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Abstract

Background: Sleep disturbance in individuals prescribed medications for opioid use disorder
(MOUD) is common, though the nature and progression of such concerns are difficult to discern
due to differing terminology and assessment type between studies. Accurately identifying and
treating sleep problems in this growing population has the potential to improve comorbidity and
other MOUD outcomes.

Objective: The aim of the present review is to provide an overview of sleep in individuals
stabilized on MOUD. Specifically, the following aspects of sleep were reviewed: 1) prevalence

of clinically significant sleep disturbance; 2) sleep disturbance compared to findings in those not
prescribed MOUD; 3) correlates of sleep disturbance; 4) self-reported sleep compared to objective
measures.

Method: Studies were identified using 6 large databases and included if they contained at least
one measure of sleep during MOUD treatment as usual. Studies were excluded if they were case
studies, not available in English, or participants were in withdrawal or detoxification.

Results: Forty-two studies were included and categorized by type of sleep assessment: validated
self-report questionnaire; provider-assessed; polysomnography; multi-method. Correlates were
included if they were statistically significant (generally p < 0.05).

Conclusions: This review indicates there is a high prevalence of chronic self-reported sleep
disturbance (eg, insomnia symptoms) in this population and suggests quantitative sleep parameters
(eg, total sleep time) and respiratory problems during sleep are worse than in the general
population. These sleep problems are correlated with psychiatric comorbidity and other substance
use. Other correlates (eg, sociodemographic factors) require further study to draw definitive
conclusions.
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1. Introduction

Opioid use disorder (OUD) is a highly prevalent problem that has a significant global
impact on public health and the economy [1]. Opioid agonists for OUD, such as methadone
or buprenorphine, assist by activating opioid receptors to prevent opioid withdrawal [2].
Prescribing these Food and Drug Administration-approved medications for OUD (MOUD)
is a first-line treatment for OUD, and though access to MOUD is growing, rates of both
treatment entry and treatment retention for MOUD have marked room for improvement [3—
5]. Sleep problems that occur during the transition from detoxification through initiation of
MOUD have been increasingly addressed as an intervention target to assist with successful
treatment entry [3,6-8]. However, treating sleep problems that persist in the months and
years after initiating MOUD has received far less attention [9]. Understanding the prevalence
and nature of sleep complaints during this time is important, as MOUD is a long-term, often
lifelong, treatment intervention [10], and sleep disturbance that persists once stabilized on
MOUD may be a potential target to assist with successful treatment retention and other
important treatment outcomes, such as psychiatric comorbidity and other substance use.

Comprehensively assessing characteristics of sleep disturbance across studies is often
difficult due to the variability of assessment types utilized for the multifactorial components
that make up the sleep period and overall sleep experience. Questionnaires and clinical
interviews ask about subjective aspects of the sleep experience, and multiple approaches

are aimed at assessing quantitative sleep parameters (eg, total sleep time [TST]), such as
daily sleep diaries and polysomnography (PSG). PSG is also able to assess sleep staging

and sleep-related respiratory events. Terminology also makes this difficult as one variable or
concept can be referred to by multiple different abbreviations or reported in differing metrics
(see Table 1 for a basic overview of such variables pertinent to this review). As such, sleep
disturbance will be the general term used throughout this review to refer to any negative
aspect of the sleep experience. This varies based on assessment type, and the type of sleep
disturbance is thus explicitly described within each section. The purpose of the present study
was to integrate studies with various sleep assessment types in adults stabilized on MOUD
to examine: 1) the prevalence of clinically significant sleep disturbance; 2) sleep disturbance
compared to findings in those not prescribed MOUD:; 3) correlates of sleep disturbance; 4)
self-reported sleep compared to objective measures of sleep when provided within a single
sample.

