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Alcohol use disorder; Background and objectives: Alcohol use disorder (AUD) is often linked to sleep problems, but
Sleep; previous studies on sleep abnormalities in AUD have produced inconsistent results. This study
Polysomnography; aims to provide a comprehensive analysis of objectively measured sleep abnormalities in AUD
Sleep electroence- and determine the impact of related and demographic factors on sleep disturbance.
phalography; Methods: We conducted a comprehensive search of several databases from 1968 to 2023 to iden-
Meta-analysis tify relevant studies. A total of 12 studies, consisting of 13 datasets, were included in the analy-

sis. We extracted information on sleep microarchitecture, as well as demographic and clinical
features, from each study. The GRADE approach was used to assess the reliability and strength of
the evidence.

Results: Patients with AUD exhibited several sleep abnormalities, including longer sleep onset
latency, lower sleep efficiency, increased stage 1 sleep, decreased stage 2 sleep, reduced slow
wave sleep, and elevated rapid eye movement (REM) sleep density and first REM minute. The
sleep patterns in individuals with AUD were also influenced by factors such as ethnicity, age, gen-
der, and abstinence period.

Conclusions: This study is the largest quantitative assessment of impaired sleep as a diagnostic
marker in patients with AUD. Understanding the sleep patterns of individuals with AUD can assist
clinicians in developing effective treatment plans for managing sleep-related symptoms associ-
ated with AUD.
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Introduction

Alcohol is one of the most commonly used psychoactive sub-
stances worldwide. Reportedly, about 50% of adult respond-
ents consume alcohol, of whome some indulge in heavy
drinking.” The heavy drinking pattern is prevalent among
individuals suffering from alcohol use disorder (AUD) or alco-
hol dependence disorder (AD), which is linked to a higher
incidence of medical and mental health conditions charac-
terized by sleep disturbance.?

According to the Rechtschaffen and Kales (R&K) stan-
dardized scoring system described in 1968, sleep is com-
prised of two states: rapid eye movement (REM) and non-
REM sleep (NREM), which can be further dissected into four
stages (S1—4).> S1, the lightest stage and always considered
a measure of sleep quality, is commonly known as light NREM
sleep (N1). During this stage, individuals experience fluctua-
tions in consciousness. S2, also referred to as N2, is a distinct
sleep stage characterized by the presence of sleep spindles
and K-complexes. This stage makes up approximately 45
—55% of the sleep cycle. S3 and S4, collectively known as
slow wave sleep (SWS) or N3, represent a phase of deep
restorative sleep. Sleep typically starts with N1 and pro-
gresses towards deeper stages of NREM until the first period
of REM sleep is reached. Afterwards, REM and NREM sleep
alternate in cycles lasting about 90 min. The states of sleep
are regulated by homeostasis, meaning that a lack of REM or
SWS triggers a need to enter that stage, and once it begins,
there is an increased intensity of that stage to compensate
for the deprivation.

Among patients with AUD, the rate of sleep disturbance is
higher than that in the general population.” The correlation
between sleep disturbance and AUD is bidirectional. Alcohol
is often used as a sleep aid, and it can have either a stimulat-
ing or sedating effect, inducing sleep.”® Stimulating effects
are commonly observed at lower doses as blood alcohol lev-
els increase, typically within the first hour following con-
sumption. Conversely, sedating effects manifest at higher
doses and as blood alcohol levels gradually decrease. Instead
of seeking professional treatment, many adolescents and
adults suffering from insomnia often resort to using alcohol
as a means to induce sleep, only to experience adverse
effects and unintentionally worsen their condition.” Mount-
ing evidence suggests that alcohol consumption significantly
disrupts sleep patterns, particularly by affecting REM, SWS
as well as sleep duration, latency, and continuity.® The net
effect of an intoxicating alcohol dose is to worsen sleep by
increasing awakeness after sleep onset (WASO) and reducing
sleep onset latency (SOL).”'" Therefore, the persistent use
of alcohol can be deemed a counterproductive long-term
approach, as it not only hampers the quality of sleep but
also exacerbates the urge to consume excessive amounts of
alcohol. Furthermore, individuals who are dependent on
alcohol commonly encounter sleep difficulties not only while
actively drinking but also during different phases of absti-
nence, such as acute, subacute, or chronic periods.'?'* Con-
sequently, increasing clinical awareness of sleep problems as
a symptom of AUD can potentially enable prompt interven-
tion and timely treatment.

