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Background: Sleep disorders are commonly associated with acute and chronic 
use of alcohol and with abstinence. To date, there are four approved drugs to treat 
alcohol use disorder (AUD): disulfiram, acamprosate, naltrexone, and nalmefene. 
These AUD therapies reduce the craving and risk of relapse into heavy drinking, but 
little is known about their effect on sleep. As recent evidences indicate a crucial role 
of sleep disorders in AUD, claiming that sleep problems may trigger alcohol abuse 
and relapses, it is fundamental to clarify the impact of those drugs on the sleep 
quality of AUD patients. This systematic review aims to answer the question: how 
does the pharmacotherapy for AUD affect sleep?

Methods: We searched PubMed, Embase, CINAHL Plus, Cochrane, and Scopus 
using sleep- and AUD pharmacotherapy-related keywords. The articles included were 
appraised using the CASP checklists, and the risk of bias was assessed following 
the Cochrane risk-of-bias assessment tool. Finally, we pooled sleep outcomes in a 
meta-analysis to measure the overall effect.

Results and Conclusion: We included 26 studies: only three studies focused on 
sleep as a main outcome, two with polysomnography (objective measurement), and 
one with subjective self-reported sleep, while all the other studies reported sleep 
problems among the adverse effects (subjective report). The only study available 
on disulfiram showed reduced REM sleep. Acamprosate showed no/little effect 
on self-reported sleep but improved sleep continuity and architecture measured 
by polysomnography. The two opioidergic drugs naltrexone and nalmefene had 
mainly detrimental effect on sleep, giving increased insomnia and/or somnolence 
compared with placebo, although not always significant. The meta-analysis 
confirmed significantly increased somnolence and insomnia in the naltrexone 
group, compared with the placebo. Overall, the currently available evidences show 
more sleep problems with the opioidergic drugs (especially naltrexone), while 
acamprosate seems to be well tolerated or even beneficial. Acamprosate might be 
a more suitable choice when patients with AUD report sleep problems. Due to the 
paucity of information available, and with the majority of results being subjective, 
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INTRODUCTION

Alcohol use disorder (AUD) is a chronic relapsing brain 
disease characterized by compulsive alcohol use, loss of 
control over alcohol intake, and a negative emotional state 
in absence of alcohol. When people, physically dependent 
on alcohol, stop drinking, they experience a very unpleasant 
alcohol withdrawal syndrome. The symptoms usually resolve 
spontaneously within a week, but more severe forms may 
be associated with generalized seizures, hallucinations, and 
delirium tremens, which can be fatal (Jesse et al., 2017).

To date, the drugs to treat AUD are disulfiram, acamprosate, 
naltrexone, and nalmefene (Figure 1). Disulfiram, well known as 
antabuse, was the first medication approved by the U.S. Food and 
Drug Administration (FDA) to treat alcohol dependence in 1951 
(Kragh, 2008). Disulfiram should only be used in patients who 
are highly motivated to maintain abstinence (Alozai and Sharma 
2019). Its mechanism of action for maintaining alcohol abstinence 
is thought to be primarily psychological (Skinner et al., 2010) 
and based on a highly unpleasant pharmacological consequence 
if alcohol is consumed. In fact, disulfiram blocks the enzyme 
aldehyde dehydrogenase; thus, in the presence of alcohol, elevated 
concentrations of its metabolite acetaldehyde (Figure 1) will result 
in the unpleasant disulfiram-ethanol reaction consisting primarily of 
tachycardia, flushing, nausea, and vomiting (Swift, 1999; Zindel and 
Kranzler, 2014). Therapeutic and adverse effects are therefore closely 
connected: with disulfiram, alcohol becomes a health threat if the 
patient fails to maintain complete abstinence (Mutschler et al., 2016).

Acamprosate, approved by the FDA in 2004 (Kragh, 2008), 
is a drug known to be a glutamate receptor antagonist. In 
line with this, acamprosate is reported to reduce blood (Nam 
et al., 2015) and brain (Frye et al., 2016) glutamate levels. 
It has been suggested that inhibition of glutamate binding 
(Figure 1) occurs via allosteric interaction rather than direct 
competition (Harris et al., 2002). Acamprosate supports 
abstinence by normalizing the often-protracted dysregulation 
of NMDA-mediated glutamatergic neurotransmission that 
follows chronic heavy alcohol use and withdrawal (Mason and 
Crean, 2007). However, acamprosate might be able to reduce 
drinking-related parameters only in a certain percentage of 
alcohol-dependent patients (for review, see Boothby and 
Doering, 2005). Interestingly, recent evidences show that 
serum levels of glutamate are decreased by acamprosate only 
in positive responders, who also show higher baseline levels of 
glutamate with respect to non-responders, suggesting that the 
baseline levels of glutamate could be used as biomarkers of the 
response to acamprosate (Nam et al., 2015).

Use of opioid antagonists appears to reduce certain aspects 
of alcohol drinking in animals (Hyytia and Sinclair, 1993) and 
in humans (Reid et al., 1986). Naltrexone (oral and long-acting 
injectable formulations) is a non-selective opioid receptor 
antagonist (Figure 1) approved by the FDA to treat opioid 
dependence in 1984 (Kragh, 2008). The rationale for the use 
of opioid receptor antagonists to treat alcohol dependence 
dates back to 1980s, when preclinical studies first showed an 
interaction between alcohol and opioid receptors, involving an 
important role for the endogenous opioid system as a mediator of 
the reinforcing effects of alcohol (Hiller et al., 1981). Preclinical 
studies also showed the opioidergic regulation of alcohol and 
alcohol metabolites on drinking behavior (Lucchi et al., 1982; 
Myers et al., 1986; Reid et al., 1986; Peana et al., 2011), supporting 
the potential utility of opioid antagonists to treat alcohol 
dependence. Naltrexone decreases the probability of a return 
to any drinking and binge-drinking risk (Kranzler and Soyka, 
2018). A recent meta-analysis of clinical trials on the effects of 
the naltrexone on alcohol drinking found overall significant 
efficacy, but in several studies, the effects are only minor and/or 
variable (Maisel et al., 2013).

Nalmefene (daily and/or as needed) is an opioid system 
modulator (Figure 1) with antagonist activity on the µ and 
δ opioid receptors as well as a partial agonist activity at the κ 
receptor (Nutt, 2014). This drug is the first and still the only 
pharmacological compound registered for reduced drinking in 
patients with alcohol dependence by the European Medicines 
Agency (EMA, 2010). van den Brink et al. (2013) observed 
significant diminutions of alcohol intake with nalmefene versus 
placebo, and although this drug induces many side effects, it is 
overall well tolerated (van den Brink et al., 2015).

more research on this topic is needed to further inform the clinical practice, ideally 
with more objective measurements such as polysomnography.

Keywords: alcohol use disorders (AUD), sleep disorder, insomnia, pharmacotherapy, disulfiram, acamprosate, 
naltrexone, nalmefene

FIGURE 1 | Mechanism of action of AUD drugs. ADH, alcohol 
dehydrogenase; ALDH, aldehyde dehydrogenase; MEOS, microsomal 
ethanol oxidizing system.
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Generally, these drugs for AUD (disulfiram, acamprosate, 
naltrexone, and nalmefene) have been largely inadequate at 
preventing relapse at a population level, and this may be because 
they only target certain aspects of AUD (Sanchez-Alavez 
et al., 2019). In fact, the complexity of AUD, especially from a 
neurobiological evaluation, makes pharmacologic treatments 
particularly difficult, considering the high co-morbidity 
with mood-related disorders (psychotic, bipolar, depressive, 
anxiety, sexual dysfunction, obsessive-compulsive, delirium, 
neurocognitive) and, in particular, with sleep disorders.

Sleep problems are commonly associated with AUD 
(Figure 2); nonetheless, these symptoms are frequently ignored 
(Brooks and Wallen, 2014). The association between alcohol 
use and sleep disorders seems to be bidirectional (Chakravorty 
et al., 2016), as shown in Figure 2. Acute excess of alcohol intake 
induces sleep; therefore, alcohol is often used by individuals as a 
sleep-promoting agent to self-medicate insomnia (sleep disorder 
in which the quantity or quality of sleep is less than desired; 
Table  2). However, after chronic intake, the hypnotic effect of 
alcohol decreases (Vitiello, 1997). Clinical and preclinical studies 
have shown that chronic alcohol intake usually interferes with 
both sleep architecture (which is the basic structural organization 
of sleep as it shifts into stages that include REM and NREM; 
Table  2) as well as continuity (amount and distribution of sleep 
versus wakefulness) (Crum et al., 2004; Thakkar et al., 2015). On 
the other hand, insomnia is associated with daytime consequences 
that include mood and cognitive alterations (for example, 
reduced ability to concentrate) that might have an impact on the 
quality of life (Buysse, 2008). Worsening of sleep quality in AUD 
patients may increase the drive to use alcohol to self-medicate 
sleep problems, which, in turn, would further impair sleep in 
a dangerous vicious circle (Figure 2). It is therefore suggested 
that sleep problems increase the risk for developing AUD (Teplin 
et al., 2006). Insomnia occurs in 36–72% of alcoholic patients 
and may last for weeks to months during acute abstinence from 
alcohol (Brower, 2003). On the contrary, long-term abstinence 
from alcohol use can reverse some sleep problems (Brower 

et al., 2001), but long-term abstinence is difficult to achieve, and 
insomnia during the initial phase of abstinence might increase 
the risk of relapse (Gottheil et al., 1979; Brower, 2003; Arnedt 
et al., 2007; Chakravorty et al., 2016) as shown in Figure 2. Finally, 
insomnia can persist even after several years of abstinence, with 
more fragmented sleep (i.e., sleep that is interrupted by repetitive 
awakenings) and delayed sleep onset (Brower, 2001; Escobar-
Cordoba et al., 2009).

A growing body of literature highlights the importance of 
addressing sleep problems to support the treatment of AUD, 
especially during acute withdrawal. Nevertheless, sleep problems 
in AUD still remain often untreated, mainly for concerns about 
the safety of additional hypnotic drugs that can potentially 
induce dependence and can interfere with alcohol (Hajak et al., 
2003; Ashton, 2005; Foulds et al., 2018). In this framework, 
it appears particularly important to review the effects of the 
pharmacotherapy for AUD on sleep in order to elucidate how the 
drugs used to treat AUD can improve (or worsen) sleep problems 
during abstinence. The choice of the pharmacotherapy for AUD 
should be informed by evidence on the effects of those drugs on 
sleep. Choosing a drug that has no detrimental effect or could 
even improve sleep during abstinence from alcohol may play an 
important role in the recovery process. Furthermore, improving 
the quality of sleep may as well support other psychosocial 
interventions such as cognitive behavioral therapy for a higher 
therapeutic success. This systematic review with meta-analysis 
aims to determine how the pharmacotherapy for AUD impacts 
the quality of sleep.

METHODS

Overview
The research question was: how does the pharmacotherapy for 
AUD (disulfiram, acamprosate, naltrexone, and nalmefene) affect 
sleep? To answer this question, we followed the preferred reporting 
items statement for reporting on systematic reviews and meta-
analyses (PRISMA; Moher et al., 2009), as shown in Figure 3.

According to the Cochrane handbook recommendations 
(Higgins and Green, 2011), the population (P), intervention 
(I), comparison (C), outcome (O), and study design (S) 
(PICOS model) was used as follows: population, healthy people 
with diagnosis of AUD; intervention, pharmacotherapy for 
AUD (disulfiram, acamprosate, naltrexone, and nalmefene); 
comparison, placebo/other active drug; outcome, sleep (either 
as main outcome or measured as an adverse effect); and study 
design, randomized controlled trial (RCT).

Search Strategy
PubMed, Embase, CINAHL Plus, and Scopus were searched. 
Cochrane was additionally searched to exclude the existence of 
other systematic reviews or protocols on this topic and to use related 
systematic reviews for manual harvesting of additional manuscripts 
through the references. The first database searches were conducted 
in December 2018 and then updated at the end of April 2019.

