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Abstract

Sleep health is an important factor across several physical and mental health disorders, and a
growing scientific consensus has identified sleep as a critical component of opioid use disorder
(OUD), both in the active disease state and during OUD recovery. The goal of this narrative
review is to collate the literature on sleep, opioid use, and OUD as a means of identifying
therapeutic targets to improve OUD treatment outcomes. Sleep disturbance is common and often
severe in persons with OUD, especially during opioid withdrawal, but also in persons on opioid
maintenance therapies. There is ample evidence that sleep disturbances including reduced total
sleep time, disrupted sleep continuity, and poor sleep quality often accompany negative OUD
treatment outcomes. Sleep disturbances are bidirectionally associated with several other factors
related to negative treatment outcomes, including chronic stress, stress reactivity, low positive
affect, high negative affect, chronic pain, and drug craving. This constellation of outcome variables
represents a more comprehensive appraisal of the quality of life and quality of recovery than is
typically assessed in OUD clinical trials. To date, there are very few clinical trials or experimental
studies aimed at improving sleep health in OUD patients, either as a means of improving stress,
affect, and craving outcomes, or as a potential mechanistic target to reduce opioid withdrawal and
drug use behaviors. As such, the direct impact of sleep improvement in OUD patients is largely
unknown, yet mechanistic and clinical research suggests that therapeutic interventions that target
sleep are a promising avenue to improve OUD treatment.

Keywords
opioid use disorder; sleep; sleep disturbance; treatment; circadian

The opioid crisis continues to devastate the lives of numerous individuals and communities
across the United States. More than 72,000 Americans died from a drug overdose in 2017,
the majority of which were opioid-related (National Center for Health Statistics, 2018).
Chronic relapse is one of the defining features of OUD (Goldstein & Volkow, 2002; Volkow
& Li, 2004), and is driven in part by stress and negative reinforcement associated with
opioid withdrawal (Dunn et al., 2020; Koob, 2013; Koob & Volkow, 2010). To address

the high incidence of negative treatment outcomes for opioid use disorder (OUD), public
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health officials are advocating for the utilization of medications for OUD (MOUD) as a
frontline approach to address the ongoing opioid crisis (Collins et al., 2018; Volkow et al.,
2014), including the full mu-opioid receptor agonist, methadone (Sees et al., 2000; Strain
et al., 1993), the partial mu-opioid agonist/antagonist, buprenorphine (Kraus et al., 2011),
and the long-acting mu-opioid receptor antagonist, extended-release naltrexone (XR-NTX;
Krupitsky et al., 2011). These MOUDs are gold-standard treatments that confer significant
benefits to OUD patients, including decreased illicit drug use, decreased treatment attrition,
reduced disease transmission, and improved social functioning (Volkow et al., 2014).
Despite the clinical utility of MOUDs, many persons with OUD do not receive MOUDs

as part of their treatment (Dunn et al., 2019; Huhn, Hobelmann, et al., 2020). Persons

in OUD recovery can broadly be characterized by their MOUD status (e.g., maintenance
on an MOUD, or no MOUD), and while persons utilizing MOUDs are more likely

to evidence reduced relapse and improved adherence outcomes relative to those on no
MOUD, all forms of OUD treatment could and should be improved (Connery, 2015). Novel
medication and behavioral strategies are needed to optimize OUD treatment and improve
treatment outcomes. One strategy to consider in this effort is to identify and target the

core neurobiological systems and behavioral manifestations of OUD that promote relapse
and diminish the quality of life. In the present review, we focus on sleep as a potential
mechanistic target to improve OUD treatment outcomes.