Polysomnography (PSG) is an objective method to derive
quantitative sleep measures and record electroencephalo-
gram, electrooculogram, and electromyogram. PSG can

provide detailed examination of sleep macroarchitecture,
which refers to the latencies and durations of sleep stages.'
To date, numerous studies have used PSG to understand the
neurobiology of AUD. Using PSG, these studies have docu-
mented sleep disturbances in individuals with AUD compared
to healthy controls, which include abnormalities in TST, sleep
onset latency (SOL), sleep efficiency (SE), S1, SWS, REM sleep,
REM sleep latency (REML), and REM sleep density (REMD)."¢""®
It is worth mentioning that a number of past studies have
relied on subjective self-report measures to define "sleep
problems” but did not find a significant association between
alcohol use and insomnia.’®?° As a result, there is a need for
a comprehensive analysis of objective sleep measures in order
to provide a more accurate understanding of the relationship
between alcohol use and sleep disturbances.

The present study aimed to examine the comprehensive
pattern of objectively measured sleep abnormalities in indi-
viduals with AUD by synthesizing previous relevant research
findings. In addition, moderator analysis was used to identify
potential variables that could influence the sleep features of
AUD. We hypothesized that individuals with AUD would
exhibit impaired sleep continuity and PSG characteristics
compared to healthy controls, with variations in clinical and
methodological factors moderating the heterogeneity
observed among the studies.

Methods
Design and registration

This review was conducted according to the registered proto-
col PROSPERO CRD42022344827 (https://www.crd.york.ac.uk/
PROSPERO/) and the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement.?’

Inclusion and exclusion criteria

The inclusion criteria for this meta-analysis were as follows:
(1) Participants: individuals with AUD, alcohol abusers, or
chronic heavy alcohol users; (2) Intervention: sleep parame-
ters were assessed using PSG; (3) Comparison groups: a non-
using or limited use group; (4) Outcomes: means and stan-
dard deviations of TST, SOL, SE, WASO, S1/N1, S2/N2, SWS/
N3, REM, REML, REMD, and 1st REM min; (5) Type of studies:
case-control studies conducted in English.

The exclusion criteria were as follows: (1) participants
with any other severe neurological or mental disorders listed
in the Diagnostic and Statistical Manual of Mental Disorders
Fourth Edition (DSM-1V); (2) studies conducted on animals;
(3) studies that did not use the R&K or the American Acad-
emy of Sleep Medicine (AASM) criteria for PSG scoring; (4)
studies that duplicated previous publication(s); (5) studies
in which essential data were unavailable from the corre-
sponding author through email. The inclusion of the studies
was determined by two independent investigators, and any
disputes were resolved through discussion.

Search strategies

A literature search was conducted on PubMed, Embase, Web
of Science, MedLine, CINAHL, PsycINFO, and Cochrane from
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1968 to 2023, without any date restrictions. The following
keywords were used: (“alcohol” OR “ethanol abuse” OR
“alcoholism” OR “alcohol dependence” OR “alcohol addic-
tion” OR “alcohol abuse” OR “alcohol use disorder”) AND
(“sleep” OR “sleep disturbance” OR “polysomnography” OR
“PSG” OR “REM” OR “slow wave sleep” OR “slow wave activ-
ity” OR “NREM sleep” OR “delta sleep” OR “sleep macro-
architecture”). The final literature searches were
conducted in May 2023. The retrieved studies were then
reviewed and duplicates were removed. Inclusion and exclu-
sion criteria were applied to select appropriate articles. The
titles, abstracts, keywords, and full texts of the retrieved
studies were reviewed to exclude irrelevant articles. Addi-
tionally, the reference lists of the retrieved studies and
recent reviews were manually checked to identify any addi-
tional studies that met the inclusion criteria.

