Nature and Science of Sleep Dove

Is There a Place for Medicinal Cannabis in Treating
Patients with Sleep Disorders? What We Know
so Far

Kathleen | Maddison'2, Christopher Kosky', Jennifer H Walsh@®'*?

'West Australian Sleep Disorders Research Institute, Department of Pulmonary Physiology & Sleep Medicine, Sir Charles Gairdner Hospital, Perth,
Western Australia, Australia; 2Centre for Sleep Science, University of Western Australia, Perth, Western Australia, Australia

Correspondence: Jennifer H Walsh, West Australian Sleep Disorders Research Institute, Department of Pulmonary Physiology & Sleep Medicine, Sir
Charles Gairdner Hospital, Internal Mailbox 201, QEIl Medical Centre, Hospital Avenue, Nedlands, Perth, Western Australia, 6009, Australia,
Tel +61 6488 8694, Email jennifer.walsh@health.wa.gov.au

Abstract: The legalization of cannabis for medicinal, and in some countries, recreational, purposes in addition to growth in the
cannabis industry has meant that cannabis use and interest in the area has increased rapidly over the past 20 years. Treatment of poor
sleep and sleep disorders are two of the most common reasons for the current use of medicinal cannabis. However, evidence for the
role of medical cannabis in the treatment of sleep disorders has not been clearly established, thus making it challenging for clinicians
to make evidence-based decisions regarding efficacy and safety. This narrative review summarizes the highest quality clinical evidence
currently available in relation to the use of medicinal cannabis for the treatment of sleep disorders including insomnia, obstructive
sleep apnea, restless legs syndrome, rapid eye movement sleep behavior disorder, nightmare disorder and narcolepsy. A summary of
the effect of cannabis on sleep quality and architecture is also presented. Currently, there is insufficient evidence to support the routine
use of medicinal cannabis as an effective and safe treatment option for any sleep disorder. Nevertheless, emerging evidence is
promising and warrants further investigation using standardized cannabinoid products and validated quantitative measurement
techniques.
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Introduction

Healthy sleep is essential for physical, mental and emotional health. However, only 50% of the population report
achieving regular adequate sleep.! Causes of inadequate sleep include work, family disruptors, lifestyle choices and
untreated sleep disorders. Many of the treatment options for sleep disorders are imperfect due to poor adherence,
tolerance or side effects. Treatment alternatives are therefore required.

Cannabis has been utilized for its various intoxicating and medicinal effects for thousands of years.” However, our
scientific understanding of its constituents and mechanisms of action has only begun to develop in the past 60 years.
Fueled by the legalization of cannabis for medicinal use in the US, and other countries, from the 1990s there has been an
explosion of research in the area. We now understand that the cannabis plant is comprised of over 500 phytochemicals
including more than 100 phytocannabinoids (colloquially referred to as cannabinoids), the most well recognized and
extensively studied being Ag-tetrahydrocannabinol (THC), cannabidiol (CBD) and cannabinol (CBN). With the upsurge
in research into naturally occurring phytocannabinoids, synthetic phytocannabinoids have been manufactured for
medicinal use as analogues to THC (dronabinol, nabilone), CBD or a combination of THC and CBD (nabiximols).
We also understand that phytocannabinoids as well as endogenous cannabinoids (endocannabinoids) work within the
endocannabinoid system and activate cannabinoid receptors type 1 (CB1) and type 2 (CB2), predominantly located in the

central nervous system. Also important are the enzymes responsible for synthesis and degradation of endocannabinoids.
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Pre-clinical work has established a number of potential molecular mechanisms for the role of cannabinoids in moderating
sleep and wake and has been reviewed elsewhere.’ >

Historically, the intoxicating effect of THC has driven the recreational use of cannabis, whereas the non-intoxicating
CBD has been promoted as a health aid. There is also evidence that CBD and CBN can moderate the intoxicating and
psychological effects of THC.® In this rapidly advancing field, we now also understand that each cannabinoid can induce
different therapeutic effects, which include anxiolytic, antiemetic, anticonvulsant, appetite stimulating, appetite sup-
pressing, antispasmodic, anti-inflammatory, antioxidant, analgesic and sedating. The most common self-reported
medical reasons for using cannabinoids are to treat pain, mental health, and sleep problems.” In Australia, where
prescriptions are required to legally access cannabis products for medicinal purposes, the number of applications for
access to medicinal cannabis products has increased exponentially since legalization in 2016: 15 applications were
submitted in 2016; 2560 in 2018; and 122,4900 in 2021. In 2022, “insomnia” and “sleep disorders” were the third and
fourth most common reasons for prescription.® Despite this increasing use of cannabis products for the treatment of
sleep disorders, evidence for its benefit has been limited. This narrative review summarizes the current clinical evidence
base for the effect of cannabinoids on sleep quantity and quality and the therapeutic use of cannabinoids in the treatment
of sleep disorders. A discussion on the challenges to the field and recommendations for advancing our understanding
will also be provided.