Boolean “AND,” “OR,” and truncation (*) operators were 
applied to terms related to sleep disorders, alcohol use disorders, 

FIGURE 2 | Relationships between AUD and sleep disorders. Sleep 
disorders may induce alcohol intake for self-medication. In turn, alcohol 
intake, through its neurotoxic effects, may induce sleep disorders. Sleep 
disorders is likewise a risk factor for AUD. Treatment of AUD can lead to 
abstinence, but at the same time, sleep disorders may persist even during 
abstinence. Sleep disorders, in turn, are risk factors for alcohol relapse. At 
the same time, relapse contributes to alcohol neurotoxicity and persistent 
sleep disorders.
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and pharmacotherapy (Table 1). Note that nalmefene was 
not initially included in the keywords, but since the electronic 
database search elicited studies on nalmefene, and given that 
it’s a recently added drug for AUD (Shen, 2018), it was decided 
to include the relative results. Searches were limited to articles 
published in English. The reference sections of relevant reviews 
were also screened for any additional manuscripts not found 
from the electronic database searches.

Eligibility Criteria
Studies were included if they (a) were RCT, as this design 
provides the most reliable evidence about the effects of healthcare 
interventions (Guyatt et al., 2008); (b) sampled individuals with 
AUD; and (c) included any measure of sleep, either as a main 
outcome or among the adverse effects. Studies were excluded if 
they (a) failed to report any sleep outcome; (b) were not RCT 

or pooled data from other RCT studies; (c) sampled individuals 
with specific characteristics other than AUD (e.g., individuals 
genetically screened, and/or with any mental/neurological 
comorbidity); (d) sampled individuals with concomitant 
treatments known to affect sleep (e.g., benzodiazepines, 
antidepressants, other drugs of abuse etc.); (e) focused only 
on drugs other than the drugs indicated for AUD (disulfiram, 
acamprosate, naltrexone, and nalmefene); (f) focused only on 
sleep without AUD; (g) were not original, peer-reviewed articles 
(e.g., reviews, conference papers, letters to editor, guidelines, and 
notes); and (h) were not on humans.

Screening, Data Extraction and Critical 
Appraisal
The two reviewers (FP and ATP) independently extracted the 
data and appraised the quality of the final set of studies, using the 
Critical Appraisal (CASP UK, 2019) checklist for RCT, and any 
disagreements were resolved through consensus. Throughout 
the CASP checklist, reviewers selected “yes” (score: 2) if the 
procedure (e.g., randomization) was cited and clearly described, 
“no” (score: 0) if the procedure was not cited, and “can’t tell” 
(score: 1) if the procedure was only cited but not described. The 
total score from the CASP checklist was also reported in the data 
extraction (Table 3).

For each study, the following information was extracted: 
(1) treatment and design (drug, dose, posology, and duration 
of treatment), (2) population’s characteristics (number of 
subjects per group and sobriety at inclusion), (3) any additional 
psychological support, and (4) outcomes of interest (sleep). 
Results are shown in Table 3.

Risk of Bias
Following the Cochrane risk of bias assessment tool (Higgins and 
Green, 2011), reviewers determined the risk of bias for: selection, 
performance, detection, attrition, reporting, and other biases. 
Using the scores from the CASP checklist (CASP UK, 2019), 
the risk of bias for each domain was rated as: high (CASP: no), 
low (CASP: yes), or unclear (CASP: can’t tell) in the Cochrane’s 
Review Manager (RevMan, 2014) (see Figure 4). It must be 
considered that, since the outcome of interest of this review was 
not the pre-specified outcome of most studies, the relative level of 
risks of selective bias or other biases don’t refer to the outcomes 

FIGURE 3 | Study flow diagram of selected studies (PRISMA).

TABLE 1 | Key words used for the electronic databases search. The “OR” Boolean Operator was used within each column to search for synonyms, while the “AND” 
operator was used between the columns to search for associations of terms. 

OR

AND

OR

AND

OR

AND

OR

Sleep* disorder

Alcohol*

Use Pharmacotherap*
Drug therap*

Sleep* deprivation Abuse
Medication

Drug treatmentSleep* impairment
Consum*

Pharmac* treatment
Sleep* quality

Pharmac* intervention

Ethanol

Addict*
Sleep* disturbance Acamprosate

Dependen* Disulfiram
Insomnia

Antabuse

Withdra*Sleep* problems Naltrexone
Pharmac* therapy

*Truncation operator to search for related words.
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reviewed here. In fact, in all studies where sleep measures were 
reported as adverse effects, it was not possible to determine at 
what point in the study these were assessed and how was the 
sleep quality before the treatment, and this represents a potential 
bias for this review. However, the risk of selective bias and other 
bias was evaluated based on the pre-specified outcomes only, 
following the guidelines.

Outcomes and Meta-Analysis
The outcomes were sleep-related measures, mostly reported as 
adverse effects, and included insomnia, hypersomnia, sleepiness 
(or daytime somnolence, which is a state characterized by 
strong desire for sleep), lethargy, sleep difficulties not otherwise 
specified, and sleep measures from polysomnography (sleep 
onset latency etc), all described in Table 2.

The number of days of sobriety at inclusion was also 
considered, because we a priori know that alcoholism affects 
sleep, even after long periods of abstinence (see Brower, 2001), 
and therefore, we estimated that having a relatively short period 
of sobriety could be an important biasing factor.

For the meta-analysis, we included only studies sharing the same 
drug, dose, comparator, treatment length, and reporting the same 
sleep outcome (insomnia and sleepiness/somnolence), in order to 
minimize the clinical and methodological heterogeneity (Ryan, 2016).

Unfortunately, only five studies with naltrexone met the 
above criteria and were included in the meta-analysis. Of the five 
studies, four reported measures of insomnia, and four reported 
measures of sleepiness (or somnolence; Table 2). All the other 
studies had different design and/or outcomes, and therefore, it 
was not considered appropriate to pool the data together.

All the studies included in the meta-analysis reported 
dichotomous outcomes, which were combined using odds ratio 
(OR). We estimated the pooled OR of insomnia and somnolence 
with its 95% confidence interval (CI) using the inverse variance 
method with random effects meta-analysis model, assuming that 
the true effect size varies between studies (Borenstein et al., 2010). 
Statistical heterogeneity was assessed with the τ2, χ2, and the I2. 
The Z test for overall effect was also performed. The threshold 
of statistical significance was set at p < 0.05. All analyses were 
conducted with the Cochrane’s Review Manager (RevMan, 2014).

RESULTS

Overall Summary of Included Studies
The search produced 5,161 articles (Figure 3). Application of 
the inclusion and exclusion criteria resulted in 26 RCT on the 
efficacy and/or safety of disulfiram, acamprosate, naltrexone, and 
nalmefene. All the relevant characteristics and outcomes of the 
studies are summarized in Table 3.

Five studies were pooled in a meta-analysis (Anton et al., 
1999; Kranzler et al., 2000; Ahmadi and Ahmadi, 2002; Gastpar 
et al., 2002; Baltieri et al., 2008): a total of 645 patients with AUD 
diagnosed with DSM-III-R alcohol dependence (APA. American 
Psychiatric Association, 1987) were included. The mean age 
was 42.2 ± 9.0 for naltrexone and 42.8 ± 9.1 for placebo; most 
patients were males: 76% (naltrexone) vs. 72% (placebo), and two 

studies included only males (Ahmadi and Ahmadi, 2002; Baltieri 
et al., 2008). One study was based in Iran (Ahmadi and Ahmadi, 

TABLE 2 | Sleep terminology.

Daytime sleepiness As somnolence. Excessive daytime 
sleepiness characterized by strong 
desire for sleep.

Somnolence As sleepiness.

Sleep Disorders Symptoms Sleep disturbance. Sleeping difficulty.

Difficulty Falling asleep Initial insomnia.

Difficulty sleeping Difficulty falling asleep or waking up 
several times throughout the night.

Difficulty Staying asleep Trouble remaining asleep.

Hypersomnia A sleep disorder in which someone 
sleeps for very long periods and is 
always very tired during the day.

Inefficient sleep Low sleep efficiency.

Insomnia A sleep disorder in which the quantity 
or quality of sleep is less than desired, 
usually characterized by difficulty 
falling or staying asleep, or waking 
too early, and experiencing daytime 
consequences of reduced sleep.

Lethargy Having little energy; feeling unwilling 
and unable to do anything.

Nightmares/hallucinations A very upsetting or frightening dream/ 
an experience in which you see, hear, 
feel, or smell something that does not 
exist, usually because you are ill or 
have taken a drug.

Polysomnography A technique that records brain activity, 
the oxygen level in the blood, heart 
rate and breathing, as well as eye and 
leg movements in order to study sleep 
and diagnose sleep disorders.

Rapid eye movement (REM) sleep The phase of sleep characterized by 
conjugate eye movements, paralysis 
of other muscles, and brain activity 
that is most similar to wakefulness.

Non-REM (NREM) sleep The collective sleep stages (three in 
total) that are not categorized as REM 
sleep (also called quiescent sleep).

REM sleep latency The amount of time from the onset of 
sleep to the onset of REM sleep.

Sleep efficiency The percent of time in bed spent 
sleeping, calculated as total sleep time 
divided by time in bed.

Sleep latency The amount of time from lights out to 
sleep onset. Sleep onset latency.

Total REM time The amount of REM time during sleep.

Total sleep time The amount of sleep in one complete 
episode of sleep, usually reported in 
minutes.

Total time awake Total period not asleep.

Wake after sleep onset The amount of time awake after 
the onset of sleep and before final 
awakening.
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TABLE 3 | Characteristics of all studies included in the systematic review. Studies are organized by drug, with the name of each drug reported in the first column. 

D
ru

g

Author and 
year

CASP final 
score

Drug dose (N) vs 
comparator (N)

Length of 
treatment

Alcohol
consumption at

inclusion

Additional
(psychological)

support

Sleep-related outcomes

D
is

ul
fi

ra
m

Snyder et al., 
1981

16 Disulfiram 250 mg (13) 
vs Placebo (17)

7 d 3 w of sobriety before 
inclusion

None Number of REM episodes (mean ± SD)
Disulfiram pre 3.69 ± 0.83 post 3.23 ± 0.88c

Placebo pre 3.66 ± 0.77 post 3.56 ± 1.05d

Latency Stage 1-REM (mean ± SD)
Disulfiram pre 68.81 ± 30.65 post 95.27± 
25.44c

Placebo pre 59.78 ± 25.86 post 73.09 ± 
35.07c,d

Total REM Time (mean ± SD)
Disulfiram pre 101.86 ± 25.18 post 83.13 ± 
23.61
Placebo pre 99.65 ± 32.21 post 92.12 ± 
24.56a’b

% Stage 3 (mean ± SD)
Placebo pre 4.49 ± 3.07 post 3.96 ± 3.29d

% Stage 4 (mean ± SD)
Disulfiram pre 5.60 ± 7.80 post 8.74 ± 8.02c

Placebo pre 7.23 ± 8.58 post 5.37 ± 8.48d

a. p < 0.05 pre vs. post
b. p < 0.05 Disulfiram (difference pre-post) vs. 
Placebo (difference pre-post)
c. p < 0.10 pre vs. post
d. p < 0.10 Disulfiram (difference pre-post) vs 
Placebo (difference pre-post)

A
ca

m
p

ro
sa

te Boeijinga 
et al., 2004

11 Acamprosate 2 g/d (12) 
vs Placebo (12)

23 d Alcohol allowed (8 d); 
abstinent 15 d

None During the 8 d run-in period and the 15 d 
withdrawal, insomnia was experienced only 
by placebo subjects (no number of subjects)

Namkoong et 
al., 2003

14 Acamprosate 1.332- 
1.998 g/d (72) vs 
Placebo (70)

8 w No sobriety before 
inclusion

Out-patient 
psychosocial 
intervention

Sleeping difficulty: 8.3% Acamprosate 6/72 
(no data on placebo) and no difference 
with placebo