Quality assessment

Included studies were assessed for methodological quality
and the putative risk of bias using the validated Newcastle-
Ottawa Scale (NOS), which evaluates the non-randomized
trials consisting of cohort and case-control studies.”

Data extraction

The following demographic information was obtained from
eligible studies in this meta-analysis: the first author’s
name, publication year, number of participants, number of
male participants, mean age, ethnicity, and years of educa-
tion. The illness-related information included diagnostic
tools, length of dependence, duration of abstinence, drinks
per day, and drinking days per month. Mean effect measures
and their standard deviation were then extracted, including
TST, SOL, SE, WASO, REML, REMD, 1st REM min, and the pro-
portion of S1, S2, SWS, and REM. Two independent reviewers
extracted the data and any discrepancies in the results were
resolved through discussion. A third independent reviewer
assessed the coding for accuracy by randomly selecting and
recoding five articles and examining potential outliers in the
data. In cases of missing data, corresponding authors were
contacted via email. If no feedback was received, studies
with missing information were excluded.

Data analysis

For each measure, we calculated Cohen’s d in accordance
with the standard systematic approach on the platform
(http://www.campbellcollaboration.org/resources/effect-

size-input.php), using means and standard deviations or
standard errors whenever feasible. Occasionally, F, t, or
p-values were used along with the sample size to estimate
the effect size. The magnitude of the difference between
groups was expressed using hen’s d which is a measure of
effect size. This parameter indicates the extent to which
the dependent variable is present in the sample group or the
extent to which the null hypothesis is false. Due to the
expected variability resulting from demographic character-
istics and inclusion and exclusion criteria, we employed the
random effects model to determine the overall effect size.
To address the issue of overestimating the effect size associ-
ated with small sample sizes, Hedge’s correction was applied

to each effect size. Additionally, the inverse variance
weights for each study were calculated using the corrected
effect size.”?

Heterogeneity was tested using Cochran’s Q test and /2
statistic.”* A significant Q indicated substantial differences
between the studies contributing to the pooled effect size.
I was used as a second measure of heterogeneity of effect
size representing within-study heterogeneity expressed as a
percentage of the total variation across studies. In this
study, we considered lack of statistical heterogeneity for
0<P? <25%, low for 25%<[*<50%, moderate for
50%<I* <75%, and high for 75%</%. The publication bias
was checked using the funnel plot and Egger’s tests.?> Sensi-
tivity analysis was conducted using the leave-one-out
method to examine the influence of each study on the syn-
thesized effect size in the random effects model.?®

After calculating the overall effect size, Hedge’s g was
computed as the effect size for the moderator analysis,
which included both categorical and continuous
moderators.?’?® The planned subgroup analysis for categori-
cal moderators included the following pre-defined catego-
ries: ethnicity (African, European, and Mixed),?®** age (<
40, > 40),>" sample size (small < 40, large > 40), gender
composition (male, mixed, and female), diagnostic system
(DSM-1V, DSM-11I-R, and others) and duration of abstinence
(short-abstinence period < 1 month and long-abstinence
period > 1 month).>? On the other hand, meta-regression
analysis was used to examine whether the pre-defined quan-
titative moderators could influence the effect size. These
included education years, length of dependence, drinks per
day, and drinking days per month. To ensure that all partici-
pants fell within the range of the moderators, the distribu-
tion was examined rather than just the mean. All statistical
analyses were performed using the R package "meta”.

Assessment of cumulative evidence

The quality of evidence for each outcome across studies was
evaluated using four levels of confidence (high, moderate,
low, or very low confidence) according to the Grades of Rec-
ommendations, Assessment, Development, and Evaluation
(GRADE) criteria.*?