Search Methodology

Online databases PubMed, Web of Science, Google Scholar and Scopus were searched between Jan and Feb 2022 using
terms including cannabis, THC, tetrahydrocannabinol, cannabinol, CBD, sleep, sleep disorder, insomnia, sleep apnea,
restless legs syndrome, REM behavior disorder, nightmare, and narcolepsy. As the review was focused on the utility of
cannabis for clinical use, the search was limited to clinical research, except in the cases of obstructive sleep apnea,
narcolepsy and idiopathic hypersomnia where some preclinical data is discussed.

Effect of Cannabinoids on Sleep and Sleep Architecture

For several reasons, the effect of cannabinoids on sleep is challenging to summarize. Many studies specifically recruited
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participants with a history of chronic or heavy recreational cannabis use, who appear to have poorer sleep compared

to non-users.'>'® Therefore, baseline or placebo data in these participants may be a reflection of sleep architecture
associated with withdrawal, which can be significant.'”'* Also challenging for isolating effects of specific cannabinoids
is that a number of studies have examined the effects of smoking or consuming whole cannabis/flower with unknown
cannabinoid concentrations.' ' Another issue is that many studies have investigated the effects of cannabinoids on
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sleep in populations with health ailments or sleep disorders,
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which are likely to confound effects on sleep
outcomes. Finally, as highlighted in recent reviews, the overwhelming majority of studies have employed self-report
measures of sleep quantity and quality, with only a handful of predominantly early studies including robust measures of
sleep and sleep architecture from electroencephalography or polysomnography (PSG). Therefore, this section of the
review focuses on controlled, cross-over design studies that have included predominantly non-experienced cannabis users
and objective measures of sleep quality and architecture (Table 1).'**°* The majority of studies have focused on the
effects of a THC dominant cannabinoid formulation,'**? although one study investigated the effects of THC alone as
well as two doses of a balanced THC:CBD formulation.®’ Another study investigated the effects of CBD alone.*

The largest and most recent study on effects of cannabinoids on sleep, by Linares et al, identified no change in any
measure of sleep quantity or architecture when 27 healthy young volunteers took a single 300mg dose of CBD compared
to placebo.”® Of studies which included THC, in regard to the putative sedating properties of cannabinoids, none
identified an improvement in the time taken to fall asleep (sleep onset latency; SOL) although one study'® (n = 6)
reported a reduction in wake time after sleep onset (WASO) and another (n = 8) reported a slight decrease in WASO
when a 5Smg balanced THC:CBD formation was taken, and an increase in WASO when a 15mg balanced THC:CBD
formation was taken, resulting in a significant difference between doses.>' Only one study reported an increase in total

31,32

sleep time (TST).'" Two studies reported a reduction in Stage 3 and/or Stage 4 sleep while another reported an

increase.'® Perhaps more consistent is the data indicating that rapid eye movement (REM) sleep is reduced when taking
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Table | Trials Evaluating the Effect of Cannabinoids on Sleep Architecture

Study (Author,
Year)

Intervention
(Cannabinoid, Dose,
Control)

Participants (n)

Effect on Sleep Architecture

Pivik et al'? 1972 THC + other Healthy volunteers (n=4) Stage 4 1
unquantified REM |
cannabinoids |7mg TST 1
placebo WASO |
SOL «

Hosko et al*® 1973 THC 200ug/kg, 300ug/kg | Healthy young volunteers (n=1 prior | No consistent changes in sleep architecture

placebo heavy use; n=3 prior weekly use;
n=3 naive)
Tassinari et al*> 1999 | THC 0.7-1.0mg/kg Healthy volunteers (n=7) Stage 2 1
placebo/baseline Stage 3+4 |

REM | (near complete suppression)
SOL, WASO, TST unknown

Nicholson et al®' 2004 | THC I5mg
THC 5mg + CBD 5mg
THC 15mg + CBD [5mg

placebo

Healthy volunteers (n=8) Stage 3 | with 5mg THC + 5mg CBD & I5mg THC
+ 15mg CBD vs placebo

WASO 1 with 15mg THC + I5mg CBD vs 5mg
THC + 5mg CBD

REM, TST, SOL <

Linares et al** 2018 CBD
300mg placebo

TST, SOL, WASO
nREM, REM «

Healthy volunteers (n=26)

Abbreviations: THC, A-9-tetrahydrocannabinol; CBD, cannabinol; REM, rapid eye movement; SOL, sleep onset latency; TST, total sleep time; WASO, wake after sleep
onset; nREM, non-rapid eye movement.

