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Introduction: Sleep can have substantial impacts in substance use disorder (SUD)

pathogenesis, treatment, and recovery. Sex differences exist in both sleep and SUD, but

how sleep is uniquely associated with SUD by sex is not known. The study objective

was to compare, within sex, sleep parameters between individuals with SUD and

non-substance misusing controls.

Methods: Secondary analyses of a parent cross-sectional study examining the

feasibility and acceptability of a novel neurocognitive phenotyping assessment battery

were completed. SUD and control subjects were recruited through local advertising

and an established research registry. Subjects with SUD were also recruited through

a university-based outpatient SUD treatment clinic. Self-reported sleep quality was

assessed using the Pittsburgh SleepQuality Index (PSQI). Sex-stratified t-tests compared

sleep between SUD and control subjects while Crosstab analyses explored group

differences in the proportion of individuals reporting poor sleep (defined as PSQI ≥ 5).

Results: Data from 162 males (44 controls, 118 SUD) and 146 females (64 controls, 82

SUD) were included in the present study. For females only, a significantly lower proportion

of controls reported PSQI-defined poor sleep than individuals with any SUD or specifically

with opioid use disorder. Male, but not female, controls reported shorter sleep latency,

longer sleep duration, and less sleep disturbance than males with each SUD type.

Discussion/Implications: Sleep holds promise as an avenue to address SUD within a

biopsychosocial model. Future work at the intersection of SUD and sleep should prioritize

investigations of their interplay with sex to identify targets for tailored SUD interventions.

Keywords: addiction, substance use disorder, opioid use disorder, sleep, cannabis use disorder, cocaine use

disorder, sex differences

INTRODUCTION

Deaths due to substance use disorder (SUD) occur more often in males than females,
yet increases in SUD-related mortality are occurring more rapidly for females than
males (1). Females with opioid use disorder (OUD) are witnessing faster increases
in overdose rates due to fentanyl than males (2). Stimulant use has skyrocketed
as a cause of death (3), with females burdening additional negative impacts (4, 5).
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Sex differences exist in SUD risk (6, 7) and treatment (8, 9).
Examples include females progressing more rapidly from initial
use to SUD (10) and males receiving buprenorphine having
worse OUD treatment continuation rates (11). Given these sex
differences, achieving a deeper understanding of the role that sex,
as a key biological variable, plays in SUD is warranted.

New, effective SUD treatment options tailored to individuals’
neurobiological characteristics and social contexts are urgently
needed (12). One area receiving increased attention as a target
for SUD prevention, assessment, treatment and recovery is sleep
(13). Sleep and SUD demonstrate a bi-directional relationship
(14, 15), and this intersection likely brings complexity to
SUD trajectories. Specifically, substance use itself can negatively
impact sleep quality (16–18). Simultaneously, sleep health may
heighten or buffer risk for SUD development (19) and treatment
response (20–22). In the general population, sex differences exist
across sleep parameters (23), with sleep disturbance generally
being more common among females than males (24).

Prior efforts attempting to assess sex-specific associations
between sleep and SUD have been limited and inconclusive
(25). The present study’s primary objective was to compare,
within sex, sleep parameters between individuals with SUD
and non-substance misusing controls. The secondary objective
was to report sex-specific differences in sleep parameters by
primary drug diagnosis between SUD and control subjects.
We hypothesized that poor sleep parameters would be more
prevalent among the SUD groups than controls for both sexes.

MATERIALS AND METHODS

The Virginia Commonwealth University IRB (IRB# HM
20012559) approved the study, and written informed consent
was obtained.

Subjects and Study Procedures
Methods for the parent study are described elsewhere (26). The
objective of the parent, cross-sectional study was to assess the
feasibility and acceptability of the National Institute on Drug
Abuse (NIDA) Phenotyping Battery (PhAB), a novel package
of self-report and neurobehavioral performance measures
assembled by NIDA in consultation with an addiction expert
workgroup. The PhAB is designed for eventual use in clinical
trials to allow for classification of individuals with SUD along
neurofunctional domains (e.g., behavioral phenotype), and to
eliminate heavy reliance on DSM-5 criteria and primary drug of
use to determine treatment strategies.