Over the past decade, a growing scientific consensus has identified sleep as a critical
component of OUD development, maintenance, and treatment. A recent FDA public meeting
that included patients with OUD identified sleep disturbance as a primary contributor to
relapse and treatment attrition (Food and Drug Administration, 2018). Subsequently, the
NIH committed nearly $25 million to fund a research program titled “Sleep Dysfunction as
a Core Feature of Opioid Use Disorder and Recovery” as part of the Helping End Addiction
Long-Term (HEAL) Initiative. Sleep disturbance is common and often severe in persons
with OUD (Eacret et al., 2020), and is a core symptom of several mental health conditions
that have high co-occurrence with OUD such as major depressive disorder (Tsuno et al.,
2005). Sleep has a bidirectional relationship with emotional processes known to affect OUD
treatment outcomes including low positive and high negative affect (Minkel et al., 2012;
Ong et al., 2017). Furthermore, there is a well-established link between sleep and stress, and
both high chronic stress and stress reactivity are associated with negative OUD treatment
outcomes (Koob, 2008; Sinha, 2007, 2008; Van Bockstaele et al., 2010). Despite these links,
sleep disturbance is not a primary consideration in most OUD treatment programs, and is
typically a secondary or tertiary outcome in OUD research, if it is assessed at all. The
omission of sleep assessments in OUD treatment research is just one aspect of a larger
issue, namely an inconsistent metric of OUD “recovery,” and a vague understanding of
what “recovery” means to individuals with OUD. In this review, we use the term recovery
to denote improvements in mental health, physical health, and quality of life, with an
understanding that there are individual differences in patient-driven endpoints regarding
lifestyle, social functioning, and the desire to reduce or eliminate drug use (Hay et al.,

2019; Witkiewitz et al., 2020). Extant literature on sleep and OUD is complicated by a
limited understanding of how the mu-opioid receptor system, in the presence of either
MOUDs (mu-opioid receptor full agonist, partial agonist, and antagonist), or no MOUD,

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2023 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Huhn and Finan Page 3

may influence sleep in recovery. Further complicating sleep research in persons with OUD
are mechanisms contributing to sleep disturbance (a) during active opioid use, (b) during
opioid withdrawal, (c) at different time points in recovery and/or in persons with different
definitions of their own recovery endpoints, and (d) in the context of dysregulated circadian
rhythms of stress.

This narrative review will highlight mechanisms by which opioids disrupt sleep, the
relationship between sleep and emotional processes in persons with OUD, and the potential
role of sleep improvement in promoting long-term, healthy recovery in persons in OUD
treatment. The goal of this narrative review is to collate the evidence addressing sleep
disturbance in persons with OUD and provide an actionable research agenda to evaluate

the hypothesis that behavioral and pharmacological interventions targeting sleep disturbance
might improve OUD treatment outcomes.

Circadian Rhythms That Influence Both Sleep and Opioid Use Disorder

Circadian rhythms are biological processes that follow a ~24-hr pattern, and circadian
rhythms of stress hormones and several neurotransmitter systems regulate the sleep—wake
cycle. The suprachiasmatic nucleus of the hypothalamus is the master clock of the
sleep—wake cycle and nearly all neurons in the suprachiasmatic nucleus produce the
neurotransmitter, -y-aminobutyric acid (GABA; Moore & Speh, 1993). GABA projections to
the locus coeruleus inhibit noradrenergic neurotransmission and are partially responsible for
the onset of sleep and the progression of sleep architecture (Gervasoni et al., 1998). GABA
receptor agonists are generally sedating and are often used to treat acute sleep disturbance
and anxiety (Gottesmann, 2002), and preclinical models of OUD have demonstrated that
GABA neurotransmission in the central amygdala complex and basal ganglia portion of

the cortico-basal gangliathalamocortical loop (i.e., the neural reward system) is associated
with opioid reinforcement, tolerance, and withdrawal (Kallupi et al., 2020; Kang-Park et

al., 2015; Matsui et al., 2014; Xi & Stein, 2002). Both opioid and GABA agonists shift
diurnal patterns of activity in preclinical models (Vansteensel et al., 2003). Persons in

OUD recovery often exhibit altered sleep—wake patterns and report sleep disturbances, and
epidemiological studies suggest that many individuals with OUD co-use benzodiazepines,
possibly to self-treat anxiety and insomnia symptoms that are common in this population
(Hernandez et al., 2018; Hirschtritt et al., 2017; Jones et al., 2012). The role of GABA in the
sleep—wake cycle is primarily related to sedation, yet circadian arousal and stress systems
also play a key role in both sleep and OUD.