THC; two studies identified a reduction'® or near complete suppression,”” albeit at a very high dose of 0.7—1.0mg/kg in
the case of REM suppression. Two other studies reported no significant effect of THC on REM.?'+*

On balance, it is apparent from the limited data in healthy, predominantly cannabis naive participants, that the
evidence in relation to the effect of cannabinoids on sleep quality is mixed and more well-controlled studies of individual
and combined cannabinoids in broad and refined populations are required. Consideration should also be given to the
impact of the method of data collection on the sleep variables being quantified. Trials of larger populations with reliable
home-based, or less intrusive, monitoring over several nights are needed before we can confidently establish the true
effects of cannabinoids on sleep quality and architecture. Further to this, effects of varying methods of delivery (smoked/
vaporized versus oral consumption) should also be examined as the pharmacokinetics differ significantly with route of
delivery.*® Finally, studies of acute versus chronic effects as well as withdrawal from use at doses that are relevant to
therapeutic use are also needed.

Insomnia
Insomnia is typically defined as difficulty with sleep initiation or maintenance despite opportunity, with subsequent

3536 these

impairment in daytime function. In the case of chronic insomnia, present in up to 15% of the population,
symptoms occur at least three times per week and last for at least three months.>’*® Chronic insomnia is best treated with
cognitive behavioral therapy for insomnia, although it is not always effective and access to treatment is limited in most
countries. Pharmacological therapies are therefore often used and also have an important role when there is a short-term
need. However, many conventional pharmacological therapies have common and undesirable side effects including
daytime sedation and cognitive impairment, dependence, tolerance and abuse potential. Cannabis products are emerging

as a potential alternative therapy for insomnia. Indeed, insomnia, or the lesser-defined “poor sleep,” is one of the most
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common reasons for using and prescribing medicinal cannabis.”*° However, there is surprisingly little empirical data for
the use of cannabinoids in the treatment of these conditions. Although many studies have examined the efficacy of
cannabinoids on sleep parameters as a secondary outcome in patients with pain or other conditions,*® the majority have
limited capacity to detect improvements in sleep as participants were not selected based on the presence of poor sleep,
thereby creating a potential ceiling effect. A number of studies and case series are also limited by the lack of blinding or
a control condition. This section of the review will focus on blinded, randomized, controlled studies that have assessed
changes in sleep as a primary outcome in response to cannabinoid therapies in a population presenting with poor sleep or
insomnia, either in the presence of another medical condition or not (Table 2). Sleep disorders secondary to cannabis
withdrawal were excluded.

Effect of THC on Insomnia

The earliest published double-blind, randomized, controlled study of the effect of THC on insomnia involved a single
night of each of 10, 20, 30mg THC and a placebo in nine people with self-reported symptoms of insomnia (SOL, 60-90
mins).*' Sleep was measured by an “experienced sleep observer” who, following visual inspection of the participants at
15 min intervals across the night, classified each period as sleep or wake. Compared to placebo, SOL decreased by 43—62
minutes when taking THC, although there was no difference in the number of awakenings or time spent awake during the
night. Adverse events were greater in a dose-dependent manner when taking THC than when taking placebo. Adverse

Table 2 Blinded, Randomized, Cross-Over Trials Evaluating the Effect of Cannabinoids on Poor Sleep or Insomnia

Study Intervention (Drug, | Participants/ Outcome Measures | Outcome Adverse Events
(Author, Duration, Dose, Condition (n)
Year) Control)
Cousens THC single nights 10, | Insomnia (SOL 60— Sleep time (visual bed | SOL | 43, 62, 54 Pre sleep most common:
etal*' 1973 20, 30mg placebo 90mins) (n=9) check) minutes, WASO « difficulty concentrating,
altered judgement, dry
mouth, feeling silly, Post
sleep most common: dry
mouth, dizziness/
grogginess
Ware et al*? sTHC (nabilone) Insomnia + LSEQ, ISI ISI | 3.2 91 AEs with nabilone
2010 2 weeks fibromyalgia (n=29) LSEQ < Most common:
0.5-Img dizziness, nausea, dry
10—20mg amitriptyline mouth 53 AEs with
amitriptyline
Zalai et al* sTHC (nabilone) 4 Chronic pain + PSG SE, TST « Not reported
2015 weeks dose unknown | insomnia (n=11) SOL 1 32mins
placebo
Carlini et al** CBD single nights 40, | Self-reported difficulty | Self-reported 160mg 1 sleep Not reported
1981 60, 160mg, falling (260mins) + categorical scale duration (n=10)
nitrazepam, placebo staying asleep (n=15)
Walsh et al*® THC:CBN:CBD Insomnia symptoms ISI, PSG, Actigraphy, ISI | 5.1 36 AEs with study
2021 10:2:Img/mL 2 weeks | 23 months, ISIZ10 Sleep Diary All PSG variables < medication
0.5-1.0mL placebo (n=?) Actigraphy WASO |, Most common: dry
TST, SE 1 mouth, dizziness,
headache, feeling
abnormal 4 AEs with
placebo