For the parent study, participants were recruited from
an established patient registry, local advertising, and a SUD
treatment clinic. Eligibility criteria were relaxed to recruit a
heterogeneous sample of individuals with SUD along with non-
substance misusing controls. Thus, individuals in the SUD group
were not limited to be in a certain stage of recovery; active
substance use was neither an inclusion nor an exclusion criterion.
Inclusion criteria for both groups consisted of age between 18
and 70 years and ability to complete forms and interviews in
English. Individuals enrolled in the SUD group also had to
meet DSM-5 criteria for a current SUD with opioids, cannabis,

and/or cocaine as the primary drug diagnosis. Conditions
considered exclusionary were: current psychosis, mania, suicidal/
homicidal ideation, history of seizures (excluding childhood
febrile seizures), or loss of consciousness from traumatic injury
for more than 30min, or any other illness, or condition, which
in the opinion of the PI or study physician would preclude
safe and/or successful completion of the study. Severe comorbid
alcohol use disorder was exclusionary. Subjects meeting severe
criteria for more than one drug (n = 5) were excluded from
this secondary analysis. Non-substance misusing controls met
the same criteria noted above, with the exception that they could
not meet DSM-5 SUD criteria. All subjects were able to complete
forms and interviews in English. At the study visit, subjects
completed urine drug testing (UDT), questionnaires, and the
PhAB measures.

Measures
The Pittsburgh Sleep Quality Index, PSQI (27), a 19-item self-
report tool, assessed overall sleep quality (range 0–21; higher
scores indicate worse global sleep) along with seven component
scores (range 0–3, higher scores indicate worse sleep). The PSQI
is widely used to measure sleep difficulty. It has been validated
in a range of settings and in a variety of samples, from children
(28) to older adults (29). Based on prior validation studies, a total
PSQI score ≥ 5 is associated with poor sleep quality (27).

Demographic information included age, sex (self-reported
male vs. female), race, education, and employment status.

Recent substance use was determined via timeline follow-back
interview (30) and UDT.

Data Analysis
Analyses were conducted with SPSS version 26 (31) and
stratified by sex. First, descriptive statistics were calculated
for demographic and clinical characteristics. Continuous
variables were summarized via means and standard deviations
while categorical variables were summarized via counts and
percentages. A series of t-tests were conducted comparing sleep
characteristics (PSQI total score and component scores) between
SUD and control subjects. Next, an additional set of t-tests were
conducted comparing sleep characteristics between controls and
SUD subjects by their primary drug diagnosis (e.g., cocaine,
cannabis, and opioid). Lastly, a series of Crosstab analyses were
used to investigate whether SUD and control subjects differed in
the proportion with PSQI-defined poor sleep (i.e., PSQI ≥ 5).

RESULTS

Data were available for 162 males (44 controls, 118 SUD) and
146 females (64 controls, 82 SUD). Among male SUD subjects,
about a third had a primary drug diagnosis for OUD (n = 53),
followed by cocaine (n= 37) and cannabis (n= 28) use disorder.
For female SUD subjects, OUD (n = 46) was the most common
primary drug diagnosis followed by cannabis (n = 22) and
cocaine (n = 14) use disorder. More SUD subjects identified as
Black race (males 79%, females 73%) compared to controls (males
39%, females 39%; Table 1). Among SUD subjects, polysubstance
use was common. For example, 45% of male OUD subjects
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TABLE 1 | Demographic, clinical, and sleep characteristics of SUD and non-substance misusing control study participants.

Males (n = 162) Females (n = 146)

Control

(n = 44)

All SUD

(n = 118)

Opioid UD

(n = 53)

Cocaine UD

(n = 37)

Cannabis UD

(n = 28)

Control

(n = 64)

All SUD

(n = 82)

Opioid UD

(n = 46)

Cocaine UD

(n = 14)

Cannabis UD

(n = 22)

Demographics M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Age 37.0 (15.8) 44.6 (12.4) 44.4 (10.4) 52.2 (9.4) 35.0 (12.7) 34.8 (13.7) 41.2 (13.1) 41.1 (12.5) 50.9 (6.6) 35.3 (14.1)

Race N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Black/African American 17 (38.6) 93 (78.8) 39 (73.6) 37 (100.0) 17 (60.7) 25 (39.1) 60 (73.2) 34 (73.9) 12 (85.7) 14 (63.6)

