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Study Objectives: Individuals with opioid use disorder (OUD) may experience worsening sleep quality over time, and a subset of individuals may have sleep
disturbances that precede opioid use and do not resolve following abstinence. The purpose of the present study was to (1) collect retrospective reports of sleep
across the lifespan and (2) identify characteristics associated with persistent sleep disturbance and changes in sleep quality in persons with OUD.
Methods: Adults with OUD (n = 154) completed a cross-sectional study assessing current and past sleep disturbance, opioid use history, and chronic pain.
Repeated-measures analysis of variance was used to examine changes in retrospectively reported sleep quality, and whether changes varied by screening
positive for insomnia and/or chronic pain. Multivariate linear regression analyses were used to identify additional correlates of persistent sleep disturbance.
Results: Participants reported that their sleep quality declined over their lifespan. Changes in reported sleep over time varied based on whether the individual
screened positive for co-occurring insomnia and/or chronic pain. In regression analyses, female sex (b = 0.16, P = .042), a greater number of treatment episodes
(b = 0.20, P = .024), and positive screens for chronic pain (b = 0.19, P = .018) and insomnia (b=0.22, P = .013) were associated with self-reported persistent sleep
disturbance. Only a portion of participants who screened positive for sleep disorders had received a formal diagnosis.
Conclusions: OUD treatment providers should routinely screen for co-occurring sleep disturbance and chronic pain. Interventions that treat co-occurring OUD,
sleep disturbance, and chronic pain are needed.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Co-occurring sleep disorders are common among individuals with opioid use disorder (OUD), and opioid use can
lead to changes in sleep architecture. However, very little is known about the onset or correlates of sleep pathology in OUD (ie, whether a subset of individ-
uals with OUD have sleep disturbance that precedes opioid use).
Study Impact: The present study is among the first to collect retrospective reports of sleep quality across the lifespan among individuals with OUD. Results
suggest that a subset of individuals with OUD report chronic sleep disturbance, and worsening sleep over time.

INTRODUCTION

Sleep disturbances are common among persons with opioid use
disorder (OUD), as well as in those in opioid recovery (recovery
is defined here as individuals are in treatment or remission from
OUD). Individuals who are physically dependent on opioids
have reduced sleep-onset latency, shorter sleep duration,
reduced sleep efficiency (time asleep/time in bed 3 100), and
altered sleep architecture including reduced rapid eye move-
ment sleep relative to healthy controls.1–3 Over half of persons
in OUD treatment report clinically significant sleep disturban-
ces4–7 and/or symptoms of insomnia.8 These sleep difficulties
can contribute to continued drug use or return to use following
a period of abstinence, and several studies have cited the desire
to improve sleep as direct motivation for opioid use9,10 and an
antecedent to opioid craving11 in persons with OUD. Character-
izing associations of sleep and OUD recovery is important in
improving comprehensive care for OUD.

Numerous preclinical studies have demonstrated that chronic
opioid exposure leads to disturbances in both sleep architecture
and continuity,12–15 and that cessation of opioid use restores
these markers of sleep health,15 although it should be noted that
these relationships are complex and heavily influenced by rele-
vant comorbidities (eg, a recent meta-analysis suggested
that, among individuals with chronic pain, use of opioids as pre-
scribed may be associated with better self-reported sleep
quality16). Additionally, 1 study in humans demonstrated that
cessation of opioid use and/or stabilization in opioid medication
treatment produces at least modest improvements in sleep, but
other evidence suggests that a subset of individuals continue to
experience sleep disturbance even after they have stopped using
opioids.17 One potential explanation for this finding is that
opioids have a sustainable, negative impact on sleep even after
cessation of use. Alternatively, a subset of individuals in OUD
treatment or recovery may have had sleep disturbance that pre-
ceded opioid use; that is, some individuals may have pre-OUD
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sleep disturbance that is further exacerbated by opioid use but
does not naturally resolve during opioid abstinence.

