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s u m m a r y

Cannabinoids, including the two main phytocannabinoids D9-tetrahydrocannabinol (THC) and canna-
bidiol (CBD), are being increasingly utilised as pharmacological interventions for sleep disorders. THC
and CBD are known to interact with the endocannabinoid and other neurochemical systems to influence
anxiety, mood, autonomic function, and circadian sleep/wake cycle. However, their therapeutic efficacy
and safety as treatments for sleep disorders are unclear. The current systematic review assessed the
available evidence base using PubMed, Scopus, Web of Science, Embase, CINAHL and PsycInfo databases.
A total of 14 preclinical studies and 12 clinical studies met inclusion criteria. Results indicated that there
is insufficient evidence to support routine clinical use of cannabinoid therapies for the treatment of any
sleep disorder given the lack of published research and the moderate-to-high risk of bias identified
within the majority of preclinical and clinical studies completed to-date. Promising preliminary evidence
provides the rationale for future randomised controlled trials of cannabinoid therapies in individuals
with sleep apnea, insomnia, post-traumatic stress disorder-related nightmares, restless legs syndrome,
rapid eye movement sleep behaviour disorder, and narcolepsy. There is a clear need for further in-
vestigations on the safety and efficacy of cannabinoid therapies for treating sleep disorders using larger,
rigorously controlled, longer-term trials.

© 2020 Elsevier Ltd. All rights reserved.
Introduction

Sleep is a vital physiological process that plays an important role
in restorative functions that are essential for normal daytime
function [1]. Optimal sleep health involves multiple factors,
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including adequate duration, timing, efficiency, and a sense of
having restorative sleep that leaves the individual feeling alert and
functional throughout the day [2]. Inadequate sleep is reported in
approximately 30e35% of the general population [3], whichmay be
partly due to lifestyle choices, employment, or other demands, and
partly attributable to untreated sleep disorders [4]. Sleep disorders
such as insomnia and obstructive sleep apnea (OSA) are associated
with an increased risk of depression [5,6], cardiovascular disease
[7,8], and dementia [9,10]. The direct and indirect financial costs of
sleep disorders, such as those attributable to health care, lost pro-
ductivity and road traffic accidents, are substantial. Annual costs
arising from chronic insomnia disorder are estimated at approxi-
mately $30 - $107 billion in the USA [11]; indicating a strong need
for clinical intervention.
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Cannabis sativa has been used for its pain-relieving and soporific
effects since ancient times [12]. Sleep disorders are one of the most
common reasons individuals report using cannabis for medicinal
purposes, alongside chronic pain and anxiety [13e15]. The growing
legal availability of medicinal cannabis around the world is
prompting an upswing of research into the effects of cannabinoids
such as D9-tetrahydrocannabinol (THC) and cannabidiol (CBD) as
novel treatments for a variety of sleep disorders [16]. Both THC and
CBD interact with the endogenous cannabinoid (endocannabinoid)
system, a complex and ubiquitous neuromodulatory network that
includes cannabinoid 1 (CB1) and 2 (CB2) receptors, the endogenous
ligands for these receptors such as anandamide (AEA) and 2-
arachidonoylglyercol (2-AG), and the enzymes responsible for the
biosynthesis and inactivation of these ligands [17]. Our under-
standing of the pharmacological influence of the endocannabinoid
system on the circadian sleepewake cycle is gradually evolving
[18]. Clinical and preclinical studies describe a circadian rhythm in
circulating endocannabinoid concentrations [19e21], with plasma
2-AG levels increasing from mid-sleep to early afternoon in
humans; an effect amplified by sleep restriction [22]. Pharmaco-
logical inhibition of monoacylglycerol lipase (MAGL), the rate-
limiting enzyme responsible for the degradation of 2-AG, leads to
elevated brain 2-AG concentrations and wake-promoting effects in
rats, including reductions in both NREM and REM sleep [23].

In contrast to 2-AG, AEA is associated with sleep-promoting
effects: increasing endogenous AEA, via pharmacological inhibi-
tion of the degradative enzyme fatty acid amide hydrolase (FAAH),
normalised deficits in stage N3 (or “slow wave”) sleep in cannabis-
dependent males undergoing cannabis withdrawal [24]. Preclinical
data similarly show that AEA promotes slow wave sleep, possibly
via increases in extracellular adenosine concentrations [25e27]. In
preclinical models, the sleep-promoting effects of AEA are blocked
by co-administration of the CB1 inverse-agonist, rimonabant,
indicating a CB1-specific mechanism of action for AEA on sleep [28].
In human clinical trials, insomnia and other sleep disorders were
commonwith rimonabant treatment and occurredmore frequently
than placebo [29e32]. Like AEA, THC is a partial agonist at the CB1
receptor, and, thus, may exert sleep promoting effects via this direct
pharmacological action [33]. CBD, on the other hand, has a weak
binding affinity for the CB1 receptor and instead, acts predomi-
nantly as a negative allosteric modulator at CB1 (i.e., it can reduce
the potency and/or efficacy of other ligands such as THC but does
not activate the receptor itself) [34]. CBD has also shown to increase
AEA concentrations via FAAH inhibition [35] and also via action on
fatty acid-binding proteins (FABPs) [36], which provides an alter-
native pharmacological mechanism by which CBD may promote
sleep. Overall, this highlights a complex modulatory role for the
endocannabinoid system, and potential mechanisms for THC and
CBD, in regulating the sleepewake cycle.

A recent authoritative review concluded that there was mod-
erate evidence that exogenously administered cannabinoids (pri-
marily nabiximols, a buccal spray containing equal parts of THC and
CBD) were effective for improving short-term sleep outcomes in
individuals with sleep disturbance secondary to pain conditions
such as multiple sclerosis and fibromyalgia [37]. However, it re-
mains unclear whether this is due to an improvement in sleep per
se or an improvement in the associated underlying condition (i.e.,
pain). Despite increased use of medicinal cannabis to treat
insomnia and other sleep disorders, the evidence supporting
therapeutic utility of cannabinoid therapies in sleep disorders is
unclear. This systematic review presents a synthesis and evaluation
of the preclinical and clinical evidence for cannabinoid therapies
for the treatment of defined sleep disorders. To extend prior re-
views on this topic [38e40] using a more specific focus, both pre-
clinical and clinical studies that involved: (a) patients with a sleep
disorder (or a preclinical model of a sleep disorder); and (b) the
administration of any cannabinoid in an attempt to treat or manage
an underlying sleep disorder were considered in this review. The
aim was to synthesise the extant research on cannabinoids as
therapeutics for sleep in a manner that informs policy, research
priorities, and clinical decision-making.
Methods

Search strategy and data sources

Relevant preclinical and clinical studies were identified by
searching the electronic databases PubMed, Embase, PsycINFO,
Scopus, Web of Science, and CINAHL from inception until the 26th
June 2019 using the following Boolean expression: (cannabis OR
cannabinoid OR marijuana OR tetrahydrocannabinol OR THC OR
cannabidiol OR CBD OR nabilone OR sativex OR nabiximols OR dro-
nabinol OR marinol OR namisol) AND (sleep OR sleep disorder OR
sleep apnea OR insomnia OR narcolepsy OR idiopathic hypersomno-
lence OR excessive daytime sleepiness OR REM sleep behaviour dis-
order OR restless legs syndrome OR parasomnias OR night terrors OR
circadian rhythm sleep disorder OR shift work sleep disorder OR sleep
phase syndrome OR bruxism). The search was restricted to English-
language articles only, and terms were adapted as needed to meet
the specific requirements of each database. The primary literature
search was undertaken by one reviewer (AS) who imported the
articles into reference management software (EndNote, Clarivate
Analytics, PA, USA) where duplicates were removed. Two inde-
pendent reviewers (AS, DM) then systematically screened each
article against the eligibility criteria, first by title and abstract, and
subsequently, by full text, to identify relevant studies. Disagree-
ments were resolved by consensus through discussion with a third
independent reviewer (CMH). The search was updated in
November 2019 to capture any recent publications. One reviewer
(AS) also searched the reference lists of all included studies and
prior major reviews for missing publications and several major
clinical trial registries (ClinicalTrials.gov, The Australian New Zea-
land Clinical Trials Registry, and The European Union Clinical Trials
Register) for ongoing or unpublished investigations. This system-
atic literature review was conducted in accordance with the
Preferred Reported Items for Systematic Reviews and Meta-
analyses (PRISMA) statement [41].