Abbreviations: THC, A-9-tetrahydrocannabinol; sTHC, synthetic THC; CBD, cannabidiol; CBN, cannabinol; PSG, polysomnography;

LSEQ, Leeds sleep evaluation

questionnaire; ISI, insomnia severity index; SOL, sleep onset latency; TST, total sleep time; WASO, wake after sleep onset; SE, sleep efficiency; AE, adverse event.
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events were more frequent in the evening, prior to sleep, than in the morning. Difficulty concentrating, altered judgement,
dry mouth and feeling silly were the most adverse events in the evening, and dry mouth and dizziness/grogginess were
the most common adverse events in the morning. Feelings of being “stoned” or “spaced” during the next day were more
common at the higher doses. Two participants noted that they experienced an absence or reduction in dreaming with the
20 and 30mg THC doses.

Two subsequent randomized controlled cross-over trials have investigated the effect of synthetic THC (sTHC,
nabilone) on sleep and/or insomnia symptoms in patients with chronic pain and comorbid insomnia.?*** In 29 patients
with fibromyalgia and chronic insomnia, insomnia symptoms (insomnia severity index, ISI) were significantly improved
when taking 0.5-1.0mg nabilone compared to 10-20mg amitriptyline (ISI adjusted difference = 3.25 units) for 2 weeks.
While both nabilone and amitriptyline were beneficial compared to baseline as assessed by the ISI, measures of sleep
quality according to the Leeds sleep evaluation questionnaire were not improved. Adverse events were more frequent
while taking nabilone than amitriptyline (91 versus 53) although no serious advents occurred. The most common
adverse events while taking nabilone were dizziness, nausea, dry mouth and drowsiness, with one participant experien-
cing severe drowsiness. No differences in pain when taking the nabilone versus amitriptyline were identified, suggesting
that the improvement in sleep was not secondary to improvement in pain.*> In a separate double-blind, randomized,
placebo-controlled study (published only in abstract form) of 11 patients with chronic pain of unspecified etiology, and
insomnia, in comparison to placebo, nabilone (dose unknown) taken over 4 weeks significantly increased PSG-
measured SOL from 29.6 to 61.4 minutes (measured on a single night). Sleep efficiency and TST also non-
significantly increased by 3.8% and 5.5%, respectively. Although the effects of nabilone on these objective measures
of sleep were mixed, pain was significantly improved while taking nabilone compared to placebo. The number of
adverse events was not reported.”®

Effect of CBD on Insomnia

CBD has been promoted more widely, certainly among social media,** as a cannabinoid with sedating properties. However,
there is limited robust evidence for this notion. Carlini et al** conducted a double-blind, randomized, placebo controlled trial
with 3 doses of CBD (40, 80, 160mg) and an active comparator (Smg nitrazepam) over 5 separate nights, 1 week apart. The
15 cannabis naive participants were known to the investigators and had a history of taking at least 1 hour to fall asleep and
poor sleep through the night. Participants took the medication 30 minutes before bedtime and sleep quality was evaluated
from self-reported difficulty falling and staying asleep and the number awakenings over the night. More participants reported
longer sleep duration when taking 160mg CBD compared to when taking placebo, but no differences in the time taken to fall
asleep or sleep maintenance were reported. There were no significant differences in self-reported sleep quantity or quality
when taking the 40 and 80mg doses of CBD compared to placebo. It is also interesting to note that dream recall was
significantly reduced when taking CBD, regardless of dose, compared to placebo and nitrazepam. The authors speculated that
CBD may decrease the capacity to dream or dream recall. It is also possible that the amount of REM sleep was reduced.
Adverse events were not reported although the number of people reporting feelings of sleepiness or difficulty concentrating
in the morning was not significantly different after taking 160mg CBD than when taking placebo.