Currently, very little is known about how self-reported sleep
quality changes across the lifespan among patients in OUD
recovery. Cross-sectional research has linked sleep problems
with prescription opioid use in adolescents.18–20 However,
none of these studies assessed participants’ perception of sleep
quality prior to initiation of opioid use, leaving open the ques-
tion of whether the sleep disturbance was a motive for, or a con-
sequence of, nonmedical opioid use, or if the 2 phenomena
emerged separately or converged together. Consequently, fur-
ther investigation may improve our understanding of the ante-
cedents of problematic opioid use and inform OUD treatment
development. Retrospective self-reports, although not without
limitations, can be an important tool in assessing for sleep dis-
turbance, and are often used in informing sleep disorder
diagnoses.21

Collecting lifespan retrospective reports may help identify
subgroups of individuals who warrant special attention as being
at high risk for persistent sleep disturbance and/or worsening
sleep across the lifespan in future work. For example, clinical
insomnia can be chronic,22 and may precede opioid use in some
individuals in OUD recovery. Chronic pain commonly
co-occurs with both insomnia23 and OUD,24,25 and insomnia
can occur secondary to chronic pain.26 Thus, individuals with
chronic pain may also represent a group at high risk of persis-
tent and/or worsening sleep disturbance. Additionally, charac-
teristics of an individual’s opioid use history (ie, age of onset,
severity of opioid use) may be related to co-occurring sleep
pathology.

The primary aim of the present study was to better under-
stand sleep across the lifespan and self-reports of persistent
sleep disturbance among individuals who reported OUD symp-
toms and who identified being in OUD treatment or recovery.
Individuals who used prescription opioids nonmedically were
eligible to participate if they reported being in OUD treatment
or recovery and endorsed OUD symptoms; however, individu-
als who were prescribed opioids but did not report symptoms
consistent with OUD and did not endorse being in OUD treat-
ment or recovery were not eligible. We further sought to exam-
ine how sleep across the lifespan varied among individuals
screening positive for insomnia and/or chronic pain during
OUD recovery. It was hypothesized that individuals who
screened positive for insomnia and chronic pain would be more
likely to report (1) persistent sleep disturbance and (2) that their
sleep had worsened across childhood, adolescence, and adult-
hood. A secondary aim of the study was to conduct an explor-
atory analysis to identify demographic and opioid use variables
potentially associated with persistent sleep disturbance that
may be relevant to explore in future work.

METHODS

Participants
Participants were sourced from Amazon Mechanical Turk from
May 22, 2020, to August 8, 2020. Amazon Mechanical Turk is
an online crowd-sourcing marketplace that is regularly used in

biomedical survey research of difficult-to-reach populations,27

including substance use disorders.28 Amazon Mechanical Turk
requestors develop human intelligence tasks (HITs) in the form
of surveys or other remote assignments, which offer compensa-
tion to workers that register to complete them. Following sub-
mission of a HIT, requestors indicate quality and completion of
the task by approving or rejecting a HIT. Each participant who
responded to the screener received a $0.10 payment, and partic-
ipants who completed the entire survey received $3.50 and a
$0.50 bonus for answering an open-ended question. Attention
check items (eg, “Are you from Mars?” and “What does 2 + 2
equal”) were included in the survey, and participants were
asked to report their age and sex twice during the survey.
Respondents who failed attention checks or demonstrated
inconsistent responding were removed. Additionally, duplicate
ID addresses, sequential responses from similar IP addresses,
and nonsensical text responses were removed.

The current study was advertised on Amazon Mechanical
Turk as a brief health survey consisting of several question-
naires (described below), as well as questionnaires related to a
separate research question among individuals with OUD,
selected by the investigators. On average, participants spent
31.25 minutes (standard deviation = 19.02 minutes) completing
the survey. Survey access was limited to workers located in the
United States, with an approval rating ≥ 90%, and who had not
previously completed the survey. Persons meeting those criteria
completed a screening survey that collected information regard-
ing demographics and treatment/recovery status of several
health conditions. Eligibility criteria were blinded via distractor
questions and access to the main survey was reserved to persons
aged ≥ 18 years living in the United States, who endorsed being
currently in treatment or recovery from OUD. The standard
Diagnostic and Statistical Manual for Mental Disorders, fifth
edition (DSM-5), self-report checklist for OUD was used to
assess whether participants endorsed symptoms consistent with
at least mild OUD leading up to their most recent treatment epi-
sode (ie, endorsed at least 2 DSM-5 symptoms).

The survey was hosted on Qualtrics (Provo, UT). Participants
were informed that participation was voluntary and anonymous.
Due to the nature of data collection, the study was submitted to
the Johns Hopkins School of Medicine Institutional Review
Board as exempt from Institutional Review Board review and
was acknowledged by the Institutional Review Board.