Studies were evaluated against the following inclusion criteria:

1. Presented original data (i.e., not a review).
2. Conference abstracts were excluded if data had been published

in an article that was already included in the review.
3. Population: sleep disorder or self-reported symptoms of a sleep

disorder.
4. Intervention: involved administration of cannabis, a cannabi-

noid or a modulator of the CB1 and/or CB2 receptors (e.g., CB1
receptor inverse agonist such as rimonabant) at any dose, via
any route of administration, in an attempt to treat or manage the
underlying sleep disorder in a controlled setting.

5. Primary outcome assessed changes in sleep-related clinical
outcomes via any method.

6. Research did not involve participants with a sleep disorder
secondary to a primary condition (e.g., insomnia secondary to
chronic pain or cannabis withdrawal syndrome) except if the
primary outcome was measuring a sleep-related outcome OR
the sleep disorder was secondary to a psychiatric condition (e.g.,
anxiety or post-traumatic stress disorder).

7. Research did not involve participants who were subjected to an
experimental condition that modelled a sleep disorder (e.g.,

http://ClinicalTrials.gov
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simulated night shift work or sleep deprivation in healthy
volunteers).

8. Research could be either observational or interventional.

For preclinical studies, criterion (3) was adapted to include
preclinical models of sleep disorders (e.g., serotonin-induced reflex
apnea to model OSA in humans), but excluded models in which
sleep behaviour was manipulated (e.g., REM sleep deprivation) to
induce a phenotype other than a sleep disorder (e.g., aggressiveness
[42]). The study characteristics, methods, and measurement of any
and all sleep-related outcomes of the included studies were
extracted in duplicate (AS, MJB) into a template spreadsheet.

Risk of bias

The SYRCLE tool was used to assess risk of bias in preclinical
studies [43]. It comprised 10 domains covering six types of biases:
sequence generation, baseline characteristics, allocation conceal-
ment, random housing, researcher blinding, random outcome
assessment, outcome assessor blinding, incomplete outcome data,
selective outcome reporting, and “other sources of bias”. Data on the
timing and/or phases of the light/dark cyclewere also extracted as an
additional indicatorof studyquality. All clinical studieswere assessed
for risk of bias using the revised Cochrane Risk of Bias tool (RoB 2.0)
[44]. The RoB 2.0 comprises five domains, including the random-
isation process, deviation from intended interventions, missing data,
measurement of the outcome, selective outcome reporting, and
“other sources of bias”. Two independent assessors performed the
risk of bias assessments for preclinical (AS and MB) and clinical (AS
and NSM) studies, with any disagreement resolved by consensus.

Results

Characteristics of the included studies

The primary search identified 4342 records from 6 databases:
PubMed (743), Embase (1137), PsycINFO (420), Scopus (826), Web
of Science (958), CINAHL (258) (see Fig. 1). After removing dupli-
cates, there were 1689 records for title and abstract screening.
Following this, the full-texts of 16 preclinical studies and 20 clinical
studies were checked for eligibility with a further 10 excluded
(three preclinical and seven clinical studies - see Fig. 1 for reasons).
The study characteristics and outcomes for each of the 14 preclin-
ical studies (11 full-text articles and three abstracts) and the 12
clinical studies (10 full-text articles, one abstract, and one Letter to
the Editor) are summarised in Tables 1 and 2, respectively. All
clinical studies involved oral cannabinoid administration aside
from one case study reporting on five individuals with severe
restless legs syndrome (RLS) who smoked illicit cannabis to
manage symptoms [45] e an exception for inclusion in the current
review due to the specific focus of the research on a sleep disorder.

Nine preclinical studies (all conducted by the same research
group) investigated the therapeutic effects of dronabinol (synthetic
THC), AM251 and SR141716A (CB1 receptor antagonists), AM630
(CB2 receptor antagonist), chromenopyrazole 13a (CB1 receptor
agonist), and HU-308 (CB2 receptor agonist) in a variety of animal
models of OSA: four studies using acute serotonin (5-HT)-induced
reflex apnea (intravenous administration of 5-HT can reduce upper
airway muscle tone and increase apnea susceptibility in anes-
thetized rats) [46e49], four studies using adult rats as natural
models of central sleep apnea [50e53], and one study using me-
chanical airway obstruction [54]. All nine studies used male rats.
Two clinical trials used dronabinol in patients with OSA: a 3-wk
open-label trial [55] and a 6-wk randomised controlled trial (RCT)
[56]. Two ongoing pre-registered clinical trials in patients with OSA
were also identified, with the first an open-label trial assessing the
effects of 10 mg dronabinol and palmitoylethanolamide [57], and
the second, an RCT investigating the effects of 10 mg THC with
200 mg of a proprietary mineral supplement [58] (see Table S1).

Four preclinical studies investigated the effects of cannabinoid
treatment including CBD, oleamide, and AM251 and SR141716A in
different animal models of disordered sleep, mainly stress-
induced. Two studies utilised maternal separation [59,60]. One
study used the ‘flowerpot technique’ to induce REM sleep depri-
vation; this method involves housing the rat on a small platform
where a loss of muscle tone (e.g., during REM sleep) causes it to
fall into water [61]. One study used a model of persistent stress in
which the animals were repeatedly exposed to anxiety-provoking
tests such as the open-field test (50 min) and a subsequent
elevated plus-maze test (10 min) over four consecutive days [62].
All of these studies used male rats. No RCTs administered canna-
binoids to participants with clinician-diagnosed insomnia. Six
studies were identified in which cannabinoids were administered
to participants with self-reported insomnia or sleep difficulties. Of
those, three studies evaluated CBD formulations [63e65], two
evaluated nabilone, a synthetic analogue of THC [66,67], and one
evaluated a 95% pure THC product in dehydrated alcohol [68].
Four ongoing pre-registered clinical trials in chronic insomnia
disorder were identified: three studies are using different ratios of
THC and CBD [69e71] with one study also co-administering
cannabinol (CBN) alongside THC and CBD [71], and one study
administering 200 mg CBD/night [72] (see Table S1). One pre-
clinical study administered CBD to examine effects on excessive
sleepiness in an animal model of narcolepsy using hypocretin-
deficient rats [73]. No clinical studies of cannabinoid treatment
in patients with narcolepsy or excessive daytime sleepiness were
identified. Two studies were identified assessing the effects of
nabilone in males with PTSD-related nightmares [74,75]. One case
series reported on the effects of CBD as an adjunct to standard
treatment in four participants with REM sleep behaviour disorder
(RBD) and Parkinson's disease [76]. Another case series reported
on six patients with severe RLS who self-medicated with cannabis
of varying composition to manage RLS symptoms [45].

Risk of bias in individual studies

The results of the riskofbias assessment forpreclinical and clinical
studies are reported in Tables 3 and 4, respectively. All preclinical
studies, except two, exhibited high risk of bias in at least four of the
domains. Ten out of 13 preclinical studies adequately reported their
outcomes inanunbiasedmanner.No study reportedusing techniques
of random housing, sequence generation, allocation concealment, or
blinded caregivers/investigators. The timing of drug administration
during the light/dark phasewas only reported in three (23%) studies.