Effect of Mixed Cannabinoid Formulations on Insomnia

The most robust investigation of the effect of a cannabinoid formulation on insomnia involved a novel (ZTL-101)
formulation of THC:CBN:CBD (20:2:1mg/mL).%> A double-blind, randomized, placebo-controlled trial investigated
the effect of 2 weeks of the ZTL-101 formulation, and 2 weeks of placebo, on insomnia symptoms (classified
according to the ISI) in 24 participants with chronic insomnia. Improvements in insomnia were quantified by changes
in the ISI (primary outcome measure) as well as subjective measures of SOL, WASO, TST, sleep quality and feelings
of being refreshed upon waking. In addition, objective measures of sleep were determined from actigraphy and PSG.
Insomnia symptoms were significantly reduced while taking the ZTL-101 formation compared to placebo (ISI
adjusted difference = —5.1). Subjective measures of SOL, WASO, TST, sleep quality and feeling of being refreshed
upon waking were improved with the ZTL-101 formulation compared to placebo. Actigraphy derived measures of
TST and WASO were also improved with ZTL-101 (mean differences = 33.4 and —10.2 minutes). There was no
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improvement in PSG derived measures of the same variables, possibly due to the single night, laboratory-based, PSG
assessment versus 2 week, at-home, actigraphy assessment. Sleep architecture was also not different when taking
ZTL-101 and placebo although the proportion of time in REM was reduced by 3.5% when taking ZTL-101 which just
failed to meet significance (p=0.056). Adverse events were significantly more frequent when taking ZTL-101 than
placebo (36 versus 4) although all were mild and resolved overnight or soon after waking. The most frequent adverse
events were dry mouth, dizziness, headache and feeling abnormal.

Obstructive Sleep Apnea

Obstructive sleep apnea (OSA) is an increasingly common sleep-related breathing disorder characterized by recurrent
episodes of complete and/or partial collapse of the upper airway. OSA is a heterogenous disorder with at least four key
pathophysiological endotypes including 1) anatomical compromise, 2) low arousal threshold, 3) unstable ventilatory
control and 4) impaired upper airway dilator function. Untreated OSA is associated with consequences including
increased risk of cardiovascular and metabolic disease, depression and sleepiness-related accidents. Mainstream treat-
ments such as continuous positive airway pressure therapy, oral appliance therapy and upper airway surgical options,
primarily target the anatomical deficiency that contributes to OSA, in part because this is the most likely cause,* but also
because few treatment alternatives that target the other OSA endotypes are currently available. Pharmaceutical therapies
may provide an additional option or adjunct therapy for individuals with OSA.*®

Early animal work examined the potential role of sSTHC (dronabinol) on respiratory stability in a Sprague-Dawley rat
model of central sleep apnea and found that systemically administered dronabinol decreased the apnea index by 42% and
58% in non-rapid eye movement (NREM) and REM sleep respectively, although this was only at 1.0mg/kg and 10.0mg/
kg doses.*’” A subsequent study has identified that the mechanism of action of systemically administered dronabinol in
apnea suppression is dependent on activation of the CB1 and CB2 receptors, possibly via modulation of the serotonin
receptors on the vagal nerve.*® Furthermore, dronabinol was shown to increase both tonic and phasic genioglossus
muscle activity.*® Therefore, despite arising from an animal model of central sleep apnea, these results offer a possible
mechanism via which THC may provide therapeutic benefit for the management of OSA.

Subsequently, two clinical studies have examined dronabinol for the treatment of OSA. The first being a 3-week
single arm open label, with potential dose escalation, proof of concept study completed by 15 of 17 enrolled OSA
participants (apnea hypopnea index [AHI] >15 events.hr ').** Prasad et al demonstrated a mean decrease in AHI of 14
+17.5 events.hr ' from baseline (AHI = 48.4+17.6 events.hr ") following once daily oral administration of 2.5mg, 5.0mg
and 10mg of dronabinol (maximum tolerated) 30 minutes before bedtime. While it is noted that the variance of this
decrease is large and that some individuals had little to no response, approximately half of the participants did
demonstrate a decrease in AHI and only one participant demonstrated an increase in AHI while taking dronabinol at
week 3 compared to baseline. Despite the demonstrated improvements in the AHI, no improvements in oxygenation were
observed, the arousal index remained unchanged and sleep architecture was not degraded.