Measures

Potential correlates of retrospective reports of sleep disturbance

Demographic characteristics: Information was collected
regarding age, sex, race, marital status, and current household
income. Participants also responded to questions about lifetime
use of various substances in addition to opioids.

Opioid use history: The 16-item Subjective Opioid With-
drawal Scale (SOWS)29 was adapted to measure the severity of
withdrawal that an individual experienced when abruptly stop-
ping opioid use in the past. Participants also reported their age
of first opioid use and how many times they had been in sub-
stance use treatment. Participants were able to select from a
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scale ranging from 0 to 6 or more times; however, categories of
0 and 1 were collapsed into a single category, as were individu-
als reporting 4 or more treatment episodes due to small cell
sizes. Participants also indicated whether they had overdosed,
defined in the present study as loss of consciousness, overdose
requiring hospitalization, and/or needing to be revived via Nar-
can (Emergent Devices Inc. Plymouth Meeting, PA).

Insomnia screen: Symptoms of insomnia over the past 2
weeks were measured using the 7-item Insomnia Severity Index
(ISI),30 using a 0–4-point Likert scale. Participants were dichot-
omized into individuals who screened positive for clinical
insomnia (ie, those who reported scores of 15 or higher on the
ISI) and individuals who screened negative.

Chronic pain screen: The 6-item Graded Chronic Pain Scale,
Revised (GCPS-R),31 was used to index the presence of chronic
pain over the past 3 months. Participants who screened positive
for grade 1 chronic pain or higher were compared against indi-
viduals who screened negative.

Outcome measures

Sleep across the lifespan: Participants were asked to report
on their sleep quality at 3 time points during their life (child-
hood, adolescence, and adulthood) on 3 visual analog scales
(VASs) ranging from 0 (“Bad sleep—never get a full night’s
rest”) to 100 (“Great sleep—always get a full night’s rest”).

Persistent sleep disturbance: To assess persistent sleep distur-
bance, participants answered 6 questions on a 5-point Likert scale
ranging from strongly agree to strongly disagree: (1) I feel that I
have experienced sleep problems throughout my life, (2) I feel
that it has been hard for me to maintain regular sleep patterns
throughout my life, (3) Sleep problems have interfered with my
daily activities such as work and school throughout my life, (4)
Sleep problems have interfered with my mood and behavior
throughout my life, (5) Sleep problems have interfered with moti-
vation throughout my life, and (6) I have used opioids to improve
my sleep problems. Items were developed for the purposes of the
present study but demonstrated acceptable reliability (a= .88).

Descriptive information to characterize sleep in the
present sample

Sleep quality: The 19-item Pittsburgh Sleep Quality Index
(PSQI)32 was administered to determine atypical sleep patterns
and sleep disturbance over the past month. Individuals with a
score > 5 were classified as poor sleepers.

Sleep apnea risk: To index the risk of obstructive sleep apnea,
the 7-item snoring, tiredness, observed apnea, high blood pres-
sure, body mass index, age, and male gender (STOP-BAG)33

questionnaire was administered. This questionnaire is a modi-
fied version of the STOP-Bang questionnaire,34 in which the
neck circumference item is omitted. The total score was calcu-
lated based on summing the items and participants were classi-
fied as low risk (0–2), moderate risk (3–4), or severe risk (5–7).

Sleep disturbance checklist: Participants indicated whether
they had, at any point in their life, experienced a number of dis-
turbances related to sleep. Participants were also asked to

indicate if they had ever been formally diagnosed a sleep disorder
by a professional. Diagnoses were based on participant report
and were not verified by clinic records. The checklist consisted
of 30 items. SeeTable 2 for items included in the checklist.

Data analysis
A between-group, repeated-measures analysis of variance
(ANOVA) was used to examine reported changes in sleep quality
across the lifespan (as measured by VAS) for childhood, adoles-
cence, and the past 30 days, as a function of insomnia and chronic
pain. Mauchly’s test of sphericity was used to test whether varian-
ces in the difference scores were equal and Levene’s test was used
to test assumptions related to homogeneity of variance; neither
assumption was determined to be violated. The outcomemeasures
were roughly normally distributed and did not contain outliers.
Follow-up Bonferroni-corrected post hoc tests were used to fur-
ther explore significant interaction effects by examining whether
changes across time among the 4 groups were significant.