Orexin (a.k.a. hypocretin) producing neurons are primarily localized in the lateral
hypothalamus and perifornical area of the brain; however, orexinergic neurons project to
several subcortical/brainstem regions that are responsible for regulating wakefulness/arousal,
diurnal neuroendocrine stress signaling, food, drink (and consequently drug) consumption,
and mood (Date et al., 1999; Sakurai et al., 1998). Orexin signaling follows a circadian
rhythm whereby increased orexin signaling activates the wake phase relative to the rest/sleep
phase (Baumann & Bassetti, 2005). Within the sleep phase, decreased orexin signaling is
essential for the onset of rapid-eye-movement (REM) sleep (Kantor et al., 2009). In addition,
antagonizing the orexin system improves sleep continuity by modulating circadian rhythms
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of the sleep/wake cycle as opposed to causing sedation (Scammell & Saper, 2007). There
is robust evidence from preclinical models of OUD demonstrating that increased orexin
signaling contributes to arousal and stress reactivity in substance use disorders including
OUD, and orexin receptor antagonists attenuate opioid withdrawal symptoms (Harris &
Aston-Jones, 2006; Harris et al., 2005; Martin-Fardon et al., 2010). Stress reactivity is

one of the neurobiological hallmarks of OUD (Koob, 2008; Koob et al., 2014; Koob &
Volkow, 2010), and stress/sleep interactions are a critical intermediate target that might
bidirectionally affect OUD behaviors. Furthermore, hyperarousal is a hallmark of insomnia
(Riemann et al., 2010), a sleep disorder that is common in OUD and characterized by
difficulty initiating/maintaining sleep with accompanying daytime impairments.

Orexinergic projections from the lateral hypothalamus directly and indirectly activate
neuroendocrine stress signaling via the hypothalamic—pituitary—adrenal axis (HPA-axis;
Al-Barazanji et al., 2001; Kuru et al., 2000; Russell et al., 2001), which also influences
diurnal rhythms of the sleep/wake cycle, including the timing, continuity, and duration

of sleep relative to the daily light/dark cycle (Kok et al., 2002; Saper et al., 2005). The
HPA-axis becomes dysregulated during the course of OUD, which is evident in recovery; for
example, persons inducted to methadone display decreased systemic corticotropin-releasing
hormone and cortisol levels relative to healthy controls, and persons in opioid withdrawal
display decreased corticotropin-releasing hormone but increased cortisol relative to healthy
controls (Zhang et al., 2008). Thus, it is likely that chronic opioid exposure is associated
with HPA-axis dysfunction, and that opioid withdrawal increases the adrenal stress response.
In addition, stress signaling via the neurotransmitter corticotropin-releasing factor directly
activates orexinergic neurons (Winsky-Sommerer et al., 2004), thereby exacerbating stress
response and promoting hyperarousal consistent with drug craving (Boutrel et al., 2005).

It is not clear how circadian rhythms of stress via neuroendocrine and neurotransmitter
signaling might reregulate over time in recovery, but these biological stress signals are
interrelated and their dysregulation provides a mechanistic target for sleep disturbances in
persons with OUD.

Opioid Use and Objective Measures of Sleep

In general, sleep can be assessed using several metrics, including sleep quantity (e.g., total
sleep time), sleep continuity (e.g., sleep onset latency, wake after sleep onset, and sleep
efficiency), sleep architecture (e.g., the duration and percent of time spent in each stage

of sleep: N1-3, and rapid-eye movement [REM] sleep), sleep quality (e.g., self-reported
restfulness), and events that fragment sleep, such as sleep apnea or restless legs (Crivello et
al., 2019; Fell et al., 1996; Terrill et al., 2015). Disturbances of any of these parameters can
result in bidirectional and feedforward decrements to mental and physical health (Atkinson
& Davenne, 2007; Freeman et al., 2017). Acute doses of opioids disrupt sleep continuity