No clinical study was deemed to have an overall low risk of bias,
with three studies identified as having ‘some concerns’ and all
others a high risk of bias. The most frequent problems were bias
arising from the randomisation process and selection of the re-
ported results. Of the eight prospective studies conducted after
2005 (when trial pre-registration was mandated [77]), only three
studies were pre-registered. A decision around the interpretability
of the available evidence was made by categorising preclinical and
clinical studies by the research question and rating them based on
their quality (as per the relevant risk of bias assessment) (see
Table 5).

Discussion

This review identified 12 clinical studies examining the thera-
peutic effects of cannabinoid therapies across a range of sleep



Fig. 1. PRISMA diagram illustrating the procedure used for identifying the eligibility of studies for review inclusion.
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Table 1
Preclinical studies investigating the effects of cannabinoids or compounds that target the endocannabinoid system in models of sleep disorders.

Authors, year
[reference number]

Country of
origin

Animal species (n) Animal model Intervention Measure(s) Results

Models of obstructive sleep apnea
Calik& Carley 2019 [53] USA Sprague Dawley rats

(n ¼ 12; all M)
Natural model of
central sleep apnea

Each rat received each of
the eight IP injections
exactly one time in random
order:

I: Vehicle alone (25% DMSO;
one mL)
II: Dronabinol alone
(10 mg/kg)
III: AM251 alone (5 mg/kg)
IV: AM630 alone (5 mg/kg)
V: (III) þ (IV)
VI: (II) þ (III)
VII: (II) þ (IV)
VIII: (II) þ (V)

PSG (EEG and EMG) No significant
change in sleep
apnea or sleep
efficiency with
dronabinol
(dissolved in 25%
DMSO) when
compared to
vehicle.

Calik& Carley 2017 [50] USA Sprague Dawley rats
(n ¼ 22; all M)

Natural model of
central sleep apnea

Each rat received each of
the eight IP injections
exactly one time in random
order:

I: Vehicle alone (DMSO;
one mL)
II: Dronabinol alone
(10.0 mg/kg)
III: AM251 alone (5 mg/kg)
IV: AM630 alone (5 mg/kg)
V: (III) þ (IV)
VI: (II) þ (III)
VII: (II) þ (IV)
VIII: (II) þ (V)

PSG (EEG and EMG) Compared to
vehicle, dronabinol:
Y apnea events
(p < 0.01)
Y post-sigh apneas
(p < 0.01)
Y sleep efficiency
(p < 0.05)
Y REM sleep
(p ¼ 0.02) with no
changes in REM
bouts or REM bout
duration
Pre-treatment with
CB1, but not CB2,
receptor
antagonists blocked
apnea suppression
by dronabinol.

Calik& Carley 2016 [47] USA Sprague Dawley rats
(n ¼ 30; all M)

Acute 5-HT-induced
reflex apneas

Rats (n ¼ 6/group) were
administered the following
treatments via ICV
injection:

I-IV: Dronabinol (100, 10, 1,
or 0.1mg/3mL DMSO
V: Vehicle (3mLDMSO)

EMGgg and respiratory
responses

No significant
change in apnea
durations, average
breath duration, or
tonic/phasic EMGgg
with dronabinol (all
doses) when
compared to
vehicle.

*Carley & Topchiy 2015
[54]

USA Sprague Dawley rats
(n ¼ 6; all M)

Brief airway occlusions Rats were injected with 1
mg/100 mL dronabinol
directly into nodose ganglia

EMGgg and respiratory
responses

Compared to
baseline,
dronabinol:
[ phasic EMGgg
(p ¼ 0.04)

*Topchiy et al., 2015
[52]

USA Sprague Dawley rats
(n ¼ not specified;
gender not specified)

Natural model of
central sleep apnea

Each rat received each of
the seven IP injections
exactly one time in random
order:

EEG, nuchal EMG and
respiratory responses

Compared to
vehicle,
chromenopyrazole
13a: Y apneas
(p < 0.05) at both

(continued on next page)
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Table 1 (continued )

Authors, year
[reference number]

Country of
origin

Animal species (n) Animal model Intervention Measure(s) Results

I: Vehicle alone (undefined)
II-IV: Chromenopyrazole
13a (0.1, 1 and 10 mg/kg)
V-VII: HU-308 (0.1, one or
10 mg/kg)

doses
HU-308 did not
significantly change
in apnea index at
any dose.

Calik& Carley 2014 [46] USA Sprague Dawley rats
(n ¼ 36; all M)

Acute 5-HT-induced
reflex apneas

Rats (n ¼ 6/group) received
the following pre-
treatments via IP injection:

I-II: AM251 (0.5 or 5 mg/kg)
III-IV: AM630 (0.5 or 5 mg/
kg)
V: AM251 þ AM630 (5 mg/
kg each)
VI: Vehicle (15% DMSO)
Dronabinol (100mg/5
mL sesame oil) was injected
into nodose ganglia to all
groups directly followed by
5-HT infusion.

EMGgg and respiratory
responses

Compared to
baseline,
dronabinol:
Y apneas (p ¼ 0.03)
[ phasic and tonic
EMGgg (p < 0.05)
Both AM251 and
AM630 pre-
treatment reversed
dronabinol's
reduction in reflex
apneas.

Calik et al., 2014 [48] USA Sprague Dawley rats
(n ¼ 24; all M)

Acute 5-HT-induced
reflex apneas

Rats (n ¼ 6/group) received
the following treatment via
direct injection into the
nodose ganglia:

I: Dronabinol (100mg/
5mL sesame oil)
II: Dronabinol (10mg/5 mL
sesame oil)
III: Vehicle (5 mL sesame oil)
IV: Sham group (no
treatment)

EMGgg and respiratory
responses

Compared to
baseline,
dronabinol:
Y 5-HT-induced
apnea (n.s.)
Y apnea duration at
both doses (p <
0.05)
[ phasic EMGgg (p
< 0.01)
No effect of
dronabinol on tonic
EMGgg.

*Topchiy et al., 2012
[49]

USA Sprague Dawley rats
(n ¼ 6; all M)

Brief airway occlusion
and acute 5-HT-
induced reflex apneas

Dronabinol (dose not
specified) injected directly
into nodose ganglia

EMGgg and respiratory
responses

Compared to
baseline,
dronabinol:
� Reduced 5-HT-
induced apneas
(p ¼ 0.04)
� Did not reverse
the effects of
airway occlusion on
EMGgg and EMGgg
pre-activation
time) (n.s.)

Carley et al., 2002 [51] USA Sprague Dawley rats
(n ¼ 11; all M)

Natural model of
central sleep apnea

Each rat received each of
the 12 IP injections exactly
one time in random order:

I-III) Vehicle (saline, DMSO,
or peanut oil)
IV-VI) THC alone (0.1, 1.0, or
10 mg/kg)
VII-IX: OLE alone (0.1, 1.0,
or 10 mg/kg)
X: 5-HT alone (0.79 mg/kg)
XI: THC (0.1 mg/kg) / 5-

PSG (EEG and EMG) Compared to
vehicle, D9THC:
Y frequency of
apneas during
NREM (p ¼ 0.03 for
1.0 and 10 mg/kg)
Y frequency of
apneas during REM
(p ¼ 0.03 for 10 mg/
kg only)
Compared to
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HT (0.79 mg/kg)
XII: THC (0.1 mg/kg)/OLE
(0.1 mg/kg)/5-HT
(0.79 mg/kg)

vehicle, oleamide:
Y frequency of
apneas during
NREM (p < 0.05 all
doses)

Models of disordered sleep
Perez-Morales et al.,

2014 [59]
Mexico Wistar rats (n ¼ 24; all

M)
Maternal separation Two groups of rats (MS or

no-MS, n ¼ 6/group)
received the following
treatments via ICV injection
into lateral hypothalamus:

I: Vehicle (100% DMSO)
II: AM251 (0.01 mg)
III: 2-AG (0.01 mg)
IV: (II) þ (III)

Implanted EEG/EMG 2-AG restored sleep
(i.e., Ywakefulness
and [NREM and
REM) in MS rats
(p < 0.05).
AM251 blocked
these effects
(p ¼ 0.001).