Next, bivariate correlations, t tests, and 1-way analysis of
variance were used, as appropriate, to explore potential corre-
lates of self-reported persistent sleep disturbance (a total score
of the 6 Likert scales described above). Demographic character-
istics (ie, sex and age), opioid use history (ie, age of first opioid
use, number of treatment episodes for substance use, overdose
history, history of opioid withdrawal severity), and physical
health variables (ie, positive screen for insomnia, positive
screen for chronic pain) were considered as potential correlates
in bivariate analyses. Variables related to self-reported persis-
tent sleep disturbance at the P < .2 threshold35 were entered into
a multivariate linear regression analysis. Assumptions related
to multivariate linear regression (ie, absence of multicollinear-
ity, linearity, independence, normality, homoscedasticity) were
checked and determined to be met. The ratio of cases to inde-
pendent variables was determined to be appropriate.36 For all
analyses, alpha levels were set at .05 and analyses were per-
formed using SPSS (IBM Corporation, Armonk, NY).

RESULTS

Participant characteristics
We screened 5,632 potentially interested respondents. Follow-
ing exclusion of individuals who did not meet eligibility criteria
and individuals with duplicate IP addresses, sequential
responses from similar IP addresses, or nonsensical text
responses, 196 individuals were determined to be eligible.
Forty-one individuals were excluded for inconsistent respond-
ing or for failing attention check items, and 1 individual was
removed for screening negative for OUD on the DSM-5 check-
list; thus, n = 154 participants were included in the final sample.

Descriptive demographic information is presented in
Table 1. In the present sample, 52.6% (n = 81) of participants
screened positive for at least moderate insomnia and 46.1%
(n = 71) screened positive for being at moderate or high risk for
sleep apnea. Consistent with rates observed in some other
work,37 the majority of participants exceeded the cut score of 5
for poor sleep quality on the PSQI (n = 131, 85.1%), although
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scores ranged from 1 to 20. The median bedtime was 10:30 PM

and the median wake time was 7:00 AM. Lifetime use of other
substances was common in the present sample. Around two-
thirds of the sample reported receiving a medication for OUD,

but medication use was unrelated to past 30-day sleep quality
on the VAS (P= .596). Insomnia positive-screen rates were
41.8% of those on no medications, 42.9% of those on buprenor-
phine or extended-release buprenorphine (Suboxone; Indivior,
Richmond, VA), 60.5% of those on methadone (Mallinckrodt,
Staines, United Kingdom), and 65.0% of those on naltrexone
(Barr Pharmaceuticals, Montvale, NJ) or extended-release nal-
trexone (Alkermes, Waltham, MA) (Barr Pharmaceuticals,
Montvale, NJ); while these differences were not statistically
significant (P= .079), there may be clinically meaningful differ-
ences in the propensity for insomnia as a function of medication
for opioid use disorder (MOUD) status.

Rates of specific sleep disturbances, and rates of self-
reported diagnoses by a medical professional, are presented in
Table 2. Night sweats, nightmares, and difficulty falling asleep
were the most common lifetime sleep disturbance symptoms
reported in the present sample. Insomnia, sleep apnea, and sleep
paralysis were among the most commonly reported medical
diagnoses. However, only a portion of individuals who
screened positive for insomnia on the ISI (n = 34, 42.0%) and as
presenting as moderate or high risk for sleep apnea on the
STOP-BAG questionnaire (n = 25, 35.2%) reported being for-
mally diagnosed for each condition by a professional.

Retrospective reports of changes in sleep quality
across the lifespan
Self-reported VAS sleep quality in the past 30 days was associ-
ated with VAS sleep quality in both childhood (r= .37, P <
.001) and adolescence (r= .51, P < .001). However, as shown
in Figure 1, sleep changed significantly across the 3 time points
[F(2, 300) = 25.57, P< .001]. Post hoc pairwise comparisons
suggested that participants reported that their sleep worsened
over time; self-reported past-30-day sleep quality was lower
than in adolescence (mean difference =24.97, P= .027) and
childhood (mean difference =216.52, P< .001), and self-
reported sleep quality in adolescence was lower than in child-
hood (mean difference = 10.64, P< .001).

Reported changes in sleep quality also interacted with
screening positive for chronic pain and insomnia. There was a
significant time point3 positive chronic pain screen interaction
[F(2, 300) = 4.18, P = .016], as well as a significant time point
3 positive insomnia screen interaction [F(2, 300) = 8.52, P <
.001] and a significant time point 3 positive chronic pain
screen3 positive insomnia screen interaction [F(2, 300) = 8.15,
P< .001]. These interactions revealed that, relative to OUD
alone, having 1 or more comorbidities was associated with dif-
ferent trajectories of self-reported sleep quality over time.