in animal (Cronin et al., 1995; Gauthier et al., 2011; Moreton et al., 1976; Watson et al.,
2007) and human studies (Dimsdale et al., 2007; Howe et al., 1980; Kay, 1975a; Kay et
al., 1969). For example, acute opioid administration reduces neural activity and GABA
neurotransmission in the pontine reticular formation, an area of the brainstem involved in
sleep and eye movement (Cronin et al., 1995; Watson et al., 2007), and disrupts sleep
architecture by reducing REM sleep in rodent models (Gauthier et al., 2011). In humans,
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acute opioid administration also disrupts sleep architecture by reducing time spent in stage
N3, also referred to as slow-wave sleep (Dimsdale et al., 2007), although acute opioid use
may increase total sleep time for persons with acute pain (Cutrufello et al., 2020).

Chronic opioid exposure causes persistent sleep disturbance in morphine and/or methadone-
maintained animals (PaCesova et al., 2016; Robert et al., 1999; Young et al., 1975), and
methadone and/or buprenorphine-maintained humans (Dunn et al., 2018; Kay, 1975b).
Interactions between the orexin and opioid systems suggest that orexinergic signaling could
be partially responsible for sleep disturbance in persons with OUD. Preclinical studies

have demonstrated that orexinergic neurons express mu-opioid receptors (Georgescu et al.,
2003), and orexin mMRNA levels increase during opioid withdrawal (Laorden et al., 2012;
Zhou et al., 2006). Further, a study examining postmortem human brains found that persons
who engage in long-term heroin use had 54% more orexinergic neurons in the lateral
hypothalamus than age/sex-matched controls, suggesting that chronic opioid exposure is
associated with increased orexin signaling (Thannickal et al., 2018). There is also evidence
from human research that dysregulation of the HPA-axis, especially increased cortisol
signaling during opioid withdrawal and postwithdrawal periods (Gerra et al., 2003; Shi et al.,
2009), might be partially responsible for reductions in total sleep time in early recovery from
OUD (Bunce et al., 2015). Moreover, a pronounced and protracted rebound in REM sleep
patterns has also been observed following opioid withdrawal in animals (Colasanti et al.,
1975; Khazan & Colasanti, 1972) and humans (Mehtry et al., 2014). Taken together, these
studies suggest that sleep disturbance is prevalent both during active OUD and during opioid
withdrawal and postwithdrawal periods.

Further evidence of the relationship between chronic opioid use and sleep disturbance
comes from studies of persons utilizing opioid maintenance therapies (OMT). Methadone-
maintained patients display reduced total sleep time and disrupted sleep architecture when
compared with healthy controls and/or national norms (Sharkey et al., 2009, 2011; Xiao

et al., 2010). Persons utilizing methadone or buprenorphine maintenance therapies might
also overreport their sleep quantity and continuity, as evidenced by a study using portable
electroencephalography (EEG) in the natural environment; in this study, objective measures
of sleep revealed shorter total sleep time and more sleep disruptions (e.g., wake after

sleep onset) than self-report assessments (Finan et al., 2020). Interestingly, this study

did not find significant differences in objective measures of sleep between buprenorphine
and methadone-maintained patients. Another study using portable polysomnography in
methadone-maintained patients found generally high concordance between objective and
subjective measures for a single-night sleep study (Sharkey et al., 2011). In general, there
is a paucity of studies that compare objective measures of sleep such as EEG or full
polysomnography (primary objective measures) or actigraphy (secondary objective measure)
in persons on different MOUDs, including a notable gap in the literature of studies
objectively comparing OMT to XR-NTX. Regardless, objective measures of sleep within
persons undergoing opioid withdrawal, postwithdrawal, and opioid maintenance conditions
suggest that sleep disturbance is a prevalent and persistent issue in OUD recovery.
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Opioid Use Disorder and Sleep Quality

Self-reported sleep quality is an important outcome in sleep research that can supplement
objective measures or act as a stand-alone assessment of sleep during OUD recovery.
Persons with OUD undergoing supervised withdrawal report significant sleep disturbances,
including increased sleep onset latency, reduced total sleep time, and poor sleep quality
(Oyefeso et al., 1997), and reduced postwithdrawal sleep quality is associated with increased
drug craving (Lydon-Staley et al., 2017). Many OUD patients report substantial sleep
disturbances upon entering OMT (Hartwell et al., 2014; Nordmann et al., 2016; Peles et
al., 2006, 2011; Stein et al., 2004), and continue to report sleep disturbances and poor sleep
quality during treatment (Dunn et al., 2018). Likewise, drug use is associated with later
bedtimes and reduced self-reported and objectively measured total sleep time in persons in
OMT (Bertz et al., 2019).