White/Caucasian 22 (50.0) 20 (16.9) 112 (0.8) 0 (0.0) 9 (32.1) 26 (40.6) 18 (22.0) 11 (23.9) 1 (7.1) 6 (27.3)

All other races 5 (11.3) 4 (3.3) 2 (3.8) 0 (0.0) 2 (7.2) 12 (18.8) 3 (3.6) 1 (2.2) 1 (7.1) 1 (4.5)

Ethnicity

Hispanic/LatinX 1 (2.3) 3 (2.5) 1 (1.9) 1 (2.7) 1 (3.6) 2 (3.1) 1 (1.2) 1 (2.2) 0 (0.0) 0 (0.0)

Non-hispanic/LatinX 40 (90.9) 108 (91.5) 50 (94.3) 33 (89.2) 25 (89.3) 59 (92.2) 75 (91.5) 43 (93.5) 12 (85.7) 20 (90.9)

Marital status

Never married 26 (59.1) 58 (49.2) 24 (45.3) 16 (43.2) 18 (64.3) 36 (56.3) 50 (61.0) 28 (60.9) 6 (42.9) 16 (72.7)

Married/living with partner 12 (27.3) 32 (27.1) 17 (32.1) 10 (27.0) 5 (17.8) 21 (32.8) 17 (20.8) 10 (21.8) 3 (21.4) 4 (18.2)

Separated/divorced/Widowed 5 (11.4) 27 (22.9) 11 (20.7) 11 (29.7) 5 (17.9) 7 (10.9) 14 (17.0) 7 (15.2) 5 (35.7) 2 (9.1)

Past 30 days employment

Full-time (35+hours/week) 16 (36.4) 40 (33.9) 20 (37.7) 7 (18.9) 13 (46.4) 24 (37.5) 18 (22.0) 12 (26.1) 2 (14.3) 4 (18.2)

Part time 8 (18.2) 22 (18.6) 9 (16.9) 6 (16.2) 7 (25.0) 15 (23.4) 8 (9.7) 3 (6.5) 1 (7.1) 4 (18.2)

Unemployed 5 (11.4) 37 (31.4) 19 (35.8) 15 (40.5) 3 (10.7) 3 (4.7) 36 (43.9) 21 (45.7) 8 (57.1) 7 (31.8)

Other 13 (29.5) 18 (15.2) 4 (7.5) 9 (24.3) 5 (17.8) 22 (34.4) 19 (23.2) 9 (19.5) 3 (21.4) 7 (31.7)

Education

<High school 1 (2.3) 18 (15.3) 10 (18.9) 5 (13.5) 3 (10.7) 1 (1.6) 14 (17.1) 8 (17.4) 5 (35.7) 1 (4.5)

High school or GED 5 (11.4) 53 (44.9) 25 (47.2) 20 (54.1) 8 (28.6) 10 (15.6) 43 (52.4) 25 (54.3) 8 (57.7) 10 (45.5)

Some college 21 (47.7) 34 (28.8) 14 (26.4) 10 (27.0) 10 (35.7) 22 (34.4) 20 (24.4) 11 (23.9) 1 (7.1) 8 (36.4)

College degree or more 17 (38.6) 13 (11.0) 4 (7.5) 2 (5.4) 7 (25.0) 29 (45.3) 5 (6.1) 2 (4.3) 0 (0.0) 3 (13.6)

Sleep M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

PSQI global score (0–21) 5.11 (3.08) 6.92* (3.72) 7.62* (3.80) 5.62 (3.55) 7.36* (3.43) 5.66 (2.53) 7.27* (2.99) 7.63** (2.83) 6.21 (3.26) 7.19* (3.12)

Sleep quality (0–3) 0.86 (0.80) 1.28* (0.95) 1.40* (0.85) 1.14 (1.06) 1.25 (0.97) 1.19 (0.59) 1.41 (0.80) 1.37 (0.83) 1.50 (1.09) 1.43 (0.51)

Sleep latency (0–3) 0.73 (0.73) 1.25** (0.86) 1.37** (0.82) 1.11* (0.88) 1.21* (0.92) 0.91 (0.77) 1.26* (0.74) 1.35* (0.71) 1.21 (0.70) 1.10 (0.83)