Results
Characteristics of included studies

A total of 13 datasets from 12 studies that met the inclusion
criteria were included in this meta-analysis.'®'®3*“? The
study by Irwin et al. (2000) consisted of two case groups.>* A
summary of the screening process is presented in Fig. 1. The
cohort comprised 359 patients with AUD (283 males/76
females) and 714 healthy controls (286 males/428 females).
Other demographic and clinical information for each study is
presented in Table 1. In addition, the methodological quality
of the studies assessed by NOS is summarized in the Supple-
mentary materials. Most of the included studies were scored
> 6 stars, and hence rated high quality.
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260 duplicated records
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368 full-text articles
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Fig. 1

Overall effect size and heterogeneity analysis

Due to moderate heterogeneity, we used the random-effects
model to synthesize the pooled effect size. Patients with
AUD exhibited several sleep-related alterations compared
to non-dependent individuals. They experienced decreased
TST, increased SOL, decreased SE, increased S1%, decreased
S2%, decreased SWS%, increased REMD, and increased 1st
REM min. Significant heterogeneity was noted in all results
except for WASO%, REM%, and REML. To provide specific
details concerning the pooled effect sizes and heterogene-
ity, please refer to Table 2 and Fig. 2.

To evaluate the influence of outliers, we examined the
standardized residual across all studies. Furthermore, we
performed a sensitivity analysis by systematically removing
one study at a time to assess the impact of individual studies
on the pooled SMDs. The results revealed a reduction in het-

erogeneity for TST (/2=33.5), SOL (> =44.0), SE%
(2 =37.4), WASO (2—=437), N1% (R=617), N2%
(2 =315), SWS% (—=432), REM% (7 —=487), REMD

(P =61.9), and 1st REM min (2 =0) after excluding the
study conducted by Irwin et al. (2016). However, even after
removing the outlying study, the effect sizes for SOL (p
<0.001), SE¥% (p <0.001), N1% (p <0.001), N2% (p <0.05),
SWS% (p <0.001), REMD (p <0.001), and 1st REM min (p
<0.001) remained significant. In contrast, the results for
TST and REM% exhibited inconsistency. The detailed results
are referred to in Fig. 3.
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criteria

The flow diagram of included studies.

Funnel plots, Begg’s test, and Egger’s test were used to
reveal the possible publication bias. The results indicate
that there is no overestimation of the parameters (Table 2
and Fig. 4).

Despite their high methodological quality, direct evi-
dence, and precision, the studies included in the analysis
exhibited moderate heterogeneity. As a result, the existing
evidence to comprehend the sleep characteristics in AUD
was deemed of very low quality based on the GRADE rating
system (see Supplement materials).

Moderator analysis

In the subgroup analysis of ethnicity, it was found that Afri-
can patients with AUD exhibited increased SOL, decreased
SWS%, and increased REM% compared to healthy controls.
On the other hand, European patients showed decreased SE,
increased WASO, decreased SWS, decreased REML, and
increased REMD in comparison to the healthy controls.
Regarding age-based subgroup analysis, younger patients
showed an increase in SOL and REM% while experience a
decrease in SWS%. On the other hand, older patients exhib-
ited an increase in WASO and S1% along with a decrease in
SE, S2% and SWS. In the subgroup analysis based on sample
size, we observed that studies with smaller sample sizes
showed higher 51%, lower SWS%, higher REM%, longer REMD,
and longer 1st REM min. Conversely, studies with larger sam-
ple sizes recorded lower. When considering the subgroup



Table 1

Demographic and clinical information of studies included.

First Author/year Sample size Ethnicity Mean age Education, Diagnostic Length of Duration of Drinks/ Drinking
(Case/ (SD) yrs (SD) tools dependence, abstinence (SD) day (SD) days/month
Control) yrs (SD) (SD)

Irwin MR/2000? 14/14 African 38.6 (6.8) 12.8 (1.1) DSM-IV NR 30.3 (20.9) days 13 (7) 24.8 (9)
38.4(7) 14.2 (1.6)

Irwin MR/2000° 17/17 European 48.1 (11.2) 13.5 (1.8) DSM-IV NR 29.4 (9.6) days 12.4 (6.2) 25.5 (7)
45.7 (13.2) 16.1 (1.4)

Gann H/2002 40/30 European 43 (9) NR DSM-1II-R 13 (8) 16 (7) NR NR
43 (9)

Kuhlwein E/2003 11/10 African 39.4 (5.5) NR DSM-IV NR 25.6 (6.4) days 15.8 (16.2) 27.1 (6.5)
38.2(7)