There have been few direct comparisons of sleep quality across MOUDs. One study found
that individuals maintained on oral naltrexone (for ~10 months) had better sleep relative to
individuals maintained on methadone (Staedt et al., 1996), and a recent secondary analysis
of a randomized clinical trial found that persons on XR-NTX endorsed persistent insomnia
at a lower rate than persons on oral buprenorphine (Latif et al., 2019); however, this study
relied on once monthly, retrospective self-reports of sleep disturbance and there is a pressing
need to further our understanding of the trajectory and consequence of sleep disturbance in
OUD patients who are using different forms of MOUDs.

Opioid Use and Sleep Apnea

In humans, chronic opioid use (Schwarzer et al., 2015), either for pain (Mogri et al.,

2009) or as an OMT (Charpentier et al., 2010; DeVido et al., 2015; Farney et al.,

2013), is associated with the development of hypoxemia and sleep-disordered breathing.
There are numerous mechanisms by which opioids disrupt breathing during sleep, the
detailed exposition of which is beyond the scope of this article and has been thoroughly
addressed in other reviews (Van Ryswyk & Antic, 2016; Webster et al., 2008). In brief,

one of the primary mechanisms of opioid-related sleep-disordered breathing involves

opioid receptors that are distributed throughout the parabrachial complex. The parabrachial
complex controls the breathing rate and helps maintain upper airway muscle tone via
sleep-related chemosensory regulation (Damasceno et al., 2014). Exogenous opioids
modulate parabrachial complex function during sleep, both by binding directly to mu-opioid
receptors and interacting with chemosensory neurons (Cutrufello et al., 2020). Importantly,
chemoreceptors, located on the dendrites of chemosensory neurons within the carotid body
(Wicher & Marion-Poll, 2018), are integral to the detection of hypoxia and altered breathing
during NREM sleep (Skatrud & Dempsey, 1983). Chronic opioid use desensitizes the
chemoreceptor function within this system during sleep, leading to both central sleep apneas
and obstructive apneas via upper airway occlusion (Teichtahl et al., 2005; Wang et al.,
2005).

In a study of patients on methadone maintenance therapy, neither central sleep apnea nor
obstructive sleep apnea were associated with differences in subjective sleep quality (Sharkey
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et al., 2010). However, sleep apnea is globally associated with increased risk of stroke
(Redline et al., 2010; Yaggi et al., 2005) and cardiovascular disease (Kendzerska et al.,
2014) and, on a day-to-day level, leads to excessive daytime sleepiness by increasing
nocturnal arousals and fragmenting sleep, even in the absence of frank awakenings
(Guilleminault et al., 1988). Increased daytime sleepiness is associated with an array

of daytime cognitive impairments (Lal et al., 2012; Ohayon & Vecchierini, 2002). Both
obstructive and central sleep apnea can be effectively treated with continuous positive
airway pressure (Aurora et al., 2012; Ballester et al., 1999; Montserrat et al., 2001).
Limited studies among patients on long-term opioid therapy for chronic pain (Jaoude et
al., 2016; Kendzerska et al., 2020; Wasef et al., 2020) and OMT (Troitino et al., 2014) have
demonstrated poor patient adherence and reluctance to initiate continuous positive airway
pressure treatment. However, these studies have been small and/or reliant on retrospective
chart review, so there is a significant need for additional research in this domain.