Perney et al., 
2012

18 Acamprosate 2-3 g/d 
(335) vs Placebo (257)

24 w > 10 d None Sleep Disorders Symptoms (SDS) - Baseline 
Placebo 40.2% vs. Acamprosate 40.7%
SDS-free patients after 6 M
Placebo 34.95% vs. Acamprosate 52.21%  
p  = 0.007

Staner et al., 
2006

14 Acamprosate 0.666 g/d 
(12) vs. Placebo (12)

23 d Alcohol intake allowed 
for the first 8 d then 
abstinent for 15 d

None Day 2 (Withdrawal) - Day 14 (treatment)
Sleep onset latency (min: mean ±SD)
Placebo 25.2 ± 21.3 – 22.7 ± 11.3
Acamprosate 36.6 ± 38.8 – 31.5 ± 20.2
Total sleep time (min: mean ± SD)a*
Placebo 414.9 ± 41.3 – 398.6 ± 59.8
Acamprosate 410.7 ± 35.3 – 402 ± 62
Total time awake (min: mean ± SD)
Placebo 60 ± 45.9 – 84.3 ± 65.6
Acamprosate 64.3 ± 32.9 – 76.9 ± 59.5
Sleep efficiency (%: mean ± SD)a**
Placebo 87.4 ± 9.5 – 82.8 ± 12.9
Acamprosate 86.6 ± 6.9 – 83.9 ± 12.6
Wake after sleep onset (%: mean ± SD)a*,b*
Placebo 8.7 ± 6.6 –13.9 ± 13
Acamprosate 7.9 ± 4.6 –11.5 ±12.1
Stage 1 (%: mean ± SD) Placebo 4.9 ± 2.4 
– 4.5 ± 2.1
Acamprosate 5.4 ± 4.9 – 4.8 ± 2.8
Stage 2 (%: mean ± SD)
Placebo 50.9 ± 5.4 – 49 ± 9.6
Acamprosate 52.7 ± 8.4 – 50.2 ± 10
Stage 3 (%: mean ± SD) b*
Placebo 4.9 ± 2.9 – 4.4 ± 2.2
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TABLE 3 | Continued

D
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g

Author and 
year

CASP final 
score

Drug dose (N) vs 
comparator (N)

Length of 
treatment

Alcohol
consumption at

inclusion

Additional
(psychological)
support

Sleep-related outcomes

Acamprosate 5.3 ± 1.9 – 6.2 ± 2.5
Stage 4 (%: mean ± SD)
Placebo 8.9 ± 6.1– 8.8 ± 6.8
Acamprosate 10.5 ± 6.8 – 9.5 ± 6.3
REM sleep (%: mean ± SD)
Placebo 22.4 ± 4.2 – 21.2 ± 5.7
Acamprosate 20.3 ± 5.4 – 18.9 ± 6.4
REM sleep latency (min: mean ± SD) b*
Placebo 66.7 ± 20.3 – 62.6 ± 34.9
Acamprosate 72 ± 18.8 – 82.1 ± 23.5
a) time effect; b) treatment effect *p < 0.05;  
**p < 0.01

A
ca

m
p

ro
sa

te
 +

 N
al

tr
ex

o
ne Anton et al., 

2006
18 No CBI: Naltrexone 

100 mg/d (154) vs. 
Acamprosate 3 g/d 
(152) vs. Naltrexone +
Acamprosate (148) vs. 
Placebo (153)
CBI: Naltrexone (155) 
vs. Acamprosate (151)
vs. Naltrexone + 
Acamprosate (157) vs.
Placebo (156)
CBI only (157)

16 w 4 d CBI only. All 8 
groups with
medications had 
9-session
intervention
focused on 
enhancing
medication 
adherence
and abstinence

Somnolence
Placebo 24%
Acamprosate 31%b

Naltrexone 37%c

Acamprosate + Naltrexone 31%a

a. p < 0.05 vs placebo
b. p < 0.01 vs placebo
c. p < 0.001 vs placebo

Kiefer et al., 
2004

9 Naltrexone 50 mg/d 
(40) vs. Acamprosate
1.998 g/d (40) 
vs Naltrexone + 
Acamprosate
(40) vs. Placebo (40)

12 w 12-15 d Coping skills/
relapse 
prevention group 
therapy

Sleep Disturbance (ns)
Placebo 11.4%
Acamprosate 11.5%
Naltrexone 6.3%
Acamprosate + Naltrexone 11.5%

N
al

tr
ex

o
ne Ahmadi and 

Ahmadi, 
2002

11 Naltrexone 50 mg/d 
(58) vs. Placebo (58)

12 w 3-30 d of
sobriety
before

inclusion

Lethargy
Naltrexone 22.4% vs. Placebo 8.6%
Nightmares/hallucinations
Naltrexone 8.6% vs. Placebo 0%
Insomnia
Naltrexone 17% vs. Placebo 6.9%

Ahmadi et al., 
2004

11 Naltrexone 50 mg/d 
(58) vs. Placebo (58)

36 w 3-30 d of
sobriety
before

inclusion

Training in relapse
prevention (12 
weekly of
30 min sessions 
of
individual 
counselling
sessions

Lethargy (p = 0.04)  
Naltrexone 22.4% vs. Placebo 8.6% 
Nightmares/hallucinations (p = 0.02)  
Naltrexone 8.6% vs. Placebo 0%
Insomnia (p = 0.09)  
Naltrexone 17% vs. Placebo 6.9%

Anton et al., 
1999

16 Naltrexone 50 mg/d 
(68) vs. Placebo (63)

12 w >5 d of
sobriety
before

inclusion

12 weekly 
sessions of
individual 
manual-guided
cognitive 
behavioral
therapy

Daytime sleepiness (p < 0.05) 
Naltrexone 46% vs Placebo 27%

Baltieri et al., 
2008

16 Naltrexone 50 mg/d 
(49) vs. Topiramate 300 
mg/d (52) vs. Placebo 
(54)

12 w 1 w Relapse 
prevention,
counseling and
encouragement 
to
participate in AA 
groups

Placebo vs. Naltrexone vs Topiramate
Insomnia: 5.6% vs 10.2% v.s 9.6% ns
Somnolence: 13.0% vs. 20.4% vs. 13.5% ns
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TABLE 3 | Continued
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g

Author and 
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Alcohol
consumption at

inclusion

Additional
(psychological)
support

Sleep-related outcomes

Gastpar 
et al., 2002

16 Naltrexone 50 mg/d 
(84) vs. Placebo (87)

12 Up to 28 d 1 h of 
psychosodal 
treatment every 
wat least

Somnolence (ns) 
Placebo 4% vs. Naltrexone 6%
Insomnia (ns) 
Placebo 5% vs Naltrexone 4%

Heinala et al., 
2001

16 Naltrexone 50 mg/d 
(63) vs. Placebo (58)

12 w + 
20 w as 
needed

1 w Cognitive 
coping skills 
or supportive 
therapy

Insomnia (ns) 
Naltrexone 3.2% vs. Placebo 5.2%

Johnson 
et al., 2004

17 Naltrexone IM 400 mg 
(25) vs. Placebo (5)

4 m > 5 d Psychosocial 
treatment

Somnolence
Naltrexone 12% vs. Placebo 0%

N
al

tr
ex

o
ne

Kranzler 
et al., 2000

14 Naltrexone 50 mg/d 
(61) vs.
Nefazodone 200-400 
mg/d (59)
vs. Placebo (63)

12 w 3-28 d Weekly coping 
skills training

Insomnia (ns)
Placebo 39.7%
Nefazodone 35.6%
Naltrexone 59.0%
Sleepiness (ns)
Placebo 38.1%
Nefazodone 47.5%
Naltrexone 47.5%

Kranzler 
et al., 2003

12 Naltrexone 50 mg/d 
(35) vs.
Naltrexone 50 mg as 
needed
(43) vs. Placebo/d 
(39) vs.
Placebo as needed (36)

8 w Not specified Biweekly 
counseling 
sessions

Difficulty sleeping for 17% of the study 
patients; ns

Krystal et al., 
2001

16 Naltrexone 50 mg/d 
12m (209)
vs. Naltrexone 50 mg/d 
3 m-
Placebo 9m (209) vs. 
Placebo
12 m (209)

12 m > 5 d 12-step facilitation 
counseling (13 m)

Somnolence (ns) 
Naltrexone 5% vs. Placebo 2%

Oslin et al., 
1997

16 Naltrexone 50 mg/d 
(21) vs. Placebo (23)

12 w
(Monday,
Wednesday
and Friday)

>6 w of
sobriety
before

inclusion

Psychosocial 
treatment

Sleep disturbance (average duration in w) ns
Naltrexone 35% (2.9 w)
Placebo 38% (1.4 w)

Oslin et al., 
2008

14 Naltrexone 100 mg/d + 
CBT (40) vs.
Placebo+ CBT (40)
Naltrexone + BRENDA 
(39) vs. Placebo + 
BRENDA (40)
Naltrexone + doctor 
(41) vs. Placebo + 
doctor (40)

24 w 3 d of sobriety
before

inclusion

Psychosocial 
intervention
1. 
Cognitive-
Behavioral 
Therapy (CBT)
2. 
BRENDA
3. 
Doctor: limited 
therapeutic 
content

Insomnia (p < 0.01) Naltrexone 24.2% vs. 
Placebo 11.7%

O’Malley 
et al., 2008

16 Naltrexone 50 mg/d 
(34) vs. Placebo (34)

16 w 4–30 d of  
abstinence

9 sessions 
of medical 
management and 
supportive advice

Sleepiness (p < 0.001)  
Placebo 26% vs. Naltrexone 35%
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2002), two studies in the US (Anton et al., 1999; Kranzler et al., 
2000), one in Brazil (Baltieri et al., 2008), and one in Germany 
(Gastpar et al., 2002; multicentric). The treatment was naltrexone 
50 mg/os/day and lasted for 12 weeks. All studies had placebo 
as comparator; in addition, Baltieri et al. (2008) additionally 
compared with topiramate and Kranzler et al. (2000) compared 
with nefazodone.

Risk of Bias
A total of 26 RCT studies included in the qualitative synthesis were 
appraised with the CASP checklist for RCT (CASP UK, 2019), 
and the final scores (out of 18 points) are reported in Table 3. 
Only one RCT was on disulfiram (Snyder et al., 1981) and was of 
good quality (CASP: 16). Four studies were on acamprosate only, 
and apart from Boeijinga et al. (2004; CASP: 11), they were all 

TABLE 3 | Continued

D
ru

g

Author and 
year

CASP final 
score

Drug dose (N) vs 
comparator (N)

Length of 
treatment

Alcohol
consumption at

inclusion

Additional
(psychological)
support

Sleep-related outcomes

Miranda 
et al., 2014

13 Naltrexone 50 mg (10) 
vs. Placebo (12)

8-10 d No sobriety
before

inclusion

None Difficulty sleeping (ns)  
Naltrexone 19% vs. Placebo 4.8%

N
al

m
ef

en
e Gual et al., 

2013
17 Nalmefene 18 mg (358) 

vs. Placebo (360) as 
needed

24 w Max 14 d BRENDA Insomnia
Nalmefene two times higher than placebo  
(no data available)

Karhuvaara et 
al., 2007

17 Nalmefene 10-40 mg 
(242) vs. Placebo (161) 
as needed

28 w Max 14 d Psychosocial 
intervention 
(minimal)

Insomnia
Nalmefene 31% vs. Placebo 14%
Between group difference (95% Cl)
17 (9.0-25)

Mason et al., 
1999

15 Nalmefene 20 mg/d 
(35); 80 mg/d (35) vs. 
Placebo (35)

12 w 12 w Cognitive 
behavioral 
therapy weekly

Insomnia
Placebo 5.7% vs. Nalmefene 14.3% (ns)

Mason et al., 
1994

16 Nalmefene 10 mg/d (7) 
vs. Nalmefene 40 mg/d 
(7) vs. Placebo (7)

12 w No sobriety
before

inclusion

None Insomnia
Nalmefene 36%

Mann et al., 
2013

18 Nalmefene 18 mg 
(306) vs. Placebo (298) 
as-needed

24 w No sobriety
before

inclusion

BRENDA Sleep disorder
Placebo 0.3% vs. Nalmefene 10.6%
Insomnia  
Placebo 3.4% vs. Nalmefene 9.9%

AA, alcoholics anonymous; BRENDA, biopsychosocial evaluation, report to the patient on assessment, empathic understanding of the patient’s situation, needs collaboratively 
identified by the patient and treatment provider, direct advice to the patient on how to meet those needs, assess reaction of the patient to advice, and adjust as necessary for best 
care; CBI, cognitive behavioral intervention; d, days; w, weeks; m, months; ns, non-significant; IM, intramuscular; SD, standard deviation.