Follow-up Bonferroni-corrected post hoc tests, presented in
Table 3, suggested that the sharpest declines in sleep quality
occurred among individuals screening positive for co-occurring
chronic pain and insomnia. Sleep quality during childhood was
significantly better than in adolescence (mean differ-
ence = 23.86, P< .001) and adulthood (mean difference = 39.86,
P< .001), and sleep quality in adolescence was significantly
better than sleep quality in adulthood (mean difference = 16.00,
P= .007). Individuals who screened positive for insomnia, but
negative for chronic pain, had better sleep quality in childhood

Table 1—Demographic characteristics of the sample.

Variable Values

Sex (female) 61 (39.6%)

Employment (% employed full or part time) 135 (87.7%)

Hispanic ethnicity 31 (20.1%)

Race

White/Caucasian 109 (70.8%)

Black/African American 19 (12.3%)

American Indian 7 (4.5%)

Asian 9 (5.8%)

Native Hawaiian/Pacific Islander 5 (3.2%)

More than 1 race 5 (3.2%)

Marital status

Married or remarried 98 (63.6%)

Never married 46 (29.9%)

Divorced/separated 9 (5.8%)

Widowed 1 (0.6%)

Income

$0–$30,000 54 (35.1%)

$30,001–$60,000 55 (35.7%)

$60,001–$90,000 23 (14.9%)

$90,001+ 22 (14.3%)

Age (years) 35.13 (8.42)

Current medication for OUD treatment

None 55 (35.7%)

Methadone 38 (24.7%)

Buprenorphine/Suboxone 18 (11.7%)

Extended-release buprenorphine 3 (1.9%)

Naltrexone 18 (11.7%)

Extended-release naltrexone/Vivitrol 22 (14.3%)

Lifetime substance use

Nicotine 94 (61.0%)

Alcohol 139 (90.3%)

Cannabis/marijuana 101 (65.6%)

Synthetic marijuana 35 (22.7%)

Cocaine 103 (66.9%)

Methamphetamines 61 (39.6%)

Hallucinogens 52 (33.8%)

Dissociative hallucinogens 29 (18.8%)

Inhalants 35 (22.7%)

Prescription stimulants (nonmedical use) 60 (39.0%)

Prescription sedative/sleeping
medication (nonmedical use)

63 (40.9%)

Data are presented as n (%) except for age, which is presented as mean
(standard deviation). OUD = opioid use disorder.
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relative to adulthood (mean difference = 9.58, P= .012). Post
hoc tests comparing changes in sleep quality in childhood,
adolescence, and adulthood among individuals scoring posi-
tive for chronic pain but negative for insomnia were not
significant. Self-reported sleep quality worsened among indi-
viduals with OUD only, although the magnitude of change
was less than among individuals with co-occurring chronic
pain and insomnia (childhood vs adolescence: mean differ-
ence = 7.77, P= .028; childhood vs adulthood: mean differ-
ence = 9.34, P= .02), and sleep quality in adolescence did not
differ from sleep quality in adulthood in this group (mean dif-
ference = 1.57, P= 1.00).

Correlates of persistent sleep disturbance
Reports of persistent sleep disturbance were common in the pre-
sent sample, with 48.1% of respondents (n= 74) somewhat or
strongly agreeing with statements that they experienced sleep
problems throughout their life and 50.6% (n = 78) had difficul-
ties maintaining regular sleep patterns. Reports of sleep problems
affecting daily activities, behavior and mood, and motivation
across the lifespan were also common, with 44.8% (n= 69),
48.1% (n= 74), and 46.1% (n =71) endorsing each statement,
respectively. Sixty-nine participants (44.8%) reported that they
had used opioids to improve sleep problems. Persistent sleep dis-
turbance was related to lower self-reported sleep quality in both
adolescence (r=2.302, P< .001) and in the past 30 days
(r=2.299, P< .001), but not to lower self-reported sleep quality
in childhood (r=2.114, P= .159).