Sleep, Stress, and Emotional Processes in Persons With Opioid Use

Disorder

There is a clear link between stress and the onset (Briand & Blendy, 2010; Koob et al.,

2014; Meier et al., 2014; Mills et al., 2007; Sinha, 2008), and progression (Briand & Blendy,
2010; Goeders, 2003; Koob, 2008; Kreek et al., 2005; Sinha, 2008) of OUD, and both high
tonic stress and stress reactivity contribute to relapse risk in persons in early recovery (Koob,
2008; Sinha, 2007). In animal models, acute opioid exposure reduces HPA-axis-mediated
stress response (Koob, 2008), partially through inhibition of the locus coeruleus (Aghajanian
& Wang, 1987; Korf et al., 1974; Van Bockstaele et al., 2010), and animal models of chronic
opioid exposure demonstrate that stress reactivity is partially mediated by the HPA-axis
(Covington & Miczek, 2001; Xu et al., 2004). Stress reactivity may lead to bouts of sleep
disturbance in humans, and explain, in part, the persistent sleep disturbances observed

in persons in OUD treatment. Persons who use opioids report that sleep disturbance and
anxiety symptoms motivate their continued opioid use (Barth et al., 2013; Burke et al.,
2008). Longitudinal studies are needed to evaluate the critical transition from opioid misuse
to progressively more severe OUD in order to evaluate the degree to which the sleep/stress
interaction drives relapse risk trajectories over time.

In healthy adults, mu-opioid receptor polymorphisms that are associated with opioid misuse
are also associated with increased activity of the HPA-axis in response to the mu-opioid
receptor antagonist, naloxone (Chong et al., 2006). Persons receiving oral naltrexone for
OUD display considerable variability in diurnal systemic cortisol during treatment (Kosten
et al., 1986), and may be vulnerable to stress and drug-cue induced craving (Hyman et al.,
2007); the studies of stress response during oral naltrexone treatment have been performed
in small samples and there is no published evidence of these effects in persons on XR-NTX.

Studies using ecological momentary assessments have also demonstrated that momentary
levels of stress and related psychophysiological states such as low positive affect, high
negative affect, and pain are associated with opioid craving (Huhn et al., 2016; Mun et
al., 2020) and that low positive affect, or anhedonia, partially mediates the relationship
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between sleep quality and opioid craving in postwithdrawal OUD patients (Lydon-Staley et
al., 2017). These studies have focused on within-day and/or point prevalence associations
of psychological states and drug use behavior, for example, whether stress is associated
with craving at the moment. Studies employing intensive biological measures of HPA-axis
function demonstrate that momentary observations of stress in patients with OUD likely
adhere to a diurnal rhythm. For example, persons on long-term methadone maintenance
display circadian rhythms of HPA-axis measures (including cortisol) that are either blunted
(Zhang et al., 2008) or similar to healthy controls (Kreek et al., 1983), and the acute agonist
effects of methadone may blunt HPA-axis response to experimental and natural stress (Kreek
et al., 1984; Mendelson et al., 1975; Renault et al., 1972; Walter et al., 2008). Methadone
maintenance treatment is effective in persons with co-occurring OUD and posttraumatic
stress disorder (Trafton et al., 2006), suggesting that it may stabilize the HPA-axis response
to stressful events. However, sleep disturbance remains a major issue in patients maintained
on both methadone and buprenorphine (Brady, 2001; Dunn et al., 2018; Finan et al., 2020)
and drug craving is associated with sleep disturbance during the early stages of opioid
abstinence (Fathi et al., 2020).

Drug use and craving are also associated with depressive symptoms, negative affect, and
anhedonia in methadone-maintained patients (Epstein et al., 2009; Huhn et al., 2019; Huhn,
Brooner, et al., 2020; Mun et al., 2020). Given that sleep disturbance is a symptom of
depressive disorders (Tsuno et al., 2005), it is likely that there is a link among sleep,
psychiatric symptoms, and treatment outcomes in this population. Indeed, sleep problems
have been independently associated with increased psychiatric distress and decreased daily
functioning in methadone patients (Burke et al., 2008; Gros et al., 2013), further supporting
the treatment of sleep as a target to improve treatment outcomes in persons with OUD.
Taken together, the evidence suggests that diligent tracking of sleep, stress, affect, and
craving in OUD patients during early abstinence and initiation on OMT could assist in
clinical decision-making including the intensity of behavioral treatment.