Prieto et al., 2012 [60] Mexico Wistar rats (n ¼ 40; all
M)

Maternal separation Rats (n ¼ 10/group)
received the following
treatments via IP injection:

I: OLE (1 mg/kg)
II: AM251 (1.6 mg/kg)
III: (I) þ (II)
IV: Vehicle (30% DMSO)

Implanted EEG/EMG Compared to
vehicle, OLE
normalised sleep
(i.e., Ywakefulness
and [NREM and
REM) in MS rats
(p < 0.05).

Hsiao et al., 2012 [62] Taiwan Wistar rats (n ¼ 28; all
M)

Repeated combination
tests (50 min of open
field test and 10 min of
EPM for four
consecutive days)

Rats (n ¼ 7/group) were
subjected to either RCT or
SD before receiving
microinjections into the
CeA with the following
treatments:

I: RCT þ Vehicle (2% DMSO)
II: RCT þ CBD (0.5mg/1 ml)
III: RCT þ CBD (1mg/1 ml)
IV: SD þ Vehicle (2% DMSO)

Implanted EEG Compared to
vehicle, high dose
CBD (1mg) blocked
anxiety-induced
REM sleep
suppression during
hours 4e10 of the
light period
(p < 0.05).

Navarro et al., 2003 [61] Mexico Wistar rats (n ¼ 24; all
M)

REM sleep deprivation
using the ‘flowerpot
technique’

Rats (n ¼ 6/group) were
subjected to SD or no-SD
before receiving the
following ICV injections:

I: SD þ Vehicle (saline, 5mL)
II: SD þ SR141716A (3mg)
III: No-SD þ ICV saline (5
mL)
IV: No-SD þ SR141716A
(3mg)

Implanted EEG/EMG Compared to
vehicle, CB1

receptor
antagonism
partially prevented
stress-induced REM
sleep rebound
(p < 0.05).

Model of narcolepsy
Murillo-Rodriguez

et al., 2019 [73]
Mexico Wistar rats (n ¼ 15, all

M)
HCRT2/SAP-lesioned
rats

Rats (n ¼ 5/group) received
the following treatments
via IP injection:

I: Control þ Vehicle
II: HCRT2/SAP þ Vehicle
III: HCRT2/SAP þ CBD
(5 mg/kg)

Implanted EEG Compared to
vehicle, CBD
Yexcessive
somnolence in
hypocretin-
deficient rats over a
5-h period only
(p < 0.05).

2-AG ¼ 2-Arachidonoylglycerol; 5-HT ¼ serotonin; CB1 ¼ cannabinoid receptor 1; CB2 ¼ cannabinoid receptor 2; CBD ¼ cannabidiol; CeA ¼ central nucleus of amygdala; DMSO ¼ dimethyl sulfoxide;
EEG ¼ electroencephalography; EMG ¼ electromyography; EMGgg ¼ genioglossus electromyography; EPM ¼ elevated plus maze; HCRT2/SAP ¼ hypocretin-2-saporin; ICV ¼ intracerebroventricular; IP ¼ intraperitoneal;
M ¼ male; MS ¼ maternal separation; n.s. ¼ not significant; OF ¼ open field; OLE ¼ oleamide; PSG ¼ polysomnography; RCT ¼ repeated combination tests (to provoke anxiety); REM ¼ rapid eye movement;
THC ¼ tetrahydrocannabinol; SD ¼ sleep deprivation; *Conference abstract.
For ease of reference: AM251 ¼ CB1 receptor antagonist; AM630 ¼ CB2 receptor antagonist; Chromenopyrazole 13a ¼ CB1 receptor agonist; HU-308 ¼ CB2 receptor agonist; SR141716A ¼ CB1 receptor antagonist.
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Table 2
Clinical studies investigating the effect of cannabinoid therapies in the treatment of sleep disorders.

Authors, year
[reference number]

Country of
origin

Overall risk
rating

Study design Participant details (n,
gender, mean ± SD age)

Treatment period Intervention, dose, and
timing

Primary outcome
(measure)

Primary outcome result Adverse events

Obstructive sleep apnea
Carley et al., 2018

[56]
USA Some concerns DB, PC

Parallel
n ¼ 73 (52 M)
I: 52.7 ± 7.7 y II:
54.7 ± seven y
C: 58.8 ± 6.1 y

6 weeks Dronabinol (oral
capsules)
I: 2.5 mg/day
II: 10 mg/day
C: Placebo capsule
Self-administered 1 h
before bedtime

Change in AHI relative
to placebo at W6

Baseline AHI:
I: 28.2 ± 12.5
II: 26.0 ± 11.9
C: 23.9 ± 9.6
Compared to placebo,
change in AHI at 6
weeks:
Note: Adjusted values in
brackets
I: Y 2 (6.6 ± 5.9*)
II: Y 4 (8.5 ± 5.2**)
C: [ 8.5 (4.1 ± 5.5)
Unadjusted values
extrapolated from Tabl
2 in Carley et al. (2018)

� AE rate: 96.3%
� Common: sleepiness/
drowsiness (63%),
headache (48%),
nausea/vomiting (33%)
� Two SAEs (one related
to dronabinol
treatment e diarrhea
and vomiting requiring
hospitalisation)
� Four withdrew due to
treatment-related AEs

Prasad et al., 2013
[55]

USA High risk UB, open-label
Comparison to baseline

n ¼ 17 (6 M)
I: 51.6 ± 7.9 y

3 weeks Dronabinol (oral
capsules)
I: 10 mg/day
Self-administered 0.5 h
before bedtime

Change in AHI relative
to baseline at W3

Baseline AHI:
48.4 ± 17.6
I: Y 14.1 ± 17.5**

� AE rate: 75%
� Common:
somnolence (50%)
� No SAEs
� Two withdrew due to
treatment-related AEs

Insomnia/individuals with sleep difficulties
Shannon et al.,

2019 [64]
USA High risk UB, medical chart review

Comparison to baseline
n ¼ 25 (9 M)
I: 36.5 y

3 months CBD (oral capsules)
I: 25 mg/day
Note: Some patients
received 50 or 75 mg/
day
Self-administered
“after dinner”

PSQI Y PSQI
Baseline: 13.08 ± 3.03
3-months: 9.33 ± 4.63

� AE rate: not stated
� Common: fatigue
(n ¼ 2), mild sedation
(n ¼ 3), abnormal
behaviour (n ¼ 1), and
dry eyes (n ¼ 1)

Shannon et al.,
2016 [65]

USA High risk UB, open-label
Comparison to baseline

n ¼ 1 (1 F)
10 y
PTSD-related insomnia
disorder and anxiety

5 months (ongoing) CBD (25 mg capsule)/
night and CBD (12 mg
sublingual spray)/day
Self-administered CBD
capsule “before bed”
and CBD sublingual
spray “during the day”

Sleep Disturbance Scale
for Children

Y 21 points relative to
baseline

None observed

#Zalai et al., 2015
[67]

