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Abstract

One of the most common reasons that patients report the use of cannabis for medical purposes is to reduce pain
and improve sleep. Despite this repeated association, it is not clear whether the effects of cannabis use on pain are
mediated by the effect of improved sleep, or vice versa. This distinction may have important therapeutic implications
as different cannabis preparations have different pharmacokinetic properties; short acting cannabinoids may
therefore initiate sleep but not maintain it, while longer acting cannabinoids may be better at sleep maintenance than
initiation. Recent reviews have examined the quantitative outcomes of sleep measures in clinical trials of
cannabinoids in a range of disorders but did not focus on pain; others focused exclusively on one cannabinoid
preparation. Given the current interest in the potential therapeutic uses of cannabis, we have prepared a general
review of sleep, pain and cannabis with a view to identifying gaps in our knowledge that could be addressed in

further research.
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Introduction

One of the most common reasons that patients report the use of
cannabis for medical purposes is to reduce pain and improve sleep.
Despite this repeated association, it is not clear whether the effects of
cannabis use on pain are mediated by the effect of improved sleep, or
vice versa. This distinction may have important therapeutic
implications as different cannabis preparations have different
pharmacokinetic properties; short acting cannabinoids may therefore
initiate sleep but not maintain it, while longer acting cannabinoids
may be better at sleep maintenance than initiation.

Recent reviews have examined the quantitative outcomes of sleep
measures in clinical trials of cannabinoids in a range of disorders [1]
but did not focus on pain; others focused exclusively on one
cannabinoid preparation [2]. Given the current interest in the
potential therapeutic uses of cannabis, we have prepared a general
review of sleep, pain and cannabis with a view to identifying gaps in
our knowledge that could be addressed in further research.

Cannabinoids: A Primer

Historical evidence suggests that the plant Cannabis sativa has been
used for millennia for the treatment of pain and nausea [3]. In
cannabis, over 100 cannabinoids (defined as the terpenophenolic
compounds found in Cannabis sativa) have been identified, of which
the most well-studied are A9-tetrahydrocannabinol (THC) and
cannabidiol (CBD). The physiological effects of cannabinoids are well
described and affect learning and memory, appetite, pain, mood, sleep,
movement, reward pathways, as well as effects on the immune system
[4,5]. Interestingly, the pharmacological effects of THC appear to be
biphasic whereby effects at low doses are different from those at high
doses [5].

Two major endogenous cannabinoids have been described:
anandamide (AEA) and 2-arachidonoyl glycerol (2-AG). These lipid
molecules are synthesized on demand from post-synaptic neurons and
bind to G protein-coupled cannabinoid receptors (GPCR) CBl
(located on presynaptic nerve terminals) and CB2 (located on immune
cells including microglia and macrophages) [5]. The CB1 receptor is
found in the brain regions that have to do with motor control,
cognition, emotional responses, motivated behavior, and homeostasis
[6]. In humans, the CB1 receptor is found in high density in the
central nervous system (CNS) in areas such as the thalamus,
hypothalamus, hippocampus, cortex, limbic system, and the basal
ganglia [7] (Figure 1).

The role of the CB2 receptor is not as well characterized as the CB1
receptor, but it is believed to have a role in modulation of immune
function. CB2 receptors are located in the thymus, lungs, testicles, and
spleen and absent from the brain, heart, kidney, and liver [8]. However
more recently CB2 receptors were found in the brainstem [9] and their
role in neuroinflammation is receiving increased attention [10].

THC acts on CBI and, to a lesser extent, CB2 receptors and is
psychoactive [4]. CBD is non-psychotropic and has a very low affinity
for the CB1 and CB2 receptors; CBD has even been found to
antagonize CB1 agonists. CBD is currently being examined for
suppression of inflammation promoting cytokines in rheumatoid
arthritis, and type 1 diabetes, protection against acute and chronic
neurodegeneration, anxiety, and cancer. It also has antiemetic and
anti-nausea properties [11]. When THC is given to healthy volunteers
as a single agent before sleep, overnight memory is impaired in the
morning but if equal parts THC: CBD are given there appears to be no
memory impairment [12], suggesting that ratios of THC and CBD are
important in adverse event profiles.
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Figure 1: Image courtesy of the Canadian Consortium for the
Investigation of Cannabinoids.

Sleep and Pain

Pain is the most common reason for people to seek medical
attention, and sleep problems are among the most frequent complaints
of acute and chronic pain sufferers. The combined influence of pain
and poor sleep can have profound effects on the biological and
behavioral state of an individual [13]. Lack of slow wave sleep (SWS)
and rapid eye movements (REM) caused by acute or chronic pain has
been shown to increase the perception of pain, and recovery from SWS
deprivation has a significantly greater analgesic effect than does REM
recovery [14].

Pain and sensation are drastically reduced during REM and non-
REM sleep [15]. The pathways responsible for this remain poorly
understood. Pain is relayed through ascending pathways from the
body (spinothalamic tract) and face (trigemino-thalamic tract) to
higher cortical areas in the brain [16]. Pain manifests itself in sleep by
delaying the onset and fragmenting sleep [17].