2. Method

2.1. Search strategy and selection criteria

The electronic databases PubMed, PsychINFO, CINAHL, Scopus, Cochrane Central
Register of Controlled Trials, and clinicaltrials.gov (studies with posted results only) were
searched from inception through July 2020. The search strategy included the following key
words and their variants: opioid use disorder (eg, dependence, addiction, opium-dependent),
medication assisted treatment (eg, medication assisted therapy, methadone, buprenorphine,
opioid agonist), and sleep (eg, sleep disturbance, sleep quality, sleep disorder). No attempts
were made to find unpublished studies.
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2.2. Inclusion and exclusion criteria

Only original full-text research studies were included. Studies were eligible for inclusion if
they met the following criteria: 1) included human subjects at least 18 years of age; 2) at
least part of the sample was stabilized in MOUD treatment as usual (clearly documented as
stabilized or consistently in treatment for at least 3 weeks); 3) at least one sleep measure was
administered. Studies were excluded if any of the following were true: 1) not available in
English; 2) included only case studies; 3) included only subjects in withdrawal or engaged

in detoxification; 4) measured sleep as part of an experimental paradigm (eg, performance
following sleep deprivation in a laboratory); 5) assessed sleep with fewer than 3 self-report
items; 6) measured sleep as part of an assessment in a randomized MOUD clinical trial. This
final criterion was included as the primary purpose of this review was to assess the typical,
natural course of sleep and prevalence of sleep problems in individuals stabilized in MOUD
treatment. Well controlled randomized clinical trials (eg, comparing 2 types of MOUD)
often have strict exclusion criteria related to sleep, such as past or current illicit drug use and
comorbid psychiatric diagnoses. Thus, publications coming from such trials may not provide
an accurate representation of sleep in this population and were subsequently not included in
this review. As such, any reference to comparison groups is referring to naturalistic groups
occurring in the clinic or community, rather than a group randomized to a control condition.
Papers were reviewed for major findings and categorized by sleep assessment type.

3. Results

3.1. Search results

The initial search identified 858 articles, with 738 remaining after removal of duplicates (see
Fig. 1). Of these, titles, abstracts, and key words were reviewed for eligibility criteria and
241 were chosen for full text review. Forty-two articles met all eligibility criteria and were
included. Upon review by the authors four main categories of sleep assessment emerged: 1)
self-report with validated sleep questionnaire; 2) provider-assessed sleep disorder (ie, sleep
disorder documented in medical record by provider or diagnosed via provider interview); 3)
PSG; 4) multi-method (ie, self-report and objective measure of sleep). It should be noted
there may be multiple publications that analyzed data from the same sample of participants.
Though each publication has a different focus and producing multiple publications from the
same parent study is common practice (eg, Nguyen et al. [11], Teichtahl et al. [12], and
Wang et al. [13,14]), it is important to be mindful of this when reviewing and interpreting all
42 studies together.

3.2. Self-report sleep questionnaires

Twenty-four studies utilized questionnaires designed specifically to measure various aspects
of sleep disturbance, with sample sizes ranging from 54 to 489 (see Table 2). Sleep
disturbance in these studies was typically identified by a cut-off point on the total score

or pulling items from these questionnaires that ask for an estimation of recent quantitative
sleep parameters, such as TST or sleep onset latency (SOL).

3.2.1. Prevalence of sleep disturbance—Eighteen of these studies administered the
Pittsburgh Sleep Quality Index (PSQI) [15], 15 of which reported the mean PSQI score
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exceeded the clinical cut-off of 5 [16-29], and the other three studies reported percentages
exceeding the cut-off ranged from 26.6% to 78.5% [30-32]. Other questionnaires aimed at
getting an overview of sleep were the Medical Outcomes Study Sleep Scale (MOS) [33]
the Sleep Disorders Questionnaire (SDQ) [34], the Global Sleep Assessment Questionnaire
(GSAQ) [35], and the Nottingham Health Profile (NHP) [36,37]. The studies that used
these measures also consistently found elevated reports of sleep disturbance during MOUD,
which included problems with an insufficient amount of sleep, restless sleep, excessive
time to fall asleep, snoring, and shortness of breath [9,30,38-40]. A handful of studies
specifically targeted insomnia symptoms [41], including the Insomnia Severity Index (ISI)
[42], the Athens Insomnia Scale (AIS) [43], and the Regensburg Insomnia Scale (RIS)
[44], and found the mean scores indicated at least mild insomnia symptoms [18,45-47].
Interestingly, daytime sleepiness, an issue often associated with sleep problems, seemed

to be prevalent in some patients, but the majority of individuals in every sample were
experiencing “normal” sleepiness, as defined by an Epworth Sleepiness Scale (ESS) [48]
score less than 10 [9,20,21,23,25,46].