Canada High risk DB, PC
Crossover

n ¼ 11 (age not
specified)
Insomnia disorder and
chronic pain

2 � 4 weeks Nabilone (oral
capsules)
I: Dose unspecified
C: Placebo
Timing of drug
administration not
reported

Sleep parameters (PSG,
MWT, MSLT at baseline,
W4, and W8)

Sleep efficiency:
[ þ3.8% (n.s.)
Total sleep time:
[ þ3.8% (n.s.)
Arousal index:
Y �24.3% (n.s.)
Sleep onset latency:
[þ31.8 min (p < 0.05)

Not reported

Ware et al., 2010
[66]

Canada Some concerns DB, AC
Crossover

n ¼ 32 (5 M)
49.5 ± 11.2 y
Insomnia disorder and
fibromyalgia

2 � 2 weeks
separated by 2-
week WO

Nabilone (oral
capsules)
I: 0.5e1 mg/day
II: 10 mg amitriptyline
Dose-escalation to 1 mg
nabilone or 20 mg
amitriptyline for W2
Self-administered
“before bed”

PSQI & ISI Compared to
amitriptyline:
PSQI Y 3.25 points (n.s.)
ISI Y �3.25 adjusted
difference (CI, �5.26 to
e 1.24) (n.s.)

� 91 AEs possibly or
probably related to
nabilone
� Common: dizziness,
nausea, and dry mouth
� No SAEs
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Carlini et al., 1981
[63]

Brazil Some concerns DB, PC
Crossover

n ¼ 15
Age/gender not specified
Relatives of research
staff with subjective
complaints of sleep
difficulties

Single dose CBD (oral capsules)
I: 40 mg CBD
II: 80 mg CBD
III: 160 mg CBD
CI: Placebo
CII: 5 mg Nitrazepam
Self-administered 0.5 h
before bedtime

Non-validated 10-point
sleep questionnaire

All CBD doses Y
remembering dreams*
160 mg CBD [duration
of sleep*

AE rate not specified
Four participants
reported experiencing
somnolence

Cousens et al., 1973
[68]

USA High risk DB, PC
Crossover

n ¼ 9 (9 M)
21e40 y

Single dose 95% THC (oral liquid)
I: 10 mg THC
II: 20 mg THC
III: 30 mg THC
C: Placebo
Administered 1.5 h
before the “average
sleep time of the group”

Sleep latency
(“experienced sleep
observer-rater”)

I: Y137 min*
II: Y118 min**
III: Y126 min*
C: 180 min

Pre-sleep AEs:
perceptual/cognitive
distortions, loss of
control and judgement,
dry mouth
Post-sleep AEs:
dizziness/grogginess,
dry mouth, funny taste
in mouth.

REM sleep behaviour disorder
Chagas et al., 2014

[76]
Brazil High risk Case series, UB

Comparison to baseline
n ¼ 4 (4 M)
63.5 ± 5.3 y
RBD and Parkinson's
disease

6 weeks CBD (oral capsules)
Three patients received
75 mg/day while one
received 300 mg/day
Self-administered “at
night under supervision
of relatives/caretakers”

Frequency of RBD
events (patient & carer
self-report)

“Prompt, substantial
and persistent
reduction in RBD events
after 6 weeks”

None observed

Restless legs syndrome
^Megelin &

Ghorayeb 2017
[45]

France High risk Case series, UB
Comparison to baseline

n ¼ 6 (2 M)
43.2 ± 11.3 y

Self-reported acute
use

Smoked cannabis
(n ¼ 5)
Sublingual CBD (n ¼ 1)
Not reported

Frequency of RLS
symptoms (patient self-
report)

“All patients reported
spontaneous relief of
RLS symptoms”

Not reported

PTSD-related nightmares
Jetly et al., 2015

[75]
Canada Some concerns DB, PC,

Crossover
n ¼ 10 (10 M)
43.6 ± 8.2 y

2 � 7 weeks
separated by 2-
week WO

Nabilone (oral
capsules)
I: 0.5mg/day up to 3mg
C: Placebo
Self-administered 1 h
before bedtime

Change in nightmare
frequency (CAPS
Recurring and
Distressing Dream
score)

CAPS Frequency:
I: �1.9 ± 1.3*
C: �0.4 ± 1.4
CAPS Intensity:
I: �1.7 ± 1.3 (n.s.)
C: �0.6 ± 1.1

AE rate:
I: 50%
C: 60%
Common: dry mouth
and headache

Fraser 2009 [74] Canada High risk UB, open-label
Comparison to baseline

n ¼ 47 (20 M)
44 ± 9 y

4e12 months Nabilone (oral
capsules)
I: 0.5mg/day up to 6mg
Self-administered 1 h
before bedtime

Subjective self-report of
nightmare frequency

“Total cessation of
nightmares,” n ¼ 28,
60%
“Satisfactory
reduction”, n ¼ 6, 12%)

AE rate: 28% (all 28%
withdrew)
Common: light-
headedness, memory
impairment, dizziness,
and headache

AC ¼ active control; AE ¼ adverse events; AHI ¼ apnea hypoxia index; C ¼ control; CAPS ¼ clinician-administered post-traumatic stress scale; CBD ¼ cannabidiol; CI ¼ confidence interval; DB ¼ double-blind; I ¼ intervention;
ISI¼Insomnia Severity Index; M ¼ males; MSLT ¼ Multiple Sleep Latency Test; MWT ¼ Maintenance of Wakefulness Test; OSA ¼ obstructive sleep apnea; PC ¼ placebo-controlled; PTSD ¼ post-traumatic stress disorder;
PSG ¼ polysomnography; PSQI¼Pittsburgh Sleep Quality Index; RBD ¼ rapid eye movement sleep behaviour disorder; REM ¼ rapid eye movement; RLS ¼ restless legs syndrome; SAE ¼ serious adverse events;
THC ¼ tetrahydrocannabinol; UB ¼ unblinded; W ¼ week; WO ¼ wash-out; #Conference abstract; L̂etter to the Editor *p < 0.05 relative to placebo **p < 0.01 relative to placebo.
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Table 3
Risk of bias of individual preclinical studies using the SYRCLE risk of bias tool.

 

 Selection bias Performance bias Detection bias Attrition bias Reporting bias Other  

Authors, year [reference number] Sequence 
generation 

Baseline 
characteristics 

Allocation 
concealment 

Random 
housing 

Investigator 
blinding 

Random 
outcome 

assessment 

Blinded outcome 
assessment 

Incomplete 
outcome data 

Selective outcome 
reporting 

Other risk 
of bias 

Models of obstructive sleep apnea 

Calik & Carley (2019) [53] High risk Unclear High risk High risk High risk Low risk Low risk Low risk Low risk High risk 

Calik & Carley (2017) [50] Unclear Low risk High risk High risk High risk Low risk Low risk Unclear High risk Unclear 

Calik & Carley (2016) [47] High risk High risk High risk High risk High risk High risk High risk Unclear Low risk Unclear 

*Carley & Topchiy (2015) [54] Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Low risk Unclear 

*Topchiy et al., (2015) [52] Unclear Unclear Unclear Unclear Unclear Low risk Unclear Unclear Low risk Low risk 

Calik et al., (2014) [48] High risk High risk High risk High risk High risk High risk High risk Unclear Low risk Unclear 

Calik & Carley (2014) [46] High risk Low risk High risk High risk High risk High risk High risk Unclear Low risk Unclear 

*Topchiy et al., (2012) [49] High risk Unclear High risk Unclear High risk Unclear High risk Low risk Low risk Unclear 

Carley et al., (2002) [51] Unclear High risk High risk High risk High risk High risk High risk Unclear Low risk High risk 

Models of sleep disturbances 

Pérez-Morales et al., (2014) [59] High risk Low risk High risk High risk High risk High risk High risk Low risk Low risk Low risk 

Hsias et al., (2012) [62] High risk High risk High risk High risk High risk High risk High risk Low risk Low risk Low risk 

Prieto et al., (2012) [60] High risk Low risk High risk High risk High risk High risk High risk Unclear  Low risk Unclear 

Navarro et al., (2003) [61] High risk High risk High risk Unclear High risk High risk High risk Unclear High risk High risk 

Models of narcolepsy 

Murillo-Rodríguez et al., 2019 [73] High risk High risk High risk High risk High risk High risk Low risk Low risk Unclear Low risk 

*Conference abstracts are difficult to assess for risk of bias due to restricted word limits. For more information on each SYRCLE risk of bias domain, see: https://doi.org/10.1186/1471-2288-14-43 

Table 4
Risk of bias of individual clinical studies using revised Cochrane Risk of Bias (RoB 2.0) tool.