FIGURE 4 | Risk of bias graph: authors’ judgments about each risk of bias presented as percentages across all included studies.
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of relatively good quality (CASP: 14–18; Namkoong et al., 2003; 
Staner et al., 2006; Perney et al., 2012); two RCT studies included 
both acamprosate and naltrexone, one of good quality (CASP: 
18; Anton et al., 2006) and one of lower quality (CASP: 9; Kiefer 
et al., 2004). The majority of RCT (14 studies) were on naltrexone, 
and most of them were of good quality (CASP: 14–17; Oslin et 
al., 1997; Anton et al., 1999; Kranzler et al., 2000; Heinala et al., 
2001; Krystal et al., 2001; Gastpar et al., 2002; Johnson et al., 
2004; Baltieri et al., 2008; Oslin et al., 2008; O’Malley et al., 2008) 
while a few were of moderate quality (CASP: 11–13; Ahmadi and 
Ahmadi, 2002; Kranzler et al., 2003; Ahmadi et al., 2004; Miranda 
et al., 2014). Finally, five RCT studies were on nalmefene, and 
they were all of good quality (CASP: 15–18; Mason et al., 1994; 
Mason et al., 1999; Karhuvaara et al., 2007; Gual et al., 2013; 
Mann et al., 2013).

The risk of selection bias was mainly unclear, as many studies 
failed to describe the randomization procedure, while only few 
studies did (Namkoong et al., 2003; Anton et al., 2006; Karhuvaara 
et al., 2007; Baltieri et al., 2008; O’Malley et al., 2008; Perney et al., 
2012; Mann et al., 2013), and almost none of the studies described 
the allocation concealment, except for Anton et al. (2006), Gual 
et al. (2013), Karhuvaara et al. (2007), and Mann et al. (2013).

The risk of performance and detection bias was also unclear 
for many studies, as only some described the blinding of patients 
and staff (Snyder et al., 1981; Mason et al., 1999; Ahmadi 
and Ahmadi, 2002; Namkoong et al., 2003; Ahmadi  et  al., 
2004;  Johnson et al., 2004; Anton et al., 2006; Baltieri et al., 
2008; O’Malley et al., 2008; Perney et al., 2012; Gual et al., 2013; 
Mann et al., 2013), while the others described the blinding of 
patients only, or did not describe any blinding at all; all studies 
cited a double-blind protocol, except for Kranzler et al. (2000) 
which was clearly single-blind, with high risk of performance 
and detection bias. Finally, most studies had low risk of 
attrition bias, except for Ahmadi et al. (2004), Ahmadi and 
Ahmadi (2002), Boeijinga et al. (2004); Johnson et al. (2004); 
Kranzler et al. (2003); Miranda et al. (2014), and Oslin et al. 
(2008), and low risk of reporting bias, except for Kiefer et  al. 
(2004), Kranzler et  al. (2000); Kranzler et al. (2003); Snyder 
et al. (1981), and Staner et al. (2006), who did not clearly set 
pre-specified primary and secondary outcomes. The detailed 
risks of bias of the studies included in the meta-analysis are also 
reported in (Figure 5, A and B). Of all the trials included in the 
meta-analysis, almost all disclosed the sponsorship, except for: 
Ahmadi and Ahmadi (2002) and Anton et al. (1999).

OUTCOMES

Qualitative Synthesis
Only three studies focused on sleep as a main outcome, 
objectively measured by polysomnography (disulfiram: Snyder 
et al., 1981; acamprosate: Staner et al., 2006) or observed with 
subjective self-reported sleep from a previous set of data (Perney 
et al., 2012). All the other studies reported the sleep problems as 
adverse effects (subjective report).

The main difficulty in the data synthesis was the heterogeneity 
of measurements, as different studies measured different sleep 

outcomes, or the same outcomes described by different terms, or non-
specified generic outcomes (for example, sleep disturbance; Table 2) 
so the data synthesis and meta-analyses were limited. Sleep outcomes 
measured as adverse effects included: insomnia, somnolence, sleep 
disorders symptoms, sleep disorder, sleep disturbance, lethargy, 
nightmares, sleepiness (which here was considered as a synonym 
of somnolence; Table 2), and difficulty sleeping (which here was 
considered synonym of insomnia; Table 2).

In light of the well-known sleep-altering effects of alcohol 
(Brooks and Wallen, 2014), it was necessary to eliminate 
nearly all articles on the effectiveness of disulfiram, since 
this drug is obviously associated with concomitant alcohol 
intake to exert its therapeutic effects. Only one study that 
avoided concomitant use of alcohol, since it focused on 
sleep, was finally included (Snyder et al., 1981). Disulfiram 
overall decreases REM sleep, which is shown by a trend to 
decreased number of REM episodes (p < 0.10), a significantly 
decreased total REM time (p < 0.05), and a trend to increased 
latency to REM stage (p < 0.10), compared with placebo. A 
trend to decreased stage 3 (p < 0.10) was also observed in the 
disulfiram group compared with placebo (Snyder et al., 1981).

Acamprosate had mainly no/little effect on sleep, which 
was reported as adverse effect (except for a significantly higher 
somnolence in the acamprosate group vs. placebo; Anton 
et  al., 2006; p < 0.01). Interestingly, acamprosate seems to give 
less insomnia than placebo, although the difference was not 
significant (Boeijinga et al., 2004). In line with these trends, in the 
only polysomnography study by Staner et al. (2006), acamprosate 
improved both sleep continuity and architecture with respect to 
placebo, as shown by a decreased wake time after sleep onset and 
increased stage 3 and REM sleep latency (p < 0.05 for all measures). 
This is a very important finding as it shows that acamprosate can 
be beneficial to ameliorate sleep parameters typically disturbed 
by AUD. To further confirm the beneficial effects of acamprosate, 
Perney et al. (2012) showed that after 6 months of treatment with 
acamprosate, the number of patients self-reporting sleep disorders 
(symptoms not specified) was decreased with respect to placebo  
(p = 0.07).

Naltrexone generally increased insomnia, although the 
difference with placebo was mostly non-significant, except for one 
study (Oslin et al., 2008; p < 0.01). The strongest effect reported 
was the increased somnolence (or sleepiness) in the naltrexone 
group compared with the placebo, which was significant in three 
studies (Anton et al., 2006; p < 0.001; Anton et al., 1999; p < 0.05; 
O’Malley et al., 2008; p < 0.001) but non-significant in another 
four studies, or the significance was not reported.

Nalmefene gave more insomnia than placebo, although the 
significance was either null or not reported. Somnolence was 
not reported.

Overall, other parameters that were reported for most drugs 
were: lethargy, nightmares/hallucinations, and sleep disorders 
(not specified), but the differences with placebo were non-
significant or the significance was not shown.

Meta-Analysis
Data from five RCT studies (Anton et al., 1999; Kranzler et al., 
2000; Ahmadi and Ahmadi, 2002; Gastpar et al., 2002; Baltieri 

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org


Sleep and the Pharmacotherapy of Alcohol Use DisorderPanin and Peana

11 October 2019 | Volume 10 | Article 1164Frontiers in Pharmacology | www.frontiersin.org

et  al., 2008) on self-reported insomnia or somnolence were 
grouped together in two meta-analyses performed with the 
Cochrane’s Review Manager (RevMan, 2014).

Insomnia: for a total of 514 individuals, the calculated OR 
was 1.99 (95% CI: 1.16–3.39) (Figure 5A). This indicates a 
significantly higher risk of insomnia with naltrexone compared 
to placebo (p = 0.01). No heterogeneity was detected, with a chi-
square value of 1.87 (p = 0.60) and an I2 of 0%.

Somnolence (daytime sleepiness, Table 2): for a total of 
529 individuals, the calculated OR was 1.85 (95% CI: 1.19–
2.87) (Figure 5B). This indicates a significantly higher risk of 
somnolence with naltrexone compared to placebo (p = 0.006).

No statistically significant heterogeneity was detected with a 
chi-square value of 0.98 (p = 0.81) and an I2 of 0%.

DISCUSSION AND FUTURE DIRECTIONS

To date, this is the first systematic review evaluating the sleep-
related effects of disulfiram, acamprosate, naltrexone, or 
nalmefene reviewed together.

As reported by Snyder et al. (1981), disulfiram decreases REM 
sleep in acute abstinent alcoholics. Interestingly, disulfiram inhibits 
the production of noradrenaline by blocking the dopamine 
β-hydroxylase enzyme (Goldstein et  al., 1964), and this may 
underlie the decreased REM sleep. In fact, although noradrenergic 
neurons show only minimal activity during REM sleep, it is 
recognized that minimal brain stem level of NA is necessary for the 
occurrence of REM sleep (Gottesmann, 2008), as REM sleep can be 
suppressed by lesioning the noradrenergic nucleus, locus coeruleus 
(Jouvet and Delorme, 1965). The disulfiram-induced reduction of 
REM sleep is quite interesting if we consider that during alcohol 
withdrawal, the REM sleep is usually increased (Brower, 2001). In 
addition, other psychiatric disorders often associated with AUD 
and withdrawal, such as depressive disorders, are characterized by 
increased REM sleep, while on the contrary, antidepressant drugs 
reduce REM sleep (see Wichniak et al., 2017). In this framework, 
it could be tempting to suggest that the reduced REM sleep may 
play an important role in the therapeutic effects of disulfiram, 
contributing maybe to mood improvements during abstinence, 
but unfortunately, there are no additional studies on disulfiram to 
further corroborate this hypothesis.

FIGURE 5 | Forest plots of the overall effect of 12-week treatment with naltrexone (50 mg/os/d) or placebo on: insomnia (panel A) and somnolence (panel B). 
Each study is shown by a blue square that represents the odds ratio, with the horizontal lines being the 95% confidence intervals; the pooled Odds Ratio and 95% 
confidence interval by random-effect calculations are depicted as a diamond. Risks of bias are also presented for each study, on the right-up corner.
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Acamprosate shows some beneficial effects on sleep, reducing 
insomnia in some studies (Boeijinga et al., 2004; statistics not 
known), in line with a recent meta-analysis reporting lowered 
insomnia after 6 months of treatment with acamprosate versus 
placebo (Perney and Lehert, 2018). However, in this systematic 
review, we haven’t included most of the studies that were 
analyzed in Perney and Lehert (2018) meta-analysis, mainly for 
lack of sleep outcomes (Pelc et al., 1992; Whitworth et al., 1996; 
Geerlings et al., 1997; Pelc et al., 1997; Poldrugo, 1997; Chick 
et al., 2000; Tempesta et al., 2000; Mason et al., 2006). In fact, 
Perney and Lehert (2018) analyzed the raw sleep data collected 
from those trials. Moreover, two articles on acamprosate were 
excluded because they were not in English (Barrias et  al., 
1997; Ladewig et al., 1993) and another two studies were 
excluded because there was concomitant administration of 
other, potentially biasing, drugs (Besson et al., 1998; Chick 
et al., 2000). Finally, due to the high level of methodological 
heterogeneity across the included studies, we estimated that it 
was not appropriate to pool the data in a meta-analysis. But 
the results summarized in this review suggest beneficial effects 
of acamprosate (Table 3), particularly on parameters of sleep 
continuity and architecture that are usually affected by AUD, 
giving less fragmented sleep, increased deep sleep (stage 3), and 
increased REM sleep latency (Staner et al., 2006). Acamprosate, 
by reducing the glutamatergic neurotransmission (Mason and 
Crean, 2007; Frye et al., 2016), supports abstinence, and this 
might explain the reduced insomnia and the trend to reduce 
REM sleep (Jones, 2019). Glutamate is the major excitatory 
neurotransmitter in the brain and plays an essential role in 
regulating wakefulness and REM sleep (Jones, 2019). Indeed, 
glutamatergic system dysregulation in AUD is a likely substrate 
for several sleep disturbances (Koob and Colrain, 2019).