3.2.2. Comparison to non-MOUD groups and the general population—
Questionnaires administered across multiple time points and/or with groups who were not
prescribed MOUD suggest that sleep is slightly better for those receiving MOUD than for
those with OUD not receiving medication [30,46] and indicate that while sleep disturbance
may improve over the course of treatment it is often still worse than comparison groups with
no opioid use and reports found in the general population [9,16,17,26,30,40,46]. Studies that
reported items estimating recent quantitative sleep parameters found the majority of those
using MOUD reported SOL greater than 30 min with a TST less than 7 h per night, which
are both indicators of poor sleep quality [25,29,38,49].

3.2.3. Correlates of sleep disturbance—Many past and present psychosocial factors
were found to be correlated with worse self-reported sleep. Historical factors include

less education, past experience of sexual abuse, one or more suicide attempt(s), and a
diagnosis of cancer, endocrine disorder, hepatitis, or significant injury; current factors
include psychiatric comorbidity, pain, decreased sexual satisfaction, nicotine dependence,
and use of cannabis, hypnotics, or benzodiazepines [19,20,22,24,32,38,39,46]. There were
mixed findings related to employment, with four studies concluding unemployment and
disability status were related to worse sleep quality [18,24,31,32] though one reported no
relationship [19]. Similarly, two studies found a relationship between being single and
having worse sleep [31,32] while another did not [19]. Finally, one study found women
reported worse sleep quality than men [18], though three other studies found that sleep was
not different between men and women in this population [19,22,46].

Several studies examined the relationship between sleep and various MOUD factors. Four
found higher PSQI scores were related to a higher MOUD dose, all of which were samples
of methadone only [19,22,24,28]; interestingly, in comparing three types of MOUD, one
study found this to be true for methadone but not for diacetylmorphine or buprenorphine
[18]. Other attempts to clarify the nature of the relationship of sleep with opioid use and
OUD treatment were markedly inconsistent. For instance, two studies found higher PSQI
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scores were associated with longer opioid exposure prior to MOUD treatment [22,28] while
another found no such relationship [19]. Additionally, three studies found higher PSQI
scores were associated with longer MOUD duration [28,31,32] while two did not [19,22] did
not.

Four studies attempted to explore the relationship of sleep with genetic variants and
inflammatory response markers. One study found a relationship between PSQI score and
one diplotype they were studying (118AA and IVS2 + 691 GC) [27], and another found
a relationship between ISI score and one gene variant (rs997917) [45]. No other sleep
correlates were found in these studies [17,47].

3.3. Provider-assessed sleep disorder

Four studies examined provider-assessed sleep disorders via provider assessment, with
sample size of these studies ranging from 152 to 2414 (see Table 3). Two studies were
single time-point assessments [50,51] and two collected data at two time points, separated
by at least one year [52,53]. Sleep disturbance in these studies was identified as documented
treatment for a sleep disorder by a provider in a medical record review [50,52] or
documentation of a sleep disorder diagnosed by a provider via interview [51,53].

3.3.1. Prevalence of sleep disturbance—Similar to self-report measures, this
approach revealed a high number of sleep issues. The two single time-point studies found a
documented sleep disorder in 36% of a sample of 1290 individuals receiving MOUD [50]
and 41% of a sample of 621 [51]. The studies that administered assessments twice across
multiple years allowed for prospective analysis to determine incidence of new sleep issues
during the course of MOUD treatment. One found 19% of 152 individuals had an incidence
of a new sleep problem requiring treatment from the time they entered MOUD treatment
until the second time point two years later [52]. The other found an increased rate of sleep
disorders in those with hepatitis C (12% at the first time point, 24% one year later) but no
increase in new sleep disorders in those without hepatitis C.