Authors, year [reference number] Randomisation 
process

Deviations from 
intended 

intervention
Missing data Measurement of 

outcomes
Selection of the 
reported results Overall risk of bias

Obstructive sleep apnea 

Carley et al., (2018) [56] Some concerns Low risk Low risk Low risk Low risk Some concerns

Prasad et al., (2013) [55] High risk Some concerns Low risk Low risk Some concerns High risk

Insomnia or sleep disturbances

Shannon et al., (2019) [64] High risk High risk High risk High risk Some concerns High risk

Shannon et al., (2016) [65] High risk High risk Low risk High risk Some concerns High risk

*Zalai et al., (2015) [67] Some concerns High risk High risk Some concerns Some concerns High risk

Ware et al., (2010) [67] Low risk Low risk Low risk Low risk Some concerns Some concerns

Carlini et al., (1981) [63] Some concerns Low risk Low risk Low risk Some concerns Some concerns

Cousens et al., (1973) [68] Some concerns Low risk Low risk High risk Some concerns High risk

PTSD-related nightmares

Jetly et al., (2015) [75] Some concerns Low risk Low risk Low risk Some concerns Some concerns

Fraser (2009) [74] High risk High risk High risk High risk High risk High risk

REM sleep behaviour disorder

Chagas et al., (2014) [76] Some concerns Low risk Low risk High risk Some concerns High risk

Restless legs syndrome

Megelin et al., (2017) [45] High risk High risk High risk High risk High risk High risk

*Conference abstracts are difficult to assess for risk of bias due to restricted word limits. 
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disorders and 14 preclinical studies involving animal models of
these disorders. The majority of these studies carried a substantial
risk of bias such that the conclusions from this review are only
tentative. The discussionwill focus on synthesis of the existing data
for each research question.
Do cannabinoids improve sleep-related breathing outcomes in
obstructive sleep apnea?

The current evidence for the use of THC (dronabinol) in in-
dividuals with OSA is weak, but the potential therapeutic benefits



Table 5
Synthesis of the available preclinical and clinical studies based on their interpretability (availability and quality), categorised by the research question.

Research question Preclinical studies Clinical studies Evidence for Use

Do cannabinoids improve…
1. Sleep-related breathing outcomes in obstructive sleep apnea? Interpretable Interpretable Weak
2. Sleep-related outcomes in insomnia disorder? Interpretable Interpretable None
3. Sleep-related outcomes in PTSD-related nightmares? e Interpretable Weak
4. Sleep-related outcomes in REM sleep behaviour disorder? e Not interpretable None
5. Sleep-related movement outcomes in restless legs syndrome? e Not interpretable None
6. Sleep/wake-related outcomes in narcolepsy? Interpretable e None

Dash (�) signifies no studies identified; ‘Interpretable’ signifies studies were identified and deemed to have a low-moderate risk of bias; ‘Not interpretable’ signifies studies
were identified but deemed to have a high risk of bias. REM ¼ rapid eye movement; PTSD ¼ post-traumatic stress disorder.
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warrant further investigation. All but two preclinical studies [47,53]
found that THC reduced apneic events in rats when administered
intraperitoneally but not when administered via intra-
cerebroventricular injection [47]. This finding, and the results of
other studies, suggest that the effects of THC on reflex apnea may
be peripherally mediated via suppression of vagal nerve activity by
the endocannabinoid system. Specifically, one study showed that
THC inhibition of reflex apnea could be reversed with administra-
tion of CB1 and CB2 receptor antagonists [46]. Another study indi-
cated that THC may dampen afferent vagal feedback to the medulla
via actions on the nodose ganglia, a component of the vagus nerve
that expresses excitatory serotonin type 3 (5-HT3) and inhibitory
CB1 receptors [47]. This is a plausible mechanism through which
THC could stabilise respiratory patterns and increase activation of
upper airway dilating muscles during sleep in a manner largely
independent of cannabinoid receptors located in the central ner-
vous system [78].

Two clinical studies of oral dronabinol as a potential treatment
for OSA showed reductions in the apnea-hypopnea index (AHI)
after treatment. In their initial open-label, pre-post, proof of
concept trial in individuals with moderate to severe OSA (n ¼ 15),
Prasad et al. (2013) reported a significant 14.1 ± 17.5-point reduc-
tion in AHI relative to baseline (AHI¼ 48.4 ± 17.6) after three weeks
of dronabinol treatment [55]. The subsequent 6-wk RCT by Carley
et al. (2018) in individuals with moderate to severe (n ¼ 73) also
identified a positive effect [55]. However, findings from this trial
should be interpreted with caution as the statistically significant
reduction in the adjusted AHI of 12.9 ± 4.3-points with 10 mg/
d dronabinol treatment was at least partly attributable to a
potentially clinically meaningful baseline imbalance in AHI
(placebo ¼ 23.9 ± 9.6 vs. 10 mg/d dronabinol ¼ 26.2 ± 11.9) and a
significant 8.5-point increase in AHI in the placebo-treated group
after six weeks. Baseline AHI was statistically controlled for in the
analyses alongwith age, race, and ethnicity as additional covariates.
After adjustment, the increase in AHI from baseline in the placebo
group was smaller (�4.1 ± 5.5-points) and not statistically signifi-
cant. This resulted in a 12.9-point difference relative to placebo for
the 10 mg/d dronabinol-treated group. The authors hypothesised
the worsening AHI in the placebo group may have been due to the
participant's discontinuation of other interventions (e.g., contin-
uous positive airway pressure (CPAP)) one month prior to the trial,
although, this was not objectively confirmed. Neither dose of dro-
nabinol showed a statistically significant reduction in AHI relative
to baseline. Furthermore, of the 39 participants who received
dronabinol treatment, only six (15.4%) met the trial's responder
criteria (i.e., AHI�15 and AHI reduction of 50% or more from
baseline). Treatment-related adverse events occurred in 75% and
96% of participants receiving 10 mg/d in the Prasad et al. (2013) and
Carley et al. (2018) trial, respectively. The most common adverse
event in the Carley et al. (2018) trial was drowsiness (63% vs. 0% in
placebo group) followed by headache (48% vs. 15% in placebo
group) and nausea/vomiting (33% vs. 4% in placebo group) [79].
Four participants withdrew due to treatment-related adverse
events (dizziness and vision changes; vertigo; ECG arrhythmias;
headache, dizziness, and vomiting). One serious adverse event
related to dronabinol treatment was reported (diarrhea and vom-
iting requiring hospitalisation).

