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ABSTRACT

Background: Sleep problems during withdrawal from cannabis use are a common experience. The details
regarding how abstinence from cannabis impacts sleep are not well described. This article reviews the

KEYWORDS
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literature including a measure of cannabis withdrawal and sleep in humans. Methods: A literature search
using a set of cannabinoid and sleep-related terms was conducted across 8 electronic databases. Human
studies that involved the administration of cannabinoids and at least 1 quantitative sleep-related measure
were included. Review articles, opinion pieces, letters or editorials, case studies (final N < 8), published
abstracts, posters, and non-English articles were excluded. Thirty-six publications were included in the
review. Results: Sleep was frequently interrupted during cannabis withdrawal, although the specific
mechanisms of disruption remain unclear. Conclusions: Methodological issues in the majority of studies to
date preclude any definitive conclusion on the specific aspects of sleep that are affected.

Introduction

Cannabis is the most commonly used illicit drug, with 3.9% of the
global population aged 15 to 64 years reporting cannabis use.'
Notably, approximately 1 in 10 of those who smoke cannabis will
experience symptoms of dependence.” Some of these symptoms
include developing a tolerance to the effect of use, the desire to stop
using but an inability to do so and withdrawal when stopping use.
Unlike other illicit drugs, there has been some contention as to
whether withdrawal following abstinence should be included
among these symptoms of dependence.” Indeed, withdrawal was
not included in the fourth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV).* Following a large body of
research on cannabis use that has identified a consistent pattern of
withdrawal,>'* this now appears in the fifth edition of the DSM
(observed as at least 3 of 7 symptoms: irritability, nervousness, sleep
difficulty, decreased appetite, restlessness, depressed mood, and
physical symptoms).'?

Although symptoms of withdrawal are expected to follow
abrupt abstinence from long-term cannabis use, the composition
of withdrawal and extent to which certain symptoms are experi-
enced are not yet well established. Some recent work on the inten-
sity and timeline of cannabis withdrawal symptoms was recently
conducted with 50 dependent cannabis users who stopped using
cannabis for 2 weeks under outpatient research conditions. '* A
withdrawal syndrome was reported by 73% of the sample and was
predicted by the severity of cannabis dependence such that a higher
severity was associated with a greater likelihood of withdrawal. In
line with previous studies,”'*** the most commonly reported
symptoms of cannabis withdrawal included anger/aggression/irri-
tability and sleep dysfunction. The most distressful withdrawal
symptom was trouble getting to sleep.'* In addition, nightmares
and strange dreams was the most commonly reported symptom

and was the most intensely experienced (peaking for an average of
1.5 days) but was ranked the 10th most distressing symptom (out
of 26).

Although sleep-related problems are among the most consis-
tently reported cannabis withdrawal symptoms, very little else is
known about their occurrence and what defines a sleep problem.
Moreover, the relationship between cannabis use and its effect on
sleep is also not yet well understood in general.*® That is, the cur-
rent understanding of the effects of cannabis use on sleep in
humans is clouded by mixed findings between studies that typically
lack statistical control for confounding factors. Notably, medicinal
cannabis use has recently been described to alleviate sleep problems
by medicinal users,”” > whereas the average cannabis user is at a
greater risk of reporting sleep problems compared with non-canna-
bis users in the community.”* > Recognizing the impact of canna-
bis use and abstinence on sleep is important for both the cannabis
user and for health providers. That is, with best evidence knowl-
edge regarding cannabis withdrawal and associated sleep problems,
abstinence attempts may prove more successful when sleep prob-
lems are assessed and addressed as necessary. In order to clarify
these associations between cannabis use abstinence and sleep, we
conducted a systematic review of all articles that included
human participants and an assessment of sleep during cannabis
withdrawal.