Naltrexone alters the sleep–wake cycle giving increased 
insomnia and somnolence in some studies, although statistical 
significance was present only in few studies reported in Table 
3 (Anton et al., 1999; Anton et al., 2006; O’Malley et al., 2008; 
Oslin et al., 2008). The higher risk of insomnia and somnolence 
with naltrexone compared to placebo is further confirmed by the 
results showed in the meta-analyses (Figures 5A, B, respectively). 
Despite the lack of evidence on the effect of naltrexone on sleep 
architecture, preliminary results from a recent polysomnography 
study on six healthy males demonstrated that a single dose of 
naltrexone significantly increased stage 2 sleep and decreased 
REM sleep (Sramek et al., 2014). The observed effects on REM 
sleep seem to mimic other drugs such as benzodiazepines, 
tricyclic antidepressants, selective serotonin reuptake inhibitors, 
trazodone, and opioids (Kay et al., 1969; Cronin et al., 1995; 
Obermeyer and Benca, 1996; Gursky and Krahn, 2000; Foldvary-
Schaefer et al., 2002; Barbanoj et al., 2005; Shaw et al., 2005), all 
known to affect the central neurotransmitters involved in the 
sleep–wake cycle, such as catecholamines, acetylcholine, GABA, 
and histamine (Jones, 2019).

Interestingly, it must be noted that there is a common 
signature across these three drugs (disulfiram, acamprosate, 
and naltrexone) in the alteration of sleep architecture. In fact, 
from the few polysomnography studies available, it seems 
that all these drugs decrease the REM sleep (Snyder et al., 

1981; Staner et al., 2006; Sramek et al., 2014), similarly to 
antidepressants (see Wichniak et  al., 2017), although with 
different mechanisms of action.

Finally, similar trends for increased insomnia were observed 
with nalmefene, although much less evidence was available, 
and the statistical significance was null or not reported. These 
results are not surprising, given that both naltrexone and 
nalmefene act on opioid receptors, although with different 
mechanisms. Opioids modulate various neurotransmitters 
including acetylcholine (Illes, 1989; Mulder and Schoffelmeer, 
1993), catecholamines (Gunne, 1959; Moore et al., 1965), and 
GABA (Jalabert et al., 2011; Horsfall and Sprague, 2017), and 
these neurotransmitters are well known to regulate the sleep–
wake cycle (see Jones, 2019). More studies are required to 
establish the exact mechanisms of the opioid-induced effects 
on sleep–wake cycle.

A growing body of literature shows frequent association of 
AUD with sleep disorders (Brower, 2003; Arnedt et al., 2007; 
Angarita et al., 2016). Given that sleep disturbances could have 
a crucial role in the risk of relapse (Brower, 2001), an appropriate 
treatment of sleep problems may support the treatment of 
AUD. The sedative-hypnotic benzodiazepines have been widely 
used to treat sleep problems as well as acute alcohol withdrawal 
(Gensburger and Ghuysen, 2019); however, the use of these drugs 
is not appropriate for people with AUD, for the risk of dangerous 
interactions with alcohol, and for their potential to induce 
dependence (Ashton, 2005). It would be unsafe to prescribe 
benzodiazepines to a population that is clearly more prone to 
developing drug dependence and can relapse into concomitant 
heavy drinking, with the risk of drug-alcohol interaction. Recent 
alternatives to treat sleep disorders in AUD patients involve the 
newer GABA agonist, well known as Z-hypnotics or Z-drugs 
(zolpidem, zopiclone, and zaleplon). These Z-drugs enhance 
GABAA receptor currents via a mechanism that differs from 
that proposed for benzodiazepines (Dixon et al., 2015) and 
are indicated for the treatment of insomnia characterized by 
difficulties with sleep initiation. Although these drugs show lower 
dependence than benzodiazepines, there is still concern over the 
non-negligible potential of abuse of the “Z” hypnotics, which 
would be unsafe in people with history of drug addiction (Hajak 
et al., 2003), and could also interact with alcohol. Recent clinical 
trials have demonstrated that suvorexant, a dual hypocretin/orexin 
receptor, normalizes sleep in patients with primary insomnia. 
More recent studies suggest its potential for the treatment of sleep 
pathology associated with AUD (Sanchez-Alavez et  al.,  2019). 
Campbell et al. (2018) suggested that suvorexant may also 
address key physiological components related with alcohol 
abstinence and withdrawal, such as sleep disorders, which 
should in turn help decrease or inhibit relapse (Campbell et al., 
2018). Although these therapeutic approaches seem promising, 
there is increasing concern around the concomitant use of 
too many drugs in healthcare. Patients with AUD are at high 
risk of pharmacological interactions, due to the incidence of 
comorbidities, the concomitant intake of numerous drugs, and the 
pharmacodynamic and pharmacokinetic interferences of alcohol 
(Guerzoni et al., 2018). On the other hand, the use of hypnotic 
drugs among people with AUD could contribute to overdose 
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mortality, a serious public health concern (Foulds et al., 2018). 
The combination of drugs, called polypharmacy, exposes the 
patients to a dangerous vicious circle, as more drugs means 
more side effects often requiring additional treatments, thus 
increasing the risk of drug interactions (Marengoni and Onder, 
2015). Moreover, a recent systematic review with meta-analysis 
reported that the additional pharmacotherapy of insomnia in 
patients with AUD doesn’t improve alcohol abstinence (Miller 
et al., 2017). Therefore, it is particularly important to elucidate the 
effects of the pharmacotherapy for AUD on sleep quality, as this 
may help tailor the treatment based on the sleep profile of AUD 
patients. A thorough choice of the appropriate pharmacotherapy 
for AUD with the lowest negative impact (or the highest positive 
impact) on sleep may better support the crucial phase of the 
acute withdrawal from alcohol and result in higher success. In 
this respect, it appears that acamprosate is the most beneficial 
(or less detrimental) drug for patients with AUD with history 
of sleep disturbances. However, as highlighted by this review, 
there is no sufficiently detailed data to corroborate this. In 
addition, this systematic review has important limitations, such 
as the inclusion of limited number of articles that are sometimes 
outdated, especially on disulfiram (as this is a relatively old drug). 
Most importantly, as sleep measures were almost always reported 
as adverse effects, it was not possible to determine at what point 
in the study these were assessed and how was the sleep quality 
before the treatment, and this represents a potential bias.

In conclusion, given the high burden that sleep disturbances 
pose on AUD patients, further polysomnography studies to 
elucidate the effects of these drugs on sleep architecture are 
long overdue. More robust evidences on the effect of these 
drugs on sleep architecture may suggest a more holistic 
approach to treat AUD that takes into consideration sleep as 
a crucial element of the therapy, with benefits for the patients 
and maybe higher success.

AUTHOR CONTRIBUTIONS

FP designed the protocol and screened articles for eligibility 
criteria based on titles and abstracts. FP and AP independently 
screened the full texts of the pre-selected studies and agreed on 
final inclusion/exclusion of each study. Any disagreements were 
resolved through consensus. FP and AP drafted the manuscript, 
figures and tables, and provided editorial supervision. Both 
authors discussed the results and reviewed the manuscript.

ACKNOWLEDGMENTS

We wish to thank Prof. Catherine Meads (Anglia Ruskin 
University) for her advice on critical appraisal, and the Open 
Access (Anglia Ruskin University) office for covering the fees to 
publish open access.

REFERENCES

Ahmadi, J., and Ahmadi, N. (2002). A double blind, placebo-controlled study of 
naltrexone in the treatment of alcohol dependence. Germ. J. Psychiatry 5, 85–89. 
doi: 10.1097/01.ALC.0000030561.15921.A9

Ahmadi, J., Babaeebeigi, M., Maany, I., Porter, J., Mohagheghzadeh, M., 
Ahmadi, N., et al. (2004). Naltrexone for alcohol-dependent patients. Ir. J. Med. 
Sci. 173, 34–37. doi: 10.1007/BF02914522

Alozai, U., and Sharma, S. (2019). “Drug and alcohol use,” in Stat. Pearls 
Anonymous (Treasure Island (FL): StatPearls Publishing LLC). 

Angarita, G. A., Emadi, N., Hodges, S., and Morgan, P. T. (2016). Sleep abnormalities 
associated with alcohol, cannabis, cocaine, and opiate use: a comprehensive 
review. Addict. Sci. Clin. Pract. 11, 7. doi: 10.1186/s13722-016-0056-7

Anton, R. F., Moak, D. H., Waid, L. R., Latham, P. K., Malcolm, R. J., and Dias, J. K. 
(1999). Naltrexone and cognitive behavioral therapy for the treatment of 
outpatient alcoholics: results of a placebo-controlled trial. Am. J. Psychiatry 
156, 1758–1764. doi: 10.1176/ajp.156.11.1758

Anton, R. F., O’Malley, S. S., Ciraulo, D. A., Cisler, R. A., Couper, D., 
Donovan, D. M., et al. (2006). Combined pharmacotherapies and behavioral 
interventions for alcohol dependence: the COMBINE study: a randomized 
controlled trial. JAMA 295, 2003–2017. doi: 10.1001/jama.295.17.2003

APA. American Psychiatric Association. (1987). Diagnostic and statistical manual 
of mental disorders. APA Press (Washington DC: APA Press). 

Arnedt, J. T., Conroy, D. A., and Brower, K. J. (2007). Treatment options for sleep 
disturbances during alcohol recovery. J. Addict. Dis. 26, 41–54. doi: 10.1300/
J069v26n04_06

Ashton, H. (2005). The diagnosis and management of benzodiazepine dependence. 
Curr. Opin. Psychiatry 18, 249–255. doi: 10.1097/01.yco.0000165594.60434.84

Baltieri, D. A., Daro, F. R., Ribeiro, P. L., and de Andrade, A. G. (2008). Comparing 
topiramate with naltrexone in the treatment of alcohol dependence. Addiction 
103, 2035–2044. doi: 10.1111/j.1360-0443.2008.02355.x

Barbanoj, M. J., Clos, S., Romero, S., Morte, A., Gimenez, S., Lorenzo, J. L., 
et al. (2005). Sleep laboratory study on single and repeated dose effects of 

paroxetine, alprazolam and their combination in healthy young volunteers. 
Neuropsychobiology 51, 134–147. doi: 10.1159/000085206

Barrias, J. A., Chabac, S., Ferreira, L., Fonte, A., and Potgieter, A. S. (1997). 
Acamprosate: multicenter Portuguese efficacy and tolerance evaluation study. 
Psiquiatria Clinica 18, 149–160. 

Besson, J., Aeby, F., Kasas, A., Lehert, P., and Potgieter, A. (1998). Combined efficacy 
of acamprosate and disulfiram in the treatment of alcoholism: a controlled study. 
Alcohol. Clin. Exp. Res. 22, 573–579. doi: 10.1111/j.1530-0277.1998.tb04295.x

Boeijinga, P. H., Parot, P., Soufflet, L., Landron, F., Danel, T., Gendre, I., et al. (2004). 
Pharmacodynamic effects of acamprosate on markers of cerebral function in 
alcohol-dependent subjects administered as pretreatment and during alcohol 
abstinence. Neuropsychobiology 50, 71–77. doi: 10.1159/000077944

Boothby, L. A., and Doering, P. L. (2005). Acamprosate for the treatment of alcohol 
dependence. Clin. Ther. 27, 695–714. doi: 10.1016/j.clinthera.2005.06.015

Borenstein, M., Hedges, L. V., Higgins, J. P., and Rothstein, H. R. (2010). A basic 
introduction to fixed-effect and random-effects models for meta-analysis. Res. 
Synth. Methods 1, 97–111. doi: 10.1002/jrsm.12

Brooks, A. T., and Wallen, G. R. (2014). Sleep disturbances in individuals with 
alcohol-related disorders: a review of cognitive-behavioral therapy for 
insomnia (CBT-I) and associated non-pharmacological therapies. Subst. Abuse 
8, 55–62. doi: 10.4137/SART.S18446

Brower, K. J. (2001). Alcohol’s effects on sleep in alcoholics. Alcohol Res. Health 
25, 110–125. 