Discussion: Clinical Implications of Sleep Disturbance in Persons With

Opioid Use Disorder

Sleep disturbance is commonly reported by individuals who actively use opioids and those
in OUD recovery. Evidence demonstrates that sleep is a major issue both during opioid
withdrawal and while being maintained on MOUDs (Finan et al., 2020; Mehtry et al., 2014),
yet there is very little controlled research aimed at improving sleep in these populations.
This is in contrast to similar conditions such as alcohol use disorder, where several clinical
trials have examined the effect of medications for alcohol use disorder on sleep and the
relationship between sleep and relapse outcomes (Fortuna et al., 2018; Panin & Peana,
2019). Sleep is an important outcome domain in OUD research, not only because it is
intertwined with the quality of life, but also because it is mechanistically linked to the
proximal drivers of opioid use, including stress, affect, and craving (Figure 1). Thus, sleep
improvement is a logical target to improve the model of care for persons with OUD.
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We know of only four studies that have empirically examined methods for improving sleep
in OUD patients. The first was a controlled trial of electrostimulation versus acute doses of
methadone in persons with OUD who were undergoing supervised opioid withdrawal; the
results of that study demonstrated that participants in the methadone group had greater

total sleep time relative to individuals receiving electrostimulation, but neither group
demonstrated adequate sleep during the study (Gossop & Bradley, 1984). The second study
compared a 50-150 mg self-titrated dose of trazodone with placebo during methadone
maintenance and demonstrated that while there was some initial improvement in total sleep
time in the trazadone group, overall there were no significant group differences in sleep
quantity or quality (Stein et al., 2012). A more recent study compared 30 mg mirtazapine,
10 mg zolpidem, 30 mg mirtazapine + 10 mg zolpidem, and placebo using a within-subjects,
cross-over design in persons maintained on methadone; this study reported a significant
improvement in sleep onset latency and total sleep time in the 30 mg mirtazapine group,
which surpassed other treatment groups (Stein et al., 2020). Overall, mirtazapine improved
sleep onset latency and total sleep time by ~23 min compared with placebo, which is
clinically significant, but this pilot study had a relatively small sample size (A= 10),

and larger trials are necessary to fully assess the efficacy of mirtazapine in OUD patients
with insomnia. Finally, a between-subject, 12-week randomized-controlled trial of 10 mg
melatonin versus placebo in methadone-maintained patients (/= 54) demonstrated that
melatonin improves scores on the Pittsburgh Sleep Quality Index and depressive symptoms
on the Beck Depressive Inventory relative to placebo (Ghaderi et al., 2019). These results are
promising yet the trial had a small-to-moderate sample size and did not assess sleep quantity
with objective measures. Nonetheless, the results of the study suggest that melatonin might
be useful in addressing symptoms of insomnia in methadone-maintained patients.

Identifying Therapeutic Targets to Improve Sleep in Opioid Use Disorder

Patients

There are several possible avenues for future treatment development targeting sleep in

OUD populations. The results of the recent mirtazapine/zolpidem trial are important in (a)
identifying mirtazapine as a potential medication to improve sleep in methadone-maintained
patients and (b) demonstrating that zolpidem might not be optimal in this population despite
its widespread use for insomnia (Stein et al., 2020). In general, the abuse liability of
benzodiazepines and “Z” drugs such as zolpidem have precluded their adoption as sleep
medications in persons seeking OUD treatment, especially given the potential for respiratory
depression in coadministration of benzodiazepines and opioids (which is especially relevant
for persons on OMT) (Jones & McAninch, 2015). Thus, while circadian rhythms of GABA
signaling are relevant to both OUD and sleep disturbance (Vansteensel et al., 2003), GABA
receptor agonists are unlikely to be widely used to improve sleep in this population.