The same research team conducted a second, comprehensive, 6-week randomized, parallel group, placebo-controlled
trial.>® Of 76 OSA participants (AHI > 15 events.hr ') enrolled, 56 completed the protocol in one of the three groups;
placebo (n = 25), 2.5mg dronabinol (n = 21), or 10mg dronabinol (n = 27) taken daily, 60 minutes before bedtime.
Compared to those taking placebo, AHI was reduced by 10.7+4.4 events.hr ' and 12.9+4.3 events.hr ' for those taking
2.5mg and 10mg of dronabinol, respectively. However, the reduction in AHI in those taking 10mg was largely driven by
an 8.5 events.hr ' increase in AHI in the placebo group; relative to AHI at baseline, neither dronabinol group showed
a statistically significant reduction in AHI. There were no differences in oxygenation or arousal indices between the
groups, although daytime sleepiness (Epworth sleepiness scale) was significantly reduced compared to baseline in those
taking the high dose of dronabinol and not changed in the group taking the low dose or placebo. Sleep architecture was
relatively unaffected by treatment although the proportion of REM sleep was increased slightly in those taking
dronabinol and there was a slight decrease in NREM sleep.

Adverse events were common in both trials, with 75%"* and 96%°' of the participants experiencing at least one
adverse event with 10mg dronabinol. Adverse events while taking the 2.5mg dose were experienced in 76%"*’ and 59%""
of participants. The most frequent adverse events reported were sleepiness, headache, nausea/vomiting and dizziness, and
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the majority of the events were rated as mild (73%), with only 2% rated as severe.”® No serious adverse events were
reported in the proof of concept trial,** and one possibly treatment related (diarrhea and vomiting requiring hospitaliza-
tion) was reported in the randomized control trial.>

The American Academy of Sleep Medicine currently advises against the routine use of medicinal cannabis and/or its
synthetic analogues for OSA treatment based on the limited evidence relating to efficacy and safety.> However, the trials
to date are promising and warrant further investigation into the therapeutic potential of cannabinoids for OSA. Placebo-
controlled trials of dronabinol or other synthetic or phytocannabinoids, which include larger samples size and longer
follow-up periods to examine both safety and efficacy, are needed. With increasing recognition for the need for precision
medical management and targeted treatment plans, it is also important that we consider treatment responses for specific
OSA endotypes. It is possible that short-term cannabinoid therapy could be beneficial for reducing anxiety and improving
acceptance and adherence to continuous positive airway pressure therapy for treatment of OSA, and it may also have the
potential to suppress treatment emergent central sleep apnea.

Restless Legs Syndrome

Restless legs syndrome (RLS) is a common sensorimotor disorder characterized by an unpleasant urge to move the legs.
In the absence of another medical explanation for the symptoms, it is clinically defined by the presence of 1) an
irresistible urge to move the legs; 2) a worsening of symptoms with inactivity; 3) partial or total relief of symptoms with
movement; and 4) a worsening of symptoms in the evening (ie diurnal in nature). RLS negatively affects sleep quality
and quality of life, especially when it is moderate to severe. Secondary RLS is diagnosed when symptoms are associated
with iron deficiency, pregnancy, and end-stage renal disease. The pathophysiology of RLS is uncertain, but dysfunction
of the dopaminergic system in the central nervous system and brain iron deficiency are implicated. Standard pharma-
cological treatment includes dopamine agonists, opiates and anticonvulsant medications along with and avoidance of
caffeine, antidepressants, dopamine-blocking anti-emetics and centrally acting antihistamines. However, the use of
dopamine agonists can be associated with severe side effects such as augmentation and impulse control disorder and
in some cases, patients remain refractory to treatment. Arising from patient reports of symptom resolution from
occasional recreational cannabis use cannabis has been proposed as a potential treatment alternative for patients with
RLS.”

The observations from two case series of patients with treatment resistant RLS who smoked cannabis are promising.
The first case series reported complete resolution of RLS symptoms in five patients with severe treatment resistant RLS
who illegally smoked cannabis and one who took a sublingual dose of CBD.>® The second case series of 12 patients with
moderate to severe RLS> reported total remission of symptoms in 66% of patients with another three patients reporting
60%, 80% and 90% symptom relief from smoked cannabis without ceasing their currently prescribed medication for
RLS. Only one in 12 patients reported no symptom improvement. It is also interesting that of those who experienced
complete symptom relief with smoked cannabis two also reported good symptom improvement with CBD alone, while
one patient reported CBD to have no benefit.>* It should be noted that there is strong risk of bias in these unblinded,
uncontrolled case series with no baseline comparator. Furthermore, objective measures of RLS are lacking. However, the
data is very promising and worthy of further investigation with carefully conducted randomized control trial to establish
the true potential and efficacy of cannabinoids in the treatment of RLS.