Redwine L/2003 24/23 African 42.6 (6.8) 13.2 (1.3) DSM-IV NR 23.1 (11.7) days 14.4 (11.8) 26.3 (5.8)
41.3 (8.4) 14.3 (1.5)

Gann H/2004 40/40 European 43 (9) NR DSM-I1I-R 13 (9) 20 (8) NR NR
42.7 (10.8)

Irwin MR/2006 14/14 Mixed 39.1 (6.4) NR DSM-IV 15.1 (7.5) 31 (28) days 10.7 (8.4) 24.9 (5.9)
37.5(9.8)

Colrain IM/2009 42/42 Mixed 49.1 (8.5) NR DSM-IV NR < 30 days NR NR
51.1(9.7)

Cohen-Zion M/2009 29/20 Mixed 18.2 (1.1) NR DSM-IV NR 11.4 (39.3) days NR NR
18.4 (1.2)

Sahlin C/2009 21/360 European NR NR CAGE NR NR NR NR

Zambotti M/2014 14/16 Mixed 42 (9) 12.6 (2.2) DSM-IV 17.2 (9.7) 19.8 (10.1) days NR NR
45.2 (9.1) 17.1 (1.8)

Irwin MR/2016 73/108 Mixed 41.9 (9.5) 13.1 (3.1) DSM-IV NR <2 weeks 12.7 (8.0) 24.1 (7.4)
40.3 (11.5)

Singh LK/2018 20/20 Mixed 36.7 (5.81) NR ICD-10 14.9 (7.53) 3—4 weeks NR NR
36.8 (5.83)

Abbreviations: %, percentage; CAGE, the cut down, annoyed by criticism, guilty about drinking and eye-opener drinks questionnaire; DSM-111/DSM-1V, third/fourth edition of the diagnostic and
statistical manual of mental disorders; ICD-10, the 10th revision of the International Statistical Classification of Diseases and Related Health Problems; No., number; NR, not reported; SD,
standard deviation; yrs, years.
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Summary of meta-analyses.

Table 2

Egger’s
test

Begg’s
test

|2

Mean of Hedges’ g 95%Cl

Mean of
case

No. of participants
(Case/Control)

319/684
359/714

No. of

Sleep parameters

control
387.3

datasets
12
13
13

0.38
0.69
0.85
0.13

0.9

0.64
0.68
0.77
0.72
0.06
0.38
0.04
0.38
0.65
0.9

85.9

77.79**

—0.75/-0.04

—0.39*

371.06
26.04

80.53

TST min

85.6

83.62**

0.23/0.94
—0.73/-0.16
—0.09/0.63

0.58**
—0.45**

14.34
84.33

SOL min
SE

76.3
74.9

50.55***
19.92*

359/714
238/256

26.74 0.27

9.71

27.21

WASO%
S1%

94.2

188.92***
71.75***

0.21/1.45
—0.73/-0.08
—1.89/-0.23
—0.06/1.57
—0.89/0.20

0.83**
—0.41*
—1.06**

12.66
56.85
5.78

348/704
348/704
348/704
348/704
318/334
251/266
222/246

12
12
12
12

0.34
0.4

84.7

59.08

9.

S2%

95.2

228.28***

59

SWS%

0.64
0.39
0.66
0.39

95.5

245.56***

0.75
—0.35

18.95
66.42
7.63

21.32
61.13

REM%
REML
REMD

92.2

127.93***
191.67**
56.64**

96.3

0.03/2.26
0.09/1.09

1.14*
0.59*

10.77
21.03

0.56

89.4

17.03

1st REM min

*

p< 0.05.
" p<0.01.

e

p< 0.001.
Abbreviations: %, percentage; Cl, confidence interval; min, minutes; Q, Cochran’s Q statistic; REM, rapid eye movement sleep; REMD, rapid eye movement sleep density; REML, rapid eye

movement sleep latency; S1, stage 1; S2, stage2; SE, sleep efficiency; SOL, sleep onset latency; SWS, slow wave sleep; TST, total sleep time; WASO, wake after sleep onset.

analysis according to DSM-IV criteria, it was found that
patients exhibited increased SOL, WASO, and 1st REM min
but decreased S2% and SWS%. Male patients had shorter TST,
longer SOL, lower SE%, higher S1%, lower S2%, lower SWS%,
higher REM%, longer REMD, and longer 1st REM min com-
pared to female patients. In the subgroup analysis based on
the duration of abstinence, patients with a long abstinence
period had higher S1%, lower SWS%, and higher REM%, while
patients with a short abstinence period had shorter TST, lon-
ger SOL, lower SE%, higher S1%, lower S2%, lower SWS%, and
shorter REML. According to the meta-regression results, the
effect size remained unaffected by the pre-defined modera-
tors. These findings are presented in the Supplementary
materials.