Bivariate analyses suggested that persistent sleep distur-
bance was associated with more severe opioid withdrawal
when abruptly stopping opioid use (r = .29, P < .001), a
greater number of treatment episodes for substance use
[F(3,150) = 3.62, P = .015], with a positive insomnia screen
[t(152) = 2.94, P = .005], and with a positive chronic pain
screen [t(152) = 3.01, P = .003]. Sex, age, income, history of
overdose, and age at first opioid use were unrelated to reports
of persistent sleep disturbance at the bivariate level. A multi-
variate linear regression analysis controlling for all variables
associated with the outcome at the P < .2 level, presented in
Table 4, suggested that female sex (b= 0.16, P = .042), a
positive insomnia screen (b= 0.22, P = .013), a positive
chronic pain screen (b= .19, P = .018), and being in treat-
ment 4 or more times relative to being in treatment 0 or 1
time (b = .20, P = .024) were significantly related to self-
reported persistent sleep disturbance. Overdose, income,
and severe withdrawal history were unrelated to persistent
sleep disturbance in the multivariate model.

Table 2—Rates of lifetime sleep disturbance.

Variable Values

Lifetime sleep disturbances

Night sweats 106 (68.8%)

Nightmares 103 (67.3%)

Difficulty falling or staying asleep 102 (66.7%)

Vivid dreams 99 (64.3%)

Severe restlessness 97 (63.0%)

Strong urge to nap during the day 94 (61.0%)

Racing thoughts or worries 87 (56.5%)

Easily disturbed by light 83 (53.9%)

Easily disturbed by sounds 82 (53.2%)

Sleep talking 82 (53.2%)

Waking up unable to move 75 (48.7%)

Teeth grinding/jaw clenching 75 (48.7%)

Irresistible urge to move legs 71 (46.1%)

Rapid heartbeat, fluttering
heartbeat, or irregular heartbeat

69 (44.8%)

Frequent nighttime urination 66 (42.9%)

Suddenly gasping for breath 61 (39.6%)

Groaning 61 (39.6%)

Waking up screaming or with violent
outbursts

55 (35.7%)

Kicking 52 (33.8%)

Sleep walking 44 (28.6%)

Wake up with convulsions/seizures 40 (26.0%)

Bedwetting (after age 7) 37 (24.0%)

Formal diagnosis—sleep disorders

Insomnia 46 (29.9%)

Sleep apnea 41 (26.6%)

Sleep paralysis 37 (24.0%)

Restless legs syndrome 22 (14.3%)

Parasomnias (sleep talking/sleep walking) 14 (9.1%)

Night terrors 14 (9.1%)

Circadian disorders 10 (6.5%)

Narcolepsy 9 (5.8%)

Data are presented as n (%).

Figure 1—Retrospective report of self-reported sleep
quality across the lifespan.

Analysis was based on retrospective reporting of sleep at each of the 3 time
points on a 0–100 visual analog scale. OUD = opioid use disorder.
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DISCUSSION

Understanding sleep difficulties across the lifespan and during
OUD recovery is important in establishing the role of sleep in
disease progression and whether sleep improvement should be
included as a core feature of comprehensive care for OUD. The
results of this study suggest that persistent sleep disturbance is
associated with clinical insomnia and/or chronic pain in OUD
recovery. Consistent with results in the general population,38

self-reported sleep quality was highest in childhood before
declining in adolescence and adulthood; however, different tra-
jectories were observed for different subgroups of individual
with OUD. Individuals with OUD and insomnia retrospectively
reported chronic low sleep quality relative to those with OUD
only, and individuals with co-occurring OUD, insomnia, and
chronic pain reported more dramatic declines in sleep quality
across their life than other participants. Thus, the etiology of
sleep disturbance and the onset of sleep difficulties among

Table 3—Bonferroni-corrected post hoc tests.

Mean Difference (95% CI) SE Bonferroni Adjusted P

OUD only

Childhood vs adolescence 7.77 (0.64, 14.90) 2.95 .028*

Childhood vs adulthood 9.34 (1.11, 17.57) 3.40 .020*

Adolescence vs adulthood 1.57 (26.11, 9.25) 3.17 .999

OUD + pos. chronic pain screen (neg. insomnia screen)

Childhood vs adolescence 6.88 (26.06, 19.83) 5.35 .600

Childhood vs adulthood 3.71 (211.23, 18.64) 6.17 .999

Adolescence vs adulthood 23.18 (217.11, 10.76) 5.76 .999

OUD + pos. insomnia screen (neg. chronic pain screen)