Brower, K. J. (2003). Insomnia, alcoholism and relapse. Sleep Med. Rev. 7, 523–539. 
doi: 10.1016/S1087-0792(03)90005-0

Brower, K. J., Aldrich, M. S., Robinson, E. A., Zucker, R. A., and Greden, J. F. 
(2001). Insomnia, self-medication, and relapse to alcoholism. Am. J. Psychiatry 
158, 399–404. doi: 10.1176/appi.ajp.158.3.399

Buysse, D. J. (2008). Chronic insomnia. Am. J. Psychiatry 165, 678–686. doi: 
10.1176/appi.ajp.2008.08010129

Campbell, E. J., Marchant, N. J., and Lawrence, A. J. (2018). A sleeping giant: 
suvorexant for the treatment of alcohol use disorder? Brain Res. doi: 10.1016/j.
brainres.2018.08.005

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1097/01.ALC.0000030561.15921.A9
https://doi.org/10.1007/BF02914522
https://doi.org/10.1186/s13722-016-0056-7
https://doi.org/10.1176/ajp.156.11.1758
https://doi.org/10.1001/jama.295.17.2003
https://doi.org/10.1300/J069v26n04_06
https://doi.org/10.1300/J069v26n04_06
https://doi.org/10.1097/01.yco.0000165594.60434.84
https://doi.org/10.1111/j.1360-0443.2008.02355.x
https://doi.org/10.1159/000085206
https://doi.org/10.1111/j.1530-0277.1998.tb04295.x
https://doi.org/10.1159/000077944
https://doi.org/10.1016/j.clinthera.2005.06.015
https://doi.org/10.1002/jrsm.12
https://doi.org/10.4137/SART.S18446
https://doi.org/10.1016/S1087-0792(03)90005-0
https://doi.org/10.1176/appi.ajp.158.3.399
https://doi.org/10.1176/appi.ajp.2008.08010129
https://doi.org/10.1016/j.brainres.2018.08.005
https://doi.org/10.1016/j.brainres.2018.08.005


Sleep and the Pharmacotherapy of Alcohol Use DisorderPanin and Peana

14 October 2019 | Volume 10 | Article 1164Frontiers in Pharmacology | www.frontiersin.org

Chakravorty, S., Chaudhary, N. S., and Brower, K. J. (2016). Alcohol dependence 
and its relationship with insomnia and other sleep disorders. Alcohol. Clin. Exp. 
Res. 40, 2271–2282. doi: 10.1111/acer.13217

Chick, J., Anton, R., Checinski, K., Croop, R., Drummond, D. C., Farmer, R., et al. 
(2000). A multicentre, randomized, double-blind, placebo-controlled trial of 
naltrexone in the treatment of alcohol dependence or abuse. Alcohol Alcohol. 
35, 587–593. doi: 10.1093/alcalc/35.6.587

Critical Appraisal Skills Programme (2019). CASP (RCT) Checklist. [online] 
Available at: https://casp-uk.net/casp-tools-checklists/ Accessed: 2019

Cronin, A., Keifer, J. C., Baghdoyan, H. A., and Lydic, R. (1995). Opioid inhibition 
of rapid eye movement sleep by a specific mu receptor agonist. Br. J. Anaesth. 
74, 188–192. doi: 10.1093/bja/74.2.188

Crum, R. M., Storr, C. L., Chan, Y. F., and Ford, D. E. (2004). Sleep disturbance 
and risk for alcohol-related problems. Am. J. Psychiatry 161, 1197–1203. doi: 
10.1176/appi.ajp.161.7.1197

Dixon, C. L., Harrison, N. L., Lynch, J. W., and Keramidas, A. (2015). Zolpidem 
and eszopiclone prime α1β2γ2 GABAA receptors for longer duration of 
activity. Br. J. Pharmacol. 172, 3522–3536. doi: 10.1111/bph.13142

Escobar-Cordoba, F., Avila-Cadavid, J. D., and Cote-Menendez, M. (2009). 
Complaints of insomnia in hospitalized alcoholics. Braz J. Psychiatry S1516, 
44462009000300013. doi: 10.1590/S1516-44462009000300013

European Medicines Agency (EMA) (2010) Guideline on the development of 
medicinal products for the treatment of alcohol dependence. Report no. 
EMEA/CHMP/EWP/20097/2008. In: www.ema.europa.eu/docs/enGB/
document library/Scientific guideline/2010/03/WC500074898.pdf. 

Foldvary-Schaefer, N., De Leon Sanchez, I., Karafa, M., Mascha, E., Dinner, D., 
and Morris, H. H. (2002). Gabapentin increases slow-wave sleep in normal 
adults. Epilepsia 43, 1493–1497. doi: 10.1046/j.1528-1157.2002.21002.x

Foulds, J. A., Manning, V., Garfield, J. B. B., Allsop, S. J., Lam, T., Arunogiri, S., 
et al. (2018). Prescribed sedative and other psychotropic medication use among 
clients attending alcohol and other drug treatment. Drug Alcohol Rev. 37, 738–
742. doi: 10.1111/dar.12841

Frye, M. A., Hinton, D. J., Karpyak, V. M., Biernacka, J. M., Gunderson,   L.  J., 
Feeder,  S. E., et al. (2016). Anterior cingulate glutamate is reduced by 
acamprosate treatment in patients with alcohol dependence. J Clin 
Psychopharmacol. 36 (6), 669–674. doi: 10.1097/JCP.0000000000000590

Gastpar, M., Bonnet, U., Boning, J., Mann, K., Schmidt, L. G., Soyka, M., et al. 
(2002). Lack of efficacy of naltrexone in the prevention of alcohol relapse: 
results from a German multicenter study. J. Clin. Psychopharmacol. 22, 592–
598. doi: 10.1097/00004714-200212000-00009

Geerlings, P. J., Ansoms, C., and van den Brink, W. (1997). Acamprosate and 
prevention of relapse in alcoholics. Results of a randomized, placebo-controlled, 
double-blind study in out-patient alcoholics in the Netherlands, Belgium and 
Luxembourg. Eur. Addict. Res. 3, 129–137. doi: 10.1159/000259166

Gensburger, M., and Ghuysen, A. (2019). Pharmacotherapy of most severe forms 
of alcohol withdrawal. Rev. Med. Liege 74, 365–372. 

Goldstein, M., Anagnoste, B., Lauber, E., and McKeregham, M. R. (1964). 
Inhibition of dopamine-beta-hydroxylase by disulfiram. Life. Sci. (1962) 3, 
763–767. doi: 10.1016/0024-3205(64)90031-1

Gottesmann, C. (2008). Noradrenaline involvement in basic and higher 
integrated REM sleep processes. Prog. Neurobiol. 85, 237–272. doi: 10.1016/j.
pneurobio.2008.04.002

Gottheil, E., Thornton, C. C., Skoloda, T. E., and Alterman, A. I. (1979). Follow-up 
study of alcoholics at 6, 12 and 24 months. Curr. Alcohol. 6, 91–109. 

Gual, A., He, Y., Torup, L., van den Brink, W., and Mann, K. (2013). and 
ESENSE 2 Study GroupA randomised, double-blind, placebo-controlled, 
efficacy study of nalmefene, as-needed use, in patients with alcohol 
dependence. Eur. Neuropsychopharmacol. 23, 1432–1442. doi: 10.1016/j.
euroneuro.2013.02.006

Guerzoni, S., Pellesi, L., Pini, L. A., and Caputo, F. (2018). Drug-drug interactions 
in the treatment for alcohol use disorders: a comprehensive review. Pharmacol. 
Res. 133, 65–76. doi: 10.1016/j.phrs.2018.04.024

Gunne, L. M. (1959). Noradrenaline and adrenaline in the rat brain during acute 
and chronic morphine administration and during withdrawal. Nature  25, 
1950–1951. doi: 10.1038/1841950a0

Gursky, J. T., and Krahn, L. E. (2000). The effects of antidepressants on sleep: a 
review. Harv. Rev. Psychiatry 8, 298–306. doi: 10.1080/hrp.8.6.298

Guyatt, G., Rennie, D., Meade, M. O., and Cook, D. J. (2008). Users’ guides to the 
medical literature. 2nd ed.. New York: (McGraw Hill Medical). 

Hajak, G., Muller, W. E., Wittchen, H. U., Pittrow, D., and Kirch, W. (2003). Abuse 
and dependence potential for the non-benzodiazepine hypnotics zolpidem 
and zopiclone: a review of case reports and epidemiological data. Addiction 98, 
1371–1378. doi: 10.1046/j.1360-0443.2003.00491.x

Harris, B. R., Prendergast, M. A., Gibson, D. A., Rogers, D. T., Blanchard, J. A., 
Holley, R. C., et al. (2002). Acamprosate inhibits the binding and neurotoxic 
effects of trans-ACPD, suggesting a novel site of action at metabotropic 
glutamate receptors. Alcohol. Clin. Exp. Res. 26, 1779–1793. doi: 10.1111/
j.1530-0277.2002.tb02484.x

Heinala, P., Alho, H., Kiianmaa, K., Lonnqvist, J., Kuoppasalmi, K., and Sinclair, J. D. 
(2001). Targeted use of naltrexone without prior detoxification in the treatment 
of alcohol dependence: a factorial double-blind, placebo-controlled trial. J. 
Clin. Psychopharmacol. 21, 287–292. doi: 10.1097/00004714-200106000-00006

Higgins J. P. T., and Green, S. (eds). (2011). Cochrane Handbook for Systematic 
Reviews of Interventions Version 5.1.0 [updated March 2011]. The Cochrane 
Collaboration. Available from www.handbook.cochrane.org 

Hiller, J. M., Angel, L. M., and Simon, E. J. (1981). Multiple opiate receptors: 
alcohol selectively inhibits binding to delta receptors. Science 214, 468–469. 
doi: 10.1126/science.6270788

Horsfall, J. T., and Sprague, J. E. (2017). The pharmacology and toxicology of 
the ‘holy trinity’. Basic Clin. Pharmacol. Toxicol. 120, 115–119. doi: 10.1111/
bcpt.12655

Hyytia, P., and Sinclair, J. D. (1993). Responding for oral ethanol after naloxone 
treatment by alcohol-preferring AA rats. Alcohol. Clin. Exp. Res. 17, 631–636. 
doi: 10.1111/j.1530-0277.1993.tb00810.x

Illes, P. (1989). Modulation of transmitter and hormone release by multiple 
neuronal opioid receptors. Rev. Physiol. Biochem. Pharmacol. 112, 139–233. 
doi: 10.1007/BFb0027497

Jalabert, M., Bourdy, R., Courtin, J., Veinante, P., Manzoni, O. J., Barrot, M., et al. 
(2011). Neuronal circuits underlying acute morphine action on dopamine 
neurons. Proc. Natl. Acad. Sci. U. S. A. 108, 16446–16450. doi: 10.1073/
pnas.1105418108

Jesse, S., Brathen, G., Ferrara, M., Keindl, M., Ben-Menachem, E., Tanasescu, R., 
et al. (2017). Alcohol withdrawal syndrome: mechanisms, manifestations, and 
management. Acta Neurol. Scand. 135, 4–16. doi: 10.1111/ane.12671

Johnson, B. A., Ait-Daoud, N., Aubin, H. J., Van Den Brink, W., Guzzetta, R., 
Loewy, J., et al. (2004). A pilot evaluation of the safety and tolerability of 
repeat dose administration of long-acting injectable naltrexone (Vivitrex) in 
patients with alcohol dependence. Alcohol. Clin. Exp. Res. 28, 1356–1361. doi: 
10.1097/01.ALC.0000139823.30096.52

Jones, B. E. (2019). Arousal and sleep circuits. Neuropsychopharmacology 19, 1–15. 
doi: 10.1038/s41386-019-0444-2

Jouvet, M., and Delorme, J. F. (1965). Locus coeruleus et sommeil paradoxal. 
Comptes Rendus des Seances de l’Acad. Sci. 159, 895–899. 