Discussion

The present study, which is the first meta-analysis of poly-
somnographic studies, examines the differences in sleep
architecture between individuals with and without AUD. In
total, 13 datasets were analyzed to investigate the effects
of AUD on 11 sleep parameters, including TST, SOL, SE,
WASO%, S1%, S2%, SWS%, REM%, REML, REMD, and 1st REM
min. In addition, preliminary comparisons were conducted
for six potential categorical moderators, namely ethnicity,
age, sample size, gender composition, diagnostic tools, and
duration of abstinence. In terms of each sleep parameter,
the overall mean effect sizes indicated that individuals with
AUD exhibited higher levels of N1 sleep but lower levels of
N2 and SWS sleep in comparison to healthy controls. More-
over, patients with AUD had greater SOL, REMD, and 1st REM
min but shorter TSTand SE. The high coexistence of insomnia
and AUD may be due to unfavorable sleep habits and irregu-
lar sleep-wake schedules that inevitably arise from drink-
ing.* Changes in brain structure, function, and
neurochemistry may also play a pivotal role in the aforemen-
tioned comorbidities.** Strikingly, the occurrence of insom-
nia in individuals with AUD has been reported to be
approximately 91%.%> Additionally, these individuals often
experience poor SE and reduced SWS.On the other hand,
they have elevated SOL, WASO, and stage N1 sleep. It has
also been observed that abstinent AUD patients exhibit a
rebound in REM sleep.'**¢*® Furthermore, the sleep distur-
bance of patients with AUD during the recovery period per-
sists for several months to years following the last instance
of alcohol use, and gradually improves over time.*’ There-
fore, previous findings partially support our results of cen-
trally measured hyperarousal during sleep in patients with
AUD.

Ethnicity is a significant factor associated with AUD. The
prevalence of alcohol use in adults is higher among Cauca-
sians than among African-Americans." Caucasians are inher-
ently at a higher risk than African-Americans for developing
AUD throughout their lives, according to research.®® How-
ever, once alcohol dependence occurs, African-Americans
have a higher prevalence than Caucasians of recurrent or
persistent alcohol dependence in their native population.®’
African-American adult drinkers are disproportionately
more likely to report symptoms of alcohol dependence and
experience social consequences as a result of their drinking
compared to Caucasian drinkers.>? The ethnic disparities in
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alcohol problems can be attributed to social and cultural
factors. According to reports, both individual and neighbor-
hood level economic disadvantage have been found to pre-
dict lower rates of alcohol treatment completion and higher
alcohol consumption among Blacks compared to Whites. The
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ethnic discrimination against African-Americans is linked to
significant severity of AUD in the USA, regardless of their
specific ethnic group affiliation or poverty status.>> Previous
studies have suggested that sleep-disordered breathing and
insomnia may be more prevalent and severe among African-
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Results of “one-study removed” sensitivity analysis for all studies included on the features of sleep macroarchitecture. Fea-

tures of sleep macroarchitecture include (A) total sleep time, (B) sleep onset latency, (C) sleep efficiency, (D) wake after sleep onset,
(E) stage 1, (F) stage 2, (G) slow wave sleep, (H) rapid eye movement sleep, (l) rapid eye movement sleep latency, (J) rapid eye move-
ment sleep latency, (K) 1st rapid eye movement sleep minutes.
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Fig. 4

C D

Funnel plots describing the spread of studies on the features of sleep macroarchitecture. Features of sleep macroarchitec-

ture include (A) total sleep time, (B) sleep onset latency, (C) sleep efficiency, (D) wake after sleep onset, (E) stage 1, (F) stage 2, (G)
slow wave sleep, (H) rapid eye movement sleep, (l) rapid eye movement sleep latency, (J) rapid eye movement sleep latency, (K) 1st
rapid eye movement sleep minutes. Asymmetry in funnel plots represents publication bias.