Review
Literature search

English language studies on human participants were located
through online search of 8 electronic databases (Embase, CINAHL,
Cochrane Library/EBM Reviews, MEDLINE, and PsycINFO for
published studies and Project Cork, DRUG, and PsycEXTRA for
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Figure 1. PRISMA flow diagram.>*

gray literature). The search strategy included the keywords “canna-
binoid/s, or, tetrahydrocannabinol, or THC, or cannabis/mari-
juana” and “sleep, or sleep onset, or sleep apnea, or sleep treatment,
or sleep wake cycle, or sleep deprivation, or rapid eye movement
(REM) sleep, or non-rapid eye movement (NREM) sleep, or sleep
disorder, or insomnia.” In addition, we attempted to contact pri-
mary investigators who had conducted studies including measures
of both cannabis and sleep but did not describe the two in the
results of their manuscript. Review articles, posters, qualitative
articles, opinion pieces, letters or editorials, case reports (final N <
8), and published abstracts were excluded. For purposes of this
review, only those articles describing cannabis withdrawal were
included (36 studies), whereas those articles involving the adminis-
tration of cannabis on humans without observing withdrawal and
those describing the prevalence of sleep problems among cannabis
users and those on associations between use and sleep were
excluded (these 102 studies have been previously reviewed else-
where?). This review included all articles current to the end of
2013 and did not exclude studies on the basis of methodological
flaws.

Initial searching resulted in 2413 articles being identified, which
were independently reviewed by 2 research staff (P.G. and L.A.) in
order to remove duplicates and articles meeting exclusion criteria.
A consensus was reached, and a total of 777 duplicates and 1600
articles meeting exclusion criteria were removed, leaving 36 rele-
vant articles. These articles were split by those that explored any
changes to sleep experienced by those who had already abstained
from cannabis use (15 articles),>'*>****” and those that explored
changes in sleep during withdrawal in an inpatient environment
(21 articles).®*°® In addition, a total of 11 of these 36 articles

included data on relapse to cannabis use following withdrawal (see
Figure 1) 16,18-20,24,41,46,48-50,54

Article quality

In order to assess the risk of bias in each article, a custom assess-
ment of article quality and risk of bias was built following sugges-
tions from the Cochrane Collaboration’s Risk of Bias Assessment
Tool,” the Effective Practice and Organisation of Care Review
Group Data Collection Checklist,”® and the assessments of risk of
bias by Viswanathan and colleagues.®* A ratio (reported as a per-
centage) was calculated to represent which of 38 different factors
that the article had adequately addressed compared with the num-
ber left unaddressed. As such, a score of 100% was awarded when
the article addressed all appropriate risks of bias adequately,
whereas 50% was awarded when the article addressed an equal
number of risks of bias compared with those left unaddressed. For
the purpose of this descriptive review, this risk of bias rating
assumes each article design was specifically to assess the impact of
cannabis withdrawal on sleep, even though this was rarely the case.
As such, the ratings should be considered specific to this review
rather than overall article quality.

Results

The proportion of cannabis users who experienced
withdrawal and sleep problems during withdrawal

A total of 15 articles investigated the proportion of cannabis
users who experienced sleep problems as a part of the with-
drawal syndrome, with a collective sample size of 8014 partici-
pants (see Table 1 for an overview). The quality of articles was
moderate, with scores ranging from 37.9% to 73.3% and an
average score of 60.0%. Across studies, the low-quality scores
were commonly a result of nonvalidated measures of sleep (typ-
ically simple checKlists of sleep-related items) and a lack of con-
trol for variables that may confound the relationship between
withdrawal and sleep (most commonly the frequency, quantity,
and duration of cannabis use, other substance use, and preexist-
ing health conditions).

There was an inconsistency as to how many symptoms of
withdrawal qualified the diagnosis of a withdrawal syndrome.
That is, some studies reported the presence of withdrawal fol-
lowing a single symptom, whereas others required up to 4 or
more symptoms. Across studies the proportion of participants
that were described to experience withdrawal ranged between
15.6% and 89%, with an average of 57.0%.

A total of 7 articles (6 studies) reported the average number of
withdrawal symptoms that were experienced by their respective
samples of cannabis users.>*"***>*7*”*% This number ranged
between 1.4 and 9.6, with an average of 5.8 (SD = 2.7). In addi-
tion, a total of 9 studies reported the index withdrawal discomfort
score from the Marijuana Withdrawal Checklist (referred to as the
MWC), a scale developed by Budney and colleagues® that gives
an numerical indication of the overall severity of withdrawal expe-
rienced (although 3 of these studies reported this information in
an unclear figure).'®!?43537:3%4143:56 Thege scores ranged between
4.5 (taken from a figure) and 19.7 (out of 28—the most severe),
with a mean MWC index score of 9.3 (SD = 5.1).