3.3.2. Comparison to non-MOUD groups and the general population—These
studies did not have a comparison group nor did they discuss results in the context of the
general population.

3.3.3. Correlates of sleep disturbance—Correlates of sleep disturbance found in
these studies were older current age, younger age of heroin exposure, being unemployed or
on disability, not driving, abusing benzodiazepines, and a diagnosis of hepatitis C [51-53].

MOUD dose returned mix results, as one found the presence of a sleep disturbance was
correlated with a higher MOUD dose [50] and the other did not [51] (both samples were
methadone only). Regarding other MOUD factors, low MOUD attendance and shorter time
to maximum MOUD dose were associated with provider-assessed sleep disorder [52].

3.4. Sleep assessed with polysomnography (PSG)

Four studies assessed sleep using PSG in sample sizes ranging from 30 to 88 (see Table
4 for details). In three studies sleep disturbance was examined in the context of sleep
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parameters, sleep staging, or apnea indexes [12,13,54]. The fourth study did not examine
sleep disturbance, but rather assessed the potential of conducting in-home PSG in this
population, concluding this is a feasible method of sleep measurement of objective sleep
data in this population, with 82% of the sample returning with at least one acceptable night
of data [55].

3.4.1. Prevalence of sleep disturbance—Two studies looked at PSG-assessed TST
and SOL. Similar to self-reported sleep, mean TST in each sample was less than 7 h, though
mean SOL in each sample was less than 30 min [13,54]. One study found the mean apnea
indexes (central apnea index [CAI] and obstructive apnea hypopnea index OAHI) were both
greater than 5, the cut-off for indicating sleep apnea [56].

3.4.2. Comparison to non-MOUD groups and the general population—One
study found that those receiving MOUD generally had worse sleep than a group with no
opioid use, with those on methadone experiencing less TST, rapid eye movement stage
(REM), and slow wave sleep (SWS) with more SOL and wake after sleep onset (WASO)
than those on naltrexone, while those on naltrexone were still worse than the non-opioid
group in most areas [54]. Another study did not find significant differences between those
receiving MOUD and those with no opioid use in PSG-measured SOL or TST, but did find
significant differences in sleep architecture, with MOUD patients experiencing significantly
less REM, stage 1 (N1), and stage 2 (N2) sleep [13]. Regarding respiratory events, one study
reported increased respiratory events in those receiving MOUD when compared to controls,
which was primarily driven by the central apnea index CAI, rather than the OAHI [12].

Multi-method sleep assessment

Ten studies were found that utilized at least one self-report sleep measure and at least one
objective measure of sleep; sample sizes in these studies ranged from 19 to 71 (see Table

5) [11,14,57-64]. The most common combination was utilization of a sleep questionnaire or
sleep diary with PSG.

3.5.1. Prevalence of sleep disturbance—PSQI scores were reported in six studies,
three of which required PSQI >5 for inclusion in the study [61-63]. For the three studies
that did not require this, the average score was still well above the cut-off of 5, ranging from
10 to 13 [57,59,60]. Five studies administered the ESS. Again using the cut-off score of 10,
two studies found “normal” sleepiness in those receiving MOUD [14,57] and three found
averages just above cut-off, ranging from 11 to 13 [59,60,64].

Mean TST measured by sleep diaries and PSG was under 7 h in multiple studies [14,55,58],
and under 6 h in several others [59,60,62,64], which was noted to be enough deprivation to
cause daytime impairment. Of note, a multi-week daily diary study found no differences

in TST, SOL, WASO, or sleep efficiency (SE) in those on methadone and those on
buprenorphine [58].

Studies that reported percentage of sample with sleep apnea were variable, with central
sleep apnea (CSA) ranging from 0 to 60% and obstructive sleep apnea (OSA) ranging from
26% to 60%, with one study combining CSA and OSA and finding prevalence of 20%
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[57,60,61,64]. All studies that documented apnea indexes reported means greater than the
cut-off of 5 [11,14,59].