Americans compared to Caucasians.’* However, the results
of a meta-analysis indicated that African-Americans took
longer to fall asleep and had lighter sleep with more N2 and
less SWS in comparison to Caucasians.’® Therefore, African-
American patients with AUD may be more prone to sleep dis-
turbances and experience more sleep problems compared to
European-American patients. In the present study, it was
found that African-American patients had higher sleep onset
latency (SOL) and rapid eye movement (REM) percentage,
but lower slow wave sleep (SWS) percentage, while Euro-
pean-American patients had decreased sleep efficiency (SE)
and altered REM parameters (REML and REMD). Although
direct comparison between African-American and European-
American patients was not possible in this study, it suggests
that ethnic differences independently contribute to sleep
disturbances in individuals with AUD.

Few studies have investigated the influence of sex differ-
ences on the impact of drinking to intoxication, withdrawal,
and protracted abstinence on sleep. Studies have shown
that there are sex differences in drinking patterns and the
way alcohol is processed in the body. For instance, women
typically have less body water and more body fat compared
to men. As a result, women often experience higher blood
alcohol levels than men after consuming the same amount
of alcohol due to its hydrophilic properties.>® Historically,
AUD has been more prevalent among men than women.
However, the gender gap in both alcohol consumption and
AUD is decreasing.>” Women with AUD typically have lower
quality-of-life scores compared to men with the disorder.>®
However, no sexual differences were observed in the fre-
quency of insomnia among men and women who received
treatment for AUD.* Colrain et al. reported that women
exhibited higher SE and more delta activity during NREM
sleep compared to men, irrespective of diagnosis. They also
found that men diagnosed with AUD showed a more substan-
tial decrease in delta activity during NREM sleep compared

to women with AUD.>? In this study, we observed increased
SOL, N1%, REM%, REMD, and 1st REM min, but decreased
TST, SE, N2%, and SWS% in male patients with AUD, which
aligns with previous findings. However, studies that included
both male and female patients demonstrated a decrease in
N2 and SWS sleep. We hypothesized that female patients
may experience problems with NREM sleep. Unfortunately,
due to the scarcity of research on female patients with AUD,
we could not thoroughly analyze sex differences. Given the
increasing prevalence of AUD in women, it is crucial for
future studies to include large samples of both men and
women with AUD to better understand potential gender-
related differences in the impact of heavy drinking, alcohol
withdrawal, and prolonged abstinence on sleep.

Age is a critical factor related to AUD and sleep.”’ Several
studies have shown a clear decline in alcohol consumption as
individuals age. The period of highest consumption typically
falls between the ages of 20 and 40, while rates of alcohol
abuse are more prevalent among young people and those in
middle age.®® Some elderly individuals claim that smaller
doses of alcohol have a stronger perceived effect, as they
may not socialize as much in settings where drinking is com-
mon or simply have a decreased desire to drink. Others
develop a distaste for the taste and effects of alcohol as
they age. Some mentioned giving up alcohol due to poor
health or financial reasons.>' Compared to younger individu-
als, older alcoholics are much more likely to have significant
medical problems, including sleep issues. Typical symptoms
of sleep problems in elderly patients with AUD include diffi-
culty falling asleep and staying asleep, early morning awak-
ening, and excessive daytime sleepiness.®' Thus, the elderly
population with AUD exhibited a decrease in prevalence but
experienced more severe symptoms of sleep disturbances.
Our findings indicated that younger patients with AUD expe-
rienced issues with SOL, SWS%, and REM%, whereas older
patients primarily experienced problems with SE and NREM
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sleep. Generally, as individuals age, the deeper stages of
NREM sleep are often reduced or absent. However, REM
sleep tends to be preserved, which aligns with our study
results.