Childhood vs adolescence 4.03 (22.86, 10.93) 2.85 .476

Childhood vs adulthood 9.58 (1.63, 17.53) 3.28 .012*

Adolescence vs adulthood 5.55 (21.87, 12.97) 3.06 .216

OUD + pos. screens for insomnia and chronic pain

Childhood vs adolescence 23.86 (12.21, 35.51) 4.81 < .001*

Childhood vs adulthood 39.86 (26.42, 53.29) 5.55 < .001*

Adolescence vs adulthood 16.00 (3.46, 28.54) 5.18 .007*

*Denotes a P value < .05. CI = confidence interval, neg. = negative, OUD = opioid use disorder, pos. = positive, SE = standard error.

Table 4—Correlates of persistent sleep disturbance.

Variable B SE P Beta 95% CI

Female sexa 1.88 0.91 .042* 0.16 0.07, 3.68

Incomeb

$30,000–$60,000 21.90 1.10 .088 20.15 24.08, 0.28

$60,000–$90,000 0.93 1.43 .517 0.06 21.90, 3.76

$90,000+ 21.17 1.43 .415 20.07 24.01, 1.66

Insomnia—positive screen 2.53 1.01 .013* 0.22 0.54, 4.52

Chronic pain—positive screen 2.53 1.05 .018* 0.19 0.45, 4.61

Treatment episodesc

2 1.21 1.17 .306 0.10 21.11, 3.53

3 0.58 1.45 .690 0.04 22.29, 3.45

4+ 3.51 1.54 .024* 0.20 0.47, 6.54

Overdose history 20.57 1.01 .575 20.05 22.57, 1.43

Severe withdrawal history 0.07 0.04 .089 0.15 20.01, 0.15

Exploratory analysis examining correlates of persistent sleep disturbance on a 6-item scale. *Denotes a P value < .05. aRef = Male. bRef = $0–$30,000.
cRef = 0–1 treatment episode. CI = confidence interval, Ref = reference, SE = standard error.
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individuals with OUD may be influenced by a number of fac-
tors, including relevant comorbidities.

Individuals with persistent sleep disturbance may benefit
from adjunctive sleep interventions in addition to standard
OUD treatment, in order to improve overall well-being and
address co-occurring symptoms that may have clinical rele-
vance. For example, adjunctive interventions addressing sleep,
such as pharmacotherapies, cognitive behavioral therapy for
insomnia (CBT-I), or referral to a sleep specialist may be bene-
ficial. Some participants in the present sample may have experi-
enced sleep disorders that were not formally diagnosed by
professionals; although over half of participants screened posi-
tive for at least moderate insomnia on the ISI and nearly half
screened positive for moderate to high risk of sleep apnea on
the STOP-BAG questionnaire, less than one-third of patients
had received a formal diagnosis of insomnia from a health pro-
fessional and only around one-quarter had received a formal
diagnosis of sleep apnea. There are a number of brief tools that
can be used to assess sleep quality and sleep disorders, includ-
ing measures used in the present study.30,32 It is recommended
that opioid treatment providers regularly assess sleep in order to
maximize the likelihood that sleep disorders are recognized and
appropriately treated, especially because poor sleep has been
associated with premature treatment discontinuation.39

Although many of the relationships in the present study are
complex and may be bidirectional, adequately addressing
symptoms of chronic pain among the subset of individuals with
co-occurring OUD, chronic pain, and insomnia may provide
additional beneficial effects on sleep, particularly if there are a
subset of patients who experience sleep disturbance secondary
to chronic pain. For example, combined cognitive behavioral
therapy for chronic pain and insomnia has also shown positive
effects on pain, sleep, and mood symptoms among patients with
co-occurring chronic pain and insomnia.40–42 Additionally, rou-
tinely assessing for untreated pain and helping patients with
OUD access medical care and attain insurance may also be ben-
eficial, as lack of assessment of chronic pain by OUD treatment
providers,43 low rates of insurance coverage among individuals
with OUD,44 and negative attitudes toward individuals with
OUD among physicians45 may all increase the likelihood that
co-occurring chronic pain is inadequately managed in popula-
tions with OUD.

