intervention, exercise 
versus control conditions did not result in differences in these 
outcomes measures).

Figure 1.  Screening and selection procedures for identifying articles to be included in the review and the number of articles meeting different criteria at 

each phase.
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Discussion
To date, there are few studies evaluating the addition of an 
exercise regimen as an adjunct to OMT—let alone interven-
tions evaluating effects of aerobic exercise specifically. Of those 
that have, there was substantial variability in the implementa-
tion of the regimens, the type and amount of aerobic exercise 
involved and, while some have based their prescription on pub-
lished guidelines (e.g. Cutter et al.37) none appear directly 
rooted in theory (i.e. informed by theories pertaining to moti-
vational or biological processes). In tandem, none investigated 
relevant underlying mechanisms of change that might contrib-
ute to improved health outcomes among OMT patients. 
Logistical constraints (e.g. participant schedules, preference) 
may contribute to the variability in the parameters of interven-
tion implementation such as the number of sessions (ranging 
from 23 to 48), dose (23-90 minutes), and types of exercise 
participants engage in (both across and within identified stud-
ies). On the one hand, this variability makes it difficult to 
determine what aspects are key to developing a successful 
adjunctive aerobic exercise intervention; but on the other hand, 
some of the uniform successes in spite of this variability (e.g. 
average retention of 83%) support its potential utility.

In some cases variability in the intervention methods was 
driven by recommendations in physical activity (e.g. Cutter 
et al.37) but for others it was to accommodate participants’ pre-
ferred modes (e.g. Colledge et al.35). Both are important con-
siderations, as different activity types afford different benefits 
to health and physical fitness (e.g., resistance training improv-
ing bone mass vs. aerobic activity increasing cardiovascular fit-
ness; see Garber et al.39 for review) and there are individual 
differences in the reinforcing value of different modes of  
exercise.40 The latter is related to how much individuals engage 
in different types of physical activities and thus may be a rele-
vant factor for promoting adherence. Carefully designing 
intervention content based on participants’ preferences (similar 
to Colledge et al.35; see also Staub et al.36)—while keeping in 
mind the type, intensity, and duration of physical activity nec-
essary to acquire its sleep, pain, and affective benefits—is 
imperative for future research. In other words, future interven-
tions will benefit from the conjoint and direct consideration of 
both theory (e.g. behavioral principles of reinforcement) and 
empirical guidelines in their design.

There is also need for quantification of participants’ adher-
ence to activity prescription within-session. The way within-
session activity has been assessed varies (e.g. based on percentage 
of heart rate maximum or use of technology to record activity 
as it naturally occurred, Pérez-Moreno et al.38; Cutter et al.37), 
if it is done at all.35 Ensuring activity is accurately measured 
will provide a finer-grained assessment of adherence that can 
be used in analyses of outcomes; and will also be helpful in 
isolating the effects of aerobic exercise vs. physical activity or 
multi-modal exercise more generally. Extra-experimental 
physical activity has also been neglected from direct measure-
ment, although two studies included a self-report measure.35,37 

Given the increasing capabilities of fitness trackers (e.g., meas-
uring heart rate, recording sleep) and their affordability, future 
research on adjunctive exercise interventions may benefit from 
their incorporation as tools for tracking activity both in and 
outside of sessions (for the latter, to assess and control for dif-
fuse intervention effects and/or reactivity). However, the type 
of information and the specific device used should be chosen 
judiciously, as some have poorer accuracy than others (e.g. 
Thiebaud et al.41). As well, it will be critical to select and report 
on the specifics of measurement and adherence protocols used 
with devices to ensure accuracy and replicability of findings.42

Future research will need to assess the behavioral and bio-
logical mechanisms of aerobic exercise treatment effects and 
employ larger samples to clarify their role statistically. Laboratory 
studies have shown exercise to significantly impact drug-related 
variables such as cigarette43 and alcohol craving44 and nicotine 
withdrawal symptoms.45 Similar findings with drug-related 
variables in OUD have been found in preclinical22 and clinical 
research; although it is unclear in the latter case if exercise was 
delivered conjoint with a pharmacotherapy. Regardless, non-
drug related mechanisms of particular interest to the present 
review in OMT populations (e.g. sleep and pain, pain sensitiv-
ity) have been assessed inconsistently and subjectively; and 
mechanisms untouched. The studies reviewed herein focused 
on development and feasibility35,37 and improving health and 
fitness generally38 in relatively small sample sizes (n = 27-29). 
As such, there was reasonably less focus on (and power to assess) 
these additional outcomes and mechanisms.

In conclusion, aerobic exercise appears uniquely situated to 
improve health and wellness features of those undergoing 
OMT, but much work remains to be done in its development 
as an intervention. In particular, there is a need for studies with 
more standardized intervention content (i.e. aerobic exercise 
type, duration, and intensity), increased statistical power, and 
assessment of the mechanisms responsible for treatment effects. 
It will also be important to examine the feasibility of such 
adjunctive interventions with various types of OMTs (e.g. 
OMTs requiring in-clinic visits for doses [methadone] vs. 
those taken at home [buprenorphine]) and other types of phys-
ical activity that may confer a similar constellation of physical 
benefits (e.g. yoga or resistance training). As the toll of the opi-
oid epidemic persists, continued research on ways to improve 
OUD treatment is critical, in addition to addressing the struc-
tural and financial barriers of OMT itself.
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