Chronic pain patients have a reduction in SWS and poor overall
sleep efficiency brought on by microarousals and shifts in sleep stages
i.e. sleep fragmentation [18,19]. Ohayon et al. [20] found that 23% of
chronic pain sufferers (>= 6 months in duration) had at least one
symptom of insomnia and 40.2% of subjects with insomnia symptoms
had at least one type of chronic pain. This study however needs to be
interpreted cautiously as subjects were not screened for preexisting
conditions such as depression which is known to affect sleep. The
relationship between pain and sleep may be reciprocal: pain disrupts
sleep which in turn exacerbates pain [19].

Monitoring acute pain responses during sleep has shown that
noxious intramuscular stimuli force the subject awake regardless of
sleep stage, but non-noxious stimuli only causes microarousals [21].

Another study of acute post-operative pain found that total sleep
was decreased for 1 to 2 nights and that sleep was fragmented. For the
first 2 nights after surgery REM sleep was absent but was made up for
on subsequent nights. SWS duration was reduced for up to 4 nights.
This study however had many variables as it may not have just been
pain that caused the change in sleep but also the hospital environment,

stress from surgery and the analgesic medication the patients were
administered [13].

Other Conditions Involving Sleep and Pain

There are several well-described conditions which highlight the
important interaction between pain and sleep.

Restless leg syndrome

Restless leg syndrome (RLS) is a neurological disorder in which
vague painful sensations in the legs occur during periods of muscular
inactivity. Pain appears with a circadian rhythm, peaking between
midnight and 4:00 am, causing sufferers to be unable to get to sleep
[22]. RLS is associated with an increased risk of depression and anxiety
[23]; lack of sleep due to RLS contributes to the increase the risk of
depressive disorders, and sleep deprivation has been known to
exacerbate panic attacks and can even precipitate them in certain
individuals [24].

Obstructive sleep apnea

Obstructive sleep apnea (OSA) is defined as a pattern of interrupted
breathing during sleep which also causes fractured sleep. Patients with
OSA wake up frequently during the night due to lack of oxygen intake
caused by the collapse of the upper airway. This causes them to be
constantly tired since they are rarely getting to SWS and spend less
time in REM sleep [25]. Subjects with major depression are five times
more likely to have a sleep related breathing disorder than non-
depressive subjects [26]. OSA has been documented in studies of
chronic pain patients with disorders such as rheumatoid arthritis and
fibromyalgia. Studies of patients with symptoms of fibromyalgia have
led some investigators to propose that certain individuals may instead
have a sleep apnea syndrome and the medications prescribed for
fibromyalgia would actually worsen the sleep apnea symptoms [27].
OSA is more prevalent in chronic pain patients who use opioid-based
drugs for pain management compared to the general population [28].
Sleep apnea is also frequently linked to headaches [27].

Cannabinoids and Sleep

Clinical cannabis research is predominantly focused on symptom
management using compounds derived from cannabis called
cannabinoids, and it has been suggested that one of the additional
benefits of cannabinoid use is increasing sleep quality. Indeed one of
the main reasons that patients report using herbal cannabis is to
improve sleep quality [29]. Given our improved understanding of the
endocannabinoid system (ECS), It is worth exploring the underlying
rationale for this effect.

Anatomical data suggests that the CB1 receptor may be involved in
the modulation of sleep [7]. Research on cannabis and THC extract
from the 1970s and 1980s showed that cannabinoids have an effect on
sleep by increasing SWS and decreasing REM sleep, but these studies
were poorly controlled. The earliest reported studies of the primary
psychoactive cannabinoid delta-9-tetrahydrocannabinol (THC) on
sleep explored the hypnotic effects of different dose levels of THC [30];
the effect of the isomer delta-8-THC on EEG activity and sleep was
explored in cats [31] and rats [32].

In a single dose human study examining cannabinoid effects on
sleep, administration of CBD alone increased wakefulness, while THC
was found to have no adverse effect on sleep and in some individuals
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increased the amount of SWS. The effect of equal parts THC and CBD
was found to decrease stage 3 sleep, but had no effect on the duration
of stage 2 or SWS [12]. This suggests that THC may acts as a sedative
whereas CBD as a stimulant.

The physiological role of endocannabinoids on sleep has been
explored. Intracerebroventricular injection of AEA enhances SWS and
REM sleep through actions at the CB1 receptor [7]. The effect of AEA
effect was enhanced when injected into the pedunculopontine
tegmental nucleus. It was hypothesized that AEA, acting through CB1,
induces an increase in the activity of the cholinergic neurons of the
brainstem and basal forebrain that are involved in inducing sleep.

Cannabis and Sleep: Clinical Evidence

It is important to recognize that the effects of cannabis on sleep
have been examined in recreational users as well as patients. Among
heavy cannabis users, shorter REM latency and a longer sleep onset
have been observed compared to controls [33]. Cessation of long-term
heavy use of cannabis reduces sleep quality by decreasing total sleep
length as well as the amount of SWS [34]. Poor sleep quality was one
of the reasons that abstinent heavy cannabis users relapse [35].