Targeting the orexin neurotransmitter system is another promising approach for treating
sleep disturbance in persons with OUD (Dunn et al., 2019; James et al., 2020; Zarrabian
et al., 2020). Suvorexant has recently garnered attention as a potential treatment for sleep
disturbance in OUD patients (James et al., 2020); suvorexant is a dual-orexin receptor
antagonist (DORA\) that is effective in improving sleep duration and continuity while also
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demonstrating a favorable safety profile in long-term (1 year) studies (Herring et al., 2012,
2016). Another DORA that has a higher affinity for the OX2 receptor, lemborexant, has

also been recently approved by the FDA for the treatment of insomnia; lemborexant is

also effective in improving sleep duration and continuity and has shown efficacy in older
adults with insomnia (Murphy et al., 2017; Rosenberg et al., 2019). Given preclinical
evidence that orexin receptor antagonists reduce opioid withdrawal and drug-seeking (Harris
& Aston-Jones, 2006; Harris et al., 2005), these DORASs might improve other OUD
outcomes beyond sleep disturbance. Still, both suvorexant and lemborexant are schedule

IV controlled substances and should be rigorously evaluated in clinical OUD populations
before widespread use in OUD treatment.

Cognitive-behavioral therapy for insomnia (CBT-I) is another frontline treatment with high
efficacy for reducing insomnia symptoms, consolidating sleep, and extending sleep time
(Mitchell et al., 2012; Morin et al., 2006; Okajima et al., 2011). We are not aware of

any studies that have evaluated CBT-I for patients with OUD. However, several studies
have demonstrated that CBT-I is effective in reducing insomnia symptoms in patients with
insomnia and comorbid alcohol use disorder (Arnedt et al., 2011; Chakravorty et al., 2019).
In studies to date, CBT-I has been more effective than pharmacotherapy in improving sleep
quality among people with alcohol use disorder (Miller et al., 2017). However, alcohol

use behavior is not substantially altered by CBT-I (Miller et al., 2017). There have been
several randomized clinical trials of CBT-I in patients with insomnia and comorbid chronic
pain, with results consistently showing robust improvements in insomnia symptoms (for
reviews, see Finan et al., 2014; Koffel et al., 2015). Although CBT-I has been effective

in improving sleep among patients with chronic pain, effects on pain have been less
consistent (Finan et al., 2014). Together, these studies demonstrate that CBT-1 is effective
for insomnia in patients with comorbid disorders that profoundly influence behavior and
function, suggesting that there is a rationale to evaluate CBT-1 in patients with comorbid
insomnia and OUD. However, based on studies in other comorbid disorders, it does not
appear likely that CBT-I as a stand-alone treatment would substantially improve drug use
outcomes. Also, it is not clear whether ongoing opioid use, either illicit or provided via
OMT, would influence the sleep-related outcomes of CBT-1. These questions should be
taken up in pilot trials to inform a larger-scale randomized clinical trial.

Conclusion

Sleep disturbance is a common issue in persons with OUD and an understudied aspect of
OUD recovery. There is ample evidence from preclinical and clinical research that sleep is
related to opioid withdrawal, craving, and relapse behaviors. However, there are very few
studies in OUD populations that target sleep to improve these outcomes. Nonetheless, sleep
health is part of a constellation of mental and physical health outcomes that should be the
target of future research on OUD recovery, not only because it might improve “primary”
OUD outcomes such as opioid withdrawal and relapse, but also because sleep disturbance is
commonly reported by OUD patients as a persistent problem, and because the field should,
in general, move beyond simply defining OUD treatment outcomes by drug use behaviors,
and shift toward improving the overall health and well-being of persons in OUD recovery.
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Public Significance Statement

In light of the ongoing opioid crisis, there is a pressing need to improve treatment
outcomes for opioid use disorder. Sleep disturbance is a common complaint among
persons with opioid use disorder, and interventions that target sleep in this population
could improve stress, affect, craving, and/or relapse outcomes.
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Figure 1. Bidirectional Associations That Decrease Quality of Lifein Recovery and Lead to
Opioid Relapse

Note. All of these factors can increase the risk for relapse at any given time (i.e., state
changes), and may be part of a persistent dysregulation of diurnal rhythms that decreases the
likelihood of successful, long-term recovery.

* Affective processes refer to high negative and low positive affect.
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