It is worthwhile noting that a 2018 position statement from the
American Academic of Sleep Medicine warned clinicians against
prescribing dronabinol as a treatment for OSA and argued that OSA
should not be a certifiable health condition for medical cannabis
programs due to unknown short- and long-term side effects of
dronabinol in patients with OSA [80]. Additional research in this
area is recommended, especially studies that evaluate clinical
response in specific OSA phenotypes [81]. Thus, despite a positive
signal, dronabinol is not currently recommended for the treatment
of OSA. Well-designed randomised controlled short-term trials as
well as longer-term studies are needed to further determine the
efficacy and safety of dronabinol in individuals with OSA. Indeed,
one pre-registered Phase IIa placebo-controlled clinical trial will
test the effects of 10 mg THC with a 200 mg proprietary mineral
supplement over a 6-week period [58], while a second open-label
Phase IIa clinical trial will assess the effects of an oral formulation
containing 10 mg dronabinol in combination with 800 mg palmi-
toylethanolamide (PEA), an endogenous fatty acid amide, in 30
patients with OSA over a 4-wk period [57] (see Table S1). The pri-
mary outcome for both trials is AHI index post-treatment as
compared to baseline using overnight polysomnography. The Phase
IIa trial of dronabinol in combination with PEA recently announced
top line findings for 10 patients in a press release [82]. No serious
adverse events were reported, with one patient withdrawing due to
treatment-related dizziness. Of the remaining nine participants,
just over half showed a significant reduction in average AHI from
24.2 ± 5.0 at baseline to 11.2 ± 6.8 at four weeks. The press release
cited the “encouraging tendency of the results” as the main reason
for early study recruitment closure.

Do cannabinoids treatment improve sleep-related outcomes in
insomnia disorder?

There were no published RCTs investigating the effects of
cannabinoid therapies in patients with clinician-diagnosed
insomnia, limiting any conclusions regarding their utility for
insomnia disorder. THC displays minimal toxicity and lethality [83],
inferring a safety advantage over hypnotic medications. However,
abrupt discontinuation of daily, or near daily cannabis use may lead
to abstinence-induced insomnia [84] and sleep difficulty is a
commonly reported symptom of cannabis withdrawal among
frequent cannabis users (e.g., at least 25 days/mo) [85]. Poor sleep
quality has also been shown to be a risk factor for lapse following a
cannabis quit attempt in cannabis dependent users [86]. Laboratory
studies have shown that cannabis abstinence-induced sleep
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disturbance is pharmacologically specific to THC exposure, as it can
be reversed with administration of dronabinol or by a return to
cannabis use [87,88]. It is important to note that this research has
mainly focused on heavy recreational (non-medicinal) use of
cannabis. Although not covered in the present review, there is
moderate evidence for the use of Sativex, an oromucosal spray
delivering equal parts THC and CBD, in improving short-term sleep
outcomes in individuals with sleep disturbances secondary to a
pain condition [89], however, no studies have assessed its effects in
individuals with a primary sleep disorder.

In an animal model of sleep disturbances induced by repeated
exposure to anxiety-provoking environments, CBD microinjected
into the central nucleus of the amygdala reversed stress-induced
REM suppression, with little effect on NREM sleep [62]. This sug-
gests improvements in sleep via an anxiolytic mechanism not yet
fully understood, but which may involve serotonin 1A (5-HT1A)
receptor activation [90] and/or enhancement of AEA signalling by
inhibition of FAAH and FABPs [91]. Other preclinical evidence
suggests that CB1 receptor activation via endocannabinoids, ole-
amide and 2-AG, normalised maternal separation-associated sleep
disturbances such as increased wakefulness and decreased NREM
and REM sleep duration [59,60]. Other preclinical evidence sug-
gests endocannabinoids may also play a role in modulating REM
sleep generation following sleep deprivation in rats [61]. This is in
line with previous work suggesting that endocannabinoid signal-
ling is necessary to promote sleep stability [18].

The acute and chronic effects of CBD on sleep are poorly un-
derstood currently, and there is a lack of empirical data in which
CBD has been evaluated among individuals with disordered sleep.
In clinical trials involving 25/mg/kg CBD (Epidiolex) in children
with severe epilepsies, increased somnolence and sedation was
observed. However, in these studies, CBD was found to be a potent
metabolic inhibitor of concurrently-administered anticonvulsant
medications, which may have driven the sedating effects reported
in these trials [92,93]. Drowsiness was reported as the fourth most
common side effect in an ascending dose Phase 1 trial of CBD in
healthy volunteers, but the incidence did not differ from placebo
and the greatest frequency of somnolence observed was with an
acute dose of 6000 mg, which far exceeds the typical dose found in
retail CBD products (for example, the unit dose of CBD in Epidiolex
is 100 mg) [94]. In another laboratory study of healthy adults,
100 mg CBD administered orally and via vaporization did not
impact subjective ratings of alertness and sleepiness [95]. Because
CBD can act as a negative allosteric modulator of the CB1 receptor
[34], it is feasible that CBD could exhibit stimulating properties at
certain doses, however, this has not been clearly demonstrated in
controlled studies.

In summary, there is no published evidence to-date assessing
the effects of cannabinoid therapies in individuals with clinician-
diagnosed insomnia disorder. Future studies should use validated
objective measures to assess the therapeutic impact of
pharmaceutical-grade cannabinoid therapies in individuals with
clinician-diagnosed insomnia in both the short- and long-term.
Four pre-registered randomised placebo-controlled trials (ranging
from one night to 9-wk treatment periods) are currently underway
administering either CBD alone [72] or proprietary combinations of
CBD, THC and CBN [69e71] in individuals with chronic insomnia
(see Table S1). Two studies will use objective primary outcome
measures (overnight polysomnography to assess various sleep
metrics such as total sleep time and wake after sleep onset) [69,70].
The other two studies will use the Insomnia Severity Index (ISI)
[71,72] with one study also co-administering an additional stand-
ardised self-report questionnaire [72]. One of these studies, a 2-wk
Phase Ib/IIa RCT of a proprietary combination of THC, CBD, and CBN
(‘ZLT-101’) [71], recently announced top line findings in a press
release, recruiting 23 of its intended 30 participant target [96]. ISI
scores significantly decreased from 18.0 ± 3.7 at baseline to
12.9 ± 5.3 at two weeks post-treatment. Dry mouth, dizziness, and
headache were the most common adverse events, with no serious
adverse events reported. These new clinical trials represent a useful
step in advancing our understanding of the potential therapeutic
effects of cannabinoids in insomnia disorder.
Do cannabinoids improve sleep-related outcomes in PTSD-related
nightmares?

There is accumulating evidence that the synthetic THC
analogue nabilone may be effective in the management of
nightmares among individuals with PTSD. In both an RCT and an
open label study, nabilone (0.5 mg/d up to a maximum of 3 mg/d)
significantly reduced the frequency of nightmares. Mild adverse
effects were reported among 50% of patients, the most common
being dry mouth, headache and dizziness. The small sample size
in the RCT and open-label design of the study by Fraser et al. [74]
are notable limitations and further well-designed trials with
larger, more diverse clinical populations (i.e., inclusion of females
and individuals with non-trauma-related nightmare disorders),
along with longer-term follow-up, are needed to consolidate
these findings. While the limited available evidence indicates
that nabilone reduces PTSD-related nightmares, the long-term
safety of CB1 receptor agonists in this population is unclear,
particularly given their complex comorbidities and increased risk
of substance abuse.
Do cannabinoids improve sleep-related outcomes in REM sleep
behaviour disorder?

No RCTs assessing the effects of cannabinoid therapies in REM
sleep behaviour disorder (RBD) in Parkinson's disease were iden-
tified. In a subset of patients with Parkinson's disease and RBD, a
low-to-moderate dose of CBD resulted in a rapid and substantial
reduction in the frequency of RBD-related events with nil adverse
events reported [76]. This clearly requires further placebo-
controlled investigation to identify potentially more effective and
safer therapies for patients with this neurodegenerative disease.
Do cannabinoids improve sleep-related movement outcomes in
restless legs syndrome?