Among patients with chronic pain, early experience with the
synthetic cannabinoid nabilone found that one of the main reasons
nabilone was continuously used was due to improvement in sleep
quality [36]. Other observational studies have found that smoked
cannabis is used by patients with chronic non-cancer pain to help
decrease their pain and improve sleep [37]. Cannabis use in patients
with post-traumatic stress disorder has also been reported to increase
sleep quality [38].

Clinical trials with synthetic cannabinoids have shown some
promise for dealing with sleep and pain. A study by Notcutt et al. [39]
on chronic pain found that THC and THC: CBD reduced pain scores
in patients but had little to no effect on the duration of sleep, while the
perceived quality of sleep increased dramatically. Nabiximols, an
oromucosal drug containing a 1:1 ration of THC: CBD drug has been
tested for its effectiveness on pain and sleep interactions in several
pain conditions including multiple sclerosis (MS) [2]. Nabiximols has
been shown to reduce insomnia and daytime fatigue and to improve
sleep quality in both MS and neuropathic pain patients. In the patients
in whom it was beneficial, no evidence of tolerance or cognitive
problems was noted [2]. Rog et al. [40] performed a randomized,
control trial on cannabis-based medicine in central pain in MS
patients. They found that nabiximols was effective in reducing pain
and pain-related sleep disturbances. Nabiximols was also tried on
patients with rheumatoid arthritis and was found significantly reduce
pain on movement, pain and rest and the quality of sleep [41].

A study done by Ware et al. [42] on fibromyalgia (FM) patients
tested the efficacy of another synthetic cannabinoid, nabilone, which
mimics the action of THC. FM-related insomnia is usually treated with
low-dose tricyclic antidepressants such as amitriptyline. However,
nabilone was found to be superior to amitriptyline in improving the
sleep quality of FM patients while the effects on pain, mood and
quality of life were similar. Drowsiness and dizziness were common
adverse events but these were similar to the side effects of
amitriptyline.

Dronabinol, a synthetic version of THC, has been found to be
useful for nighttime agitation related to severe dementia. Nighttime
motor activity was found to decrease in dementia sufferers after the

first dose of dronabinol, and while the mechanism of action is not
clear, it may be due to sleep induction. Dronabinol was found to have
dose dependent side effects and other studies showed effects on the
cognition and function of patients but this was not examined in this
study [43]. Dronabinol has also demonstrated effectiveness in treating
central pain due to MS [44,45]. Intriguingly, THC has been found to
stabilize respiratory patterns during all sleep stages and reducing sleep
apnea in a dose dependent fashion [46].

A systematic review of cannabinoids and sleep completed in 2013,
which addresses many of the articles presented above, points to the
fact that many of the studies have bias and were not properly
controlled. Despite the poor studies the authors of the review state that
cannabinoids may play a role in sleep most specifically when pain is
involved but the current evidence was not sufficient enough to say for
certain [1].

What Needs to be Studied?

Sleep is a complex and poorly understood phenomenon integral to
quality of life. Cannabinoids appear to have a potential role in
improving perceived sleep quality, but overall there is very little data
on the effects of cannabinoids on sleep architecture. It will be
important to demonstrate the long term effects of cannabis and
cannabinoid-based medicines, like nabilone and nabiximols, as well as
medical cannabis on sleep. They should be validated by further
randomized clinical trials and long term surveillance studies [37]. In-
depth studies using polysomnography will be needed to understand to
a greater extent the effects of cannabinoids on sleep architecture and
the relationship of such changes to the patient’s perceived quality of
sleep [2]. A key question is whether the cannabinoid helps pain and
therefore sleep is a secondary effect, or whether they affect sleep
primarily and the pain relief is a function of a better rested state and
therefore better coping skills.

Cannabinoid medications have typically been used as a last resort
for chronic pain patients when other conventional methods have
failed. These cases are often very complex and are hard to study since
the chronic pain is heterogeneous with variable pathophysiological
mechanisms [39]. For many patients with chronic pain, obtaining a
good night’s sleep can be a huge milestone and an important objective
in setting treatment outcomes.

Emerging neurobiological findings show that the ECS system may
be involved in areas of the brain associated with depression but further
conclusive research is needed [47]. Animal depression studies point to
doses of THC 2.5 mg/kg, CBD 200 mg/kg, and cannabichromene
(CBC) 20 mg/kg acting as an antidepressant in some animal models.
However to date, no clinical trials have been undertaken to test
cannabinoids on affective disorders [48]. Due to the link between
insomnia and depression, this may give interesting insights into the
effect cannabinoids have in depression/insomnia/pain interactions
and may help clinicians better understand the potential roles of
cannabinoid based medicines, particularly in disorders like
fibromyalgia where sleep disturbances, depression, and pain all coexist
[42]. Polysomnographic studies of FM patients have shown that sleep
architecture is disordered causing a delay in the onset of sleep, poorer
sleep efficiency and reduced SWS and REM sleep. Various other non-
REM sleep physiology alterations have been found [49]. Studies using
polysomnography of FM patients and others using cannabinoid
medicines are needed to verify the effect of cannabinoids on sleep
architecture in such conditions.
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