Sleep duration (0–3) 0.52 (0.82) 1.24** (1.23) 1.17* (1.22) 1.35* (1.30) 1.21* (1.20) 0.64 (0.86) 1.04* (1.15) 1.13* (1.19) 0.86 (1.17) 0.95 (1.07)

Sleep efficiency (0–3) 1.41 (1.45) 1.15 (1.41) 1.37 (1.46) 0.41* (1.04) 1.75 (1.38) 0.95 (1.40) 1.20 (1.45) 1.35 (1.48) 0.64 (1.28) 1.24 (1.48)

Sleep disturbance (0–3) 0.82 (0.45) 1.12** (0.48) 1.21** (0.50) 1.03* (0.44) 1.07* (0.47) 0.97 (0.40) 1.15* (0.42) 1.17* (0.38) 1.14 (0.53) 1.10 (0.44)

Sleep medication (0–3) 0.14 (0.41) 0.29 (0.64) 0.44* (0.78) 0.11 (0.31) 0.25 (0.65) 0.17 (0.46) 0.56* (0.82) 0.67 (0.87) 0.29 (0.61) 0.48 (0.81)

Daytime dysfunction (0–3) 0.64 (0.65) 0.59 (0.70) 0.65 (0.71) 0.49 (0.69) 0.61 (0.69) 0.83 (0.72) 0.67 (0.74) 0.59 (0.72) 0.57 (0.65) 0.90 (0.83)

PSQI scores are missing for one male with opioid and one female with cannabis use disorder (UD). The * symbol indicates the differences between groups significant at p < 0.05. The ** symbol indicates the differences between groups

significant at p < 0.01.
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FIGURE 1 | Sex-specific prevalence of PSQI score ≥5 for SUD and control study subjects. The *symbol indicates the differences between groups significant at

p < 0.05.

reported past 30-day cocaine use with 34% (n = 18) having a
UDT positive for cocaine. For female OUD subjects, 33% and
26% reported past 30-day cannabis and cocaine use, respectively,
with 17% (n = 8) testing positive for each of these substances.
A third of male and half of female OUD subjects were receiving
medication treatment such as buprenorphine ormethadone (data
not shown).

In males, PSQI global scores were better among controls (M
= 5.11, SD = 3.08) than in SUD subjects (M = 6.92, SD = 3.72),
t(159) = −2.88, p = 0.005. Male controls also had significantly
lower PSQI global scores thanmales with primary drug diagnoses
of OUD (M = 7.62, SD = 3.80) and cannabis use disorder (M =

7.36, SD = 3.43), p = 0.001, and 0.005, respectively. Generally,
male controls reported statistically shorter sleep latency, longer
sleep duration, and less sleep disturbances than SUD males with
any primary drug diagnosis.

In females, PSQI global scores were better among controls
(M = 5.66, SD = 2.53) than in SUD subjects (M = 7.27, SD
= 2.99), t(143) = −3.45, p = 0.001. Female controls also had
significantly lower PSQI global scores than females with primary
drug diagnoses of OUD (M = 7.63, SD = 2.83) and cannabis use
disorder (M = 7.19, SD= 3.12), p < 0.001 and 0.05, respectively.
Unlike their male counterparts, female controls did not report
any PSQI component score that was statistically better across all
primary drug diagnoses for SUD subjects. Refer to Table 1 for
a complete listing of comparisons of PSQI-reported sleep across
sexes and study groups.

Lastly, the proportion of males who reported PSQI-defined
poor sleep did not differ between controls and SUD subjects,
χ
2 (1, N = 161) = 2.05, p > 0.05, nor primary drug diagnosis

SUD subgroups. However, for females, a significantly lower
proportion of controls reported PSQI-defined poor sleep than
SUD subjects, χ

2(1, N = 145) = 5.64, p < 0.05, or subjects
with a primary drug diagnosis of OUD, χ2(3, N = 145) = 8.63,
p < 0.05. Refer to Figure 1 for a graphical depiction of group
differences in the proportion of individuals with PSQI-defined
poor sleep.