Karhuvaara, S., Simojoki, K., Virta, A., Rosberg, M., Loyttyniemi, E., Nurminen, T., 
et  al. (2007). Targeted nalmefene with simple medical management in 
the treatment of heavy drinkers: a randomized double-blind placebo-
controlled multicenter study. Alcohol. Clin. Exp. Res. 31, 1179–1187. doi: 
10.1111/j.1530-0277.2007.00401.x

Kay, D. C., Eisenstein, R. B., and Jasinski, D. R. (1969). Morphine effects on human 
REM state, waking state and NREM sleep. Psychopharmacologia 14, 404–416. 
doi: 10.1007/BF00403581

Kiefer, F., Andersohn, F., Otte, C., Wolf, K., Jahn, H., and Wiedemann, K. (2004). Long-
term effects of pharmacotherapy on relapse prevention in alcohol dependence. 
Acta Neuropsychiatry 16, 233–238. doi: 10.1111/j.0924-2708.2004.00093.x

Koob, G. F., and Colrain, I. M. (2019). Alcohol use disorder and sleep disturbances: 
a feed-forward allostatic framework. Neuropsychopharmacology 1–25 doi: 
10.1038/s41386-019-0446-0

Kragh, H. (2008). From disulfiram to antabuse: the invention of a drug. Bull. His 
Chem. 33 (2), 82–88. 

Kranzler, H. R., Armeli, S., Tennen, H., Blomqvist, O., Oncken, C., Petry,  N., 
et al. (2003). Targeted naltrexone for early problem drinkers. J. Clin. 
Psychopharmacol. 23, 294–304. doi: 10.1097/01.jcp.0000084030.22282.6d

Kranzler, H. R., Modesto-Lowe, V., and Van Kirk, J. (2000). 
Naltrexone vs. nefazodone for treatment of alcohol dependence. A 

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1111/acer.13217
https://doi.org/10.1093/alcalc/35.6.587
https://casp-uk.net/casp-tools-checklists/
https://doi.org/10.1093/bja/74.2.188
https://doi.org/10.1176/appi.ajp.161.7.1197
https://doi.org/10.1111/bph.13142
https://doi.org/10.1590/S1516-44462009000300013
http://www.ema.europa.eu/docs/enGB/document library/Scientific guideline/2010/03/WC500074898.pdf
http://www.ema.europa.eu/docs/enGB/document library/Scientific guideline/2010/03/WC500074898.pdf
https://doi.org/10.1046/j.1528-1157.2002.21002.x
https://doi.org/10.1111/dar.12841
https://doi.org/10.1097/JCP.0000000000000590
https://doi.org/10.1097/00004714-200212000-00009
https://doi.org/10.1159/000259166
https://doi.org/10.1016/0024-3205(64)90031-1
https://doi.org/10.1016/j.pneurobio.2008.04.002
https://doi.org/10.1016/j.pneurobio.2008.04.002
https://doi.org/10.1016/j.euroneuro.2013.02.006
https://doi.org/10.1016/j.euroneuro.2013.02.006
https://doi.org/10.1016/j.phrs.2018.04.024
https://doi.org/10.1038/1841950a0
https://doi.org/10.1080/hrp.8.6.298
https://doi.org/10.1046/j.1360-0443.2003.00491.x
https://doi.org/10.1111/j.1530-0277.2002.tb02484.x
https://doi.org/10.1111/j.1530-0277.2002.tb02484.x
https://doi.org/10.1097/00004714-200106000-00006
www.handbook.cochrane.org
https://doi.org/10.1126/science.6270788
https://doi.org/10.1111/bcpt.12655
https://doi.org/10.1111/bcpt.12655
https://doi.org/10.1111/j.1530-0277.1993.tb00810.x
https://doi.org/10.1007/BFb0027497
https://doi.org/10.1073/pnas.1105418108
https://doi.org/10.1073/pnas.1105418108
https://doi.org/10.1111/ane.12671
https://doi.org/10.1097/01.ALC.0000139823.30096.52
https://doi.org/10.1038/s41386-019-0444-2
https://doi.org/10.1111/j.1530-0277.2007.00401.x
https://doi.org/10.1007/BF00403581
https://doi.org/10.1111/j.0924-2708.2004.00093.x
https://doi.org/10.1038/s41386-019-0446-0
https://doi.org/10.1097/01.jcp.0000084030.22282.6d


Sleep and the Pharmacotherapy of Alcohol Use DisorderPanin and Peana

15 October 2019 | Volume 10 | Article 1164Frontiers in Pharmacology | www.frontiersin.org

placebo-controlled trial. Neuropsychopharmacology 22, 493–503. doi: 
10.1016/S0893-133X(99)00135-9

Kranzler, H. R., and Soyka, M. (2018). Diagnosis and pharmacotherapy of alcohol 
use disorder: a review. JAMA 320, 815–824. doi: 10.1001/jama.2018.11406

Krystal, J. H., Cramer, J. A., Krol, W. F., Kirk, G. F., Rosenheck, R. A., and and 
Veterans Affairs Naltrexone Cooperative Study 425 Group (2001). Naltrexone 
in the treatment of alcohol dependence. N. Engl. J. Med. 345, 1734–1739. doi: 
10.1056/NEJMoa011127

Ladewig, D., Knecht, T., Leher, P., and Fendl, A. (1993). Acamprosate—a stabilizing 
factor in long-term withdrawal of alcoholic patients. Ther. Umsch. 50, 182–188. 

Lucchi, L., Bosio, A., Spano, P. F., and Trabucchi, M. (1982). Action of ethanol 
and salsolinol on opiate receptor function. Brain Res. 232, 506–510. doi: 
10.1016/0006-8993(82)90297-9

Maisel, N. C., Blodgett, J. C., Wilbourne, P. L., Humphreys, K., and Finney, J. W. 
(2013). Meta-analysis of naltrexone and acamprosate for treating alcohol use 
disorders: when are these medications most helpful? Addiction 108, 275–293. 
doi: 10.1111/j.1360-0443.2012.04054.x

Mann, K., Bladstrom, A., Torup, L., Gual, A., and van den Brink, W. (2013). 
Extending the treatment options in alcohol dependence: a randomized 
controlled study of as-needed nalmefene. Biol. Psychiatry 73, 706–713. doi: 
10.1016/j.biopsych.2012.10.020

Marengoni, A., and Onder, G. (2015). Guidelines, polypharmacy, and drug-drug 
interactions in patients with multimorbidity. BMJ 350, h1059. doi: 10.1136/
bmj.h1059

Mason, B. J., and Crean, R. (2007). Acamprosate in the treatment of alcohol 
dependence: clinical and economic considerations. Expert Rev. Neurother 7, 
1465–1477. doi: 10.1586/14737175.7.11.1465

Mason, B. J., Goodman, A. M., Chabac, S., and Lehert, P. (2006). Effect of oral 
acamprosate on abstinence in patients with alcohol dependence in a double-
blind, placebo-controlled trial: the role of patient motivation. J. Psychiatr. Res. 
40, 383–393. doi: 10.1016/j.jpsychires.2006.02.002

Mason, B. J., Ritvo, E. C., Morgan, R. O., Salvato, F. R., Goldberg, G., Welch, B., 
et al. (1994). A double-blind, placebo-controlled pilot study to evaluate the 
efficacy and safety of oral nalmefene HCl for alcohol dependence. Alcohol. 
Clin. Exp. Res. 18, 1162–1167. doi: 10.1111/j.1530-0277.1994.tb00098.x

Mason, B. J., Salvato, F. R., Williams, L. D., Ritvo, E. C., and Cutler, R. B. 
(1999). A double-blind, placebo-controlled study of oral nalmefene for 
alcohol dependence. Arch. Gen. Psychiatry 56, 719–724. doi: 10.1001/
archpsyc.56.8.719

Miller, M. B., Donahue, M. L., Carey, K. B., and Scott-Sheldon, L. A. J. (2017). 
Insomnia treatment in the context of alcohol use disorder: a systematic 
review and meta-analysis. Drug Alcohol Depend. 181, 200–207. doi: 10.1016/j.
drugalcdep.2017.09.029

Miranda, R., Ray, L., Blanchard, A., Reynolds, E. K., Monti, P. M., Chun, T., et al. 
(2014). Effects of naltrexone on adolescent alcohol cue reactivity and sensitivity: 
an initial randomized trial. Addict. Biol. 19, 941–954. doi: 10.1111/adb.12050

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., and PRISMA Group. (2009). 
Preferred reporting items for systematic reviews and meta-analyses: the 
PRISMA statement. BMJ 339, b2535. doi: 10.1136/bmj.b2535

Moore, K. E., McCarthy, L. E., and Borison, H. L. (1965). Blood glucose and brain 
catecholamine levels in the cat following the injection of morphine into the 
cerebrospinal fluid. J. Pharmacol. Exp. Ther. 148, 169–175. 

Mulder, A. H., and Schoffelmeer, A. N. M. (1993). “Multiple opioid receptors and 
presynaptic modulation of neurotransmitter release in the brain”, in “Handbook 
of experimental pharmacology”. Eds. A. Herz, H. Akil, and E. J. Simon (Opioids 
I, Berlin: Springer-Verlag), 124–144. doi: 10.1007/978-3-642-77460-7_7

Mutschler, J., Grosshans, M., Soyka, M., and Rosner, S. (2016). Current findings 
and mechanisms of action of disulfiram in the treatment of alcohol dependence. 
Pharmacopsychiatry 49, 137–141. doi: 10.1055/s-0042-103592

Myers, R. D., Borg, S., and Mossberg, R. (1986). Antagonism by naltrexone of 
voluntary alcohol selection in the chronically drinking macaque monkey. 
Alcohol 3, 383–388. doi: 10.1016/0741-8329(86)90058-3

Nam, H. W., Karpyak, V. M., Hinton, D. J., Geske, J. R., Ho, A. M., Prieto, M. L., 
et al. (2015). Elevated baseline serum glutamate as a pharmacometabolomic 
biomarker for acamprosate treatment outcome in alcohol-dependent subjects. 
Transl. Psychiatry 18;5, e621. doi: 10.1038/tp.2015.120

Namkoong, K., Lee, B. O., Lee, P. G., Choi, M. J., and Lee, E. (2003). Acamprosate 
in Korean alcohol-dependent patients: a multi-centre, randomized, double-
blind, placebo-controlled study. Alcohol Alcohol. 38, 135–141. doi: 10.1093/
alcalc/agg038

Nutt, D. J. (2014). The role of the opioid system in alcohol dependence. 
J. Psychopharmacol. 28, 8–22. doi: 10.1177/0269881113504017

Obermeyer, W. H., and Benca, R. M. (1996). Effects of drugs on sleep. Neurol. Clin. 
14, 827–840. doi: 10.1016/S0733-8619(05)70287-5

O’Malley, S. S., Robin, R. W., Levenson, A. L., GreyWolf, I., Chance, L. E., 
Hodgkinson, C. A., et al. (2008). Naltrexone alone and with sertraline for the 
treatment of alcohol dependence in Alaska natives and non-natives residing in 
rural settings: a randomized controlled trial. Alcohol. Clin. Exp. Res. 32, 1271–
1283. doi: 10.1111/j.1530-0277.2008.00682.x

Oslin, D. W., Lynch, K. G., Pettinati, H. M., Kampman, K. M., Gariti, P., Gelfand, 
L., et al. (2008). A placebo-controlled randomized clinical trial of naltrexone in 
the context of different levels of psychosocial intervention. Alcohol. Clin. Exp. 
Res. 32, 1299–1308. doi: 10.1111/j.1530-0277.2008.00698.x