REM Behavior Disorder

Rapid eye movement sleep behaviour disorder (RBD) is a parasomnia characterised by dream enactment behaviour due
to the loss of protective skeletal muscle atonia in REM sleep.” Typically, dreams involve fighting, defending against
attackers or playing sport. Enactment of these dreams can result in punching, kicking, vocalisation and falling out of
bed.*® RBD frequently causes injury to the individual or their bed partner.’” Although based on small randomised trials,
recommended treatments for RBD include clonazepam and melatonin.’® However, the success of these medications is
limited, with benefits often waning over time. Furthermore, medications such as clonazepam have significant adverse
effects including nocturnal confusion, falls, morning drowsiness and worsening of OSA. Other therapeutic options for
RBD are needed.
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Cannabis has been used in the treatment of RBD with conflicting results. Chagas et al reported a case series of 4
patients with Parkinson’s disease and RBD symptoms successfully treated with CBD.* The patients had RBD symptoms
based on clinical assessment by a neurologist specialising in sleep. Two of the patients had REM without atonia
confirmed by overnight PSG and all had a bed partner who could corroborate RBD activity. No patient had previously
received treatment for RBD. Prior to starting treatment, RBD symptoms were occurring 2—4 times a week in three
patients and nightly for one of the patients. Three of the patients were treated 75mg CBD and one patient with 300mg
CBD for 6 weeks. Whilst taking CBD, three of the patients reported experiencing no RBD symptoms and one patient
reported having symptoms once per week. RBD symptoms returned at the same frequency and intensity when CBD was
stopped.

A subsequent 12-week randomised placebo-controlled trial of CBD for RBD in Parkinson’s disease found it no better
than placebo for treating RBD symptoms.®® De Almeida et al carefully characterised patients with RBD, confirmed the
diagnosis by loss of REM atonia and ensured the 33 participants included had a bed partner to monitor RBD activity,
which was the primary outcome measure. Participants were randomised to placebo (n = 16) or 75mg to 300mg CBD (n =
17) daily oral capsules, taken in the evening. Despite significant differences in the number of RBD events during the
baseline period (3.26 events in the CBD group versus 5.15 events in the placebo group; p = 0.0235) both groups had
a reduction in events during the trial so there was no difference between the groups after 12 weeks (2.07 in the CBD
group versus 2.95 in the placebo group). It is interesting to note that there was a significant improvement in self-reported
sleep satisfaction between the 4th and 8th week in the participants taking CBD compared to those taking placebo but this
difference was not sustained at 12 weeks. There were also no differences in PSG-derived measures of sleep quality or
architecture between the groups, despite taking CBD/placebo for 12 weeks. Adverse events were not common and less
frequent in those taking CBD than placebo and included epigastric pain, headache, drowsiness, sadness and dizziness.

The findings from this study do not demonstrate a convincing beneficial effect of CBD on RBD; rather, they highlight
the waxing and waning natural history of RBD. However, like most studies investigating RBD, this study relied on
reports of RBD activity frequency from the participant or bedpartner. Further studies utilising an objective and reliable
method of measuring symptom severity are needed as CBD appears safe but its efficacy in the treatment of RBD remains
unclear.

PTSD-Related Nightmare Disorder

Recurring nightmares of a past traumatic event are a key feature of post-traumatic stress disorder (PTSD).*” Nightmares
are one of the most distressing symptoms of PTSD and are difficult to treat. Recommended treatments, such as image
rehearsal therapy and prazosin, have moderate efficacy.®'

Nabilone, a sTHC, has been reported to have a beneficial effect on PTSD-related nightmare disorder in two
retrospective case series.®**> The earliest published case series included 47 patients of a psychiatric clinic with PTSD-
related nightmares at least once weekly, despite treatment.®> Patients recorded sleep and nightmare frequency for at least
one week prior to starting treatment. Nabilone was taken nightly (mean dose 0.5mg, range 0.2—4.0mg). Side effects such
as dizziness, memory difficulty and headache lead to early treatment discontinuation in 28% of patients, while 72%
experienced cessation or reduction in nightmare frequency/severity. Some patients (9%) were able to cease treatment
without return of symptoms after 4-12 months. The second case series included 104 inmates who received nabilone at
some point during their stay at a correctional institution.®* The most common indications for use were insomnia (n =
101), nightmares (n = 90), and chronic pain (n = 68). Over a mean treatment period of 11.2 weeks, the mean final dose
was 4.0mg. According to self-report, participants reported a reduction in the number of nights they had nightmares per
week (5.242.2 versus 0.9+1.8 nights/week) over the treatment period. Interestingly, the number of self-reported hours
slept also improved (5.0+1.4 vs 7.2+1.2 hours/night).