3.5.2. Comparison to nhon-MOUD groups and the general population—Two
studies utilized the Functional Outcomes of Sleep (FOSQ) [65], a self-report questionnaire,
and found control subjects reported fewer sleep-related daytime functioning problems than
those receiving MOUD [11,14]. In examining respiratory variables two studies found the
mean CAI to be worse than controls while mean OAHI was comparable to those with no
opioid use [11,14], however, these and two others all found that overall prevalence and
severity of OSA was worse than CSA in the MOUD samples [60,61], with the exception of
one that found an equal rate (60%) of CSA and OSA in those engaged in MOUD [64].

3.5.3. Correlates of sleep disturbance—Notable factors presented in these multi-
method studies are those of gender and use of benzodiazepines. One study found women
tended to have longer TST and more SWS than men [58], while another found no
relationship between gender and TST [62]. Regarding benzodiazepine use, two studies
found worse self-reported and objectively measured sleep variables in those who using
benzodiazepines, regardless of reason for use [59,62].

Several studies attempted to examine the relationship between sleep and MOUD dose.
Using self-report sleep measures, one study found no relationship between blood methadone
concentration and the FOSQ or the ESS [14]. Another study found no relationship between
methadone dose or duration and TST [62]. Two studies also examined the relationship
between MOUD dose and respiratory variables, with one finding no correlation between
dose and the amount of oxygen desaturation [57] while another found increased MOUD
dose was related to increased variability between breaths [11].

3.5.4. Comparison of self-report measure(s) to objective measure(s)—When
comparing self-report measures to PSG or EEG (the aspect of PSG that allows for
assessment of sleep staging) results were mixed. One study found significant differences
between subjective and objective TST, WASO, and SE [58] but another study found TST as
measured by PSQI, sleep diaries, and PSG were all consistent with each other [62].

The three that examined respiratory measurements and self-reported sleep experience found
no relationship between self-reported measures of sleep and sleepiness and various apnea
indices [11,14,61].

4. Discussion

In attempting to clarify the prevalence of sleep disturbance in the population, how sleep
compares to non-MOUD groups, correlates of sleep disturbance, and the relationship
between self-report and objective measures of sleep, several consistent findings emerged
across studies. First, there was a high prevalence of persistent perceived sleep disturbance,
with self-report scores across all studies reflecting numerous subjective sleep issues,
including difficulty falling and/or staying asleep, poor sleep quality, short sleep duration,
and perceived daytime impairment (eg, difficulty concentrating, irritability, etc.) as a result
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of sleep disturbance. Second, unsurprisingly, there were multiple psychiatric comorbidities
and substance use factors linked to sleep disturbance, including past or present depression
and anxiety, earlier age of first opiate use, and concurrent benzodiazepine use. Third,
subjective and objective measures of quantitative sleep parameters were generally worse
than that found in the general population. Most notably, the mean TST of every study was
less than seven hours, which is less than the recommended seven to nine hours per night
[66], and many reported a mean less than 6 h, which has been linked to increased mortality
hazard [67], Fourth, studies that reported apnea indices found that apnea was worse in
those receiving MOUD than in those with no opioid use, though self-reported sleep found
no relationship between severity of apnea and self-reported sleep problems. Fifth, daytime
sleepiness was not a problem despite the self-reported sleep disturbance and objectively
measured short sleep duration.

All aspects of sleep disturbance, however, were not this straightforward. First, the
relationship between sleep problems and some sociodemographic factors were inconsistent,
with unemployment, relationship status, and gender being the most commonly assessed of
these types of variables. Unemployment and relationship status were likely due to great
differences in measurement of these variable across studies (eg, some giving 2 options for
relationship status while some gave 5), making it difficult to compare studies and clearly
interpret how these factors impact sleep. Gender is perhaps the most complicated of these
factors, as there were discrepancies in both self-reported and objective measures across
studies. It is difficult to say what this means or propose any interpretations, in part because
women are largely underrepresented in these studies overall. Eleven of the studies that met
criteria for the current review had only men as participants and 16 other studies had fewer
than 30% women. This represents a critical gap in the literature as the most recent evidence
suggests the number of women seeking treatment for OUD is equal to or greater than the
number of men [68].