DISCUSSION

Sleep is an important component of health that can have
widespreadmedical and psychosocial impacts (32). In our sample
of individuals with SUD, we found poor sleep to be more
prevalent compared to a control group for both males and
females. These sleep differences weremost notable for individuals
with OUD and cannabis use disorder. However, only for females
was overall poor sleep quality more prevalent among individuals
with SUD compared to non-substance misusing controls.

In line with our hypotheses, PSQI scores indicated worse sleep
quality among individuals with SUD compared to controls. This
finding was expected given the emerging understanding of the
bidirectional relationship between SUD and sleep (14). However,
when we assessed differences from controls by primary drug
diagnosis, consistent differences emerged for individuals with
opioid and cannabis use disorder. These findings are consistent
with literature highlighting the negative physiological effects
opioid and cannabis use can have on sleep (18). More work is
needed to better elucidate the underlying mechanisms of these
associations within other clinical SUD populations.

The interplay between sleep and SUD is likely complex,
resembling a co-existing comorbidity where precise functional
interactions between sleep, sex, circadian rhythm, and other
biological factors are unknown (13). Variation on an individual
level could stem from both the specific substances being
used and the biopsychosocial context (32), with many factors
potentially related to both poor sleep and SUD progression. Our
sample recruited from an outpatient clinic and its surrounding
community were largely Black, underemployed, unmarried, and
with low levels of completed education. This demographic
snapshot reflects the high burden of social determinants of health
common among many people with SUD, potentially reflecting
social indicators of poverty and structural racism, which can
also differentially impact sleep by one’s gender (33). Importantly,
social determinants of health play important roles in sleep health,
and there is a call for further investigations into the mechanisms
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underlying disparities in sleep disruption using socio-ecological
models (32, 33). Taken together, future research focused on sleep’s
intersection with SUD should incorporate multidimensional
frameworks (34), tailored by sex and gender, in their study
designs, analyses and interpretations.

When comparing control and SUD groups on clinically
significant poor sleep quality (e.g., PSQI score of 5 or more),
differences emerged for females only. Sleep disorders are more
prevalent among females than males (35). Proposed underlying
mechanisms for this disparity are numerous, from the role of
sex-specific hormones (36) to social factors that more commonly
impact females (33). However, the differential association of
sleep and SUD presentation for females compared to males
is novel. Our results indicate the importance of incorporating
sex-stratified analyses into subsequent work aimed to better
characterize the relationship between sleep and SUD.

The main limitation is the small sample size from a single site.
This limitation precluded our ability to assess effect modification
by sex in multivariable models, an area for future work. Further,
age differed by sex and SUD groups, and will need to also
be addressed in these investigations. The exclusion of subjects
meeting DSM-5 severe criteria for alcohol use disorder may
have limited generalizability, but doing so allowed us to focus
on sex-specific associations between drug use disorders and
sleep, an area lacking in research (37) more so than alcohol
(38). Additionally, we did not examine study objectives by
gender as gender identity was not assessed in the parent study.
Gender influences risks for SUD (7) and poor sleep (33), and
gender minority individuals are a high-risk population for SUD
(39). Next, recruitment for the parent study was aimed at
composing a “real world” SUD sample. This was a strength of
the study. However, the SUD group varied widely in stages of
recovery, from abstinence to active substance use. The sleep
and SUD relationship is complex, stemming from a host of
factors, including the direct effects of substance use (16). Future
research at this intersection of sleep, SUD and sex should
target SUD samples representing specific stages of treatment and
recovery, such as individuals receiving medication for opioid use
disorder. Lastly, our cross-sectional analyses prohibit conclusions
regarding causality between sleep and SUD pathogenesis. Our
results are intended to provide a foundation for future studies
focused on identifying opportunities for targeting sleep as an
avenue to mitigate harms related to SUD in a sex-informed way.

CONCLUSION

Sleep problems and SUD substantially overlap neurobiologically
as well as in their socio-ecological complexity. Sleep dysfunction

and SUD differ by sex, as sex is one of the critical variables that
shape an individual’s overall health and daily functioning. Our
results begin to shed light on the role of sleep dysfunction in
SUD that needs to be addressed in a sex/gender-tailored way.
Future work focused on the intersection of SUD and sleep should
prioritize investigations of their interplay with sex, gender and
social determinants of health to identify options for new SUD
treatments specific to an individual as a part of his/her/their
biopsychosocial profile.
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