The case series of patients with treatment-resistant RLS
involved spontaneous self-report to their clinical team of an
instant and complete reduction in RLS symptoms with illicit
cannabis products (including one patient using sublingual CBD).
These observations are promising and warrant further investi-
gation using a RCT design. This is particularly important given
that standard treatment with dopaminergic agents is often
associated with severe side effects such as augmentation, a
worsening of RLS symptoms after starting dopaminergic medi-
cation [97] or dopamine agonist-related impulse control [98],
limiting their long-term usefulness. Despite the promising pa-
tient self-reports, there is no available evidence from studies
using prospective study design that would warrant clinical use of
cannabinoids for RLS at present.



Practice points

1) Individuals who use medicinal cannabis often do so to

treat or manage sleep disorders such as insomnia, with

many self-reporting that is highly effective in managing

their symptoms.

2) Our systematic review deemed the available clinical and

preclinical evidence to have a moderate-to-high risk of

bias precluding any definitive conclusions regarding

their therapeutic efficacy of cannabinoids in sleep

disorders.

3) Promising preliminary evidence from preclinical and

clinical studies provide the rationale for future rando-

mised, controlled trials of cannabinoid therapies in in-

dividuals with sleep apnea, insomnia, post-traumatic

stress disorder-related nightmares, REM sleep behaviour

disorder, restless legs syndrome, and narcolepsy.

4) The safety profile of acute and chronic treatment with

cannabinoids in sleep disorders is not yet well

understood.

5) In places where cannabis products are legally accessible,

use of THC-containing products for sleep disorders and

the potential adverse effects on next-day function such

as driving must be carefully considered and managed,

particularly when unregulated products are being used.
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Do cannabinoids improve sleep/wake-related outcomes in
narcolepsy?

A similarly difficult-to-treat disorder is narcolepsy, with the
characteristic symptom of excessive daytime somnolence.While no
clinical studies administering cannabinoid therapies were identi-
fied, a recent preclinical study showed that peripheral injection of
CBD partially blocked excessive sleepiness in hypocretin-deficient
rats, an animal model of narcolepsy [73]. This adds to a larger
body of existing preclinical work from this group describing the
potential wakefulness-promoting properties of CBD [99e101].
Indeed, a recent study indicated that CBD (i.e., 30 mg/kg i.p.) en-
hances alertness, and decreases slow wave sleep and REM sleep
during the ‘lights-on’ period in rats [102]. These effects were
associated with increases in neuronal activation of lateral hypo-
thalamus and dorsal raphe nuclei (areas implicated in alertness
control) and elevated extracellular dopamine concentrations
[99,100], consistent with the well-documented role for dopamine
in mediating wakefulness and arousal [103]. Given the favourable
safety profile of CBD in humans, this initial evidence provides
impetus to translate the findings into a properly designed RCT of
CBD as an adjunctive treatment in individuals with excessive day-
time sleepiness such as in patients with narcolepsy, OSA, and
idiopathic hypersomnolence.

Safety considerations

The short- and long-term safety risks of cannabinoid therapies
for individuals with sleep disorders are still being determined.
Although THC displays minimal toxicity and lethality [83], moder-
ate doses of THC (>10mg) in naïve or occasional cannabis users can
produce significant intoxication and/or impair cognitive perfor-
mance (e.g., reaction time tasks) [68,104]. THC can also impair
driving performance [105,106]. While the majority of clinical
studies identified in the current review administered the canna-
binoid treatment prior to bedtime (acute impairment was less of a
concern), residual next-day effects of cannabinoid treatment on
cognition, alertness, and driving performance should also be
explored for safety. For instance, somnolence was the most com-
mon side-effect of dronabinol in the OSA trials. However, Carley
et al. (2018) reported that participants receiving 10 mg/d dronabi-
nol showed significantly decreased self-reported daytime sleepi-
ness relative to baseline as measured on the Epworth Sleepiness
Scale at 6-weeks [56]. Nonetheless, in places where cannabis
products are legally accessible, use of THC-containing products for
sleep disorders and the potential adverse events (e.g., daytime
sleepiness) must be carefully considered and managed, particularly
when unregulated products are being accessed.

CBD is non-intoxicating and has shown to be safe and well-
tolerated in humans [107] e even at very high doses (e.g.,
1500 mg twice daily for six days or as an acute dose of 6000 mg)
[94]. No evidence of a withdrawal syndrome was evident following
abrupt cessation of 4-wk treatment with 750 mg CBD twice daily in
healthy volunteers [108]. THC and CBD are potent substrates and
inhibitors of the cytochrome P450 enzymatic pathways which is
involved in the biotransformation of many commonly prescribed
medications [109]. Potential drugedrug interactions with canna-
binoids are theoretically possible, as now shown between CBD and
the anticonvulsant drug, clobazam, in childrenwith severe epilepsy
[92]. Few specific directives can be made at this stage due to the
limited data on drugedrug interactions with CBD and THC, there-
fore, healthcare professionals should familiarise themselves with
potential drugedrug interactions relevant to the patient's medi-
cation history and hepatic function [109,110]. Finally, the compar-
ative safety and efficacy of cannabinoid medications relative to
conventional treatment approaches is also a worthy area of
investigation.

Strengths and limitations

This is the first systematic review focused specifically on
cannabinoid therapies for sleep disorders that covers both the
preclinical and clinical literature. This systematic review has several
limitations. Firstly, only English-language articles were included.
Second, despite our systematic approach, we cannot be completely
certain that all relevant articles were retrieved via our literature
search. Finally, most of the included clinical studies had small
sample sizes and poor methodological quality including most
studies with a high-risk of bias, limiting the strength of the con-
clusions that can be drawn from this review.

Conclusion

At present, there is limited evidence to support the clinical use
of cannabinoid therapies for the treatment of any sleep disorder
given the dearth of published research and the moderate-to-high
risk of bias identified within the majority of clinical and preclini-
cal studies completed to-date. Nonetheless, there are promising
signs in a number of therapeutic applications that warrant addi-
tional study and there is a clear need for intensification of high-
quality research into the safety and efficacy of cannabinoid thera-
pies for treating sleep disorders. Research should utilize well-
defined cannabinoid products, validated assessments, and include
measures of next-day function (i.e., cognition and driving perfor-
mance). Additional scientific endeavour is required to define the
mechanisms through which the endocannabinoid system affects
sleep and sleep-related physiology and the pharmacological actions
of various cannabinoid agents in relation to sleep. Currently
ongoing clinical trials of cannabinoids in obstructive sleep apnea
and insomnia are a positive step to a better understanding of the
role of cannabinoid therapies in the treatment of sleep disorders.



Research agenda

To further examine the therapeutic utility of cannabinoid

therapies on sleep disorders, future research should:

1) utilise validated objective and subjective measures of

sleep-related outcomes to assess therapeutic efficacy of

cannabinoids;

2) utilise robustly designed randomised, controlled trial

designs, employing properly powered sample sizes with

an adequate comparator (placebo and active treatment,

where available);

3) consider the ecological validity of administering canna-

binoids as an adjunctive treatment as opposed to a

stand-alone treatment given the potential implications of

drugedrug interactions on safety;

4) explore dose-dependent effects of THC in order to iden-

tify the optimal dose that confers clinical efficacy without

causing next-day impairment such as drowsiness;

5) further explore the opposing effects of CBD on the sleep/

wake cycle and to prioritise research on CBD given its

non-intoxicating properties and nil potential for abuse or

dependence.
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