Second, and perhaps most important in the context of this review, findings related to the
relationship between sleep disturbance and various MOUD factors returned mixed results.
Broadly speaking, a higher dose was related to worse self-reported sleep but was not related
to having a sleep disorder or worse PSG measures. Importantly, all of the studies that
examined this relationship heavily consisted of individuals receiving methadone. One study
examined methadone, diacetylmorphine, and buprenorphine and found worse self-reported
sleep related to dose only in those engaged in methadone treatment, suggesting perhaps this
dose/sleep disturbance relationship is a characteristic of methadone but not the other two
MOUD approaches [18]. Regarding MOUD duration, the majority, though not all, found
longer treatment duration associated with increased self-reported sleep. Given the purpose
of this review was simply to follow sleep of those “stabilized” on MOUD, the resulting
mean MOUD duration of the studies included ranged from 3 weeks to 7 years. There may
be countless nuances to this relationship that are lost in that lengthy timeframe, and future
studies are needed to further clarify the relationship between sleep disturbance and time
course of MOUD.

The present review was limited by multiple factors. It is possible that there have been
other studies that did not meet criteria for this review that can add to a comprehensive
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picture of sleep disturbance during MOUD, such as well controlled clinical trials that were
intentionally excluded from this review. Additionally, the majority of studies that met criteria
for this review examined methadone and thus may reflect primarily the sleep problems
specific to methadone maintenance therapy. However, as can be seen in the tables, multiple
studies have shown other types of MOUD also have a high prevalence of self-reported sleep
disturbance and poor sleep parameters, staging, and respiratory variables. Several of the
studies that included other types of MOUD have been done in recent years. In fact, there has
been a marked increase in the study of sleep in this population. Of the 34 studies that used a
validated self-report measure of sleep (Tables 2 and 5), 21 (61.7%) were published in 2015
or later, perhaps indicating the field is beginning to find this type of information useful in
studying treatment process and outcomes in MOUD.

These results show strong evidence for persistence of insomnia and sleep related breathing
problems even after OUD is managed with MOUD, and they stress the importance of
comprehensive assessment and treatment of sleep concerns in this population. Assessment
may include a clinical interview that screens for insomnia and other sleep disorders, such

as the Structured Clinical Interview for Sleep Disorders [69], and an assessment of the
bedroom and sleeping environment to understand external factors that may be impacting
sleep. Of particular importance is screening for signs of sleep related breathing problems
(eg, sleep apnea), including snoring, gasping during sleep, and daytime sleepiness, which
warrant referral for a sleep study. Evidence-based treatments, such as cognitive behavioral
therapy for insomnia and continuous positive airway pressure for sleep apnea, have the
potential to markedly improve sleep and subsequent daytime dysfunction. Additionally,
given the high comorbidity of depression, anxiety, and substance use in many of these
studies, it is possible improvement in sleep will positively impact these symptoms [70].
Conversely, due to the bidirectional nature of sleep and psychiatric comorbidity, it is

likely targeting these symptoms with evidence-based treatment, such as cognitive behavioral
therapy for depression or acceptance and commitment therapy, could improve insomnia and
other self-reported sleep complaints.

5. Conclusion

Accurately assessing and interpreting findings related to sleep in any population can be
difficult due to the various assessment types utilized to study the numerous and diverse
aspects of the sleep experience. As more evidence emerges that addressing sleep problems
in those with OUD may help improve rates of MOUD treatment entry and retention [8], it is
increasingly important to identify and understand the nature and course of sleep disturbance
in this population. This review provides strong evidence there is a high prevalence of
self-reported and objectively measured persistent sleep disturbance in individuals receiving
MOUD and highlights the importance of assessment and treatment of sleep problems in
this population. Similar to other substance use disorders, it is possible poor sleep could be
targeted as a potential intervention for improving comorbidity as well as MOUD treatment
entry and retention, though there is a critical need for further research to fully understand
this relationship. To fill some of the gaps in the literature found here, futures studies would
benefit from more clearly defined demographic information, greater inclusion of percentage
of women in the samples, longitudinal, multi-method data collection across multiple days or
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