Across these studies the individuals’ withdrawal symptoms
relating to sleep included any trouble/difficulty sleeping, wak-
ing up early, experiencing “strange” dreams, and sleeping
more than usual. The average proportion of participants
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Table 2. Summary of articles regarding the proportion of cannabis users who experienced sleep problems during withdrawal.

Author / Year Had trouble/difficulty sleeping  Had strange/vivid dreams ~ Woke early or often  Slept more than usual ~ Any relapsed to cannabis use
Samples of dependent cannabis users
Allsop et al. 2011 37.0 41.0 33.0 n/a n/a
Arendt et al. 2007* 80.6 72.2 n/a n/a 67.0
Budney et al. 2003 61 78 n/a n/a 29.0
Budney et al. 1999* 67.0 50.0 n/a n/a n/a
Budney et al. 2008 75.0 35.0 n/a n/a >50.0
Cornelius et al. 2008" 43.7 15.5 n/a n/a n/a
Dawes et al. 2011 62.9 n/a 60.5 n/a n/a
Levin et al. 2010 46.9 21.8 35.6 27.1 70.4
Vandrey et al. 2005 87.0 49.0 n/a n/a n/a
Winstock et al. 2009* 100.0 50.0 n/a n/a 59.0
Samples of nondependent cannabis users

Agrawal et al. 2008 34 5.1 n/a 13.0 n/a
Copersino et al. 2006 320 n/a n/a n/a 19.0
Ehlers et al. 2010 14.9 n/a n/a n/a 16.0
Hasin et al. 2008 6.3 7.0 n/a 26.4 n/a
Wiesbeck et al. 1996 75.6 n/a n/a n/a n/a

* These studies were of cannabis users seeking treatment.
¥ Taken from an unclear figure.

reporting trouble sleeping was 41.5% (range: 3.4% to 100%; 15
studies); waking up early was 33.2% (range: 31.1% to 35.6%; 2
studies); strange dreams was 34.4% (range: 5.1% to 78.0%; 11
studies); and more sleep than usual was 10.9% (range: 8.7% to
13%; 2 studies). In summary, those reporting any sleep-related
symptom of withdrawal ranged between 3.4% and 100%, with
an average proportion of 36.9% (see Table 2 for details).

The impact of cannabis abstinence on sleep

A total of 20 studies (21 articles) investigated the impact of
abstinence from cannabis use on sleep, with a collective sample
size of 511 participants (see Table 3 for details and Table 4 for
a summary). The quality of articles was low to moderate, with
scores ranging from 32.4% to 80.0% and an average score of
58.4%. Across studies, the low-quality scores were commonly a
result of a lack of control for variables that may confound the
relationship between withdrawal and sleep (most commonly
age, gender, and preexisting health conditions), small sample
sizes (with a resulting loss of statistical power), and an unclear
reporting of methods. The majority of these 20 studies (21
articles) employed objective measures such as electroencepha-
logram or movement monitors,’***4>4345:47730.35:5738 whereas
a minority employed subjective measures such as validated
scales or sleep diaries,”””'>**° and 3 studies did not employ
sleep-specific measures.*"***® The total time spent asleep, the
number of nighttime awakenings, sleep latency, and an overall
measure of “trouble” or “difficulty” sleeping were the most
commonly investigated aspects of sleep.

In addition, the effect of cannabis dose prior to withdrawal
was investigated in 7 studies (6 articles).*>*”**~>* The impact of
cannabis dose on sleep in withdrawal was inconsistent. In sum-
mary, 2 studies did not find a significant effect of oral THC
dose,”” or of THC cigarettes,” whereas 2 studies reported that,
in comparison with withdrawal following lower doses, the
larger doses were associated with greater sleeping difficul-
ties.*>*! In addition, the dose effect from cannabis was unclear
in 3 further studies, as sleep outcomes were affected by the use

of medications designed to attenuate cannabis withdrawal,
including baclofen (a y-aminobutyric acid GABA receptor ago-
nist)*” and mirtazapine (an antidepressant)*’ and lofexidine
(a noradrenergic inhibitor).>® Notably, to reduce any confound-
ing effects on the included data in this review, we consider only
those results from the placebo medication arm of these studies.