Using a more robust double-blind randomised placebo control design, Jetly et al examined the effect of Nabilone in
19 military veterans with PTSD-related nightmares.®® The starting dose of Nabilone was 0.5mg titrated up to a maximum
of 3mg daily. Based on validated questionnaires, participants taking nabilone demonstrated improvement in PTSD-

related recurring dream frequency and intensity, clinician view of functioning and general well-being compared to
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placebo. The study was small and not powered so may have suffered from a type 1 error.°® However, this study along

64,65

with the two case series provides initial evidence that THC maybe helpful in PTSD-related nightmare disorder.

Narcolepsy and ldiopathic Hypersomnia

There have been no published clinical studies of medical cannabis for the treatment of central disorders of hypersomno-
lence such as narcolepsy and idiopathic hypersomnia. However, animal studies suggest they may offer a potential
treatment option. Excessive sleepiness has been shown to be reduced following CBD administration in rats with

narcoleptic symptoms (hypocretin deficient)®”-®

and REM has been shown to be reduced following sTHC administration
in a rat model.%® Theoretically, the combined REM-suppressing effect of THC and wake-promoting effect of CBD could
be harnessed to treat patients with narcolepsy. The THC-induced attenuation in REM sleep might also benefit other REM
sleep state conditions that often co-occur with narcolepsy such as nightmares, sleep paralysis, REM sleep behaviour
disorder, sleep wake hallucinations and cataplexy. Further supporting a potential role for cannabinoids in the treatment of
narcolepsy is the existing clinical evidence suggesting that the acute use of THC may increase the proportion of slow
wave sleep and promote REM suppression (see - Effect of cannabinoids on sleep and sleep architecture), which is similar
to the effect of sodium oxybate, an effective treatment for type 1 (hypocretin deficient) narcolepsy.

There is a clear need for clinical studies evaluating the efficacy of cannabinoids in the treatment of disorders of
hypersomnolence. Given the low adverse event rate when CBD has been used in clinical trials and the encouraging
preclinical data, it seems logical to start with randomised control studies of CBD as an adjunct treatment for excessive
daytime sleepiness in narcolepsy.”’

Discussion/Future Directions/Challenges to the Field

This review has summarized the most rigorous clinical evidence, of that available, relating to cannabinoid use in the
treatment of sleep disorders to date. As very few randomized controlled trials have been conducted, much of the available
evidence arises from uncontrolled, unblinded trials of short duration, and case series. Therefore, sufficient evidence is
currently not available to support the routine use of a cannabinoid as an effective and safe treatment option for sleep
disorders. However, the data from the existing studies is promising and warrants further investigation of cannabinoids for
the treatment of all sleep disorders discussed in this review.

Future research trials of rigorous design should include quantitative measures of sleep or validated measures of
symptoms of sleep disorders and the focus should be on cannabinoid products of standardized formulation that allow for
titration and have an innocuous route of delivery; the effect of smoked cannabis on lung health in particular remains
unclear.”"" Route of delivery will also alter the therapeutic effects, as will prior consumption of food, previous cannabis
exposure, sex, body composition, age and whether it is a cannabinoid taken in combination or isolation.>*”*"* Also
required is investigation into the safety and efficacy longer-term use and effects on dependence and tolerance as well as
withdrawal. It is also imperative to quantify effects on daytime function and performance, specifically driving perfor-
mance and to compare these results to the consequences of untreated sleep disorders. Finally, when using phytocanna-
binoid-based products, it might be important to quantify the terpenes, another phytochemical present in the cannabis
plant, which may independently impact health and sleep.””

It is worth noting that the focus of the current review was limited to clinical studies where sleep or a sleep disorder
symptom was the focus. However, as revealed in a recent meta-analysis, it is likely that sleep is also improved when
cannabinoids are used to treat other conditions such as pain.”® It is important that sleep outcomes, assessed using valid
and quantitative tools, continue to be measured in these populations as sleep disorders or poor sleep often co-occur with

many physical and mental health conditions and may exacerbate the condition or negatively impact recovery.””’®

Conclusion

There is currently insufficient evidence to support the clinical use of any cannabinoid as a safe and effective routine
treatment for any sleep disorder. However, encouraging outcomes from recent studies in relation to some disorders
indicates that pursuit of elucidating the potential role of cannabinoids for the treatment of sleep disorders is warranted.
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