Oslin, D., Liberto, J. G., O’Brien, J., Krois, S., and Norbeck, J. (1997). Naltrexone 
as an adjunctive treatment for older patients with alcohol dependence. Am. J. 
Geriatr. Psychiatry 5, 324–332. doi: 10.1097/00019442-199700540-00007

Peana, A. T., Muggironi, G., Fois, G. R., Zinellu, M., Vinci, S., and Acquas, E. 
(2011). Effect of opioid receptor blockade on acetaldehyde self-administration 
and ERK phosphorylation in the rat nucleus accumbens. Alcohol 45, 773–783. 
doi: 10.1016/j.alcohol.2011.06.003

Pelc, I., Verbanck, P., Le Bon, O., Gavrilovic, M., Lion, K., and Lehert, P. (1997). 
Efficacy and safety of acamprosate in the treatment of detoxified alcohol-
dependent patients. A 90-day placebo-controlled dose-finding study. Br. J. 
Psychiatry 171, 73–77. doi: 10.1192/bjp.171.1.73

Pelc, I., Le Bon, O., Verbanck, P., Lehert, P. N., and Opsomer, L. (1992). “Calcium 
acetylhomotaurinate for maintaining abstinence in weaned alcoholic patients: 
a placebo-controlled, double-blind multicentre study”, in Novel pharmacological 
interventions for alcoholism. Eds. C. A. Naranjo and E. M. Sellers (New York: 
Springer), 348–352. doi: 10.1007/978-1-4612-2878-3_44

Perney, P., and Lehert, P. (2018). Insomnia in alcohol-dependent patients: 
prevalence, risk factors and acamprosate effect: an individual patient data 
meta-analysis. Alcohol Alcohol. 53, 611–618. doi: 10.1093/alcalc/agy013

Perney, P., Lehert, P., and Mason, B. J. (2012). Sleep disturbance in alcoholism: 
proposal of a simple measurement, and results from a 24-week randomized 
controlled study of alcohol-dependent patients assessing acamprosate efficacy. 
Alcohol Alcohol. 47, 133–139. doi: 10.1093/alcalc/agr160

Poldrugo, F. (1997). Acamprosate treatment in a long-term community-based 
alcohol rehabilitation programme. Addiction 92, 1537–1546. doi: 10.1111/
j.1360-0443.1997.tb02873.x

Reid, L. D., Czirr, S. A., Milano, W. C., Hubbell, C. L., and Manha, N. A. (1986). 
Opioids and intake of alcoholic beverages. NIDA Res. Monogr. 75, 359–362. 

Review Manager (RevMan). (2014). [Computer program]. Version 5.3. 
(Copenhagen: the Nordic Cochrane Centre, The Cochrane Collaboration). 

Ryan, R. (2016).\ Cochrane Consumers and Communication Review Group. 
‘Heterogeneity and subgroup analyses in Cochrane Consumers and 
Communication Group reviews: planning the analysis at protocol stage. http://
cccrg.cochrane.org, December (Accessed June 2019). 

Sanchez-Alavez, M., Benedict, J., Wills, D. N., and Ehlers, C. L. (2019). Effect 
of suvorexant on event-related oscillations and EEG sleep in rats exposed to 
chronic intermittent ethanol vapor and protracted withdrawal. Sleep 42,  doi: 
10.1093/sleep/zsz020

Shaw, I. R., Lavigne, G., Mayer, P., and Choiniere, M. (2005). Acute intravenous 
administration of morphine perturbs sleep architecture in healthy pain-free young 
adults: a preliminary study. Sleep 28, 677–682. doi: 10.1093/sleep/28.6.677

Shen, W. W. (2018). Anticraving therapy for alcohol use disorder: a clinical review. 
Neuropsychopharmacol. Rep. 38, 105–116. doi: 10.1002/npr2.12028

Skinner, M. D., Coudert, M., Berlin, I., Passeri, E., Michel, L., and Aubin,  H.  J. 
(2010). Effect of the threat of a disulfiram-ethanol reaction on cue 
reactivity in alcoholics. Drug Alcohol Depend. 112, 239–246. doi: 10.1016/j.
drugalcdep.2010.06.011

Snyder, S., Karacan, I., and Salis, P. J. (1981). Effects of disulfiram on the sleep of 
chronic alcoholics. Curr. Alcohol. 8, 159–166. 

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1016/S0893-133X(99)00135-9
https://doi.org/10.1001/jama.2018.11406
https://doi.org/10.1056/NEJMoa011127
https://doi.org/10.1016/0006-8993(82)90297-9
https://doi.org/10.1111/j.1360-0443.2012.04054.x
https://doi.org/10.1016/j.biopsych.2012.10.020
https://doi.org/10.1136/bmj.h1059
https://doi.org/10.1136/bmj.h1059
https://doi.org/10.1586/14737175.7.11.1465
https://doi.org/10.1016/j.jpsychires.2006.02.002
https://doi.org/10.1111/j.1530-0277.1994.tb00098.x
https://doi.org/10.1001/archpsyc.56.8.719
https://doi.org/10.1001/archpsyc.56.8.719
https://doi.org/10.1016/j.drugalcdep.2017.09.029
https://doi.org/10.1016/j.drugalcdep.2017.09.029
https://doi.org/10.1111/adb.12050
https://doi.org/10.1007/978-3-642-77460-7_7
https://doi.org/10.1055/s-0042-103592
https://doi.org/10.1016/0741-8329(86)90058-3
https://doi.org/10.1038/tp.2015.120
https://doi.org/10.1093/alcalc/agg038
https://doi.org/10.1093/alcalc/agg038
https://doi.org/10.1177/0269881113504017
https://doi.org/10.1016/S0733-8619(05)70287-5
https://doi.org/10.1111/j.1530-0277.2008.00682.x
https://doi.org/10.1111/j.1530-0277.2008.00698.x
https://doi.org/10.1097/00019442-199700540-00007
https://doi.org/10.1016/j.alcohol.2011.06.003
https://doi.org/10.1192/bjp.171.1.73
https://doi.org/10.1007/978-1-4612-2878-3_44
https://doi.org/10.1093/alcalc/agy013
https://doi.org/10.1093/alcalc/agr160
https://doi.org/10.1111/j.1360-0443.1997.tb02873.x
https://doi.org/10.1111/j.1360-0443.1997.tb02873.x
http://cccrg.cochrane.org
http://cccrg.cochrane.org
https://doi.org/10.1093/sleep/zsz020
https://doi.org/10.1093/sleep/28.6.677
https://doi.org/10.1002/npr2.12028
https://doi.org/10.1016/j.drugalcdep.2010.06.011
https://doi.org/10.1016/j.drugalcdep.2010.06.011


Sleep and the Pharmacotherapy of Alcohol Use DisorderPanin and Peana

16 October 2019 | Volume 10 | Article 1164Frontiers in Pharmacology | www.frontiersin.org

Sramek, J., Andry, J. M., Ding, H., Riordan, H. J., Leibowitz, M., and 
Cutler, N. R. (2014). The effect of naltrexone on sleep parameters in healthy 
male volunteers. J.  Clin. Psychopharmacol. 34, 167–168. doi: 10.1097/
JCP.0b013e3182a607ff

Staner, L., Boeijinga, P., Danel, T., Gendre, I., Muzet, M., Landron, F., et al. 
(2006). Effects of acamprosate on sleep during alcohol withdrawal: a 
double-blind placebo-controlled polysomnographic study in alcohol-
dependent subjects. Alcohol. Clin. Exp. Res. 30, 1492–1499. doi: 
10.1111/j.1530-0277.2006.00180.x

Swift, R. M. (1999). Drug therapy for alcohol dependence. N. Engl. J. Med. 340, 
1482–1490. doi: 10.1056/NEJM199905133401907

Tempesta, E., Janiri, L., Bignamini, A., Chabac, S., and Potgieter, A. (2000). 
Acamprosate and relapse prevention in the treatment of alcohol dependence: 
a placebo-controlled study. Alcohol Alcohol. 35, 202–209. doi: 10.1093/
alcalc/35.2.202

Teplin, D., Raz, B., Daiter, J., Varenbut, M., and Tyrrell, M. (2006). 
Screening for substance use patterns among patients referred for a 
variety of sleep complaints. Am. J. Drug Alcohol Abuse 32, 111–120. doi: 
10.1080/00952990500328695

Thakkar, M. M., Sharma, R., and Sahota, P. (2015). Alcohol disrupts sleep 
homeostasis. Alcohol 49, 299–310. doi: 10.1016/j.alcohol.2014.07.019

van den Brink, W., Aubin, H. J., Bladstrom, A., Torup, L., Gual, A., and Mann, K. 
(2013). Efficacy of as-needed nalmefene in alcohol-dependent patients with 
at least a high drinking risk level: results from a subgroup analysis of two 
randomized controlled 6-month studies. Alcohol Alcohol. 48, 570–578. doi: 
10.1093/alcalc/agt061

van den Brink, W., Strang, J., Gual, A., Sorensen, P., Jensen, T. J., and Mann, K. 
(2015). Safety and tolerability of as-needed nalmefene in the treatment of 
alcohol dependence: results from the Phase III clinical programme. Expert 
Opin. Drug Saf. 14, 495–504. doi: 10.1517/14740338.2015.1011619

Vitiello, M. V. (1997). Sleep, alcohol and alcohol abuse. Addict. Biol. 2, 151–158. 
doi: 10.1080/13556219772697

Whitworth, A. B., Fischer, F., Lesch, O. M., Nimmerrichter, A., Oberbauer, H., Platz, T., 
et al. (1996). Comparison of acamprosate and placebo in long-term treatment of 
alcohol dependence. Lancet 347, 1438–1442. doi: 10.1016/S0140-6736(96)91682-7

Wichniak, A., Wierzbicka, A., Walecka, M., and Jernajczyk, W. (2017). Effects 
of Antidepressants on sleep. Curr. Psychiatry Rep. 19, 6–4. doi: 10.1007/
s11920-017-0816-4

Zindel, L. R., and Kranzler, H. R. (2014). Pharmacotherapy of alcohol use 
disorders: seventy-five years of progress. J. Stud. Alcohol. Drugs Suppl. 75 Suppl 
17, 79–88. doi: 10.15288/jsads.2014.s17.79

Conflict of Interest: The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be construed as a 
potential conflict of interest.

Copyright © 2019 Panin and Peana. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (CC BY). The use, 
distribution or reproduction in other forums is permitted, provided the original 
author(s) and the copyright owner(s) are credited and that the original publication 
in this journal is cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply with these terms.

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1097/JCP.0b013e3182a607ff
https://doi.org/10.1097/JCP.0b013e3182a607ff
https://doi.org/10.1111/j.1530-0277.2006.00180.x
https://doi.org/10.1056/NEJM199905133401907
https://doi.org/10.1093/alcalc/35.2.202
https://doi.org/10.1093/alcalc/35.2.202
https://doi.org/10.1080/00952990500328695
https://doi.org/10.1016/j.alcohol.2014.07.019
https://doi.org/10.1093/alcalc/agt061
https://doi.org/10.1517/14740338.2015.1011619
https://doi.org/10.1080/13556219772697
https://doi.org/10.1016/S0140-6736(96)91682-7
https://doi.org/10.1007/s11920-017-0816-4
https://doi.org/10.1007/s11920-017-0816-4
https://doi.org/10.15288/jsads.2014.s17.79
http://creativecommons.org/licenses/by/4.0/

	Sleep and the Pharmacotherapy of Alcohol Use Disorder: Unfortunate Bedfellows. A Systematic Review With Meta-Analysis
	Introduction
	Methods
	Overview
	Search Strategy
	Eligibility Criteria
	Screening, Data Extraction and Critical Appraisal
	Risk of Bias
	Outcomes and Meta-Analysis

	Results
	Overall Summary of Included Studies
	Risk of Bias

	Outcomes
	Qualitative Synthesis
	Meta-Analysis

	Discussion and Future Directions
	Author Contributions
	Acknowledgments
	References