Across studies, withdrawal was somewhat consistently asso-
ciated with an increased number of participants reporting “dis-
turbed sleep” or “difficulty sleeping” (observed in 9
studieg?®40414447-495153)  Thege difficulties were seen to
decrease over time in the longest withdrawal study of 28 days,**
although 2 studies did not find a significant effect.”>** In addi-
tion, there appeared to be an inconsistent decrease to sleep effi-
ciency (4 studies [5 articles],*”*>*>*"* with 3 studies showing
no significant effect'>*>>®) and sleep quality (3 studies [4
articles],*>*%*>°¢ with no effect in 2 studies***").

Abstinence from cannabis use had less consistent effects on
aspects of sleep continuity. The most consistent effect was a
likely decrease to the total time spent sleeping during with-
drawal from cannabis use (a total of 9 studies reported a
decrease,?® 404821:33:3457.58  whereas 7 studies reported no
change*>*>*720525%36) 'The results regarding number of night-
time awakenings were less consistent (a total of 5 studies [6
articles] reported an increase, 84045484958 hereas 8 studies
did not find a significant effect’*>*>4*5254-3%) Effects on sleep
latency were also inconsistent (a total of 6 studies [8 articles]
showed an increase,*>*>*¢420345758 yhereas 5 studies did not
find a significant effect ). Finally, sleep satisfaction
did not appear to be significantly affected (2 studies showed a
decrease,”””” whereas 4 studies reported no significant
effect38’50’52’54).

Aspects of sleep architecture were less likely to be investi-
gated in the literature and results were mixed. This includes
periodic body movements and eye movements (increased in 2
studies [3 articles],”>”® with no effect in 1 study’*). In addi-
tion, results regarding time spent in stage 1 sleep were mixed
(1 study showed a significant decrease in time,** and 2 studies
did not report a significant effect*>), as was stage 2 sleep

39,43,49,52,55,56
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(2 studies showed a significant decrease,*”** although 1 study
did not report a significant effect’”) and slow-wave sleep
(2 studies [3 articles] reported a decrease,””*® 1 study
reported that there was no effect on stage 3 sleep, although
stage 4 sleep increased,*” and 2 studies did not report a signifi-
cant effect on slow-wave sleep®’). A total of 5 studies
included REM in their measures, with mixed results (1 study
showed a decrease in REM time at night 13 of abstinence,” 2
studies showed an increase,'™" whereas a further 2 studies
showed no significant change*>*®). Finally, 3 studies investi-
gated the latency to REM sleep and all 3 found a significant
decrease during cannabis withdrawal.*>**>*

Withdrawal and relapse to cannabis use

A total of 11 articles gave the proportion of participants
involved in a study of cannabis withdrawal that reported
relapse to cannabis use,'®!820-2441:46:48-50:34 The reported pro-
portion relapsing to cannabis use ranged between 16% and
93%, with an average of 51.4%. Notably, the severity of with-
drawal was identified to be a significant predictor of relapse in
2 studies,'>*" although no association was found in 2 further
studies.'®*

A total of 3 studies reported the percentage of participants
reporting relapse due to sleep-related problems of with-
drawal.'®'>*® One study cited that “more than 50%” of the
sample reported sleep-related problems were responsible for
their relapse.’” A second study stated that of those who
reported sleep problems, 11% used cannabis to compensate.”’
Finally, more detail was provided by Levin and colleagues'®
who reported that a median of 13.3% of a large sample of adult
cannabis smokers relapsed to cannabis use after experiencing
sleep problems including: “waking up during the night” (15.8%
relapsed); “sleep less than usual” (15.6% relapsed); “trouble fall-
ing asleep” (14.6% relapsed); “waking up earlier than usual”
(12.0% relapsed); “strange dreams” (10.2% relapsed); “sleep
more than usual” (8.7% relapsed); “vivid dreams” (7.8%
relapsed); and “other sleep problems” (33.3% relapsed).