Future work should aim to understand the directionality of
these relationships, including the specific ages at which chronic
pain, insomnia, and OUD emerge. Gathering participant reports
about whether these phenomena emerged together, sequen-
tially, or several years apart may be useful. In addition, it would
be useful to gather information about participant-reported direc-
tionality and motives for use (ie, nonmedical opioid use follow-
ing emergence of a diagnosis of insomnia or chronic pain), as
this may also help identify specific subtypes of patients present-
ing with co-occurring symptoms, as well as treatment efforts.
Finally, it should be noted that women in the present study were
more likely to report persistent sleep disturbance than men.
This finding is consistent with results from other studies
that have also found sex differences in insomnia.46 Future
work should further probe interactions between sex, sleep

disturbance, and chronic pain. Recent work suggests that exper-
imental sleep disruption may have sex-dependent effects on
pain processing.47 Thus, future work should explore whether
OUD, sleep disturbance, and chronic pain emerge through sex-
specific pathways.

Exploratory analyses indicated that a greater number of treat-
ment episodes was also associated with self-reported persistent
sleep disturbance, providing some evidence that more severe
OUD may influence persistent sleep disturbance and/or that
persistent sleep disturbance could hamper recovery attempts.
Future work regarding how sleep disturbance influences the
course of opioid use treatment is warranted. This finding also
reflects that individuals with co-occurring OUD and sleep dis-
turbance are more likely to have contacts with clinical pro-
viders, which may represent opportunities to be assessed for
relevant co-occurring symptoms.

The retrospective nature of the present study may lead to
recall bias that could lead to inaccurate appraisals of past sleep
quality. Thus, longitudinal studies are needed in order to exam-
ine whether individuals with sleep disorders who develop OUD
are more likely to have persistent sleep disturbance that contin-
ues even after stopping opioid use. However, although longitu-
dinal studies examining sleep and OUD beginning in
adolescence and extending into adulthood represent the ideal
methodology to answer these questions, such studies are costly
and time intensive. Longitudinal studies in this area would also
require recruitment of a large sample to ensure that the study is
statistically powered to recruit a subset of patients who will
develop OUD. Additionally, retrospective self-reports are com-
monly used in clinical diagnosis of sleep disorder.21 Thus, this
initial study collecting retrospective reports of sleep quality
presents a beneficial initial step in informing future work.

In addition to the cross-sectional nature of the study, other
limitations should be considered. First, the present study uti-
lized a convenience sample of individuals in OUD recovery,
and future studies could examine retrospective reports of sleep
in distinct clinical populations such as persons with varying
severities of OUD or persons in specific MOUD treatments.
Although 1 significant strength of the present study was that the
race and average age of the present sample were comparable to
estimates from the 2019 census, the present study included a
smaller proportion of women and a larger proportion of individ-
uals who reported working full or part time relative to the Cen-
sus. Thus, the results should be replicated in samples with a
higher proportion of female and unemployed respondents. Con-
trary to expectations, we did not find significant differences in
insomnia based on use of MOUDs, and we did not exclude par-
ticipants based on factors such as time in treatment or other sub-
stance use, both of which may have influenced the finding that
rates of insomnia did not significantly differ by type of medica-
tion for OUD. Future studies should further explore the role that
medications play in resolution of sleep disturbance in OUD.
Many of the self-reported parasomnia and diagnoses of sleep
disorders were within range or slightly higher than prevalence
estimates in the general population;48–50 however, it is possible
that some participants incorrectly remembered their diagnoses
or were unaware of a formal diagnosis. Further, although we
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selected well-validated measures for the present study, some
items (eg, those assessing persistent sleep disturbance) were
developed for the purposes of the present study and should
undergo further validation. Future work will benefit from utiliz-
ing multi-method approaches to examine the etiology of OUD
and sleep.

In conclusion, the present study is among the first to examine
retrospective reports of persistent sleep disturbance and sleep
across the lifespan among individuals in OUD recovery. Results
suggest that a subset of individuals may be more likely to report
persistent sleep disturbance across the lifespan, especially
women, individuals screening positive for chronic pain, indi-
viduals screening positive for insomnia, and individuals with
more treatment episodes. Further, individuals who have symp-
toms of insomnia, particularly those with co-occurring insom-
nia and chronic pain, may be particularly likely to report that
their sleep worsened over time. Longitudinal studies that
explore changes in sleep quality, chronic pain, and OUD symp-
toms over time and intervention studies that explore the best
way to treat co-occurring symptoms would be beneficial.

ABBREVIATIONS

OUD, opioid use disorder
VAS, visual analog scale
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