The present study also investigated the effects of absti-
nence periods on sleep disturbance in individuals with AUD.
Abnormal sleep patterns in patients with AUD continue for
several months or even years during the recovery and absti-
nence process. Even after one to two years of quitting drink-
ing, sleep tends to remain short, shallow, and fragmented.®?
Reportedly, TST, SOL, SE, SWS%, and REML improved slowly
by the end of 1—2 weeks of abstinence, but REM% remained
elevated in most patients with AUD even after more than 1
year of abstinence.*®%*%* The latest findings have shown
that patients with AUD who had short periods of abstinence
exhibited abnormal sleep parameters, such as TST, SOL, SE,
and NREMY%, as well as decreased SWS sleep and increased
REM sleep. The heightened REM sleep observed during with-
drawal could be interpreted as a "REM sleep rebound".®

Several previous studies have indicated that the impact of
alcohol on sleep is influenced by the amount consumed and
works in both directions.® Specifically, lower doses of alcohol
have been shown to potentially enhance TST. On the other
hand, higher doses of alcohol have been linked to reduced
REM sleep and heightened SWS.° Despite this, our study did
not find any correlation between the amount of alcohol con-
sumed and its impact on sleep for individuals with AUD. A pos-
sible reason that may have contributed to the results is that
all the patients included are AUD patients with high alcohol
consumption. This specific population could have unique phys-
iological and psychological responses to alcohol that could
impact the results. Other reasons include a potential lack of
an adequate sample size, as well as individual differences
that were not accounted for in the study, such as individual
tolerance levels and timing of consumption.

The sensitivity analysis results revealed that the study
conducted by Irwin et al. heightened the heterogeneity of
the majority of the findings.'” The patients with AUD from
the study were non-treatment-seeking, a characteristic that
distinguished them from the participants in other studies
that were included. Consequently, these patients had a
shorter period of abstinence, suggesting that their clinical
symptoms, such as sleep problems, were more severe. This
disparity in symptom severity can be considered as the pri-
mary factor contributing to the observed heterogeneity. On
the other hand, the results of SOL, SE, N1, N2, SWS, REMD,
and 1st REM min were relatively robust between AUD
patients and healthy controls after the outlying study was
omitted, thus rendering them as reliable measures. This sug-
gests that they could effectively reflect the true characteris-
tics of sleep disturbance in individuals with AUD.

Although this meta-analysis provides insights into sleep
disturbance in AUD patients, there are several limitations.
First, the number of studies included was small. This pre-
vented us from examining the interaction effects of multiple
moderator variables and exploring extended moderator
analysis. Similarly, the small number of studies increased
the second-order sampling error and decreased the accuracy
in the estimation of the mean effect sizes. Additionally, AUD
patients may experience different sleep disturbances during
dependence, abstinence, and recovery. The current results
may reflect the sleep disturbance of AUD patients with

abstinence, thus limiting generalizability to other stages of
AUD. Finally, the present study only reviewed the parame-
ters of sleep macroarchitecture commonly reported in PSG
studies with AUD patients; however, AUD-related sleep
abnormalities are not limited to these variables. Other vari-
ables, such as periodic leg movements, delta-band power/
integrated amplitude, and quantitatively analyzed heart
rate variability, have also been observed.3>:¢>% Therefore,
it is important for future studies to explore these variables
and continue to investigate other aspects of sleep disturban-
ces related to AUD.

Conclusion

The main objective of this meta-analysis was to comprehen-
sively examine the sleep macroarchitecture abnormalities in
individuals with AUD and the impact of AUD-related factors
and demographic factors on sleep disturbance. The findings
of this study indicated that individuals with AUD exhibited
impairments in TST, SOL, SE, NREM, REM, and 1st REM min
compared to their healthy counterparts. Furthermore, fac-
tors such as ethnicity, age, gender, abstinence period, and
concurrent substance use were found to moderate the
effects of AUD on sleep macroarchitecture. These results
suggest that sleep macroarchitecture characteristics could
serve as valuable descriptive parameters for addressing
sleep-related issues associated with AUD and for profiling
the clinical condition of patients. Further exploration of the
neurobiology of sleep in individuals with AUD is crucial to
fully grasp the implications of these findings, which should
be considered within the context of normal developmental
changes in sleep patterns.
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