A final article combined data from 5 studies to analyze the pre-
dictors of relapse (3 were published cannabis withdrawal medica-
tion trials**>* and 2 were unpublished studies on cannabis
relapse). Data were limited to a combined total of 51 participants
who had received placebo conditions in these cannabis withdrawal
medication trials. Only tobacco smoking status (smokers were
19 times more likely to relapse to cannabis) and age of onset to can-
nabis use (all those who relapsed were aged over 25 years when they
started smoking cannabis) were significant predictors of relapse. In
contrast, the severity of relapse (number of self-administered ciga-
rette puffs recorded by those who relapsed) was predicted by (1)
increased ratings of feeling “high”; (2) objectively measured sleep
onset latency (every 10 minutes increased the estimated number of
puffs by 81%); and (3) increased ratings of feeling “miserable.”

Conclusions

In our review of 36 articles that included a measure of cannabis
withdrawal and sleep, the most striking finding was a general
lack of studies that used validated or objective measures. More-
over, there was a lack of studies that controlled for confounding
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variables such as other substance or medication use and poten-
tially common preexisting sleep-affecting conditions such as
chronic pain and depression. Among other less common limi-
tations, these faults resulted in our reporting that the relevant
articles were of low to moderate quality. Across these articles, a
withdrawal syndrome caused by abstaining from cannabis use
was consistently reported. In contrast, the specifics of sleep-
related symptoms of withdrawal remain somewhat unclear.
Just over half of the participants across studies reported
experiencing multiple symptoms of cannabis withdrawal when
abstaining from cannabis use. For approximately one third of
these individuals, these symptoms included a self-reported
sleep-related problem, most commonly trouble falling asleep,
waking up during the night, and/or experiencing strange
dreams. Notably, during attempts at cannabis abstinence
among participants of these studies on cannabis withdrawal,
just over half reported relapsing to cannabis use and approxi-
mately 1 in 10 of these individuals report that this relapse was
an attempt to alleviate problems sleeping.

Across studies that reported prevalence statistics, when
abstaining from cannabis use, participants commonly
reported experiencing “trouble sleeping” (41.5% of partici-
pants on average), “strange dreams” (34.4%), and “waking
up early” (33.2%), whereas “sleeping more than usual” was
less common (10.9%). In addition, participants commonly
self-reported reductions in the total amount of time they
spent asleep (this was observed in only half of the studies
that objectively measured sleep time) and corresponding
reductions to sleep efficiency and sleep quality. In contrast,
the impact of these symptoms on the experience of sleep is
uncertain. That is, reports of sleep satisfaction were largely
unchanged, and findings from across studies using objec-
tive sleep measures (such as polysomnography) were
mixed. However, there was a trend in line with the self-
reported sleep “disturbance” in that periodic limb move-
ments and waking after sleep onset may increase during
withdrawal. In addition, sleep latency may increase and
latency to REM sleep may decrease in withdrawal. As
such, these indications of disturbed sleep should be of par-
ticular focus in future research.

While the specific mechanisms by which sleep is affected
during cannabis withdrawal remain unclear without further
study with consistency in sleep measures and timeframe,
there is substantial support for the presence of disruption,
although there was inconsistent evidence that this leads to
relapse. Importantly, the health impact of sleep disruptions
during cannabis withdrawal also remains to be assessed and
is a necessary topic for future research among samples of
cannabis abstainers. As sleep problems during cannabis
withdrawal are common, to best prepare individuals seeking
to abstain from cannabis use, it is important to assess and
address any sleep problems as necessary during treatment.
Given the risk of bias associated with the reviewed studies,
there is a clear need for large-scale, longitudinal, and well-
controlled studies on the specific effects of cannabis absti-
nence on sleep. It is particularly important for future study
to address the impact of cannabis use history and dose on
sleep-related withdrawal symptoms as well as their health
impact and intensity timeline.
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